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Polaris Habitat Restoration Plan — May 24, 2002

1. Introduction

The Polaris Mine is located on Little Cornwallis Island (LCI) in the Canadian High Arctic, in the
Territory of Nunavut. Situated at about latitude 75°N and longitude 97°W, it is approximately
100 km northwest of Resolute (Refer to location plan in Appendix 1). Polaris is an underground
zinc-lead mining operation and the world’s most northerly metal mine. The Polaris Mine
occupies a total of about 962 hectares of land under surface leases from the Government of
Canada.

The Polaris orebody was discovered in the early 1970’s. Following socio-economic, engineering
and environmental studies, construction of the mine and facilities began in 1980. The first
concentrate was produced in late 1981. The mine is due to close in August 2002 when mining of
the orebody will be complete. On closure approximately 21 million tonnes of ore will have been
processed to produce 4.4 million dry tonnes of zinc concentrate and 0.9 million dry tonnes of
lead concentrate. Water use and discharge of tailings into the tailings facility are permitted under
Water Licence N4L2-0262 administered by the Nunavut Water Board (NWB). Garrow Lake
was designated as the tailings impoundment area by the federal Minister of Fisheries in 1981.

Immediately following closure of the Polaris Operations decommissioning and restoration of the
site will be initiated. These plans are described in the ‘Polaris Mine Decommissioning and
Reclamation Plan — March 2001° (Closure Plan) and subsequent submissions to the NWB and
the Department of Indian and Northern Affairs Canada (DIAND) titled ‘Response to Reviews of
the Decommissioning and Reclamation Plan — January 7, 2002° (Response to Reviews). An
application to the Department of Fisheries and Oceans (DFO) for decommissioning the Garrow
Lake dam and the marine dock and adjacent foreshore was made in October, 2001 (Application
to DFO).

In April 2002, the NWB and DIAND approved the Closure Plan with the exception of two
aspects that require authorization by the Department of Fisheries and Oceans (DFO), as those
aspects of the Closure Plan involve fish habitat. An application for a Fisheries Authorization
related to the work associated with the Polaris Mine Decommissioning and Reclamation Plan has
been made and this report is being submitted in support of this application.

Copies of the above documents are attached to this report including:

Appendix 2 - Nunavut Water Licence N4L.2-0262

Appendix 3 - Closure Plan (included on a cd in pdf format as it consists of 4 volumes)

Appendix 4 - Application to DFO

Appendix 5 - Response to Reviews (included on a cd in pdf format)

Appendix 6 - Closure Plan Approval Letter

Appendix 7 - Designation of Garrow Lake as a Tailings Impoundment Area by the Minister
of Fisheries and Oceans.

This report details the environmental setting of the areas affected by the proposed reclamation,
the scope and methodology of the work, the mitigative actions to protect the environment, the
contingency plans, and describes the changes proposed to the fish habitat. For clarification, the
following definitions of terminology are used:

1. Pre-mine: Environmental conditions prior to mine development.
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2. Pre-development — Polaris Mine site conditions as they exist during mine operation
and prior to decommissioning.

3. Post-development — Polaris Mine site conditions as they are anticipated to be once
decommissioning is complete.

2. Objectives

The Polaris Mine decommissioning and reclamation plans for the dock in Crozier Strait and the
tailings disposal site in Garrow Lake have been developed to meet DFO’s “Policy for the
Management of Fish Habitat” (October, 1986). Specifically the plans focus on the policy
objective of achieving a “Net Gain of Habitat for Canada’s Fisheries Resources” primarily
through Goal 2 “Fish Habitat Restoration” but also through Goal 1, “Fish Habitat
Conservation” and the associated guiding principle, “No Net Loss of the Productive Capacity of
Habitats”. The proposed work to decommission the dock and remove Garrow Lake dam will
affect fish habitat created by the construction of these facilities. However the proposed works
will be offset by increased areas of like habitat or through improvements in the productivity
capacity of existing habitats. The specific objectives of the proposed reclamation program are
to:

1. Restore the Garrow Lake to its original elevation, enabling restoration of the natural
discharge of Garrow Lake.

2. Replace the marginal littoral fish habitat around the perimeter of Garrow Lake that will
be impacted by lowering the water level with alternate stream habitat between Garrow
Lake and Garrow Bay.

3. Remove the centre section of the dam which is a barrier that prevents potential migration
of fish between Garrow Lake and the ocean.

4. Decommission the marine dock located adjacent to the Polaris minesite in a manner that
provides a more stable foreshore protecting fish habitat from unnatural levels of erosion

5. Provide increased area of aquatic habitat in the vicinity of the present dock facilities by
increasing the area of intertidal and subtital habitat.

3. Garrow Lake Dam & Creek

3.1. Pre-Mine Environmental Setting

Garrow Lake has a maximum depth of 48 m and a surface area of approximately 444 ha. @
The lake has a small catchment area relative to its surface area and as a consequence has
limited water input from runoff to support sustained flow in Garrow Creek. The lake is
meromictic and is chemically and thermally stratified. The lake has three strata. The
epilimnion or surface layer is approximately 10 m deep and consists of oxygenated, brackish
water. The halocline is currently situated at a depth of 10 m followed by a transition zone
that extends down to a depth of 20 m. The bottom layer, the monimolimnion, from 20 m to
48 m, consists of stagnant, anoxic and highly saline water with no mixing with the surface
layers. BC Research (1981) concluded that the very low levels of nitrate and phosphate in
the lake may limit biological activity in the epilimnetic layer of the lake.
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The installation of the dam at the outlet of Garrow Lake was designed to allow the lake water
level to raise a total of 4.6 m. Since 1991 the maximum increase has been approximately 3 m
which was reached in 1997. In 1994 Cominco began siphoning water out of the lake each
summer resulting in an annual lake level fluctuation between 0.5 and 1.0 m. Prior to mine
development the halocline was approximately 12 to 13 m deep, and now appears to have
been displaced upwards about 2 m to a depth of 10 m. This upward migration of the
halocline has been attributed to the input of tailings at the bottom of the lake. Teck Cominco
has developed a chemical and physical stability model for Garrow Lake that has in excess of
20 years of water quality data and field observations that clearly shows there is no mixing in
this lake and that the emplacement of tailings at the bottom of this basin has had virtually no
negative impact on the ecology of the surface water.

Garrow Creek is 1400 m long and is connected to Garrow Bay via a stream channel that has
an average gradient of 0.5%. Currently flow in Garrow Creek takes place only during the
summer period when the siphons are in operation which is typically for 6 to 8 weeks in
August/September. Photos of Garrow Creek from 1999 and 2000 (Appendix 8) confirm that
the creek channel is poorly confined and as the creek approaches Garrow Bay the channel is
very diffuse (Contour plan - Appendix 9, Figure 2). BC Research (1975) described the creek
channel is diffuse with no well defined channel. Prior to construction of the dam, peak flow
conditions persisted for two to three weeks during snowmelt decreasing rapidly to minimal
flows for the remainder of the summer. The total period of discharge from the lake normally
ranged between 60 and 80 days. The creek freezes solid during the winter. During BC
Research’s work in the summer of 1977 the majority of stream flow was subsurface (BC
Research (1978). The substrate appears to be primarily a gravel and sand, with some cobbles
and the occasional boulder. In summary, Garrow Creek has a poorly defined channel with an
irregular discharge and poorly defined shallow run/riffle areas.

Biological productivity in Garrow Lake is confined to the 10 m above the halocline.
Sampling by BC Research (1978) and DFO (Fallis et al 1987) have reported the zooplankton
community in the lake consisted of the copepods (Limnocalanus macrusus), harpacticoid
copepods, amphipods (Gammarus sp.), and mysid shrimp (Mysis oculata). Phytoplankton
included Glenodinium sp., Peridinium deflandrei and diatoms. The benthic community
showed limited diversity with foraminiferans being the most abundant invertebrate. Also
recorded were molluscs (A4starte warhami), polychaetes and insects.

The only fish species found in Garrow Lake is the fourhorn sculpin (Myoxocephalus
quadricornis). No studies have found fish below the halocline. The fourhorn sculpin is
fairly common in brackish nearshore marine waters throughout the arctic and is known to
enter coastal rivers and lakes. Populations have been found in arctic lakes that now have no
connection to the marine environment. The Committee on the Status of Endangered Wildlife
in Canada designated the landlocked form of this sculpin as a “species of concern” in 1989.
Prior to dam construction BC Research (1978) suggested that sculpins may move between
Garrow Lake and Garrow Bay after capturing sculpins in pools in Garrow Creek. BC
Research (1978) reported that the primary food item found in sculpins was the zooplankton
Limnocalanus macrusus. DFO (Fallis et al 1987) reported stomach contents including
unidentified eggs (likely sculpin eggs), plant material, copepods and amphipods.

In the development of the Closure Plan, questionnaires and interviews were carried out in the
communities of Resolute Bay and Grise Fiord in part to determine the level of hunting and
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fishing that has been carried out in the past and future land use requirements on Little
Cornwallis Island as part of the Human Health and Ecological Risk Assessment (Closure
Plan, Vol. 2 attached in Appendix 3). The findings indicate that fishing activity on Little
Cornwallis Island has been very limited to nil and the only lake that was identified as being
fished on rare occasions was located on the north-east portion of the island. There is clearly
no indication that Inuit relied on the fourhorn sculpin in Garrow Lake for subsistence or any
indication of fishing occurring in Garrow Lake.

3.2. Decommissioning of Garrow Lake Dam

The intense vertical stratification of Garrow Lake due to salt content and differing water
densities combined with its depth (48 m) and close proximity to the mine made it an ideal
place to deposit tailing from the milling operation. It was determined that the density of the
tailings and the stratification of the lake would confine tailings to the bottom portion of the
lake. The suitability and verification of this approach of tailings disposal has been confirmed
through the development and verification of a chemical stability model for Garrow Lake
(Refer to Volume 2 of the Closure Plan in Appendix 3 and the Memorandum to Bruce
Donald from Paul Erickson of AXYS Environmental Consulting Ltd., Attachment #9 in
Appendix 5). It is important to note that the verification of the model for Garrow Lake has in
excess of 20 years of field data and to date Garrow Lake has performed as predicted for the
disposal of tailings. Utilizing Garrow Lake has assured the safe permanent disposal of mine
tailings from the Polaris Mine and has limited metals from entering surface waters and
ultimately exposure to the environment.

In December 1981, Garrow Lake was designated ‘As a Tailings Impoundment’ by the
Minister of Fisheries and Oceans pursuant to the Metal Mining Liquid Effluent Regulation
under the Fisheries Act (Appendix 7). Since the start of mining operations, tailing from the
Polaris mill have been discharged below a depth of 26 m in the lower part of the Garrow
Lake basin.

The only exposure of tailings to upper waters in Garrow Lake has been the result of breaks in
the tailings line. The most significant of these events occurred in 1985. The result was the
introduction of water high in Zn content into and just above the halocline. In the years
following this discharge, the Zn concentration in the surface layer continued to increase and
threatened to exceed the original discharge permit limits of Zn in the outflow in Garrow
Creek. As a result, the mine received approval to construct a dam across the outlet of
Garrow Lake in 1989/1990. In 1992 the mine’s discharge permit was renewed and the
permitted maximum level in the lake discharge increased to 0.5 mg/L Zn (concentrations of
Zn in the surface layer of the lake have never exceeded this concentration and have decreased
gradually since 1991). The discharge of water from Garrow Lake is currently regulated
through Water Licence N4L2-0262 (renewal) administered by the Nunavut Water Board
(Appendix 2).

As part of the decommissioning and restoration plans for the site, it was proposed to restore
the water level in Garrow Lake to its original elevation and to decommission the dam.
Several options were considered before selecting this option. They were:
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a) Leave the dam intact

This would require water accumulated from precipitation and runoff to be
siphoned out of the lake each summer to avoid the lake elevation increasing until
it overtops the dam resulting in eventual failure of the dam.

Apart from the extremely remote location of the site, it is logistically not
reasonable to siphon and maintain the dam in perpetuity.

Leaving the dam and siphoning system intact is counter to the regulatory
requirements under Polaris’s surface land leases which require improvements to
be removed and the site restored.

Leaving the dam intact maintains the potential for a catastrophic failure of the
dam due to either earthquakes or destabilization of the frozen core dam due to
global warming. Catastrophic failure would result in substantial erosion of the
creek channel.

The dam is an artificial barrier preventing any potential movement of fish to
and/or from the lake and the ocean.

The dam was intended to be a temporary measure to deal with a short term
environmental issue of elevated metals in the upper layer of Garrow Lake due to a
break in the tailings line. It was approved on this basis by the Nunavut Water
Board. The Garrow lake model clearly shows a decrease in the content of metals
upon closure of the mine.

Clearly, maintaining a dam in perpetuity is not reasonable or appropriate given the
remote location of the Polaris site and the nature of the environmental issues at the
Garrow Lake tailings facility.

b) Leave the dam intact with a spillway

This has the advantage that excess water would not need to be siphoned each
year. The water would drain naturally once the ice on the lake melted sufficiently
each summer.

There is an additional risk that the spillway would either be blocked by ice or that
erosion will cause down cutting of the spillway.

Leaving a dam in place would require on-going visual and geotechnical
inspections of the dam for perpetuity.

Leaving the dam and a spillway is counter to Polaris’s land leases which require
improvements to be removed and the site restored.

Leaving the dam intact maintains the potential for a catastrophic failure of the
dam due to either earthquakes or destabilization of the frozen core dam due to
global warming. Catastrophic failure would result in substantial erosion of the
creek channel.

The dam with a spillway would continue to be an artificial barrier preventing any
potential movement of fish to and/or from the lake and the ocean.

¢) Decommission the dam

Decommissioning the dam will return Garrow Lake to its natural and normal
levels. In restoring the lake to its original elevation, the lowering of the lake
elevation decreases the area of fish habitat for sculpins (the only fish species in
the lake) in Garrow Lake that was artificially created in 1991 when dam
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construction was complete and the lake level was allowed to increase
approximately 2.5 m.

— This restores the natural cycle of drainage of Garrow Lake each year. This would
eliminate the need to siphon the lake.

— Once the dam is decommissioned, there would be no requirement for geotechnical
inspections after the proposed monitoring period is concluded.

— Decommissioning the dam and removing the siphons is consistent with restoring
the site as required under the land leases.

— Decommissioning the dam removes the potential for a catastrophic failure of the
dam.

