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DESCRIPTION OF SUPPORTING DOCUMENTATION

Cumberland Resources Ltd. (Cumberland) is proposing to develop a mine on the Meadowbank
property. The property is located in the Kivalliq region approximately 70 km north of the Hamlet of
Baker Lake on Inuit-owned surface lands. Cumberland has been actively exploring the Meadowbank
area since 1995. Engineering, environmental baseline studies, and community consultations have
paralleled these exploration programs and have been integrated to form the basis of current project
design.

The Meadowbank project is subject to the environmental review and related licensing and permitting
processes established by Part 5 of the Nunavut Land Claims Agreement. To complete an
environmental impact assessment (EIA) for the Meadowbank Gold project, Cumberland:

1. Determined the VECs (air quality, noise, water quality, surface water quantity and distribution,
permafrost, fish populations, fish habitat, ungulates, predatory mammals, small mammals,
raptors, waterbirds, and other breeding birds) and VSECs (employment, training and business
opportunities; traditional ways of life; individual and community wellness; infrastructure and social
services; and sites of heritage significance ) based on discussions with stakeholders, public
meetings, traditional knowledge, and the experience of other mines in the north.

2. Conducted baseline studies for each VEC and compared / contrasted the results with the
information gained through traditional knowledge studies (see Columns 1 and 2 on the following
page for a list of baseline reports).

3. Used the baseline and traditional knowledge studies to determine the key potential project
interactions and impacts for each VEC (see Column 3 for a list of EIA reports).

4. Developed preliminary mitigation strategies for key potential interactions and proposed
contingency plans to mitigate unforeseen impacts by applying the precautionary principle (see
Columns 4 and 5 for a list of management plans).

5. Developed long-term monitoring programs to identify residual effects and areas in which
mitigation measures are non-compliant and require further refinement. These mitigation and
monitoring procedures will be integrated into all stages of project development and will assist in
identifying how natural changes in the environment can be distinguished from project-related
impacts (monitoring plans are also included in Columns 4 and 5).

6. Produced and submitted an EIS report to the Nunavut Impact Review Board (NIRB).

As shown on the following page, this report is part of a documentation series that has been produced
during this six-stage EIA process.

October 2005 Description of Supporting Documentation Vi
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SECTION 1 « INTRODUCTION

Cumberland is committed to developing a mine that maximizes benefits and minimizes or reduces
potential negative impacts. The approach taken by Cumberland is to weigh and consider possible
project alternatives before final design decisions are made. Examples of alternatives that have been
evaluated for the project include:

e tailings disposal methods

e waste rock storage facilities

e blasting practices

e milling process

e permanent versus winter access road

e power supply at Baker Lake or at site, barge-mounted or on land.

It should be recognized that project development is ongoing, and issues may arise that require the
consideration of new alternatives or the re-evaluation of concepts that were previously considered but
not selected. Most major project decisions will be made upon completion of the feasibility study,

before the commencement of detailed design. Other items, such as blast designs, can be modified
during operations as experience is gained during mining and processing activities.

The ensuing sections discuss the main alternatives being considered for the project at this time.
Other than the “No-Go” alternative, each issue is described according to service requirements, other
selection criteria such as environmental impact, and the ability of the selected option to best meet
Cumberland’s objectives.
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SECTION 2 « THE “NO-GO” ALTERNATIVE

In the “No-Go” alternative, the Meadowbank mine project would not be developed. None of the
potential impacts from project development would occur, and the natural conditions would remain
essentially the same. No other currently foreseeable factors would affect the resources.

Possible reasons for implementing the “No-Go” alternative include regulatory denial of one or more of
the permits necessary for project development; and/or Cumberland deciding to abandon the project
either due to unsatisfactory project economics (higher development and production costs, lower gold
prices) or in order to direct its mine development resources elsewhere.

Under this scenario, all existing site facilities would be decommissioned. All buildings, structures, and
non-native materials would be removed, and disturbed land would be reclaimed. The test trenches in
the Third Portage and Vault areas and adjacent trails would be backfilled to encourage native plant
growth and minimize erosion and sediment transport. Contaminated soils would be collected and, if
practical, remediated on site.
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SECTION 3 « SITE & FOOTPRINT

This section describes the sites and footprints considered during the prefeasibility and feasibility
phases for major elements of the project: the process plant, open pits and dewatering dikes, waste
rock piles, tailings storage impoundment, airstrip, and Vault haul road. The selected locations for
these facilities are shown in Figure 3.1.

3.1 PLANT SITE OPTIONS

The plant site area will include the process facilities, service complex, camp complex, power plant,
and fuel storage and distribution facility. Six potential plant site locations were assessed (see
Figure 3.2):

e Site 1, on the eastern end of South Camp Island, previously used for the exploration camp

e Sijte 2, on a small isthmus east of Goose Island

e Site 3, immediately west of the Third Portage deposit, on the isthmus between Second Portage
and Third Portage lakes; Site 4, to the northwest of Site 3

e Site 5, on a prominent ridge to the north of the northwest end of Second Portage Lake

e Site 6, on the north side of Second Portage Lake, near to the location of the proposed Portage
rock storage facility.

The following criteria were used to evaluate these potential plant sites:

e proximity to ore resources
o flat/gentle grades with good foundation and drainage conditions

e compatibility with future access requirements.
Site 3 was selected for the following reasons:

e central location between the Portage and Goose Island deposits
e proximity to the tailings disposal site

o relatively large area of flat, though elevated, terrain, providing enough room for the proposed
facilities and permitting the airstrip to be conveniently located immediately to the northwest

e competent bedrock at or close to surface for good foundation conditions
e remote from culturally sensitive areas
e best opportunity for water management and spill containment

e |east overall land disturbance.
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Site 1 was rejected because of its greater distance from the Portage deposit and consequent higher
ore haulage costs. Site 2 encroaches into an area of possible cultural sensitivity. Site 4 is less central
than Site 3 and offers no specific advantages. Site 5 was rejected because of its distance from the
tailings storage facility, and its distance from the Portage and Goose Island deposits.

3.2 OPEN PIT LIMITS & DEWATERING DIKE LOCATION

The location of the open pit is determined by the position of the ore body and alternatives are focused
on pit optimization. Three geological models were built outlining the gold bearing zone. After resource
modelling was completed, these models were examined individually to determine the potential for
open pit mining of each area. Pit designs were created for each model and measured and indicated
mineralization above the economic cut-off. Pit optimization block models was exported from
GEMCOM® to Whittle 4X°®

A series of pit shells were created at various gold prices utilizing a varying revenue factor between
0.3 and 2.0, these pit shells were then reviewed with Cumberland and a selection was made that best
fit the profile selected for the project based on the maximum gold available at a selected base case
revenue factor.