— Decommissioning the dam removes the barrier to potential movement of fish to
and/or from the lake and the ocean.

— Decommissioning the dam will allow the creek channel between the dam and the
outlet of Garrow Lake to be restored.

— Decommissioning the dam restores natural drainage patterns surrounding the
restored creek channel between the dam and the lake.

— The Garrow Lake chemical stability model clearly shows that the lake will remain
stable and the water quality of the surface layer of the lake will not be adversely
affected by restoring the lake to its original elevation (Refer to Volume 2 of the
Closure Plan, supporting document #3 ‘Garrow Lake, Effect of Removal on lake
Stability and Outflow Water Quality’ attached in Appendix 3, and Attachment #9
of the ‘Response to Reviews of the Decommissioning and Reclamation Plan’
attached in Appendix 5 for addition details).

3.2.1. Design & Work Plans
EBA Engineering has provided detailed designs of the dam decommissioning in
Supporting Document #4 of Volume 2 of the Closure Plan (refer to Appendix 3).

The proposed work plan includes the following:

Gradually restore Garrow Lake to its original elevation through gradual siphoning of
water out of the lake during the summer period from 2000 through 2003.

Decommissioning of the dam will be done by removing approximately 19,000 cu. m.
(38%) of material of the total 49,000 cu. m. of dam. Of this approximately 6,200 cu.
m. (13%) of the material excavated would be stockpiled and then used to re-slope,
contour, and protect the residual portions of the dam left intact.

After construction of the dam, a small rock structure was created near the outlet of
Garrow Lake with the intent of breaking waves to minimize erosion on the dam. It is
believed that this structure was placed too deep into the lake to have been effective.
Inspection of the wave break structure is proposed in the fall of 2003 after the lake
has been restored to its original elevation. If the structure potentially interferes with
natural drainage of the lake, it would be removed at that time.

Inspection and restoration of the creek channel between the dam and the lake outlet
could be initiated as early as the fall of 2003 after the lake has been siphoned to its
original elevation. The dam would be intact during this stage of work so that if there
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is water flowing in the creek channel at this time, there would be no potential for
sediment to be released downstream into the creek below the dam.

Start work in the early spring of 2004 (March) so that the dam removal can be
completed by June 1 before freshet starts.

Strip the rip-rap from the surface of the dam and stock pile it for later use.

Remove the shell material from the section of the dam to be removed. The material
will likely be blasted in order to be able to excavate it in its frozen state. Some of the
excavated material will be re-used in restoring the remainder of the decommissioned
dam. Surplus shell material will be hauled to Little Red Dog quarry for disposal.

At the crest of the dam, under the shell material is a bedding material covering a layer
of Styrofoam insulation. The insulation will be reincorporated into fill or removed
and disposed of in Little Red Dog quarry. Loose insulation will be recovered and
placed in the landfill to prevent it from blowing around the site.

Remove the core material in the section of the dam being decommissioned. The core
material contains saturated 38mm crushed shale that is frozen (-11 to -15°C). This
material will likely require blasting to be able to permit excavation. All of this
material will be disposed of in Little Red Dog quarry. The core material will be
excavated to a slope not exceeding approximately 2:1 (H:V).

Using the stock pile of shell material, the exposed core material will be covered with
a finished slope of 4:1 (H:V).

Use surplus shell material to develop more natural contours of the residual portions of
the dam to fit in with surrounding landforms.

Remove excess material from the site for aesthetic reasons and to assist in the
restoration of a more natural look of the site.

The dam will be removed to provide an unobstructed channel width of 15 metres for
the restored creek.

The banks of the creek channel will be armoured with rip-rap in the vicinity of the
residual portions of the dam to protect them from erosion.

The EBA design proposed the base of the creek channel in the vicinity of the
decommissioned dam consist of rip-rap. In discussions with DFO, it has been agreed
to restore the base of the creek channel with gravel/sand/cobble in the area of the dam
to emulate the original channel conditions including riffle habitat. The steam banks
will be armoured with rip-rap to prevent erosion and protect the fill remaining from
the dam.

As a final step, culverts under site roads in the vicinity of Garrow Lake (and
elsewhere on the site) will be removed, the road bed excavated to a stable slope and
natural drainage restored. This is consistent with Section 5.4.5 of the Closure Plan
(Appendix 3).
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3.2.2. Mitigative Actions

Mitigative actions are primarily targeted at minimizing erosion and sediment transport
during the lowering of Garrow Lake, during the decommissioning of the dam and in the
longer term after work has been completed. Mitigative actions include:

Lowering Garrow Lake over a number of years

The lake is being lowered by approximately 2.5 metres over four years (2000 to
2003). During this period, the re-exposed shoreline is able to gradually drain to
prevent saturated conditions from being created which would reduce stability of the
shoreline soils.

Decommissioning of the dam will be initiated in the early spring (March) of 2004.
The excavation of the dam will be complete prior to June 1, 2004 before to the spring
freshet starting at the site. This will ensure that equipment working in and around the
creek channel are working on frozen ground and that there is no water flowing to
transport sediment though the channel to the ocean.

The use of blasting to remove the dam will follow DFO’s “Guidelines for the use of
explosives in or near Canadian fisheries waters”. Even though Garrow Lake is in
excess of 0.5 km from the dam, the lake will be monitored for pressures induced
during blasting of the dam.

Upon completion of the work in and around the creek channel, accumulations of
sediment will be removed before the creek starts to flow in the spring.

In the vicinity of the dam, rip-rap will be placed to prevent erosion of the disturbed
areas on the banks of the channel

The slope of the decommissioned dam will be 4H:1V which is a flatter slope than the
surrounding natural slopes. The relatively flat slopes reduce the potential for erosion.

The stability of the residual dam fill exposed to seismic events was evaluated when
proposing the 4H:1V slopes.

The newly exposed surfaces of the decommissioned dam will be covered with the
‘shell” material saved from excavation to keep the core of the remaining fill in a
frozen state. Global warming considerations were taken into account in designing the
required cover thickness.

3.2.3. Contingency Plans

If suspended sediment levels in Garrow Lake are not maintained below the limit of 50
mg/L (grab sample) or 25 mg/L. (monthly average) of total suspended solids (TSS)
permitted under the Metal Mining Liquid Effluent Regulations (MMLER), Teck
Cominco will:

o Identify areas of sediment sources contributing to elevated TSS and where
possible isolate and stabilize these areas.

o Notify the Department of Fisheries and Ocean in Iqaluit proposing specific
remedial measures.

o If mitigation is not possible in the short term, then Teck Cominco will delay
removal of the dam until TSS levels are acceptable (below 50 mg/L for a grab
sample and 25 mg/L for a monthly mean or less). In the past five years, there
has only been one grab sample where TSS (53 mg/L) of water discharged from
the lake has marginally exceeded the regulatory limit of 50 mg/L
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— Once the elevation of Garrow Lake has been restored to its original condition, if areas
of active erosion are identified along the shoreline of Garrow Lake, they will be
stabilized. This work would be done during the late fall after the ground is frozen to
prevent damage to other areas surrounding the lake.

— If monitoring of Garrow Lake indicates that pressures induced by blasting exceed
DFO guidelines of a peak pulse of 100 kPa, then blasting patterns and delays will be
adjusted to prevent this from re-occurring. Reviews of potential blasting designs by
Pacific Blasting of Vancouver, BC concluded that due to the distance from the lake
(0.5 km), peak blasting pressures will be negligible (refer to Attachment # 10).

— If upgrading or repairs to the creek channel are required during the summer when the
creek is flowing, the work will be timed to avoid the high flow periods of the creek.
Sedimentation will either be controlled through diverting the creek flow around the
area of work (through the use of a coffer dam and pumps) or the creation of settling
ponds.

3.3. Habitat Conditions

3.3.1. Impact of Dam Removal

Siphoning the excess water from Garrow Lake and then decommissioning the dam on
Garrow Creek will result in the lake being lowered to its natural pre-impoundment level
(approximately 1005.7m). Lowering the water level will reduce the surface area of the
lake by approximately 30 ha which may result in altered fish habitat for sculpins
(Appendix 9, Figure 1). While little is known about the specific habitat requirements for
this species, this habitat is likely used for all phases of the life history, spawning, rearing
and feeding. Returning the lake to pre-mine water elevations is unlikely to cause
significant environmental problems because the lake has only been impounded since
1991, providing only a short time for additional sediments to accumulate in the near
shore areas and for utilization by resident sculpins. As a normal part of operating the
tailing facility, Teck Cominco draws down Garrow Lake each summer to remove water
accumulated from the previous year so the lake elevation is routinely changed each year.
It is proposed to continue to gradually draw down the lake restoring it to its original
elevation by the fall of 2003. Drawing down the lake over a period of years provides
time for soils to drain minimizing the risk of sloughing and erosion of the re-exposed
shoreline. The lake is frozen for most of the year leaving only short ice free periods
when the shoreline could be exposed to wave action. Some years the lake remains
covered by ice all year.

3.3.2. Post-Development Habitat Conditions of Garrow Lake and Garrow Creek
Removing the dam downstream of the outlet of Garrow Lake will restore the ecosystem
function of the Garrow Lake and Creek system. The removal of the dam will re-establish
a natural, potentially fish accessible connection between Garrow Bay and Garrow Lake.
Lowering of the lake and removal of the dam will result in the length of stream channel
being increased restoring its natural length. The dam is located approximately 500 m
downstream from the original outlet of Garrow Lake. Restoring the lake to natural levels
and reforming the outlet channel will result in several habitat improvements. These
include:
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Creation of approximately 500 m of creek habitat. The EBA engineering report
specifies a channel width of 15 m through the dam to accommodate the anticipated
peak outlet flows during freshet and ensure adequate protection of the portion of
the dam structure that will be left in place post-development. However, it maybe
more appropriate from a habitat point of view that the restored outlet channel have
an average width of 8 to 10 m. This would create a maximum of 5,000 m” of new
habitat The anticipated flows in Garrow Creek after dam removal based on flow
data collected from 1984 through 1987, would be:
— Initiation of seasonal flows have been reported as early as mid June.
Potentially, flows should be anticipated slightly earlier than this depending on
weather conditions.

— Peak flows generally occur when the ice leaves the lake and are usually around
1.7 m’/s but have been measured as high as 2.5 m*/s. Refer to Appendix 8 for
photographs of Garrow Lake and Creek during pre-mine freshet.

— Discharge tapers off after the first 20 days of flow to 0.1 to 0.2 m’/s
— The total period of flow ranges from 60 to 80 days.

Removal of the Dam will create 1.4 km of migratory habitat in Garrow Creek
potentially allowing anadromous species to move from Garrow Bay into Garrow
Lake (approximately 15,499 m? of habitat assuming an average channel width of
11 m based on 0.5 m contour topographic data). In general the creek has a poorly
defined channel with a substrate dominated by sand and gravels.

Designation of Garrow Lake as a Tailings Impoundment Area by the Minister of
Fisheries and Oceans Provide 88 ha of in-lake spawning and rearing habitat for the
anadromous species that would migrate up Garrow Creek. This habitat would
exist to a depth of 7.5 m (or to the top of the halocline). However, the actual use
of this habitat is unknown. Arctic char and fourhorn sculpins are the only species
known to migrate into freshwater that have been reported in the waters off Little
Cornwallis Island by BC Research (1975, 78, 79 and 81). The probability of fish
routinely migrating up Garrow Creek is low.

Additional qualitative benefits of dam removal and creek restoration and restoring the
lake to its natural condition include:

Potential increase of nutrient inputs to Garrow Bay through re-establishing the
natural connection between Garrow Lake and Garrow Bay,

Elimination of the potential for a catastrophic failure of the dam and the resulting
uncontrolled erosion of the creek channel.

Restoring natural flow into the creek channel between the dam and Garrow Lake

The 30 ha of lost littoral habitat can be characterized as poor quality fish habitat based on the
pre-mining studies of BC Research (1978 and 1981) and the Department of Fisheries and
Oceans (Fallis et al. 1987). This work reports low levels of nutrients (nitrate and phosphate)
and a low diversity of benthic and planktonic organisms in the shallow littoral zone around
Garrow Lake. The anticipated achievements created by the removal of the dam and
reconstructing 500 m of Garrow Creek will result in an overall improvement to the Garrow
Lake system.
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4. Marine Dock and Adjacent Shorelines

4.1. Environmental Setting

The Dock was built on the shores of Crozier Strait in 1981 and is 92 m long and 26 m wide.
The water depth along the face of the berth is approximately 13 m at low water and the dock
rises about 5 m above mean sea level. The dock was built of sheet pile and rock. Four cells,
26 m in diameter, were created by the sheet pile and filled with rock and overburden
excavated from an upslope site. A combination of natural cooling and a refrigeration system
with glycol was used to freeze the fill. On either side of the dock the beach areas had to be
stabilized with rip rap. The dock area protrudes into Crozier Strait further than the adjacent
shoreline and is thus subject to increased rates of erosion. On an annual basis, rip-rap on the
shoreline adjacent to the dock is replaced to control erosion. Rip rap consisting of rock
ranging from 300 to 500 mm has been used to stabilize the shore for approximately 300m
north and 600 m south of the dock

The natural, intertidal beach areas north and south of the dock and rip rapped area has a grade
of approximately 5% and substrate of gravel has an approximate mean grain size of 10 mm.
An early spring biophysical survey including underwater video (Appendix 11) of the marine
environment adjacent the Polaris Mine was conducted by Gartner Lee in 1999. A description
of the survey is provided in Sections 7 and 8 of Volume 3 of the Closure Plan (attached in
Appendix 3). The subtidal area in the vicinity of the dock was characterized as having
predominately sand/silt substrate with some larger rocks. Dominant marine life included
clams, anemones, shrimp, snails and sea urchins. Less dominant organisms included starfish,
blennies, sculpin and pseudobranchs. The dock face supported anemones, kelp and barnacles
below the lower low water level (LLWL). Pelagic organisms were made up primarily of
crustaceans including isopods, amphipods and shrimp or “krill” which were found in
abundance immediately under the ice.

BC Research Studies (1979) summarized pre-mining conditions in the marine environment.
In addition to the 1999 survey findings completed for the preparation of the Polaris Closure
Plan by Gartner Lee Ltd., BC Research reported the area provided habitat for arctic cod and
fourhorn sculpins (Myoxocephalus quadricornis). Arctic char (Salvelinus alpinus) may pass
through the area but there is no evidence of anadromous char using the lakes and small
streams in the vicinity of the mine. Char are present in Frustration Lake but BC Research
(1979) speculate that the fish were landlocked due to insufficient flow in Frustration Creek to
allow fish passage.