The locations of the open pits are as shown on Figure 3.1

3.21 Portage Area Open Pits

The footprint area of the Portage and Goose Island open pits have increased since the Meadowbank
Prefeasibility Study was completed, as additional reserves have been identified. At the time the
Prefeasibility Study was completed, it was envisaged that the Third Portage and North Portage
deposits would be mined as two separate open pits. Additional exploration activities have resulted in
the delineation of additional reserves beneath Second Portage Lake that allow the Third and North
Portage deposits to be mined by a single open pit, known as the Portage pit.

The currently defined Portage pit will be approximately 1,800 m in a north-south direction and
approximately 300 m in an east-west direction, and will be mined to a maximum depth of about
120 m. The pit will extend from just south of the Third Portage peninsula, northward across Second
Portage Lake to include the North Portage deposit.

The Goose Island pit is located approximately 1,000 m south of the Portage pit, as shown on
Figure 3.1. The Goose Island pit will be approximately 650 m in a north-south direction and 380 m in
an east-west direction and will be mined to a maximum depth of about 170 m.

The Vault pit is located approximately 6 km north of the Portage area. It is envisaged that the deposit
will be mined by a single open pit to a maximum depth of about 160 m. The pit will be approximately
930 m in a northeast-southwest direction, and 550 m in a northwest-southeast direction.
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3.2.2 Portage Perimeter Dikes

To mine the Portage and Goose Island deposits, a series of perimeter de-watering dikes will need to
be constructed east of the Portage deposit, and extending southward to encircle the Goose Island
deposit.

The location of the Portage area dikes are shown on Figure 3.1. The locations and alignments of the
dikes were selected to provide a nominal set-back distance of approximately 80 m from the toe of the
dikes to the pit crests, and to minimize the depth of water through which the dikes will need to be
constructed in order to simplify construction and minimize risk. In general the dikes will be
constructed through shallow water, up to about 6 m depth. In certain areas, such as the southeast
portion of the Goose Island dike, water depths will be greater, up to 20 m.

3.2.3 Vault Area Open Pit

The Vault deposit is located some 6 km northeast of the Portage area deposits. In order to mine the
deposit, Vault Lake will need to be de-watered. To accomplish this, a small dike will be constructed at
the narrows joining Vault Lake to Wally Lake to the north. The depth of water through this narrows is
estimated to be on the order of 2 to 4 m in depth. The location of the Vault pit and the proposed dike
are shown on Figure 3.1.

3.3 ALTERNATIVE CONTROL STRATEGIES FOR MINE WASTE DISPOSAL
IN COLD REGIONS

The generation of acidic drainage is a concern for mining projects. In evaluating the potential control
strategies for the disposal of the mine waste at the Meadowbank project, consideration was given to
control strategies that are effective in cold regions. Many reports have been prepared that relate to
the disposal of mine waste in cold regions. The Mine Environment Neutral Drainage (MEND) program
was initiated in 1989 by the Canadian mining industry, non-government organizations, and provincial
and federal governments to develop and apply scientifically based new technologies for predicting,
monitoring, treating, preventing, and controlling acidic drainage from mining activities. The MEND
initiative developed a set of technologies available to all stakeholders. Under this program Some
reports under this program that are relevant to the Meadowbank project are listed in Table 3.1.

Common control strategies for the prevention or reduction of acid mine drainage are:

1. Control of acid generating reactions

2. Control of migration of contaminants

3. Collection and treatment.

In assessing the overall control strategies for the Meadowbank project, an emphasis has been placed

on methods that satisfy items (1) and (2) in the above list, which then have an impact on item (3),
collection and treatment by potentially reducing the requirements for these activities.

Various acid mine drainage control alternatives (Dawson and Morin; MEND 1.61.2, 1996) for Arctic
areas are listed in Table 3.2.
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Table 3.1: MEND Project — Report Listing

MEND Project Title Year

6.1 Preventing AMD by Disposing of Reactive Tailings in Permafrost 1993

1.61.1 Roles of Ice, in the Water Cover Option, and Permafrost in Controlling Acid Generation 1996
from Sulphide Tailings

1.61.2 Acid mine Drainage in Permafrost Regions: Issues, Control Strategies and Research 1996
Requirements

1.61.3 Column Leaching Characteristics of Cullaton Lake B and Shear (S) — Zones Tailings 1997
Phase 2: Cold Temperature Leaching

1.62.2 Acid mine Drainage Behaviour in Low Temperature Regimes — Thermal Properties of 1998
Tailings

W.014 Managing mine Wastes in Permafrost Zones, Summary Notes MEND Workshop 1997

5.4.2d MEND Manual, Volume 4 — Prevention and Control, Chapter 4.8 Permafrost and 2001
Freezing

1.61.4 Covers for Reactive Tailings Located in Permafrost 2004

Table 3.2: Acid Mine Drainage Control Strategies for the Arctic

Strategy Tailings Waste Rock
Freeze Total or perimeter freezing options can be Requires considerable volumes of non-
Controlled considered acid waste rock for insulation protection
Can freeze up to greater than 15 m annually if Better understanding of air and water
freezing in thin layers transport through waste rock required for
Process chemicals could cause high unfrozen water reliable design
contents
Climate May not be a reliable strategy for saturated tailings Requires control of convective air flow
Controlled through waste rock, infiltration control
with modest measures and temperature
controls

Better understanding of waste rock air,
water, and heat transport for reliable

design
Engineered Special consideration for freeze-thaw effects
Cover Availability and cost of cover materials are major
impediments
Subaqueous Special considerations for winter ice conditions and  Very difficult to dispose of waste rock
Disposal pipeline freeze-up beneath winter ice

Collection and  Costly to maintain at remote locations
Treatment Long term maintenance cost

Segregation and Tailings are normally geochemically homogeneous  May be very effective
Blending Research and development on-going

Reference: (MEND 1.61.2, 1996).
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3.3.1 Summary

A review of control strategies for mine waste disposal, both waste rock and tailings, in cold regions
has been presented. The following lists aspects of the project that must be considered in selecting an
overall waste management philosophy:

e The Meadowbank project site is located in the zone of continuous ‘dry’ permafrost.

e The permafrost is classified as ‘dry’, having ice content of less than 10% based on regional
permafrost classification maps.

e The permafrost is continuous, and up to 450 to 550 m in depth based on thermal data collected
from site since 1996.

e The mean annual air temperature at the site is about -11.3°C.

e The project site is considered to be arid and dry, with mean annual precipitation on the order of
about 290 mm (rainfall and estimated snowfall).

e There is a shortage of naturally occurring thaw-stable materials at the site.
e Most of the waste rock that will be produced during mining is potentially acid-generating.

e There is an abundance of acid-neutralizing ultramafic waste rock material at the site. This
material has a buffering capacity about five times that of the other waste rock types, and will be
available in large quantities during the middle to late stages of mining.

e All of the tailings are acid-generating and metal leaching.