Walrus and various species of seals (primarily ringed seals) and polar bears have been noted
in the vicinity of Polaris Mine. BC Research noted that during periods of open waters walrus
are known to feed on clams in Polaris Bay (referred to as Cominco Bay in BC Research
Reports) and Crozier Strait where water is shallow and relatively sheltered. Ringed seals
feed predominately on small shrimp, which are present in Garrow and Polaris Bay, and the
less common bearded seal was expected to use this area to feed on crustaceans and clams.
BC Research (1979) concluded that Polaris Bay did not represent an important feeding area
or a critical area for walrus or seals for breeding or hauling-out (molting).
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The staff at the Polaris Mine has also observed narwal whales in Crozier Strait and a walrus
haul-out site across the strait, opposite the mine, on Truro Island (approx 10 km away). A
polynya has also been reported in Crozier Strait between the mine site and Truro Island.
Information on this phenomenon is limited and we do not know if this condition occurs
annually or if it lasts through the winter. However, it is a condition that could allow a greater
number of marine mammals to remain present in Crozier Strait, in the vicinity of the mine,
year round than would occur if the strait were completely covered by sea ice.

Adult fourhorn sculpin are benthic and feed on epibenthic invertebrates while the larvae are
pelagic. Adults probably spawn in the early spring as the literature reports that larvae begin
to show up in plankton nets in July (Houston 19??). The sculpin is reported to spawn near
shore, the male digs a small groove in the gravel where mating and egg laying occur.

Arctic cod are pelagic and relative to other cod species are small, (up to 257 mm) and short-
lived (up to six years). Studies have indicated that in the spring cod are associated with ice
near the open edges. During summer months large schools of cod have been located in both
near and offshore waters. Spawning occurs between November and February. Studies have
reported that young cod are relatively abundant in coastal waters but they have also been
collected 40 to 110 km offshore (Craig et al 1982). Russian studies suggest spawning takes
place in coastal areas. However, the literature is unclear on the importance of near shore
habitats versus offshore habitat for the lifecycle of this species.

4.2. Reclamation of Marine Dock and Adjacent Shoreline

4.2.1. Design & Work Plans

The shoreline adjacent to the dock requires on-going maintenance to control erosion due
to ice and wave action from Crozier Strait displacing the rip-rap protection. Once the
mine site has been decommissioned and the site abandoned, the shoreline will rapidly
erode without a longer term solution being implemented. The dock is on a Federal
surface land lease that requires restoration of the dock and shoreline as part of the
conditions of the lease. Volume 2 of the Closure Plan (Appendix 3) contains a report by
Westmar Maritime, Structural, Civil and Materials Handling Engineers (Westmar) that
reviews several options for decommissioning the dock and adjacent shoreline. Through
subsequent discussions and reviews of the plans by DFO and from proposals submitted
by contractors, a number of revisions to the original designs and work methods are being
proposed by Teck Cominco and are discussed below. Appendix 12 contains the recent
revisions (May 6 and May 17, 2002) to the engineering plans and sections of the dock
and adjacent shoreline.

The work procedure to decommission the dock and adjacent shoreline is as follows:

— Locate the freeze pipes in the dock and remove any glycol remaining in the pipes
following the protocols described in Attachment #11 of the document ‘Response
to Reviews of the Decommissioning and Reclamation Plan’ (Appendix 5). For
ease of reference, this document has been provided separately in Appendix 13.

— Excavate the surface layer of metals contaminated soils from the dock and
shoreline areas. Confirmation that all of the metals contaminated soils have been
removed will be through collecting soil samples and submitting them to a
commercial lab for analysis.

Page 12



4.2.2.

Polaris Habitat Restoration Plan — May 24, 2002

Excavate the shoreline and dock area using excavators, haulage trucks and
bulldozers. The objective is to recontour the dock and adjacent shoreline to a flat
slope. In the dock area the slope would be 10H:1V below LLWL & 17.5H:1V
above LLWL to provide a foreshore area that will minimize the rate of erosion
from wave action (Drawings attached in Appendix 12).

A berm will be retained along the edge of the shoreline to provide a barrier
between the excavation activities and the ocean. This will provide containment
for sediments contained in water that would otherwise be released to the ocean.

In the area of the dock, the front face (ocean side) of the sheet piles will remain
above high tide elevation until excavation of the fill immediately behind the sheet
piles has been completed.

During construction of the dock, Styrofoam was installed between the sheet piles
and the dock fill (only above the water line). During excavation, the Styrofoam
will be collected and disposed of in Little Red Dog quarry.

The sheet piles will be cut off (using non-explosive cutting methods) below
LLWL to eliminate potential hazards to light boats. The Coast Guard has granted
approval for the plans conditional on the sheet piles being cut off at least 2 metres
below low tide and on the shoreline being re-profiled to minimize erosion
(Appendix 14). The current Westmar design drawings (Appendix 12) have been
revised from the ones provided in the Closure Plan and provide for the sheet piles
to be cut off 3 metres below LLWL meeting the Coast Guard requirements.

The berms will be the last fill to be removed from the recontoured shoreline.

Mitigative Actions

As the work described in the preceding section will occur on the shores and within the
waters of Crozier Strait, a number of mitigative actions are required to protect the aquatic
environment:

Remove and dispose of glycol from freeze pipes as per protocol provided in
Appendix 13. Soils will be sampled to determine if there is any glycol
contamination. Any glycol contaminated soils will be disposed of with other
hydrocarbons in the mine. Any free phase glycol will be incinerated as approved
of in the Closure Plan or shipped (as a special waste product) to an approved
recycling company in southern Canada.

All equipment working in water during the excavation process will be maintained
in good repair and have buildups of surface oils and greases removed.

All equipment will be re-fueled at least 50 metres away from the highest high
water level (HHWL) of the ocean.

Hydrocarbon spill kits will be maintained on-site, ready for use incase of a
hydrocarbon spill.

All operators and supervisors working on the dock removal will be familiar with
emergency response procedures and trained in the use of the spill kits.

Removal of the metals contaminated soils as the first step in the excavation
process will ensure that the proposed completed foreshore will be free of
contaminated soils. Field testing of soil samples will guide the contaminated soils
removal process. Final confirmatory soil samples will be collected and submitted
to a commercial lab to verify the contaminated soils have been removed. The
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metals contaminated soils will be disposed of underground in the mine where the
metals as per the protocols in the approved Closure Plan.

— The new foreshore has been designed to a slope of 10H:1V below LLWL and
17.5H:1V slope above LLWL to minimize the rate of erosion.

— Based on observations of surficial samples of fill along the shoreline, the average
size of fill is approximately 25mm compared to 10mm for the surrounding natural
beach gravels (refer to photographs in Appendix 15). The coarser size of the fill
will assist in reducing erosion rates relative to surrounding natural beach areas.

— Explosives will not be used in the excavation process of fills in the dock area.

— The new foreshore area will be graded to obtain a smooth surface to minimize
erosion.

— The existing dock abruptly extends out from the adjacent shoreline. The sudden
change of shoreline shape concentrates wave energy resulting in increased
erosional forces in this area. The design of the restored foreshore eliminates this
problem by eliminating abrupt changes in contours.

— Up-slope areas with in 30 metres of the new foreshore will be graded to control
erosion from runoff.

— The berm acting as a silt barrier between the ocean and the foreshore excavation
will be removed last. This sequence of excavation maintains the containment of
sediments through the majority of the foreshore restoration process.

— The berm will either be removed during winter when the ocean is covered by ice
to control dispersion of sediments, or if the berm must be removed during the ice
free period during the summer, silt curtains will be employed to control dispersion
of sediments into the ocean (however, the strong currents and ice flows in Crozier
Strait may make the use of silt curtains impractical).

— The contractors working on the project will be fully apprised of the requirements
under the authorization and the Authorization from DFO will form the
specifications of the work that they are doing, and to which they are contractually
bound.

— The contractor doing the work for Teck Cominco will instruct and direct their
workers to conduct the work in compliance with the DFO Authorization approval.

4.2.3. Contingency Plans

If glycol contaminated soils are identified, these soils will be excavated and disposed
of so that there is no potential for them to enter the aquatic environment. Disposal of
contaminated soils would be in the mine along with other hydrocarbon contaminated
soils. Any free phase liquid will be separated from the soils and incinerated in an
approved incinerator or shipped (as a special waste product) to southern Canada to a
recycling company.

If it is not practical to remove the berm during the winter when the ocean ice acts as a
physical barrier preventing the release of silts and sediments, then the berm will be
removed during the summer. Silt curtains would be used to prevent sediments from
being released to the ocean.

If excavation of the berm occurs during the summer season, then ice flows would
periodically interfere with the silt curtains. In these circumstances, work would
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temporarily cease while the silt curtains are removed to protect them from damage.
Work would resume when the silt curtains have been re-deployed.

— Areas where berms will be exposed to the ocean for extended periods of time during
the excavation process will be protected with rip-rap to control erosion. In these
areas, silt curtains would not be required.

— Total suspended sediment levels will be monitored (refer to Section 5) in the ocean
will be monitored. If TSS levels increase by 25 mg/L. (grab sample) above
background levels, work in the water will cease until TSS levels drop below this
action level.

4.2.4. Habitat Conditions

4.2.4.1. Impact of Dock Removal and Shoreline Restoration

Referring to Westmar Engineering drawings (Appendix 12), the elevation of lower
low water is —2.3 m, mean water level is —1.4 m and higher high water is —0.6 m
relative to plant datum. For the purposes of assessing habitat impacts, we have
focused on the intertidal area between lower low water and higher high water and the
subtidal area below lower low water levels. The restoration plan includes the removal
of rip rap and re-contouring the shoreline north and south of the dock from
approximately mean water level (MWL) extending inland at a slope of 17.5H:1V
(5.6%). Existing beach areas between mean and high water levels consist of rip rap
placed at approximately 2H:1V providing an intertidal area of approximately 1.6 m.
Therefore the restoration work will alter a 1.6 m width of beach for approximately
300 m north and 600 m south of the dock.

Along the 92 m length of the dock, the alteration of habitat is different. Removal of
the upper portion of the dock will alter the existing vertical hard surface provided by
the sheet piles. The sheet piles will be cutoff not less than 3 m below the LLWL.
Cutting the sheet piles off will leave approximately 7 m of the vertical wall and 5.9 m
of the wall will be removed between higher high water and the cutoff depth. Over the
92 m length of the dock this represents approximately 543 m” of habitat. Referring to
Westmar’s drawings of the affected areas in Appendix 12. The total habitat impacted
along the dock and shoreline based on calculations from the attached drawings and
totals 2,512 m>.

4.2.4.2. Post-Development Dock and Shoreline Conditions

Reclamation will involve removal of the dock and the rip rap that has been used to
stabilize the shoreline north and south of the dock. Reclamation will affect intertidal
and subtidal areas along approximately 900 m of shoreline.

Along the shorelines adjacent to the dock, the large rip rap will be removed.
Referring to Photograph #5 of the shoreline contained in the Westmar report in
Volume 2 of the Closure Plan (refer to Appendix 3), the natural beach gravel has a
mean size of approximately 10 mm in the vicinity of Station 1800N. Photograph #8
in the same report shows an area nearer to the dock (at Station 1600N) that has fill
material which is =300 mm with a mean size of approximately 25 mm, and is more
representative of the restored beach. These and other photographs of the shoreline are
presented separately in Appendix 15 for convenience. As the fill material is coarser
than the surrounding beach material, the rate of erosion will be less than the
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surrounding natural beaches. The post-development beach surface will consist of fill
from adjacent upslope areas, and will be a similar rock type to the original beach,
although more angular in nature. The beach area will be graded to 17.5H:1V (5.6%)
for a distance of approximately 40 m inland from at least the mean water level. Since
the re-grading (north and south of the dock) will begin at or below mean water level
and the distance between mean water level and high water level is 0.8 m, a slope of
17.5:1 will result in an average increase of approximately 14 m width of intertidal
habitat along the affected beach area. By establishing a more natural substrate and
grade to the beach, natural shoreline processes will be reestablished.

In the dock area, removal will be completed by excavating the fill from behind the
sheet pile to a depth of approximately 3 m below LLWL. The sheet pile will be
cutoff 3 m below LLWL. As the rock is removed from the dock, the area will be re-
graded to 10H:1V up to the LLWL and then the grade will change to 17.5H:1V. The
re-graded area will extend a total distance 80 to 100 m back from the leading edge of
the dock. The re-grading will create approximately an additional 35 m horizontal
distance from the leading edge of the dock to the LLWL. The new habitat created by
dock removal will be 3,080 m? of subtidal habitat. The resulting new habitat created
will be finished with the underlying fill which is expected to be the same gravel
cobble fill as described for the restored beach (refer to Photograph #8, Appendix 15
which is described as -300 mm with mean size of approximately 25 mm). The final
condition of the restored subtidal area will be a more natural habitat but will still
differ from the surrounding areas that predominately consist of sand and silt that have
accumulated over time. The coarser substrate will provide a medium for certain
invertebrates and various algae species to become attached, much the same as the
sheet piles have provided opportunities for these types of organisms to become
established in the area. The mix of sand/silt and gravel/cobble substrate should result
in maintaining or increasing the biodiversity in the area of the dock particularly since
7 m of vertical hard surface will remain post-development.

Based on the Westmar drawings, the total amount of new habitat created by removal
of the dock and rip rap along the beach is 20,533 m? of which 15% is subtidal and the
rest intertidal. The total area of habitat affected by the work was estimated to be
2,512 m? for an overall gain:loss ratio of approximately 8:1.

5. Monitoring Plan

The Closure Plan contains a monitoring plan for the site during and after reclamation is
complete. This plan was revised in response to submissions during the review process of the
Closure Plan and forms part of the Approved Closure Plan. This revision was included as
Attachment #8 of the ‘Response to Reviews of the Decommissioning and Reclamation Plan’ in
Appendix 5. Recently, through further discussions with DFO, the monitoring plan has again
been updated (in May 2002) to address specific aquatic habitat issues. The May 2002 revision is
attached in Appendix 16 and includes all of the monitoring items discussed below for both the
Garrow Lake/Dam and Garrow Creek as well as the monitoring discussed below for the Marine
Dock and Adjacent Shorelines. The updated monitoring plan is divided into two sections, Phase
I and Phase II monitoring. Phase I monitoring refers to the period of time from mine closure at
the end of August 2002 until decommissioning and reclamation is completed in 2004. Phase II
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monitoring is the monitoring program from 2005 until 2011. The May 2002 revision includes
non-DFO regulated monitoring so that the plan includes all monitoring that is required for the

site.