Based on the summary of conditions at the site, the strategies outlined below for waste management
are appropriate from a technical perspective.

3.3.2 Waste Rock Disposal Alternatives

Waste rock should be disposed of on land using a total freezing control strategy, followed by a
convective insulating cover of acid-neutralizing waste rock. The waste rock will freeze with time,
encapsulating the potentially acid-generating waste material within permafrost. The waste rock could
be placed in a heaped dump construction in lifts of about 2 to 3 m to allow freezing during placement
if required for control of acid mine drainage. The cover material would be coarse to allow the
development of convective cooling during winter, and insulation through trapped air within voids
during the summer. Given the high evaporation rate and low annual average precipitation at site, the
average annual infiltration into the pile is expected to be low. Freeze and climate control strategies for
potentially acid-generating rock are shown on Figure 3.3.

3.3.3 Tailings Disposal Alternatives

Due to the arid climate and permafrost environment, tailings should be disposed of in a manner that
encourages total freezing as a control strategy. Subaerial disposal is preferred, given the length of
time that water at the site is ice covered, allowing the tailings to be frozen in thin layers rather than
one thick layer in order to maximize the total frozen thickness. This can be accomplished through the
use of slurry pipelines. The tailings will eventually become encapsulated by permafrost, thus limiting
oxygen diffusion and water infiltration into the pile, thereby limiting the generation of acid mine
drainage. This is shown conceptually on Figure 3.4.
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Capping of the tailings storage facility would consist of the placement of a coarse convective
insulating layer of ultramafic rock over the facility to a minimum depth of about 2 m. This thickness is
consistent with other cover designs over reactive tailings in the north (see Figure 3.5). During winter,
convective heat transfer developed within the coarse cover material will transfer heat out of the
tailings pile; during the summer trapped air within the voids will act as insulation. This will limit the
depth of annual thaw penetration to within the acid-neutralizing ultramafic waste rock. During detailed
design, a cover design will be developed that will consider the addition of a fine-grained layer of soil
material as a base layer to the coarse rock cover. This layer would retain moisture within it, resulting
in a reduction in the thickness of the active layer. It is possible that this layer could consist of till
material dozed in a thin layer over the tailings facility. There are sufficient quantities of till material that
will be produced during pre-mining and pre-stripping that could be stockpiled and used for this
purpose.

The above discussion has presented a basis for the initial consideration of waste disposal strategies
in continuous permafrost environments. Additional discussion and analysis to determine the best
management strategy for the Meadowbank project are presented in the following sections, and in
supporting documents. The following presents a case history of disposal of reactive mine tailings
subaerially within a natural rock basin.

3.4 MINE WASTE STORAGE ALTERNATIVES

Mine waste storage alternatives, both rock and tailings, were evaluated using a decision matrix
approach whereby a series of selection criteria were developed to describe environmental,
operational, and economic factors and to allow a comparison of the relative importance of these
factors for the different sites and for the different waste streams.

The process used to evaluate the alternatives associated with the following:

e identifying potential locations

e developing a site-specific decision matrix model to evaluate, rank, and select the best overall
facility or facilities.

Decision matrix types of analyses are also sometimes referred to as Multiple Accounts Analyses
(MAA) or alternatives analyses. These types of analyses have been used as site selection tools for
tailings facilities and other mining-related decision processes at the following: Zortman and Landusky
mine sites, Montana (Shaw et al, 2001); Red Dog mine, Alaska (Northern Liner, 2005); and Questa
Molybdenum mine, New Mexico (Molycorp Watch project). Numerous papers have been published on
the subject of MAA, including: Robertson and Shaw (1998 and 1999); Caldwell and Robertson
(1983); Vick (1990); Brown (2002); and the 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;
CH2MHill, 2004, Robson Valley Land and Resource Management Plan, 1999).
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Four reports have been issued describing the strategy for selecting the waste rock storage facility and
detailing the mine waste and water management plan:

e Golder Associates Ltd., Report on Evaluation of Tailings Alternatives, Meadowbank Project,
Nunavut. October 2005 — See Appendix A.

e Golder Associates Ltd., Report on Evaluation of Waste Rock Management Alternatives,
Meadowbank Project, Nunavut. October 2005 — See Appendix B.

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

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

The reports “Evaluation of Tailings Alternatives” and “Evaluation of Waste Rock Management
Alternatives” are contained as appendices to this report.

The objectives of the above reports was to identify the most appropriate method for disposal of waste
rock and tailings for the Meadowbank project based on an evaluation of technical, environmental, and
economic considerations. The requirements for each facility are as follows:

e minimal net adverse effects on the environment, now and in the future

e technically sound with the minimal potential for failure

e economic.

The contributions of the three primary categories to the overall decision-making process are shown
for the baseline conditions for the rock and tailings storage facilities in Table 3.3.

Table 3.3: Relative Contribution of Primary Categories to Decision Analysis

Contribution to Overall Weighting Contribution to Overall Weighting

Primary Category Rock Storage Tailings Storage
Environmental 50% 55%
Operational 30% 33%
Cost 20% 12%

Each of the primary categories was subdivided to consider other sub-indicators.

34.1.1 Scale Factor

In order to separate the best alternatives from the worst, a scaling (or scoring) factor was applied.

Each sub-indicator was assigned a score between 1 and 9 points, similar to the system described by
Robertson and Shaw (1999). The scores provide a relative ranking between the options with the best
option receiving a score of 9, and the worst a score of 1. All subsequent options were then compared
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to the best option and assigned a lower relative score. An example of the scoring method is shown in
Table 3.4.

Table 3.4: Example of Scoring System used in Decision Matrix

Footprint Area Points Notes

Option A 30 ha 9 9 points awarded for least footprint area (BEST)
8 -
7 -
6 -

Option C 60 ha 5 9 points x 30 ha (least area) / 60 ha = 5 points
4 -

Option B 90 ha 3 9 points x 30 ha (least area) / 90 ha = 3 points
2
1

34.1.2 Relative Weighting Factor

Each sub-indicator of the primary categories was assigned a relative weighting factor to introduce a
value bias between the individual sub-indicators, based on the relative subjective importance of one
indicator versus another. A higher weighting factor indicates a perceived greater relative value or
importance between sub-indicators. For example, the relative importance of the impact of acid mine
drainage is considered greater than the visual impact of the facility. Consequently, the sub-indicator
of acid mine drainage is given a relative weighting factor that is greater than the weighting factor for
visual impact.