5.1.

Garrow Lake / Dam and Garrow Creek

The monitoring plan includes:

Monitoring of the stability of Garrow Lake. Metals concentrations, pH, temperature
and conductivity within the various layers of stratification of the lake will be sampled.
Monitoring is done several times per year during Phase I at a time when there is the
most interest in the dynamics of the lake chemistry and the site is still occupied on a
year around basis. During Phase II, the monitoring is done annually during 2005,
2006, 2008 and 2011. If sampling results in Phase II does not meet the forecast water
quality predictions, sampling will done every year to ensure adequate information is
available to make any necessary decisions.

Lake elevations will continue to be measured at the start and end of each siphoning
season until the lake is restored to its original elevation in the fall of 2003. Once the
natural flows of the lake have been established, this is not necessary.

During Phase I, on a weekly basis between breakup and prior to freeze up, the
shoreline and slopes above Garrow Lake will be observed to identify any potential
instability or erosion starting to occur. During Phase II, these observations will be
made during inspections made during the summer.

While siphoning during 2002 and 2003, water quality samples of the discharge waters
are collected every 3 days. On a weekly basis, discharge water is sampled for TSS
during the siphoning period. During Phase II the water quality samples will be taken
during the site inspections during 2005, 2006, 2007, 2009 and 2011 summer seasons.
During decommissioning of the dam in 2004, a pressure transducer will be used to
monitor peak pressures in Garrow Lake during blasting activities.

In 2004 (the year the dam is decommissioned) TSS will be measured in Garrow
Creek at the discharge location of Garrow Lake and near where Garrow Creek enters
Garrow Bay. These measurements will be made on a weekly basis for four weeks
after the Creek begins to flow in the spring. This will ensure the peak flow period of
the creek is monitored. During the Phase II monitoring period, the TSS samples will
be taken during the summer site inspections in 2005, 2006, 2007, 2009 and 2011.
Upon completion of the dam decommissioning work in 2004, photographic
documentation of the creek channel will be recorded at typical locations from Garrow
Lake through to its confluence with Garrow Bay. This documentation will be
forwarded to DFO for review prior to de-mobilization of equipment from the site to
ensure that time is available to complete any additional remedial or restoration work
required prior to de-mobilizing.

In the first season of natural flow in Garrow Creek (2004) photographic
documentation will be collected at key locations in the creek on a weekly basis
through freshet and at least one additional time after freshet to identify if there are
any changes to the creek channel due to erosion. During Phase 2, similar
documentation will be made during the summer site inspections in 2005, 2006, 2007,
2009 and 2011.
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— In addition to the use of photographs to monitor erosion and channel stability, erosion
pins will be established at key points along the creek. These will consist of rebar
imbedded in the stream channel. The height of the rebar above the channel bed will
be recorded at installation and then re-measured throughout the season in conjunction
with collecting the photographic record. During Phase II these will be measured
during the summer site inspections.

On an annual basis, DFO will be notified in advance of commencing site construction work
that has been authorized by the DFO Authorization so that DFO has the opportunity to
conduct an onsite inspection while the work is in progress.

Teck Cominco will ensure that the work authorized by DFO is monitored on a daily basis by
a person representing Teck Cominco to ensure that requirements and standards approved
under the Authorization are being maintained. Nothing in this commitment is intended to
lessen the obligation of Teck Cominco’s contractor to be directly responsible for the
supervision, work practices or compliance with the Authorization and other regulations that
are applicable to this work.

5.2. Marine Dock and Adjacent Shorelines

The monitoring plan includes:

- Sampling of the glycol in the dock freezing system prior to starting work to confirm
the type of glycol in the system

- Sampling of soils in each of the dock cells to determine if there is any contamination
of the fill by glycols. This will be done prior to starting the excavation work in the
dock area.

- The requirement for screening and confirmatory sampling for metals contaminated
soils to verify the contaminated soils have been removed. Sampling protocols are
detailed in Attachment #8 of the ‘Response to Reviews of the Decommissioning and
Reclamation Plan’ in Appendix 5.

— While excavating near the shore, weekly monitoring of TSS in the ocean will be
conducted (during ice free periods). Weather conditions will be recorded at the time
the samples are taken. Sample locations of the work area will be at Section lines
1800, 1600, 1400, 1200, 1000, 800 and 600 (refer to Westmar General Arrangement
Plan 00282-01-101 of marine shore area in Appendix 12). The sample at Section line
1800 or at Section line 600 will be background samples depending on the direction of
the wave action at the time of the sampling event.

— Teck Cominco will ensure that the work authorized by DFO is monitored on a daily
basis by a person representing Teck Cominco to ensure that requirements and
standards required in the Authorization are being maintained. Nothing in this
commitment is intended to lessen the obligation of Teck Cominco’s contractor to be
directly responsible for the supervision, work practices or compliance with the
Authorization and other regulations that are applicable to this work.

- On a weekly basis during excavation of the dock and shoreline, a photographic record
of the work area will be maintained.

- Upon completion of the work, photographic documentation of the new foreshore area
will be recorded. This documentation will be forwarded to DFO for review prior to
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de-mobilization of equipment from the site to ensure that time is available to
complete any additional remedial or restoration work required prior to de-mobilizing.

- Once during 2004 (near or after completion of the shoreline work) and again in 2011,
a video survey of the near shore aquatic environment will be conducted. The purpose
of the survey is to document any effects of the restoration work on the aquatic
environment.

— Subsequent to 2004, during the annual site inspections in 2005, 2006, 2007, 2009 and
2011 visual inspections of the shoreline area will be done. A photographic record
will be maintained.

On an annual basis, DFO will be notified in advance of commencing work that has been
authorized by DFO so that DFO has the opportunity to conduct an onsite inspection while the
work is in progress.

6. SUMMARY

The Decommissioning and Reclamation Plan for the Polaris Mine has been designed to restore
the mine site to pre-mining conditions to the extent possible. The plans for the Crozier Strait
dock and the Garrow Lake dam have attempted to minimize the disturbance of existing fish
habitat while maximizing the amount of fish habitat restored to the pre-mining conditions. This
approach is consistent with DFO’s “Policy for the Management of Fish Habitat” whereby the
goals of habitat conservation and restoration have been applied. The following summarizes the
post-development benefits to fish habitat that are anticipated:

At Garrow Lake, the lowering of the lake level and removal of the dam will dewater
approximately 30 ha around the edge of the lake which will be offset in a number of ways:
e Restoring approximately 500 m of creek channel resulting in 5,000 m” of habitat in
Garrow Creek between the dam and the original outlet of Garrow Lake.
e Creating 1.4 km of migratory habitat (Garrow Creek) that was previously impassible due
to the dam.
e Opening up approximately 88 ha of littoral spawning and rearing habitat in Garrow Lake
for potential use by anadromous fish.
e Potential increase of nutrient inputs to Garrow Bay through the establishment of a natural
connection between Garrow Lake and Garrow Bay.
e Overall restoration the fish habitat in Garrow Lake and Garrow Creek to original pre-
mining conditions.
Overall, the restored Garrow Lake system will provide higher value habitat than the existing
condition with a dam that separates the lake from the creek and Garrow Bay with the 30 ha loss
being offset by 500 m of new creek channel, 1400 m of migratory habitat and access to 88 ha of
spawning and rearing habitat.

The removal of the dock and restoration of the surrounding beach areas will affect 2,512 m?* of
intertidal and subtidal habitat. However, removing the rip rap, re-grading the beach and
replacing the rip rap with underlying clean fill material, the beach will be restored to a more
natural, pre-mining condition. Overall, the restoration works along the shore will result in a
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post-development increase of intertidal and subtidal habitat by a ratio of 8:1 for a final area of
20,533 m” of which approximately 3,080 m” will be subtidal.

The development of the fish habitat restoration plan has been made with the extensive support

and review of Bruce Ford, M.R.M.R.P. Bio. of Gartner Lee Ltd. A letter of Mr. Ford’s support
is included at Attachment # 17.
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APPENDIX 2

POLARIS MINE

NUNAVUT WATER LICENCE

LICENCE #N41.2-0262
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' Ministre des Affaires | _}}jc__r:hﬂi Minister of Indian Affairs
indiennes et du Nord canadien ~ 7Y and Northern Development
(M)
CANADA
DEC 2 01993

Mr. Dave Nickerson
Chairman
Northwest Territories Water Board|:
P.0O. Box 1500
YELLOWKNIFE NT X1lA 2R3

Dear Mr. Nickerson:

I am pleased to forward the enclosed water licence
N4L2-0262 for Cominco's Polaris Mine.

I have approved this licence as recommended by the
Board.

A screening of this project pursuant to the
Environmental Assessment and Review Process Guidelines
Order has now been completed and I am satisfied that
any potentially adverse environmental and related
socio-economic effects that may be caused by this
project are insignificant or mitigable with known
technology.

Again, thank you for your co-operation.

Yours truly,
)
/

A4 A. Irwin, P.C., M.P.

Encl.

Ottawa, Canada K1A OH4
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Mr. John Key

Manager, Polaris Operations
Cominco Metals

Division of Cominco Limited
POLARIS, NT  XO0A 0Y0

Dear Mr. Key:
RE: MINC RIS QP NS: EWAL - N4

The Northwest Territories Water Board would like to once again commend
Comincc]) on the time and effort put forth with regards to this licence
renewal.

Enclosed please find a copy of the licence renewal for the above noted
property.

As you know, there was considerable discussions during the Ticence renewal
process regarding further scientific studies requested by various government
departments. The Board eventually decided that the Licence was not to be
used as a means of ensuring scientific studies are conducted.

However, due to the demand from these various government agencies, the Board
would like to encourage Polaris to participate in a Jjoint study. The
following paragraphs explain in more detail the type of study that is
envisioned.

The Department of Fisheries and Oceans (DFO) requests that studies, which
relate the relevance of data on metal concentrations in water to those
concentrations in fish and macro-invertebrates be initiated or continued
where applicable. The sculpins residing in Garrow Lake are within the
Tailings Containment Area and, as such, need not be protected from any
adverse effects which may arise from tailings deposition into Garrow Lake.
DFO requests, however, that approximately thirty to forty of those Garrow
Lake sculpins be captured and analyzed for zinc, lead, copper, cadaium,
antimony, and mercury. One-half of those fish would be used for whole-body

../2
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metal analyses, and those data would be used to compare to pre-operational
conditions. The remaining half would be used to obtain metal concentration
data in site specific organs, such as liver, kidney, gi11, and intestine
from individual fish. A comparable number of sculpins from two or three
reference lakes in the area would also be collected and analyzed in a
similar way, DFO also requests that studies on Mya truncata from Garrow Bay
and reference sites in the area be continued. Twenty to thirty of these
clams per site should be collected, dissected into gill, hepatopancreas,
foot, and remaining viscera, and analyzed for zinc, lead, copper, cadmium,
antimony, and mercury. These data would also be compared to pre-operatfonal
data. DFO requests that sampling of sculpins and Mya truncata be conducted
during the summer of 1994.

To accomplish these studies, DFO has stated they are prepared to provide a
scientist to lead the studies, a supervising chemist, and other support
staff to collect and dissect the sculpins and Mya truncata, and to supervise
the metal analyses. The scientist and support staff are qualified SCUBA
divers, and the supervising chemist has all analytical chemistry equipment
and space necessary to complete these studies. DFO requires support from
Cominco - Polaris in the form of lodging, meals, and assistance with
transportation to Garrow Lake, Garrow Bay, and other reference sites. DFO
also requires support from DIAND for metals analysis, a summer student, and
for transportation costs from Winnipeg to Little Cornwallis Island return.

The Board supports DFO’s request for these bio-monitoring studies,
especially {in view of DFO’s willingness to undertake the studies in
collaboration with Cominco and DIAND. The Board therefore, asks Cominco to
give favourable consideration to DFO's request for the support described
above. The Board has been advised that Mr. Witteman or one of his staff
will be contacting you in the near future to review this request.

If you require further assistance, please do not hesitate to contact this
office. If your inquiry is of a technical nature, please feel free to
contact Mr. Erik Madsen at (403) 920-8141 or Mr. John Witteman at (403) 920-
8240 of the Water Resources Division.

Sincerely,

Dave Nickerson
Chairman
N.W.T. Water Board

Encl

cc: B. Hunt, DFO
&~ Witteman, NAP



NORTHWEST TERRITORIES WATER BOARD

Pursuant to the Northwest Territories Waters Act and Regulations the Northwest
Territories Water Board, hereinafter referred to as the Board, hereby grants to

COMINCO LTD,

(Licensve)

of POLARIS, NORTHWEST TERRITORIES XOA 0YQ
(Maiting Address)

hereinafter called the Licensee, the right to alter, divert or otherwise use
water subject to the restrictions and conditions contained in the Northwest
Territories Waters Act and Regulations made thereunder and subject to and in
accordance with the conditions specified in this Licence.

Licence Number N4L2-0262 (RENEWAL)

Licence Type *A"

Water Management Area NORTHWEST TERRITORIES 04
Location ORNWALLIS TSLAN M.T.
Purpose ATER AND WAST SPOSA
Description M G AND M NG UN AKING
Quantity of Water Not to be Exceeded 850,000 CUBIC METRES PER YEAR
Effective Date of Licence JANUARY 1, 1994

Expiry Date of Licence DECEMBER 31, 2002

This Licence issued and recorded at Yellowknife includes and is subject to the
annexed conditions.

NORTHWEST TERRITORIES WATER BOARD

Witness Chairman

Approved by

Ministerof Indian Affairs
and Northern Development



PART A: OPE AND DEF

1.

Sicope:

a) This Licence allows for water use and waste disposal for industrial
undertakings in mining and milling processes and associated uses by
Cominco Ltd., for their Polaris Operations, Little Cornwallis Island,
Northwest Territories;

b) This Licence is issued subject to the conditions contained herein with
respect to the taking of water and the depositing of waste of any type
in any waters or in any place under any conditions where such waste or
any other waste that results from the deposits of such waste may enter
any waters. Whenever new Regulations are made or existing Regulations
are amended by the Governor in Council under the Northwest Territories
Waters Act, or other statutes imposing more stringent conditions
relating to the quantity or type of waste that may be so deposited or
under which any such waste may be so deposited this Licence shall be
deemed, upon promulgation of such Regulations, to be automatically
amended to conform with such Regulations; and

c¢) Compliance with the terms and conditions of this Licence does not
absolve the Licensee from responsibility for compliance with the
requirements of all applicable Federal, Territorial, and Municipal
legislation.

Definitions in this Licence N4L2-0262:

*Act® means the Northwest Territories Waters Act;

*Analyst® means an analyst designated by the Minister under Section 35(1)
of the Northwest Territories Waters Act;

"Board® means the Northwest Territories Water Board established under
Section 10(1) of the Northwest Territories Waters Act;

*Inspector® means an inspector designated by the Minister under Section
35(1) of the Northwest Territories Waters Act;

*Licensee® means the holder of this Licence;

*Requlations" means Regulations proclaimed pursuant to Section 33 of the
Northwest Territories Waters Act;

*Average Concentration® means the average of the last four analytical
results as submitted to the Board in accordance with the sampling and
analysis requirements specified in the "Surveillance Network Program®;

*Freeboard® means the vertical distance between the water line and the crest
of a dam or dyke’s upstream slope;

*Garrow Lake Tajlings Area® means Garrow Lake, the associated containment
dam, submerged tailings lines, and any other associated facilities as
outlined in Cominco Drawing No. 110-C-102 and in the "Dam Construction
Review and Final As-built Evaluation, Garrow Lake Containment Structure
Little Cornwallis Island, N.W.T." dated July 1991; and

*Waste" means waste as defined by Section 2 of the Northwest Territories
Waters Act.



PART B: &EN ND N
1. The water use fee shall be paid annually in advance.

2. The Licensee shall have posted and shall maintain a Security Deposit in the
amount of One Million ($1,000,000.00) Dollars pursuant to Section 17(1) of
the Act and Section 12 of the Regulations. The Security Deposit shall be
maintained unti) such a time as the Board is satisfied that the Licensee has
complied with all provisions of the final Abandonment and Restoration Plan.
This clause shall survive the expiry of this Licence or renewals thereof.

3. The Licensee shall file an Annual Report with the Board not later than March
31st of the year following the calender year reported, which shall contain
the following information:

a) the monthly and annual quantity in cubic metres of water pumped from
Frustration Lake;

b) the monthly and annual quantity in cubic metres of the solid and liquid
fractions of the tailings discharged to the Garrow Lake Tailings Area;

c) tabular summaries of all data generated under the "Surveillance Network
Program*;

d) a summary of modifications and/or major maintenance work carried out on
the water supply and the Garrow Lake Tailings Area, and all associated
structures;

e) a list of unauthorized discharges;

f) a summary of the results of any studies requested by the Board;

g) updates or approved revisions to the Contingency Plan;

h) updates or approved revisions to the Abandonment and Restoration Plan;
i) the information required by Part D, Item 7; and

j) any other details on water use or waste disposal requested by the Board

by November lst of the year being reported.

4. The Licensee shall comply with the "Surveillance Network Program® annexed
to this Licence, and any amendment to the said "Surveillance Network
Program® as may be made from time to time, pursuant to the conditions of
this Licence.

5. The "Surveillance Network Program“ and compliance dates specified in the
Licence may be modified at the discretion of the Board.

6. Meters, devices or such methods used for measuring the volumes of water used
and waste discharged shall be installed, operated and maintained by the
Licensee to the satisfaction of the Inspection.

7. The Licensee shall, within sixty (60) days of the issuance of this Licence,
post the necessary signs, where possible, to identify the stations of the
*Surveillance Network Program". A1l postings shall be located and
maintained to the satisfaction of the Inspector.



PART C: CONDITIONS APPLYING TO WATER USE

The Licensee shall obtain all fresh water needed for mining, domestic use
and make-up water for milling, from Frustration Lake in accordance with
Cominco Drawing Numbers 110-C-120, 121, 122 and 125, submitted to the Board
March 27, 1980.

The annual quantity of water withdrawn from Frustration Lake shall not
exceed 850,000 cubic metres per year.

The Licensee shall maximize the use of water by recycling water from the
tailings stream for use within the mill.

PART D: CONDITIONS APPLYING TO WASTE DISPOSAL

The Licensee shall dispose of all mill process wastes into the Garrow Lake
The Licensee shall operate the Garrow Lake Tailings Area according to the

a) discharge of all tailings to Garrow Lake must be at a minimum depth of
twenty-six (26) metres as shown on Cominco Drawing Number 110-C-102, as

b) all tailings entering Garrow Lake will be transported from the surface
to the twenty-six (26) metre Tlevel through a taflings pipeline
surrounded by a larger pipeline;

¢) no surface water, except that occurring from precipitation and natural
runoff shall enter the Garrow Lake Tailings Area;

d) at least one (1) metre of freeboard is maintained on the Garrow Lake

e) an finspection of the Garrow Lake Tailings Area Dam shall be carried out
every two (2) years commencing in the summer 1994. The inspection shall
be carried out by a qualified geotechnical engineer registered in the
Northwest Territories. The engineer’s report shall be submitted to the
Board within sixty (60) days of the inspection, including a covering
letter from the Licensee outlining an implementation plan to respond to
the consultant’s recommendations.

The Licensee shall provide adequate notice to the Inspector prior to any
proposed discharge of waste from the Garrow Lake Tailings Area and shall
advise the Inspector prior to the anticipated cessation of discharge each

1.
Tailings Area.
2.
following conditions:
revised June 11, 1981;
Tailings Area Dam; and
3.
year,
4,

A1l waste discharged by the Licensee shall not exceed the following effluent
quality standards:

PARAMETER MAXIMUM AVERAGE MAXTMUM CONCENTRATION

CONCENTRATION OF ANY GRAB SAMPLE
Total Copper 0.07 mg/L 0.14 mg/L
Total Lead 0.07 mg/L 0.14 mg/L
Total Zinc 0.50 mg/L 1.00 mg/L
Total Mercury 0.0005 mg/L 0.001 mg/L
Total Cadmium 0.005 mg/L 0.01 mg/L
Total Cyanide 0.5 mg/L 1.0 mg/L



The Licensee shall implement measures to minimize erosion of the downstream
toe of the Garrow Lake dam and the bed of Garrow Creek.

The Licensee shall monitor the stratification of Garrow Lake and to apply
the results to a model which will predict the short and long term stability
of Garrow Lake,

The Licensee shall include in the Annual Report the results from the model
as they relate to the stability of Garrow Lake including any changes that
have occurred; an assessment of the short term and long term implications
on water quality including the need for any mitigative action and a plan
for implementing mitigative action.

PART E: CONDITIONS APPLYING TO MODIFICATJONS

The Licensee may, without written consent from the Board, carry out
modifications to the water supply and waste disposal facilities provided
that such modifications are consistent with the terms of this Licence and
the following requirements are met:

a) the Licensee has notified the Board in writing of such proposed
modifications at least sixty (60) days prior to beginning the
modifications;

b) such modifications do not place the Licensee in contravention of ejther
the Licence or the Act;

c) the Board has not, during the sixty (60} days following notification of
the proposed modifications, informed the Licensee that review of the
proposal will require more than sixty (60) days; and

d) the Board has not rejected the proposed modifications.

Modifications for which all of the conditions referred to in Part E, Item
1, have not been met, can be carried out only with written consent from the
Board.

The Licensee shall provide as-built plans and drawings of the modifications
referred to in this Licence within ninety (90) days of completion of the
modification. These plans and drawings shall be submitted to the Board on
material that will reproduce with the use of a standard printer.

PART F: CONDITIONS APPLYING VO CONTINGENCY PLANNING

1.

The Licensee shall by June 30, 1994, submit to the Board for approval a
Contingency PYan in accordance with the Northwest Territories Water Board’s
*Guidelines for Contingency Planning, January 1987°.

In addition to conforming with the Guidelines, the Contingency Plan shall
also address the following items:

a) identification of the remedial action that Cominco will undertake prior
to any further discharge if the average concentration of Total Zinc or
Total Lead in the water measured at Station 262-7 over the course of a
summer’s discharge reaches 90 per cent of the maximum average
concentration for these parameters as set out in Part D, Item 4;



b) a summary of the results of investigations and test work conducted in
developing a suitable process or treatment technology to ensure
compliance with the effluent quality requirements; and

¢) a plan for implementing the suitable process to ensure compliance with
the effluent requirements.

3. If not approved by the Board, the Contingency Plan referred to in Part F,
Item 1 shall be revised and resubmitted within three (3) months after
notification, except in respect of Part F, Item 2, when the revision and
resubmission shall be done within six (6) months after notification.

4. The Licensee shall annually review the Contingency Plan and modify the Plan
as necessary to reflect changes in operation and technology. Any proposed
modifications shall be submitted to the Board for approval.

5. If, during the period of this Licence, an unauthorized discharge of waste
occurs, or if such a discharge is foreseeable, the Licensee shall:

a) employ the appropriate Contingency Plan;

b) report the incident immediately via the 24 Hour Spill Reporting Line.
The number is (403) 920-8130; and

¢) submit to the Inspector, a detailed report on each occurrence not later
than thirty (30) days after initially reporting the event.

PART G: CON NS A NG TO ABANDONM STO

1. The Licensee shall by July 31, 1996, submit to the Board for approval an
"Interim" Abandonment and Restoration Plan in accordance with the Northwest
Territories Water Board’s “"Guidelines for Abandonment and Restoration
Planning for Mines in the Northwest Territories, September 1990".

In addition to conforming with the Guidelines, the Plan shall also address
the following items:

a) any significant changes to the physical and chemical properties of
Garrow Lake as will be determined by the ongoing data collected with
regards to the model for Garrow Lake; and

b) the long term stability of Garrow Lake, including any monitoring that
should be done; identification of when the 1ake will reach equilibrium;
and what implications this may have to water quality to be discharged
in the future.

2. The Licensee shall modify the Plan as referred to in Part G, Item 1, as
required for its acceptance by the Board, should the Plan be deemed
unacceptable to the Board. A revised Plan shall be received by the Board
within six (6) months after notification.

3. The Licensee shall annually review the Abandonment and Restoration Plan
commencing in 1997 and shall modify the Plan as necessary to reflect
changes with the operation and with technology. Any proposed modifications
shall be submitted to the Board for approval.

4. The Licensee shall complete the Abandonment and Restoration work within the
time schedule specified in the Plan, or as subsequently revised and
approved by the Board.



5. Notwithstanding the time schedules referred to in Part G, Item 4, the
Licensee shall endeavour to carry out progressive restoration of areas
which are abandoned prior to closure of operations.

6. Compliance with the Abandonment and Restoration Plan specified in this
Licence will not 1imit the legal 1liability of the Licensee, other than
l1iability arising by operation of this Act.

NORTHWEST TERRITORIES WATER BOARD

72 " Do Nikason

Witness Chairman




NORTHWEST TERRITORIES WATER BOARD

LICENSEE:

LICENCE NUMBER:

EFFECTIVE DATE OF
LICENCE RENEWAL:

EFFECTIVE DATE OF
SURVEILLANCE NETWORK PROGRAN:

COMINCO LTO.,
POLARIS OPERATIONS
N¢L2-0262

JANUARY 1, 1994

JANUARY 1, 1994

SURVEILLANCE NETWORK PROGRAM

A. Location of Surveillance Stations

Station Number
262-1
262-2

262-3
262-4
262-5

262-6

262-7

Description

Frustration Lake pumphouse.

Garrow Lake above tailings discharge
point.

Garrow Lake at centre,
Garrow Lake near outlet.

Garrow Creek approximately 200 metres
downstream from Garrow Lake outlet.

Final mill tailings at automatic
sa?qier prior to discharge from the
mill,

Outlet from Garrow Lake at the dam -
discharge siphons.

Sampling and Analysis Requirements

The height of the tailings pile at Station Number 262-2 shall be
measured on a monthly basis if not prohibited by ice conditions.

Immediately after any maintenance work has been conducted on any
portion of the pipeline from the shore to the discharge end, divers
shall confirm that all tailings are discharging at the end of the
pipeline.

Water at Station Number 262-3 shall be sampled three times per year,
(once during mid winter, once during maximum ice thickness, and once
during maximum melt), at the approximate depths of 3, 10, 1I, 12, 13,
14, 15, 16, 17, 18, 19, 20, 22 and 40 metres, and also at 0 and 1.5
metres during periods of open water. The samples shall be analyzed
for the following parameters:

Total Lead pH
Total Zinc Temperature
Hydrogen Sulfide Conductivity



10.

Water at Station Number 262-3 shall be sampled during the same time
periods as in Part B, Item 3 at the approximate depths of 3 and 10
metres, and also at 0 and 1.5 metres during periods of open water.
The samples shall be analyzed for the following parameters:

Total Copper Total Nickel
Total Cyanide Total Arsenic
Total Cadmium Total Mercury

Total Antimony

Tailings discharge at Station Number 262-6 shall be sampled monthly,
with the twelve (12) monthly samples being combined into one (1)
composite sample at year end. A complete metal scan shall be carried
out on this composite sample.

Water at Station Number 262-7 shall be sampled every three (3) days
during periods of discharge and analyzed for the following
parameters:

Total Lead Total Zinc
pH

A1l sampling, sampling preservation, and analysis shall be conducted
in accordance with methods prescribed in the current edition of
*Standard Methods for the Examination of Water and Wastewater", or by
such other methods as approved by the Analyst.

A1l analysis shall be performed in a Taboratory approved by the
Analyst.

A revised quality assurance/quality control plan which addresses both
field and laboratory requirements shall be submitted to the Analyst
for approval by March 31, 1994,

The plan referred to in Part B, Item 9, shall be 1mblemented as
approved by the Analyst.

Qther Requirements

The monthly quantity of water pumped from Frustrat:on Lake shall be
recorded in cubic metres.

The monthly quantity of the solid and liquid fractions of mill waste
pumped to the Garrow Lake Tailings Area shall be recorded in cubic
metres. .

During periods of flow, the volume of effluent discharged at Station
Number 262-7 shall be measured and recorded daily in cubic metres.

The monthly readings of the thermistors 1nsta11ed in the core of the
Garrow Lake Dam shall be recorded.

The monthly quantity of ore miiled shall be recorded in tonnes.

The water level in Garrow Lake shall be measured and recorded at both
break-up and just prior to freeze-up.
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The Licensee shall within sixty (60) days following the month being
reported, submit to the Board all data and information required by the

*Surveillance Network Program®, including the results of the approved
quality assurance plan.