The weighting factors used for the evaluation of the waste rock storage alternatives are shown in
Table 3.5, along with the maximum possible weighted score and category score if a sub-indicator was
given the maximum possible individual score of 9.

The weighting factors used for the evaluation of the tailings storage alternatives are shown in
Table 3.6, along with the maximum possible weighted score and category score if a sub-indicator was
given the maximum possible individual score of 9.

The individual sub-indicator weighting values were then multiplied by the score to arrive at a weighted
score. The weighted scores for each category were then summed to arrive at a total weighted score
for each option. The best alternative for waste rock and tailings disposal was then determined as the
alternative having the highest overall score, relative to the other alternatives.
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Table 3.5: Weighting Factors for Sub-Indicators for Rock Storage Facility Selection

Max, Max. Max.
Relative | Possible | Weighted | Category

Factor Sub-Indicator Weighting | Score Score' Score'
Environmental|Sub-catchment area 5 9 45 396

Footprint area 4 9 36

Potential for generating dust 4 9 36

Potential for acid rock drainage (ARD) 3 9 27

generation during operation

Potential for metal leaching (ML) during 3 9 27

operation

Potential for seepage to impact groundwater 6 9 54

Potential for geotechnical hazards® 6 9 54

Lake area impacted 7 9 63

Visual impact 6 9 54
Operational |Difference between crest and adjacent land 5 9 45 234

Ease of water management 7 9 63

Catchment Impacted 6 9 54

Ease of decommissioning/closure 8 9 72
Economic Distance from north edge of North Portage pit 18 9 162 162
Total 792

Notes: 1. Values represent the maximum score, if 9 points was assigned for each sub-indicator. 2. Includes consideration of
foundation conditions, impact of seismicity, and height of structure.

October 2005

Site & Footprint

3-14



MEADOWBANK GOLD PROJECT
PROJECT ALTERNATIVES REPORT

Table 3.6: Weighting Factors for Sub-Indicators for Tailings Facility Evaluation

Max, Max. Max.
Relative Possible Weighted Category

Factor Sub-Indicator Weighting  Score Score' Score!
Environmental Sub-catchment area 1 9 9 603

Footprint area 1 9 9

Potential for generating dust during operation 6 9 54

Potential for generating dust after closure 4 9 36

Potential for acid rock drainage (ARD) 5 9 45

generation during operation

Potential for ARD generation after closure 9 63

Potential for metal leaching (ML) during 2 9 18

operation

Potential for ML after closure 5 9 45

Potential for seepage to impact groundwater 5 9 45

during operation

Potential for seepage to impact groundwater 6 9 54

after closure

Potential for geotechnical hazards? 5 9 45

Lake area impacted 5 9 45

Number of lakes impacted 4 9 36

Visual impact 2 9 18

Relative loss of high value fish habitat 9 9 81
Operational  Ease of operation 9 9 81 351

Distance from mill 8 9 72

Potential for delays due to freezing 10 9 90

Construction risk 4 9 36

Disposal system has precedent in arctic 9 72

environment
Economic Total present value of costs 15 9 135 135

(initial cost + delayed costs)
Total 1089

Notes: 1. Values represent the maximum score, if each sub-indicator assigned a maximum scoring factor of 9 points.
2. Includes consideration of foundation conditions, impact of seismicity, and height of structure.

3.5 EVALUATION OF WASTE ROCK DISPOSAL ALTERNATIVES

Mine rock storage facilities will be developed in both the Portage and the Vault mining areas. The

complexity of disposing of potentially acid-generating mine tailings and mine waste rock in a
permafrost environment presents specific challenges primarily due to climatic conditions.

Consequently, any type of waste disposal facility in the Arctic must take into consideration these
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challenges. Control strategies such as freeze control and climate control are commonly used in
permafrost environments as effective methods for controlling ARD.

Because of the distance between the Portage and Vault deposits it was decided that two waste rock
storage facilities were required. One 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) was selected to dispose of waste rock generated from the
Portage and Goose Island open pits.

Primary objectives established for the selection of an appropriate waste rock storage facility (or
facilities) were to:

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 visual impact

e minimize areas of 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)

e minimize haul costs.

3.5.1 Portage Rock Storage Alternatives

Four areas on the north side of Second Portage Lake were considered as potential waste rock
storage areas. The weighted scores for the various options are summarized in Table 3.7; the storage
options are illustrated on Figure 3.6. The full decision matrix is contained in the supporting
documentation in the appendices.

Table 3.7: Summary of Weighted Scores for Rock Storage Facility Options

Option Description Weighted Score
A North from Second Portage Lake — small footprint 560
B Northwest from Portage Lake — large footprint 459
C East from Vault Haul Road — small footprint 436
D East from Vault Haul Road — large footprint 355

Note: The highest score indicates the most desirable option.
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The options were evaluated using a decision matrix as described above where individual sub-
indicators within three key categories—environmental, operational, and cost considerations—were
assigned “weight” values based on subjective estimates of their relative importance. In this exercise,
overall weighting factors of 50% were assigned to environmental considerations, 30% to operational
considerations, and 20% to cost factors for each option.

The options were allocated a score for each of the evaluation criteria listed above to show the relative
difference between options. Weighted scores were derived by multiplying the allocated scores by the
individual sub-indicator weighting values and summing the totals. The highest score indicates the
most desirable option. On this basis, option A, on-land disposal of rock on the north side of Second
Portage Lake, was selected as the preferred rock storage facility. The facility is predicted to
eventually freeze, resulting in a reduction in the rates of acid mine drainage over the long-term. This
methodology is a common strategy used in cold climates and takes advantage of permafrost and
climate conditions. The site will be progressively reclaimed and capped with acid-neutralizing
ultramafic rock.

3.5.2 Vault Waste Rock Storage Alternatives

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. The lack of topographical relief limits the height to which a rock storage facility can
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.

As with the Portage rock storage facility, the Vault facility was 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

o footprint size to reduce the volume of affected runoff

e the potential for geotechnical hazards, such as slope instability and response to seismic activity
haulage costs.