NORTHWEST TERRITORIES WATER BOARD

Chairman




GENERAL PROCEDURES FOR THE ADMINISTRATION OF LICENCES
ISSUED UNDER THE NORTHWEST TERRITORIES WATERS ACT

IN THE NORTHNEST TERRITORIES

At the time of {ssuance, a copy of the Licence ts placed on the Water
Re?ister in the Office of the Northwest Territories Water Board in
Yellowknife, and is then available to the public. i

To enforce the terms and conditions of the Licence, the Minister of
Indtan Affairs and Northern Development has appointed Inspectors in
accordance with Section 35(1) of the Northwest Territories Waters Act.
The Inspectors coordinate their activities with officials of the Water
Resources Division of the Department of Indian Affairs and Northern
Development. The Inspector responsible for Cominco Ltd., Polaris
Operation is located in the Iqaluit District Office.

To keep the Water Board and members of the public informed of the
Licensee’s conformity to Licence conditions, the Inspectors prepare
reports which detail observations on how each item in the Licence has
been met. These reports are forwarded to the Licensee with a covering
letter indicating what action, if any, should be taken. The inspection
reports and covering letters are placed on the public Water Register,
as are any responses received from the Licensee pertaining to the
fnspection reports. It is therefore of prime importance that you react
in all areas of concern regarding all inspection reports so that these
concerns may be clarified.

If the renewal of a Licence is contemplated it is the responsibility of
the Licensee to apply to the Water Board for a new Licence. The past
performance of the Licensee, new documentation and information, and
points raised during a public hearing, if required, will be used to
determine the terms and conditions of any new Licence. Please note
that if the Licence expires and another has not been issued, then the
water and waste disposal must cease, or Cominco Ltd., Polaris Operation
would be in contravention of the Northwest Territories Waters Act. It
is suggested that an application for renewal of an "A" type licence,
such as your Licence, be made one year in advance of the existing
Ticence expiry date and renewal of a "B" type licence be made six
months in advance of the existing expiry date.

If, for some reason, an existing Licence requires amendment, then a
public hearing may be required. You are reminded that applications for
amendments should be submitted as soon as possible to provide the Water
Board with ample time to go through the amendment process. Usually
this should be at least six (6) months. The Surveillance Network
Program annexed to the Licence, however, can be modified at the
discretion of the Board and does not require a public hearing. A
request for any proposed change to the Surveillance Network Program
should be forwarded to the Board tn writing, including a rationale for
the change.
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Specific clauses of your Licence make reference to the Board, Inspector

?r Analyst. The contact person, address, phone and fax number of each
s:

BOARD: Executive Assistant
Northwest Territories Water Board
Box 1500
YELLOWKNIFE, NT  XIA 2R3

Phone No: (403) 920-8191
Fax No:-  (403) 873-9572

INSPECTOR: Inspector
Baffin District Office
Northern Affairs Program
Department of Indian Affairs
and Northern Development
Box 100
IQALUIT, NT  XOA OHO

Phone No: (819) 979-4405
Fax No: (819) 979-6445

ANALYST: Analyst
Water Laboratory
Northern Affairs Program
Department of Indian Affairs
and Northern Development
Box 1500
4601 - 52nd Avenue
YELLOWKNIFE, NT  X1A 2R3

Phone No: (403) 920-8129
Fax No: (403) 873-9300
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December 30, 1993

' F X IE D
Mr. John Key Y Ge2dtz )
Manager, Polaris Operations
Cominco Metals
Division of Cominco Limited

POLARIS, NT  XO0A 0Y0

Dear Mr. Key:

RE:  COMINCO POLARIS OPERATIONS: LICENCE RENEWAL - N4L2-0262

The Northwest Territories Water Board would like to once again commend
Comincc}: on the time and effort put forth with regards to this licence
renewal.

Enclosed please find a copy of the licence renewal for the above noted
property.

As you know, there was considerable discussions during the Yicence renewal
process regarding further scientific studies requested by various government
departments. The Board eventually decided that the Licence was not to be
used as a means of ensuring scientific studies are conducted.

However, due to the demand from these various government agencies, the Board
would like to encourage Polaris to participate in a Jjoint study. The
fo\}ov;ingd paragraphs explain in more detail the type of study that is
envisioned.

The Department of Fisheries and Oceans (DFO) requests that studies, which
relate the relevance of data on metal concentrations in water to those
concentrations in fish and macro-invertebrates be initiated or continued
where applicable. The sculpins residing in Garrow Lake are within the
Tailings Containment Area and, as such, need not be protected from any
adverse effects which may arise from tailings deposition into Garrow Lake.
DFO requests, however, that approximately thirty to forty of those Garrow
Lake sculpins be captured and analyzed for zinc, lead, copper, cadmium,
antimony, and mercury. One-half of those fish would be used for whole-body

../2
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metal analyses, and those data would be used to compare to pre-operational
conditions. The remaining half would be used to obtain metal concentration
data in site specific organs, such as liver, kidney, gi1l, and intestine
from individual fish. A comparable number of sculpins from two or three
reference lakes in the area would also be collected and analyzed in a
similar way. DFO also requests that studies on Mya fruncata from Garrow Bay
and reference sites in the area be continued. Twenty to thirty of these
clams per site should be collected, dissected into gill, hepatopancreas,
foot, and remaining viscera, and analyzed for zinc, lead, copper, cadmium,
antimony, and mercury. These data would also be compared to pre-operational
data. DFO requests that sampling of sculpins and Mya truncata be conducted
during the summer of 1994,

To accomplish these studies, DFO has stated they are prepared to provide a
scientist to lead the studies, a supervising chemist, and other support
staff to collect and dissect the sculpins and Mya truncata, and to supervise
the metal analyses. The scientist and support staff are qualified SCUBA
divers, and the supervising chemist has all analytical chemistry equipment
and space necessary to complete these studies. OF0 requires support from
Cominco - Polaris in the form of lodging, meals, and assistance with
transportation to Garrow Lake, Garrow Bay, and other reference sites. DFO
also requires support from DIAND for metals analysis, a summer student, and
for transportation costs from Winnipeg to Little Cornwallis Island return.

The Board supports DFO’s request for these bio-monitoring studies,
especially in view of DFO’s willingness to undertake the studies in
collaboration with Cominco and DIAND. The Board therefore, asks Cominco to
give favourable consideration to DFO’s request for the support described
above. The Board has been advised that Mr. Witteman or one of his staff
will be contacting you in the near future to review this request.

If you require further assistance, please do not hesitate to contact this
office. If your inquiry is of a technical nature, please feel free to
contact Mr. Erik Madsen at (403) 920-8141 or Mr. John Witteman at (403) 920-
8240 of the Water Resources Division.

Sincerely,

Dave Nickerson
Chairman
N.W.T. Water Board

Encl

cc: B. Hunt, DFO
&-Witteman, NAP
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Ministre des Affaires ’}.;’.Q.A_ Minister of Indian Affairs

indiennes et du Nord canadien Yy  and Northern Development
RETR

CANADA

DEC 2 01333

Mr. Dave Nickerson
Chairman
Northwest Territories Water Board |:
P.0. Box 1500
YELLOWKNIFE NT X1lA 2R3

Dear Mr. Nickerson:

I am pleased to forward the enclosed water licence
N4L2-0262 for Cominco's Polaris Mine.

I have approved this licence as recommended by the
Board.

A screening of this project pursuant to the
Environmental Assessment and Review Process Guidelines
Order has now been completed and I am satisfied that
any potentially adverse environmental and related
socio-economic effects that may be caused by this
project are insignificant or mitigable with known
technology.

Again, thank you for your co-operation.

Yours truly,

)

a4 A. Irwin, P.C., M.P.

Encl.

Ottawa, Canada K1A OH4
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Fisheries and Oceans
Péches et Océans

i

Page 1

Application No./N° de la demande

APPLICATION FOR AUTHORIZATION FOR WORKS OR UNDERTAKINGS AFFECTING FISH HABITAT
DEMANDE D'AUTORISATION POUR DES OUVRAGES OU ENTREPRISES MODIFIANT L'HABITAT DU POISSON

I, the undersigned, hereby request authorization to carry out the works or
undertakings described on this application form. | understand that the
approval of this application, if granted, is from the Minister of Fisheries
and Oceans standpoint only and does not release me from my obligation
to obtain permission from other concerned regulatory agencies.

If an authorization is granted as a result of this application, | hereby agree
to carry out all activities relating to the project within the designated time
frames and conditions specified in the authorization.

Applicant's Name (Please Print) Cominco Mining Partnership

Je soussigné, demande par les présentes I'autorisation d'exploiter les
ouvrages ou entreprises décrits dans la formule. Je comprends que
I'approbation de cette demande, le cas échéant, porte sur ce qui reléve
du ministre des Péches et des Océans et ne me dispense pas d'obtenir la
permission d'autres organismes réglementaires concernés.

Si la demande est approuvée, je consens par les présentes a exécuter

tous les travaux relatifs a ce projet selon les modalités et dans le laps de
temps prescrits dans l'autorisation.

Nom du requérant (lettres moulées)

Applicant's Business Address Polaris, Nunavut

Adresse d'affaires du requérant

X0A 0Y0

Applicant's Telephone No./ N° de téléphone du requérant

(867) 253 — 2201 Date

October 5, 2001

| solemnly declare that the information provided and facts set out in this
application are true, complete and correct, and | make this solemn
declaration conscientiously believing it to be true and knowing that it is of
the same force and effect as if made under oath. This declaration applies
to all material submitted as part of this application.

Applicant's Signature (and corporate seal)

Je déclare solennellement que les renseignements fournis et les faits
énoncés dans cette demande sont véridiques, complets et exacts, et je
fais cette déclaration solennelle, la croyant consciencieusement vraie et
sachant qu'elle a la méme force et le méme effet que si elle était faite
sous serment. Cette déclaration s'applique a tout document qui est
présenté dans le cadre de cette demande.

Signature du requérant (et sceau de la société)

Name of watercourse or waterbody (give coordinates)
Cours d'eau ou plan d'eau (donner les coordonnées)

Garrow Lake and Crozier Strait (391500 E, 8369000 N UTM Zone 15)

This watercourse is a tributary of (where applicable)
Cours d'eau tributaire de (le cas échéant)

N.A.

Nearest community County
Localité la plus proche Comté
Resolute Bay Canada

Province
Province

Territory of Nunavut
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Application No./N° de la demande

APPLICATION FOR AUTHORIZATION FOR WORKS OR UNDERTAKINGS AFFECTING FISH HABITAT
DEMANDE D'AUTORISATION POUR DES OUVRAGES OU ENTREPRISES MODIFIANT L'HABITAT DU POISSON

Type of Activity/Genre d'activité

[ 1 Bridge [ 1 Stream Realignment [ ]Gravel Removal [ 1 Stream Traverse
Pont Alignement de cours d'eau Enlévement du gravier Traversée de cours d'eau

[ 1 Culvert [ 1 Channelization [ ] Obstruction Removal - Bypass [ 1 Seismic Survey
Ponceau Canalisation Enlévement ou contournement Levé sismique

d'obstacle

[X] Dam [X] Wharf - Break water [ ] Stream Utilization - Recreation [ 1 Agriculture
Barrage Quai - Brise-lames Utilisation récréative du cours d'eau

[ 1] Stream Diversion [ 1 Dewatering [ ]Erosion Control [ 1 Other (specify)
Dérivation de cours d'eau Asséchement Lutte contre I'érosion Autres (préciser)

[X] Mining [ 1 Aquaculture [ 1Flood Protection
Activité miniére Protection contre les inondations

List of Agencies (Federal, Provincial or Municipal) contacted or notified, or who have initiated contact with the applicant.
Liste des organismes (fédéraux, provinciaux ou municipaux) contactés ou qui ont pris contact avec le requérant.

Plans for the proposed work are contained in the Polaris Mine Decommissioning and Reclamation Plan (‘Closure Plan’) submitted to the Nunavut Water

Board and Department of Indian and Northern Development. Copies have been distributed to other stakeholders including but not limited to DFO.

PROVIDE DETAILS OF PROPOSED ACTIVITY INCLUDING REASONS FOR THE PROJECT AND TYPES OF EQUIPMENT TO BE USED
DONNER DES PRECISIONS SUR LES TRAVAUX PROJETES, Y COMPRIS LA JUSTIFICATION DU PROJET ET
LE TYPE D'EQUIPEMENT A UTILISER

This application relates to two separate aspects of the proposed Closure Plan:

1. The lowering of Garrow Lake back to its original elevation and the subsequent decommissioning of the dam that currently blocks the outflow of the

lake.

2. The decommissioning of the loading dock and restoring of the associated shoreline to a more natural state.

Details of the proposed activities are supplied in the following documentation:

1. Polaris Mine Decommissioning and Reclamation Plan — March 2001

2. Updated report from Westmar Consulting Engineers — ‘* Decommissioning of Dock Facilities at Polaris Mine — Little Cornwallis Island, Nunavut

- Revision 1’ dated September 2001

3. Letter from Gartner Lee Limited commenting on habitat issues related to the proposed work.
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Application No./N° de la demande

APPLICATION FOR AUTHORIZATION FOR WORKS OR UNDERTAKINGS AFFECTING FISH HABITAT
DEMANDE D'AUTORISATION POUR DES OUVRAGES OR ENTREPRISES MODIFIANT L'HABITAT DU POISSON

SCHEDULE/CALENDRIER
D/J M/M Y/A
Proposed Starting Date
Date prévue du début des travaux 30 07 2002
Proposed Completion Date
Date prévue de I'achévement des travaux 15 11 2004

Approximate Timing of Work in shoreline, foreshore, tidal zone, or underwater areas.
Période approximative des travaux sur le rivage et les estrans ainsi que dans les zones a marées et les zones sous-marines.

D/J M/M Y/A D/J M/M Y/A

From/De 01 06 2003 TolA 30 09 2004

The following documents will assist in assessing your application Les documents suivants faciliteront I'évaluation de votre

and help expedite its approval. Please check which documents demande et permettront d'accélérer son approbation. Veuillez

you have attached. cochez les documents vous avez joints a votre demande.

Map indicating location of project [X] Carte indiquant I'emplacement du projet

Engineering Specifications [X] Spécifications techniques

Scale Drawings [X] Dessins a I'échelle

Dimensional Drawings [X] Plans cotés

Assessment of Existing Fish Habitat Characteristics [X] Evaluation des caractéristiques existantes de I'habitat du
poisson

Assessment of Potential Effects of Project on Fish Habitat [X] Evaluation des répercussions possibles sur I'habitat du
poisson

Measures Proposed to Offset Potential Damage to Fish Habitat [X] Mesures proposées pour compenser les éventuels

dommages a I'habitat du poisson

Other [ 1] Atres

ENVIRONMENTAL ASSESSMENT AND REVIEW PROCESS CQNSIDERATIONS CONCERNANT LE PROCESSUS
CONSIDERATIONS D'EVALUATION ET D'EXAMEN EN MATIERE D'ENVIRONNEMENT
NOTE: All applications pursuant to section 35 of the Fisheries Act will REMARQUE : Toute demande en vertu l'article 35 de |a Loi sur les
be assessed in acordance with applicable federal environmental péches sera soumise aux exigences fédérales applicables a
assessment requirements. I'évaluation environnementale.



I * Fisheries and Oceans
Péches et Océans

Page 4

Application No./N° de la demande

APPLICATION FOR AUTHORIZATION FOR WORKS OR UNDERTAKINGS AFFECTING FISH HABITAT
DEMANDE D'AUTORISATION POUR DES OUVRAGES OU ENTRIPRISES MODIFIANT L'HABITAT DU POISSON

COMPLETE ONLY IF USE OF EXPLOSIVES IS INTENDED
A REMPLIR SEULEMENT EN CAS D'UTILISATION D'EXPLOSIFS

EXPLOSIVES CONTRACTOR (IF DIFFERENT FROM APPLICANT)/RESPONSABLE DES EXPLOSIFS (S| AUTRE QUE LE REQUERANT)

Name/Nom : Not Determined at this time

Address/Adresse :

Telephone No./N° de téléphone :

D/J M/M Y/IA D/J M/M YIY
Anticipated Starting Date Completion Date
Date prévue du début des travaux Date d'achévement

DETAILS OF EXPLOSIVES/PRECISIONS SUR LES EXPLOSIFS

Type (including trade name)
Genre (y compris la marque)
Refer to attached document ‘Decommissioning of Dock Facilities at Polaris Mine, Little Cornwallis Island, Nunavut — Revision 1’

Weight and configuration (where applicable)
Poids et forme (le cas échéant)
Refer to attached document ‘Decommissioning of Dock Facilities at Polaris Mine, Little Cornwallis Island, Nunavut — Revision 1’

Weight of individual shots and shot pattern where multiple charges are used
Poids des coups individuels et déploiement des coups, en cas de charges multiples

Refer to attached document ‘Decommissioning of Dock Facilities at Polaris Mine, Little Cornwallis Island, Nunavut — Revision 1’

Detonation depth (in the rock; note also the depth of water, if applicable)
Profondeur de détonation (dans le roc; indiquer aussi la profondeur de I'eau, s'il y a lieu)

Refer to attached document ‘Decommissioning of Dock Facilities at Polaris Mine, Little Cornwallis Island, Nunavut — Revision 1’

Method of detonation
Méthode de détonation
Refer to attached document ‘Decommissioning of Dock Facilities at Polaris Mine, Little Cornwallis Island, Nunavut — Revision 1’
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teckcominco

January 7, 2002

Nunavut Water Board

P.O.Box 119

Gjoa Haven, NU

XO0E 1J0

Attention: Philippe di Pizzo, Executive Director

Re: Polaris Mine Decommissioning and Reclamation Plan — Response to Requlator
Questions

As part of the approval process for the Polaris Mine Decommissioning and Reclamation Plan
(‘Closure Plan’), the Nunavut Water Board (‘NWB’) and the Department of Indian and Northern
Affairs requested and have received comments and questions from a number of parties. Based
on the information forwarded to us by the NWB, we understand the following written
submissions are the only ones received and so we have directed our response to the following
documents:
1. BGC Engineering Inc. (‘BGC’), Holgar Hartmaier, dated October 1, 2001
Department of Sustainable Development (‘DSD’), Paul Partridge, dated October 25,
2001

3. Environment Canada (‘EC’), Lawrence Ighace, dated October 26, 2001

4. Department of Indian and Northern Affairs (‘DIAND’), Michael Roy, dated October
26, 2001

5. Department of Fisheries and Oceans (‘DFQO’), Jordan DeGroot, dated October 26,
2001

Development of our responses has taken considerable time as we have in some cases
collected additional information or referred issues to our consultants for further design work
and/or expert technical comment. To facilitate review of our responses, we have taken each of
the above submissions and inserted our comments directly into them. Where our responses are
more detailed, they have been included as separate attachments to this letter and references to
them inserted into the above submissions.

We believe that this submission adequately responds to the outstanding issues and we look
forward to receiving approval of the Polaris Mine Decommissioning and Reclamation Plan from
both the Nunavut Water Board and the Department of Indian and Northern Affairs in the near
future.

Bruce Donald

Reclamation Manager, Environment and Corporate Affairs

Teck Cominco Ltd.

Cc:  John Knapp (Polaris Mine), Carl McLean (DIAND), Michael Roy (DIAND),
Paul Partridge (DSD), Lawrence Ignace (EC), Jordan DeGroot (DFO)

Attachments — see list



Attachment # 1 —

Attachment # 2 —

Attachment # 3 -

Attachment # 4 -

Attachment # 5 -

Attachment # 6 -

Attachment # 7 —

Attachment # 8

Attachment # 9 -

Attachment # 10 -

Attachment # 11 -

Attachment # 12 -

Attachment #13 -

LIST OF ATTACHMENTS

Submission to Nunavut Water Board by BGC Engineering Inc.
Holgar Hartmaier, dated October 1, 2001.

Submission to Nunavut Water Board and Department of Indian and Northern
Affairs Canada by Department of Sustainable Development,
Paul Partridge, dated October 25, 2001.

Submission to Nunavut Water Board by Environment Canada,
Lawrence Ignace, dated October 26, 2001.

Submission to Nunavut Water Board by Department of Indian and Northern
Affairs,
Michael Roy, dated October 26, 2001.

Submission to Nunavut Water Board by Department of Fisheries and
Oceans,
Jordan DeGroot, dated October 26, 2001.

Response to concerns raised regarding impoundment of contaminated soils
in permafrost, Polaris Mine, Little Cornwallis Island, Nunavut.
Dr. C Burn, dated December 4, 2001.

Letter to B. Donald From Bart Koppe of Cantox Environmental regarding
‘Comments on the Polaris Mine Decommissioning and Reclamation Plan,
specifically related to the human health and ecological risk assessment.’

Letter to B. Donald from S. Morison of Gartner Lee Ltd. regarding ‘Response
to Environment Canada re Post-Closure Monitoring’ dated December 21,
2001.

Memorandum to B. Donald from Paul Erickson of AXYS Environmental
Consulting Ltd. regarding ‘Garrow Lake Dam — Effect of Removal on Lake
Stability and Water Quality Response to Comments by DFO’ dated
December 14, 2001.

Memorandum to B. Willoughby from T. Feduniak regarding ‘Contaminated
Soils Storage’, dated December 21, 2001.

Memorandum from B. Donald to J. DeGroot regarding ‘Recommended
Procedures for the Recovery and Disposal of Waste Antifreeze from the
Dock Facilities’ dated December 15, 2001.

Letter to B Donald from Rick McLean regarding ‘Decommissioning of the
Wharf Facility in Crozier Strait, Cornwalis Island, NT Little Cornwallis Island,
Northwest Territories’ dated December 4, 2001.

Fax to Norm Allyn of Westmar Consulting Engineering from Jean Barthe of
Tower Arctic regarding the source of the fill for the dock cells, dated
November 14, 2001.



Attachment # 14 - Updated Dock & Shoreline Sections drawn by Westmar Consulting
Engineers revisions dated December 7, 2001.

Attachment # 15 - Appendix H from Revision 1 of ‘Decommissioning of Dock Facilities at
Polaris Mine Little Cornwallis Island, Nunavut’ by Westmar Consulting
Engineers.

Attachment # 16 - Example of Blast Layout 7 metres from Dock Face by Pacific Blasting.

Attachment # 17 - Fax to B. Donald from A. Eglauer of EBA Engineering Consultants Ltd.
regarding ‘Response to DFO-FHM Comments, Garrow Lake Dam
Decommissioning, Polaris Mine Operations, Nunavut’ dated December 13,
2001.

Attachment # 18 - Memorandum to B. Donald from Peter Chapman and Cathy McPherson of
EVS Environment Consultants regarding ‘Removal of Garrow Lake Dam —
Significance for Garrow Bay Marine Organisms’ dated November 29, 2001.



Attachment # 1

Submission to Nunavut Water Board by BGC Engineering Inc.

Holgar Hartmaier, dated October 1, 2001



October 1, 2001
Project #: 0308-001-03

Nunavut Water Board

P.O. Box 119

Gjoa Haven, NT

X0E 1J0

Attention: Mr. Phillipe diPizzo, Executive Director
Dear Mr. DiPizzo,

Re: Polaris Mine- Review of Final Decommissioning and Restoration Plan

This letter summarizes comments by BGC Engineering Inc. (BGC) with respect to the review of
the four volume set of documents prepared by Gartner Lee Limited (GLL) for Cominco Ltd.
(Cominco) for the decommissioning and reclamation of the Polaris Mine, dated March, 2001.

Comments were passed on verbally to Mr. John Knapp of Cominco in a technical meeting held
in Resolute Bay on September 20, 2001.

General Comments

The overall decommissioning and reclamation plan prepared by GLL is comprehensive in scope
and addresses the main areas of concern identified in the 1999 Environmental Site Assessment
prepared by GLL (June 2000). In addition, specialized review by sub-consultants was
undertaken in key areas such as the stability of Garrow Lake (Axys Environmental Consulting
Ltd.), the removal of the Garrow Lake dam (EBA Engineering Consultants Ltd.), the options for
the removal of the process barge and decommissioning of the dock (Westmar Consultants Inc.),
and the geothermal stability of the landfill and underground waste disposal sites (BGC
Engineering Inc.). A human health and ecological risk assessment was carried out by Cantox
Environmental Inc., which derived soil quality remediation objectives.

Specific Comments

Landfilling of Waste in Subsidence Zone and LRD Quarry:

Cominco has been using the zone of subsidence above the existing mine workings
(Reclamation Landfill) to dispose of obsolete heavy equipment and other materials such as
dump truck boxes, sea containers, tires, wooden crates, vehicles, etc. Vehicles and other
decommissioned equipment are cleaned of all oils, fuels and fluids prior to disposal. Cominco
proposes that the Reclamation Landfill will not require an engineered cover design to maintain
frozen conditions and intend on covering the landfill with a minimum 1.5 metre cover of locally
available soil and rock.



The Little Red Dog (LRD) quarry is proposed as the landfill for the disposal of demolition waste
from the mine facilities, such as concrete foundations, decommissioned pipelines and steel
tanks. The design of the quarry cover will be consistent with that developed for the Operational
Landfill, which comprises 1.8 m of locally available quarried shale, graded to fit the adjacent
contours to prevent ponding over the quarry.

It is recommended that Cominco establish a protocol for the placement of
the waste materials and backfill in a controlled manner to eliminate the
creation of voids and areas of low compaction in all areas of proposed landfill
activity. To ensure long term stability of the landfill, especially the cover
materials, it is important that soils cannot settle or migrate into voids or
cavities within the waste, especially during the period that is required for
permafrost to aggrade into the landfill. Saturation of the waste and backfill
materials with water could result in the formation of ice lenses and
subsequent frost jacking of waste materials above the landfill surface,
leading to a progressive deterioration of the landfill surface. An engineered
cover of sufficient thickness to ensure that the waste material lies well below
the seasonal active zone is therefore recommended for the reclamation

landfill, similar to that proposed for the LRD quarry

Cominco has indicated that it will use the same practices as currently adopted for the
Operational Landfill, which has not experienced any stability problems to date. The Board and
DIAND have also requested BGC to conduct a literature review of past practices of waste
disposal in permafrost, including the issues with respect to underground disposal in the mine.
BGC will provide comments/guidelines based on current and precedent practice under separate
cover to the Board in response to this request.

TeckCominco Response
—  The landfill debris will be cut into sizes and shapes that minimize voids spaces as fill material is placed

over the debris.

—  Equipment will be used to crush debris where practical to minimize voids.

—  Debris placed into the landfill will be placed in lifts and covered with fill material prior to being
covered by the next lift of debris.

—  Portions of the landfill will be constructed during winter(s) and during those periods materials placed
will already be in a frozen state.

—  Moisture from precipitation and run-off during the summer periods of landfill construction will aid in
strengthening the fill as it freezes to minimize settling of the landfill.

—  If'there are any differential movements within the landfill, any cracks or voids formed will be sealed off
by downward percolation and freezing of the surface water from precipitation

—  Land(fill operators will be given a technical briefing and instructions (with checks) on the protocol that
will be used for the placement of debris in the landfill as well as closure specifications for the landfill.

— A field supervisor will have the responsibility to ensure that the protocol(s) for placing debris as well
as geotechnical specifications for the closure of the landfill are followed.

—  Land(fill operators will be required to note the type, placement and depth of debris emplacement to
ensure there is an adequate record of the protocol used to place material in the landfill. Photographic
documentation will be maintained.



—  The design of the engineered cover for the landfill has the specific objective of being thick enough to
ensure that the landfill remains frozen by being buried below the active layer.

—  The landfill will be visually inspected as part of the post-closure monitoring plan to confirm
geotechnical performance as specified in the Closure Plan.

Backfilling of Mine Portals

Cominco is proposing to seal all entrances to the underground mining operations. The proposed
method involves a 0.5 m thick bulkhead consisting of steel plate supporting a reinforced
concrete wall. The concrete will be pumped into the steel bulkheads from the ground surface
through holes drilled into the tunnel. A grid of reinforcing bars tied into the rock surrounding the
tunnel and supported by rock bolts will stabilize the bulkhead. Backfill will be placed within the
tunnel openings between the bulkhead and the portal. At the ground surface, the backfilled
material will be graded to conform to the adjacent slopes.

The sketches provided in the submitted documents do not indicate complete filling of the
tunnel with backfill between the bulkhead seal and the ground surface. Presumably, the
purpose of the bulkhead is to prevent the loss of backfill material down the tunnel
decline. It is recommended that the final construction specifications require that the
backfill be placed up to tunnel crown level to prevent long term settlement of the rock
mass around the tunnel as well as the fill around the exterior face of the portal. The entire
tunnel void should be completely backfilled. No design criteria were available for the
bulkhead itself, and it is not clear if consideration was given to potential loads
associated with water or backfill (saturated) which may be present upon completion of
the closure procedures.