Alternatives that were considered are shown on Figure 3.7 and listed below:

e Immediately west of the Vault pit (option A) — This alternative consists of a broad, relatively flat
area within the catchment area of the Vault pit. This alternative offers the advantage of allowing
the storage facility to be developed with a low profile, reducing the potential visual impact as well
as reducing the potential impact to wildlife movement. The location of option A results in the least
travel distance for waste rock haulage and disposal.
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e South of the Vault deposit (options B1 and B2) — This alternative was rejected as it places the
waste rock material within a catchment area and sub-watershed that previously remained
unaffected.

e On-land storage to the east of Vault Lake (option C) — This alternative was rejected due to the
small area in which to store the waste rock, and due to the distance from the deposit area, which
would result in an increase in the overall footprint area for the mine development, as well as an
increase in haulage costs. The smaller area in which to store the material would result in a waste
dump with a higher final elevation, resulting in visual impact as well as exposure to wind
dispersion. The additional distance for haulage would require the construction of additional roads.
Increased traffic would result in increased levels of particulate matter (including dust and exhaust)
to the atmosphere to be transported and deposited elsewhere.

e Disposal into Wally Lake (option D). This alternative was rejected because there is no convincing
evidence to suggest that placing the Vault waste rock material in a submerged environment will
have less impact than placing on land. Placing the waste rock into Wally Lake would un-
necessarily impact on fish habitat within that lake.

The best alternative 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.

3.6 EVALUATION OF TAILINGS STORAGE ALTERNATIVES

3.6.1 Tailings Initial Site Selection Criterion

A list of initial site selection criterion that any tailings storage facility for the Meadowbank mine site
must meet was developed. This list was used as an initial screening tool, and any locations that did
not meet these criteria were eliminated from further analysis. The following key site selection criteria
were utilized:

e the site should have sufficient volume to store planned volume of tailings

e the site should have the potential to provide additional capacity for tailings storage

e the location should be able to accommodate mine expansion

e the location should be within catchments of the open pits

e the site should allow the control and collection of the tailings supernatant.

Sites that failed to meet the initial site selection criteria were removed from further consideration.

3.6.2 Tailings Disposal Alternatives

Initially seven potential tailings storage sites were identified (see Figure 3.8). These are listed in
Table 3.8 along with the disposal methodology for each site.
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Table 3.8:  Summary of Initial Tailing Storage Alternatives

Option Location Disposal Type

A Second Portage Arm and North Portage Pit Subaqueous Slurry

B Second Portage Arm Subaerial Paste or Drystack
C Second Portage Arm Subaerial Slurry

D Third Portage Lake Subaqueous Slurry

E East from Vault Haul Road Subaerial Slurry

F North of Second Portage Arm Subaerial Slurry

G North of Second Portage Arm Subaerial Paste or Drystack

These alternatives were then compared to the initial site selection criteria, as a pre-screening
process, prior to conducting the overall decision matrix analysis. Based on the pre-screening
assessment, only four of the initial seven options met the site selection criteria. These four are listed
in Table 3.9.

Table 3.9: Alternatives Evaluated Using the Decision Matrix

Option Location Disposal Type

B Second Portage Arm Subaerial Paste or Drystack
C Second Portage Arm Subaerial Slurry

F North of Second Portage Arm Subaerial Slurry

G North of Second Portage Arm Subaerial Paste or Drystack

All locations and methods that met the initial criterion proceeded to the next phase of analyses which
involved the use of the decision matrix as described above.

3.6.3 Base Line Analysis

Tailings facility options B, C, F, and G for the proposed Meadowbank project were evaluated using
the decision matrix method of analysis described above. Table 3.10 summarizes the results. The
highest score represents the best alternative for site conditions.

Table 3.10: Summary of Baseline Analysis Decision Matrix Results

Options
C F G
B Second Portage Arm West of Waste Rock West of Waste Rock
Second Portage Arm |Subaqueous/ Subaerial Storage Storage

Factor Subaerial Paste Slurry Subaerial Slurry Subaerial Paste
Environmental 438 475 372 432
Operational 263 216 160 256
Economic 60 135 75 60
Total 761 826 607 748
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The full decision matrix is contained in the supporting documentation in the appendices.

3.6.4 Sensitivity Analyses

In order to evaluate the decision analysis process to changes in the weightings and the perceived
relative importance of certain factors, three sensitivity analyses were completed.

3.6.5 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. This results in each of the sub-indicators
having equal importance in the decision process and removes the 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:

A VZ1 (0 a1 1= 0 N 71%
L@ 0= =110 o -1 RS 24 %
o701 (0] 1 41 (o Z TN 5%

The results of this analysis are summarized Table 3.11.

Table 3.11: Summary of Decision Matrix Results — Sensitivity Analysis (Part 1)

Options
C F G
B Second Portage Arm | West of Waste Rock | West of Waste Rock
Second Portage Arm Subaqueous/ Storage Storage
Factor Subaerial Paste Subaerial Slurry Subaerial Slurry Subaerial Paste
Environmental 106 113 91 104
Operational 31 26 23 34
Economic 4 9 5 4
Total 141 148 119 142

As with the baseline case, option C received the highest overall score although only marginally better
than options B and G.

3.6.6 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:

October 2005 Site & Footprint 3-23



CUMBERLAND MEADOWBANK GoLD PROJECT
R R D.

PROJECT ALTERNATIVES REPORT

L 0 AVZ1 (o a1 1= 0 N 89%
(@] 0=1 = 11 0] o - | ISR 11%
[(ot0) 0101 1| [o 2T 0%

Table 3.12 summarizes the results of the analysis.

Table 3.12: Summary of Decision Matrix Results — Sensitivity Analysis (Part 2)

Options
C F G
B Second Portage Arm | West of Waste Rock | West of Waste Rock
Second Portage Arm Subaqueous/ Storage Storage
Factor Subaerial Paste Subaerial Slurry Subaerial Slurry Subaerial Paste
Environmental 438 475 372 432
Operational 8 40 72 64
Economic 0 0 0 0
Total 446 515 444 496

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) is the preferred
option.

3.6.7 Sensitivity Analysis — Part 3

A final sensitivity analysis was carried out on the baseline case to evaluate 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:

[ 0NV T (0] 0] 1 AT=] | T 57%
OPEIALIONAL ...ttt 31%
o701 (0] 1 41 o2 N 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
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Table 3.13 summarizes the results of the analysis.

Table 3.13: Summary of Decision Matrix Results — Sensitivity Analysis (Part 3)

Options
C F G
B Second Portage Arm | West of Waste Rock | West of Waste Rock
Second Portage Arm Subaqueous/ Storage Storage

Factor Subaerial Paste Subaerial Slurry Subaerial Slurry Subaerial Paste
Environmental 468 520 462 522
Operational 263 216 160 256
Economic 60 135 75 60
Total 791 871 697 838

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 slurry tailings in the basin of
Second Portage Arm, is the preferred option.

Based on the decision matrix method, option C (tailings slurry disposal in the northwest arm of
Second Portage Arm) is the best tailings management strategy for the Meadowbank project site. 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

o lowest potential for the generation of dust from the facility during operations and closure, and
consequently the lowest potential for transportation and deposition into lakes or on land
downwind of the facility and off-site

e simplest construction methodology requiring construction materials from the mining activities

e simplest closure methodology, requiring least amount of borrow materials, and utilizing the
natural environment to encapsulate the tailings

o low risk of instability of tailings facility, and hence lower risk of potential release of tailings to the
environment

e ease of operation in harsh Arctic climates
o lowest relative capital cost

e precedence in Arctic climate.

The primary disadvantage of the proposed disposal method is that the northwest arm of Second
Portage Lake will be permanently filled. However, regardless of the tailings disposal strategy adopted
for the project, the northwest arm of Second Portage Lake will be impacted in one form or another by
mining activities. The arm of the lake will need to be completely de-watered in order for mining to be
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undertaken. If the tailings are disposed of on land, there will still be a requirement for attenuation
storage and reclaim water management. It is likely that the northwest arm of the lake would be used
for these purposes.

3.7 ASSESSMENT OF THE STRATEGY TO FREEZE THE PORTAGE TAILINGS FACILITY

A strategy of total freezing of the tailings will be used to control ARD and ML. Permafrost
encapsulation of the tailings is the preferred management alternative for the project.

3.7.1 Thermal Modelling

Simplified thermal modelling of the proposed tailings deposit in the northwest arm of Second Portage
Lake was carried out to predict the range of time required to freeze the tailings and into the underlying
talik. The detailed analyses were presented previously in:

e Golder Associates Ltd., Technical Memorandum - Item #56 - Tailings thermal Modelling and
Climate Change Effects. 22 July 2005.

e Golder Associates Ltd., Report on Thermal Modelling of the Tailings Deposit in the Second
Portage Lake, Meadowbank Gold Project. 16 February 2004.

The assumptions and results of the modelling are summarized in the following sections.

3.7.2 Assumptions

Site climate data were considered with various snow packs to represent ground covers of snow, soll,
and vegetation to estimate the range of surface temperature functions on the bedrock profile. Ground
temperatures were estimated using each of the surface temperature functions and compared to site
thermistor data for calibration.

Thermal properties for the bedrock and tailings materials were estimated from published correlations
for the range of expected geotechnical conditions. In addition, the following assumptions were used in
the modelling:

e Only bedrock was considered in the subsurface profile.

e A constant temperature boundary of 4°C was used at the bottom of the lake.

e All the tailings were assumed to be placed instantaneously.

e Tailings were deposited at either 6°C (unfrozen) or -0.2°C (frozen) to bind the expected
deposition sequence.

3.7.3 Impact of Climate Change

To investigate the potential effect of climate change, the precautionary principal was applied to
consider the effect of a temperature increase of 5.5°C over the next century. For this simplified model,
the effect of climate change is considered by uniformly incrementing the annual average temperature
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function by 5.5°C over the first 100 years in the model and then maintaining a constant mean monthly
temperature for the next 200 years. The prediction of climate change beyond 100 years is considered
to be unreliable due to unpredictable variables.

3.7.3.1 Accepted Climate Change Predictions

The climate change considered in the Meadowbank Gold project feasibility design followed the worst
case “high sensitivity” models described in the precautionary principal (INAC, 2003 “Implications of
Global Warming and The Precautionary Principle in Northern mine Design and Closure”). These
models suggest that an increase of 5.5°C to the mean annual air temperature (MAAT) by the year
2100 for a site located at 65°N latitude is reasonable for climate change predictions. Table 3.14
presents a summary of reported climate change predictions used on a number of northern projects
that have been reported in the engineering and scientific literature.

Table 3.14: Summary of Reported Climate Change Rates Used in Northern Projects Engineering Studies

Increase in MAAT by Year

Reference 2100 (°C) Notes

INAC (2003) 55 Used in Meadowbank DEIS for site at 65°
North Latitude

Hayley (2004) 4.7 Used in design studies for the Inuvik

Regional Health Center. Reported as
increase of 0.47°C per decade.

Hayley and Cathro (1996) 5.0 Used for Raglan Dam analyses.
Mackenzie Valley Land and Water 3.0 Used for the Ekati mine expansion
Board (2002)

Diavik 3.2 Used for the Processed Kimberlite

Containment Facility Design

Burn (2003) 6.0 For use in the Western Arctic for pipeline
design projects. Reported as increase of
1.75°C over a 29 year period

IPCC (2003) 0.8-5.2 Predicted range for change in the global
average surface air temperature

For comparison purposes, climate records for Baker Lake were reviewed. Figure 3.9 presents the
complete record of MAAT data from Baker Lake weather station for the period between 1951 and
2004, during which time the long-term MAAT is reported as being -11.9°C. A linear regression of the
data for this period indicates an increase in MAAT of about 2°C when projected over a 100-year
period Trend lines for a climate change rates of 2°C and 5.5°C for 100 years are also shown on
Figure 3.9.

Consequently, a climate warming trend of 5.5°C for 100 years is considered to be a reasonable upper
estimate of the climate change rate for the project area and is consistent with predicted and
recommended climate change trends for projects in the north.
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3.74 Results of Modelling

After establishing the existing ground temperature conditions in the model, the tailings deposit was
modelled by instantaneous replacement of the lake with either unfrozen or frozen tailings. The
thermal models were run between 100 and 300 years to predict ground temperature profiles beneath
the tailings impoundment.

The results indicate that complete freezing of the tailings and bedrock beneath the lake will occur with
time. For tailings not frozen during deposition, the time to begin freezing the talik beneath the lake
could be as long as 200 years if climate change is not considered and 270 years if climate change is
considered.

If the tailings are frozen soon after deposition, the time to freeze 5 m into the talik is between 1 and
45 years, depending on the location within the lake. When climate change is considered, this time is
increased to 50 years. Freezing of the tailings will limit the ability of contaminants to migrate beyond
the tailings storage facility.

3.7.5 Sensitivity Analysis

To investigate the sensitivity of the model to climate change rate and the predicted time to freeze the
tailings deposit, an additional thermal model was developed which considered a 2°C for 100-year
climate change rate for the case of the initially thawed (+6C) tailings instantaneously replacing the
lake. Table 3.15 presents these results as well as a summary of the predicted times to freeze the
initially thawed tailings deposit.

Table 3.15: Time to Freeze at Base of Tailings (38 m) for Initially Thawed Tailings

MAGT after
100 Years Time to Freeze Initially Thawed

Ts function (MAGTl) Based on MAGT (°C) (°C) Tailings Deposit (Years)
Site Measured Soil Temperature -9.2 -9.2 170

10 % snow pack -7 -7 200

10 % snow pack and Climate Change of 2C -7 -5 210

for 100 years

10 % snow pack and Climate Change of 5.5C -7 -25 270

for 100 years

Note: MAGT is mean annual ground temperature.

As expected, an increase in MAGT results in a longer time for the tailings deposit to freeze. From the
modelling results, a 2°C climate change rate adds 10 years to the time to freeze, while a 5.5°C
climate change rate adds 70 years to the case with no climate change. The variation in time to freeze
tailings without consideration for climate change is 30 years when comparing the MAGT based on the
climate station data and a 10% snow pack. Figure 3.10 provides a summary of the results of freezing
time for the tailings deposit vs. the Ts function.
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3.8 AIRSTRIP

In coordination with the selection of the plant site, two options were considered for the site of the
airstrip: one along the isthmus between the northwest arm of Second and Third Portage lakes, and
the other along the southwest side of Third Portage Lake (see Figure 3.11). Although the more
southern route requires less cut and fill, it would involve the construction of a roadway crossing over a
narrow section in Third Portage Lake. The selected northern alternative, northwest of the plant site, is
better aligned with the prevailing wind direction from the northwest and will permit the development of
a more compact site with less overall disturbance.

The alignment of the airstrip has been selected based on minimizing cut and fill requirements for
construction and has been based on a near balance of the excavation and backfill quantities.
However, it is anticipated that additional fill materials will be required from locally available borrow
sources to complete the airstrip embankment. The airstrip will be constructed in two development
sequences. The first sequence will involve the construction of a gravel-surfaced pioneer airstrip
nominally 915 m long x 30.5 m wide for use by aircraft such as the Beechcraft King Air B200 Jet Prop
during the first years of development. This will minimize impact to Third Portage Lake as the entire
strip will be constructed on land. Drainage ditches, settling ponds, and silt fences will be used to
manage runoff during construction and operation of the pioneer strip. Later in mine life, the airstrip will
be extended to about 1,525 m long x 50 m wide for use by larger aircraft such as Hercules and 737
aircraft. This will require the extension of the airstrip by about 380 m off-shore of Third Portage Lake.
It is expected that the frequency of usage of the airstrip will be less than 100 takeoffs/landings per
month.

The design of the airstrip allows for the use of intermediate volcanic (IV) rock produced from mining
activities. The majority of the IV rock is non-acid-generating; however, some is expected to generate
acid. The rock will be submerged off-shore, which will reduce the potential for acid generation. A
capping of non-acid-generating rock will be placed over the main airstrip rock fill. To achieve the full
length of 1,525 m, however, approximately 198,000 m? of fill will need to be placed at the west end of
the strip, extending into the lake.

The alignment of the airstrip has been selected based on minimizing cut and fill requirements for
construction and has been based on a near balance of the excavation and backfill quantities.
However, it is anticipated that additional fill materials will be required from locally available borrow
sources to complete the airstrip embankment. With the current alignment, the initial 915 m long strip
can be built while minimizing impact to Third Portage Lake through the use of settlement ponds and
silt fencing to control runoff during construction. To achieve the full length of 1,525 m, approximately
198,000 m*® of fill will need to be placed at the west end of the strip, extending into the lake. The
design allows the use of PAG mine rock from the Portage pit in airstrip construction. A permanent
capping of non-PAG rock from the Portage pit will be placed over the mine rock fill.

3.9 VAULT ACCESS ROAD

The Vault pit is approximately 6 km north of the main project facilities in the Portage area and will be
connected by a haul road. A road will need to be constructed to access the Vault pit and to haul ore
back to the processing facilities at the Portage area. The road will be constructed with rockfill
produced from the Portage pit mining activities. The road embankment will be designed to preserve
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the permafrost, and will be constructed to thicknesses of at least 2 m over thaw unstable soils. In
areas underlain by bedrock, or thaw stable soils, a lesser thickness of rockfill will be required.

The selection of the route considered the following:

e minimizing footprint area of disturbance
e preserving permafrost
e avoidance of any culturally sensitive areas

e minimizing impacts on lakes and streams
Two general routes were considered:
e A route to minimize the haul distance between Portage and Vault, crossing Turn Lake at its

narrowest point.

e Aroute crossing the outflow area of Turn Lake to Drilltrail Lake and requiring the construction of a
culvert crossing.

The selected route, shown in Figure 3.1, crosses Turn Lake approximately 4.5 km north of the plant
site at its narrowest point where the water is less than about 6 m deep. Other than this crossing, the
route avoids major drainages and requires only minor culvert crossings at other watercourses.
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SECTION 4 « MINING METHODS

The prefeasibility study considered a total mining rate of 2,000 t/d from both open pit and
underground mining at the Portage and Goose Island deposits. This concept was found to be
marginally economic. After further exploration and inclusion of the Vault deposit in the mine plan,
throughput was increased to 7,500 t/d over approximately 8.3 years or the current feasibility study. Of
this amount, the Vault pit will contribute between 1,200 and 1,500 t/d.

Only open-pit mining is contemplated at this time because the reserve grades do not support
economical underground development. To ensure the safety of underground mine operations, crown
pillars of ore would have to be left in place, resulting in poor resource utilization. Depending on the
results of additional exploration, underground mining may be an option for future extraction from
deeper sections of the Goose Island and Vault deposits.

The selected size and type of mining equipment take into account the variability of the deposits and
the need for flexibility to achieve a steady supply of ore from the various sources. Because of the
need for trailing cable and greater difficulty in manoeuvring, electric-powered equipment was rejected
in favour of diesel-powered. Diesel-driven equipment is more flexible and is especially suited to the
double-bench mining that may be required for operating efficiency in some areas.

4.1 BLAST DESIGN ALTERNATIVES

Because of the remote location, Cumberland expects to use a 70/30 ANFO/emulsion mix for blasting,
although this ratio could range from 70/30 to 30/70 depending on the water resistance required and
energy yield required. Early conceptual design considered proportions of emulsion as low as 10%,
but final design will need to ensure adequate blasting performance while considering the advantages
of waste reduction and preservation of water quality (reduced contribution of nitrates to the runoff
water).

An assessment of blast-induced vibration (peak particle velocity) and instantaneous pressure change
was carried out during the feasibility study to estimate the effects of blasting with various charge
weights and how they relate to recommended guidelines by Fisheries and Oceans Canada (DFO).
Three blast design reports have been produced for the project:

e Technical Memorandum: Item #85/85a - Meadowbank Gold Project- Blasting Addendum, Golder
Associates. October 2005.

e Report: Blast Design, Meadowbank Gold project, Golder Associates. 10 February 2004.

e Addendum: Blasting Report Addendum, Golder Associates. 25 May 2004

e Supporting documentation for blast design is included in Appendix C.
The assessments assumed an ANFO/emulsion ratio of 30/70 to provide an upper bound for the

assessment of the impact of explosives use with respect to fisheries guidelines. The greater
proportion of emulsion results in a higher energy yield. The assessments were based on design
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guidelines governing the use of explosives adjacent to Canadian fisheries waters (Guidelines for the
Use of Explosives in or Near Canadian Fisheries Waters; Wright and Hopky, 1998).

The initial analyses were carried out for 3 charge weights for 12 and 6 m high operating benches:
420, 250, and 86 kg. A charge weight of 12 kg was also considered for a 3 m high operating bench in
ore. The recently completed feasibility study (AMEC, 2005) specified a bench height of 6 m and
charge weight of 77 kg. In the following sections, charge weights of 12, 77, and 250 kg are presented.
(see Table 4.1) Charge weights of 420 kg are no longer considered.

For the assessment of blast induced vibration and instantaneous pressure change, the following
alternative bench configurations, blasthole sizes, and charge weights have been considered to
provide a range in possible blast designs for planning purposes. The proposed 77 kg charge weight
used by AMEC in the feasibility study has been incorporated:

Table 4.1: Range in Charge Weights Considered for the Meadowbank Project

Charge Weight (kg) Blasthole Diameter (mm) Bench Height (m)
250 165 12
77 165 6
12 165 3

41.1 Blast Induced Vibration

Blast induced vibrations have the potential to reduce the stability and performance of nearby earthen
structures such as dikes. Where saturated conditions exist within the foundation materials and within
the earthen structural fills of the de-watering dikes and the tailings dike, blast induced vibrations could
result in the development of increased pore water pressures within the foundation and structural fill
materials. This could lead to potential settlement of the structures and consequently impact to the
water retaining capacity of the dikes.

The effects of blasting are typically assessed in terms of peak particle velocity (PPV).

41.2 Estimates of Peak Particle Velocity

The preliminary estimates of peak particle velocity (PPV) are based on the current understanding of
the site layout, mine plan, and blast design. Changes to the current site layout, mine plan, and blast
design will result in changes to the estimates of PPV. Certain site-specific factors that are required to
calculate PPV have been estimated based on published values. However, site specific parameters
can only be determined by site vibration monitoring of actual blasts. Consequently, the actual PPV
values may differ from those presented here.

The US Bureau of mines has established that the peak particle velocity, PPV, is related to the scaled
distance by the following relationship:
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PPV =k * (R/W05)b

Where:
PPV = Peak Particle Velocity, mm/s
R = Distance from blast to point of concern, m
W = Charge weight per delay, kg
k = Confinement factor — specific to site
b = Site factor

The constants k and b are specific to the site, and can be determined by blast vibration monitoring.

For this evaluation, a value of b = 1.6 was assumed. The PPV was evaluated for a range of values of
confinement, ‘k’, of 400, 800, and 1,500, for downhole blasting. This range in values is considered to
be reasonable for the site and to provide an estimate of the sensitivity of PPV to different values of
confinement.

Based on the current understanding of site conditions and experience at two other northern sites, the
confinement value of 800 is expected to be the most likely representative value for average
conditions at the site. The actual value for confinement can only be determined through a detailed
field monitoring program.

4.1.3 Minimum Setback Distance for Canadian Fisheries Guidelines

Design guidelines governing the use of explosives adjacent to Canadian fisheries waters (Guidelines
for the Use of Explosives in or Near Canadian Fisheries Waters; Wright and Hopky, 1998) indicate
that no explosive is to be detonated that produces a peak particle velocity greater than 13 mm/s in a
spawning bed during the period of egg incubation.

The PPVs were evaluated for the Second Portage Lake East dike, the Third Portage Peninsula east
shoreline, the Bay dike, and the Goose Island east shoreline.

41.4 Setback Distance for Peak Particle Velocity

The minimum setback distances to achieve a PPV of 13 mm/s have been estimated for various
values of confinement, ‘k’, and for four potential charge weights per delay. Table 4.2 summarizes the
estimates of minimum setback required to achieve a PPV value of 13 mm/s.

Table 4.2: Minimum Setback Distance for 13 mm/s Peak Particle Velocity Guideline

Minimum Setback Distance to Achieve PPV = 13 mm/s

250 kg Charge Weight per
12 kg Charge Weight per Delay | 77 kg Charge Weight per Delay delay,(12 m Bench, Decked
k (3 m Bench, 76 mm Hole) (6 m Bench, 165 mm Hole) Charge, 229 mm Hole)
400 30m 75m 135 m
800 46 m 115 m 208 m
1,500 67 m 171 m 308 m
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The relationships presented in the above table are shown on Figure 4.1 for a confinement value, k, of
800.

With the exception of a short segment of shoreline adjacent to the Portage pit wall at the south end of
the pit, the proposed charge weight of 77 kg per hole on 6 m benches will result in a PPV less than
the required 13 mm/s.

For the portions of the dike or shoreline where the 13 mm/s guideline is exceeded, modified blast
designs consisting of lower charge weights on lower bench heights have been shown to result in PPV
that meet the guideline requirement. Alternatively, additional fill materials could be placed along the
shoreline or dike upstream (lake side) face to increase the distance from the blasting area.

4.1.5 Minimum Setback Distance for Threshold Damage Levels

General guidelines for blasting nears dams indicate vibration damage thresholds on the order of

50 mm/s to be reasonable for dams having medium to dense sand or silts within the dam or
foundation materials. Table 4.3 summarizes the estimates of minimum setback required to achieve a
PPV value of 50 mm/s for the charge weights considered.

Table 4.3: Minimum Setback Distance for a Peak Particle Velocity of 50 mm/s for Various Blast
Configurations

Minimum Setback Distance to Achieve PPV =50 mm/s

250 kg Charge Weight per
12 kg Charge Weight per Delay | 77 kg Charge Weight per Delay | delay, (12 m Bench, Decked
k (3 m Bench, 76 mm Hole) (6 m Bench, 165 mm Hole) Charge, 229 mm Hole)
400 13 m 32m 58 m
800 20m 50m 89m
1,500 29m 74 m 133 m

The relationships presented in the above table are shown on Figure 4.2 for a confinement value, k, of
800.

The analysis indicates that for the proposed 80 m toe setback for the dikes at the Meadowbank
project, and the proposed 77 kg charge weight, a PPV of 50 mm/s will not be exceeded in the toe
areas of the perimeter dikes or tailings dike. Additional blast monitoring during construction will be
required to confirm the assumptions on which these results are based.

4.1.6 Instantaneous Pressure Change for Canadian Fisheries Guidelines — 100 kPa
Criteria

The required setback distance for confined explosives to achieve the 100 kPa instantaneous pressure
change guideline can be estimated from relationships presented in “Guidelines for the Use of
Explosives in or Near Canadian Fisheries Waters” (Wright and Hopky, 1998).
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