The bulkhead should be constructed to conform to a certain set of design criteria and
specifications, which may require approval by WCB and/or the local mine inspector.

TeckCominco Response
—  The tunnel from the collar of the portal to the bulkhead seal will be completely filled as suggested.

—  The purpose of the bulkhead is to provide an ‘engineered’ seal with a known minimum strength to
prevent future access to the mine. We would have proposed fill by itself as a method of sealing the
openings but did not feel it would be acceptable to Regulators. As stated in the Closure Plan, the
design of the seal will be submitted to the local Mines Inspector for approval prior to construction.

Dock Area Decommissioning and Barge Reclamation

The decommissioning and reclamation plan assessed various options for the dock area
decommissioning and barge reclamation. Cominco has indicated that the preferred option will
be to dismantle the barge on-site and dispose of it into the LRD quarry. The dock area will be
cleaned of contaminated soils and the sheet pile cells will be cut off underwater below low water
level. The shoreline will be reinstated back to the original location, with a sloping beach, with an
underwater slope of 17.5 Horizontal: 1 Vertical.

We concur with Cominco that this is the best option from both technical and
environmental standpoints.

Closure



The decommissioning and reclamation philosophy proposed by Cominco involves
utilization of the existing footprint of surface and underground disturbances to get rid of
the inert wastes generated during closure. In addition, surface facilities such as the dock
area and Garrow Lake are being restored to their pre-mine conditions as much as
possible. In disposing of the wastes on site, Cominco will reinstate the surfaces of the
LRD quarry and existing reclamation landfill to a stable, drained condition, through the
long term aggradation of permafrost. Hydrocarbon and metals contaminated soils will be
placed deep underground within the permafrost, ensuring secure long term disposal and
isolation from receiving bodies of water. No free phase liquids will be placed
underground or into the surface landfills.

Cominco has stated that in proceeding with this work, it will be in their best interest to
ensure that it is done properly from the outset, as the costs for re-mobilizing contractors
to carry out follow-up work will be prohibitively expensive.

Assuming that Cominco will address the above comments, we have no further technical
concerns with the proposed decommissioning and reclamation plan at this time.

We trust that this meets with your requirements at this time. If you have any questions or
require additional information, please do not hesitate to contact the undersigned. Thank
you.

Respectfully submitted,
Per BGC Engineering Inc.

Holger Hartmaier, P.Eng., M.Eng.
Senior Geotechnical Engineer

HHH/sf



Attachment # 2

Submission to Nunavut Water Board and Indian and Northern Affairs Canada
by Department of Sustainable Development

Paul Partridge, dated October 25, 2001



October 25, 2001

Mr. Phillipe di Pizzo
Executive Director
Nunavut Water Board
P.O. Box 119

Gjoa Haven, NU

XO0E 1J0

Mr. Carl McLean

Manager, Land Administration
Indian and Northern Affairs Canada
P.O. Box 100

Iqaluit, NU

XO0A OHO

Re: Comments on the Polaris Mine Decommissioning &

Reclamation Plan

Dear Mr. Pizzo & Mr. McLean,

The Department of Sustainable Development has reviewed the
proposed decommissioning and reclamation plan for the Polaris mine. In
general the plan is found to be comprehensive and well thought out;
however, a few points were identified that need to be addressed prior to
acceptance and approval of the final plan. These points include
permafrost encapsulation of waste material, hazardous materials
management, and the SQRO study aspect of the plan, and are covered
in more detail below.

Permafrost Encapsulation of Waste

Concerns were raised about the plan’s proposal to encapsulate
contaminated soil and material in permafrost under the assumption that
permafrost is impermeable. This assumption may lead to serious errors
in engineering designs and will reduce the overall effectiveness of the
plan. Support for this is found in recent studies indicating that permafrost
is not permeable and will allow the passage of contaminants through
fissures, cracks, and other air voids and water within the frozen soil
matrix. Further studies conducted in Alaska seem to indicate that
contaminants, particularly hydrocarbons, have the ability to degrade
permafrost. For this reason we are not convinced that permafrost
encapsulation will provide a long-term and environmentally acceptable
solution to containing contaminants.



TeckCominco Response

—  Through Gartner Lee Ltd., Dr. Chris Burn was requested to respond to the above
question. Dr. Burn’s curriculum vitea and response is attached (Attachment #6).

—  Mpr. Partridge has forwarded the specific reports, which initiated his concerns. We
requested that Dr. Burn review these documents in conjunction with the Closure
Plan and subsequent information provided to him from the staff at Polaris.

—  Dr. Burn recommends that the stope where the hydrocarbon contaminated soils are
placed, have the floor wetted to ensure any voids in the rock are sealed by ice. This
will be done.

— It is important to note that the hydrocarbon contamination that is to be stored
underground is not in the free fluid phase. It is attached to fine soil particles and as
such will not mobilize in the underground environment. Complete freezing of the
contaminated soil in conjunction with an impermeable boundary of ice (as outlined
above) will ensure containment. The papers referred to by Mr. Partridge deal will
free flowing hydrocarbon contamination.

—  The review by Dr. Burn also clearly shows that there is no issue of permafrost
degradation at the depths that the contaminated soil will be stored in the mine.

— It is important to note that the hydrocarbons are encapsulated in a location remote
from other mine workings. Access to the area is limited and as an additional
measure of protection, the access tunnel will have a wetted earthen plug installed
and allowed to freeze.

In conjunction with the previous concern, questions have been raised as
to whether BGC would be a suitable choice in assessing the
competence of the proposed encapsulation method. These questions do
not stem from BGC ability to do the work, but form the fact that they
were solicited by Cominco, through Gartner Lee Limited, to assess the
ability of the containment area to sustain permafrost conditions.

TeckCominco Response

—  Mr. W. Savigny of BGC participated in the development of permafrost aspects of the
Closure Plan. Subsequent to the Closure Plan being submitted to the NWB, Mr.
Hartmaier became associated with BGC and was contracted by the NWB to review
the Closure Plan. Prior to Mr. Hartmaier submitting his comments to the NWB,
TeckCominco contacted the NWB to ensure they were aware of the above facts.

— Dr. C. Burn was engaged to provide a second opinion on the permafrost
encapsulation method proposed in the Closure Plan. His review has clearly
demonstrated that this approach is technically sound and poses no risk to the
environment over the short term or long term (“thousands of years”)

Hazardous Waste Management

Comments were made about the manner in which Cominco was going to
dispose of the various types of material as listed in section 5.6 of the
plan. In the past there have been instances where recipients have been
unable to properly look after or dispose of certain materials when they
were no longer in use. The proponent is obligated to ensure that the
recipient of any hazardous materials (including excess fuel) is a
responsible party who is fully capable of handling the material; this
includes dealing with spills and ensuring proper disposal.

Our Department would like clarification on the following points:



o The manner in which the di-electric fluids from non-PCB
transformers will be disposed of.

TeckCominco Response
— As reported in the Closure Plan, the di-electric fluids were sampled and
confirmed that they do not contain PCB's.
— It will be up to the contractor selected for decommissioning to handle these fluids
in one of three ways:
1. Incinerate the oils as this is a permissible disposal method for
mineral oils.
2. Ship the oil to southern Canada as a waste product for disposal
through a licenced disposal agent.
3. Sell the oil with the transformers and ship it to the buyer as a
product and not a waste.
Details of the final decision will be provided to the NWB prior to the initiation
of the disposal of transformers and/or the fluids contained in these transformers.

o The amount of freon that is expected to be recovered from the
freezer units.

TeckCominco Response

—  There are 4 mine air refrigeration units in use. Each unit uses a maximum of 750
Ibs. of R-22 freon for a up to total of 3000 Ibs. if the units are fully charged. The
freon will be pumped back into shipping bottles and returned to the original
supplier for recycling or to an approved disposal company.

o Whether there were any chlorinated solvents incinerated in the
burning pit, and if so, an approximate amount.

TeckCominco Response
—  There have been no chlorinated solvents incinerated in the burning pit.

o Is there a marker indicating the fact that there is buried asbestos
on site, and has the site been catalogued as such by the
regulating authority.

TeckCominco Response

— In 1993, asbestos from our MAK generators were removed, placed into 4 — 45
gallon steel drums and under an approval from Sylvester Wong of the NWT Mines
Inspection Branch, entombed in backfill deep within the mine. It was placed in
760-202 Stope located at Nad83 UTM co-ordinates 8368650 N, 558625 E, -256 m
elevation.

—  There is no surface marker as the material is not buried near surface in the
conventional manner so there is no risk of it ever being disturbed.

—  There are no other asbestos related issues at the mine site that require attention
in the closure and reclamation of the Polaris Mine.

Soil Quality Remediation Objectives Study

The quality of Cantrox Environmental Inc., Human Health and Ecological
Risk Assessment has generated concern about their findings. This
question was raised because they consistently overlooked or dismissed
rudimentary facts on wildlife such as the endangered status of the Peary
Caribou, or that they made the broad assumption that muskox are just



large caribou; failing to take into consideration the differences in niches,
the fact that they are more sedentary then caribou, and their increased
ability to forage in hard snow conditions. It appears that they failed to do
more then give wildlife a superficial glance in determining the acceptable
limits for the SQRO, as they fail to consider the influence of
contaminants on anything but adult wildlife, which would be when wildlife
is arguably the least susceptible to contaminants.

TeckCominco Response

—  CCME protocols provide for the use of site specific protocols to be used for sites
with atypical characteristics.

—  The assessment conducted by Cantox uses highly conservative assumptions and
provides protection to both the Peary Caribou and muskox. The assessment also
considers the most sensitive stages of the animal’s life for determining acceptable
exposures.

—  Refer to Attachment #7 from Bart Koppe of Cantox Environmental who has provided
a comprehensive response to this question.

It is understood that the mine is located in an area of marginal habitat,
and that areas where the mine contributed to significant concentrations
of contaminants, as defined by the SQRO study, will be remediated.
This, coupled with the fact that there were areas of high lead and zinc
concentration exceeding these recommended limits prior to the mines
inception, would support use of the values proposed by the study.

We trust that our comments will be of value in finalizing the plans for this
project. If you have any questions or require clarification do not hesitate
to get in touch with me.

Sincerely,

Paul Partridge

Coordinator, Claims Implementation & Land Use
Department of Sustainable Development, GN

CC. Earle Baddaloo - Director of Environmental Protection Service,
GN



Attachment # 3

Submission to Nunavut Water Board by Environment Canada

By Lawrence Ignace, dated October 26, 2001



Environmental Protection Branch
Qimugjuk Buidling

P.O. Box 1870

Iqaluit, NU

X0A OHO

Oct 26, 2001

Dionne Filiatrault

Technical Advisor

Nunavut Water Board

P.O. Box 119,

Gjoa Haven, NT X0B 1J0

By Facsimile: (867) 360-6369 By email: Dionne@polarnet.ca

RE: Review of Polaris Decommissioning and Reclamation plan.

Environment Canada has reviewed Cominco’s Decommissioning and Reclamation Plan for
Polaris Mine site and offer the following comments and recommendations for your
consideration.

Cominco has conducted an extensive evaluation of surface contamination and assessment of
disposal options for all installations and facilities of its Polaris mine site. In general EC has not
identified any major concerns with the Plan with the exception of the approached proposed for
Garrow Lake.

Garrow Lake

Final bathymetrics of the lake should be provided to indicate the bottom profile that exists
following the removal of the tailings pipeline.

TeckCominco Response
—  Final bathymetrics will be conducted after the disposal of tailings into the lake has been completed to
ensure there is a complete record of the bottom profile.

The lowering of Garrow Lake to its natural levels has been occurring over the last two years
with its final release planned for 2002. This will lower the lake level by approximately 2.5 meters
which results in a approximately 30% reduction to the thickness for the mixolimnion layer
(surface layer). This will also expose a new wetted shoreline of Garrow Lake which could lead to
the introduction of sediments to the surface waters. This could impact the water quality of
Garrow Lake for future release.

TeckCominco Response

—  Lowering of Garrow Lake to pre-impoundment levels will re-expose a previously exposed shoreline.
The original shoreline has been exposed to long term surface wind and wave erosion. The potential for
increased turbidity associated with wave action was greater during the period of impoundment where
increasing the elevation of the lake submerged new shoreline that had never been previously exposed
fo wave action.

—  As the shoreline is being gradually re-exposed, time for the draining and re-establishment of the
shoreline is occurring. This change in water level is being monitored regularly by on-site Polaris
mine staff- In 2001 the lake was not lowered beyond the minimum elevation obtained in 2000. As a
result there will be an extra year to lower the lake to its original elevation relative to the schedule




proposed in the Closure Plan. This will also ensure that the shoreline of Garrow Lake is gradually
being re-established to allow for stability (e.g. re-introduction of permafrost) and continual monitoring
during this initial phase of the Closure Plan (e.g. 2002-2004).

—  Our monitoring plan (Attachment #8) has been revised to include the measurement of TSS of the
surface layer of the lake to document on-going turbidity during and after lowering of the lake. The
monitoring program also includes visual observations for stability of the lakeshore.

It is also assumed in this plan that discharge from Garrow Lake will conform to the existing
licence limits. Environment Canada recommends that, once “natural” discharge is allowed from
Garrow Lake, the water quality should reflect, as near as possible, the natural background
levels that existed before mining.

TeckCominco Response

—  In summary, within nine years it is predicted that the surface water quality of Garrow Lake will return
to < 0.1 ppm Zn.

—  Paul Erickson of AXYS Environmental Consulting Ltd. has been modeling the behaviour of Garrow
Lake as a tailings facility throughout the life of the Polaris Mine (e.g. 20 years of data). On an annual
basis, the Surveillance Network Program (‘SNP’) data has been forwarded to Mr. Erickson and he has
reviewed the data in relation to the model.

— Included in the Closure Plan are graphs forecasting the water quality changes (Volume 2, Report # 3)
through to 2005. In response to the reviewer’s question, TeckCominco requested that Paul Erickson
review this issue in more detail and extend the model’s forecast through until 2010. In support of this,
Polaris staff forwarded Paul the most recent SNP data collected in 2001. Paul’s response to the issue
of discharge water quality considers the latest data and his comments are included as Attachment #9.

— There is extensive data collected over the past 20 years of operating Garrow Lake as a tailings
impoundment area supporting the conclusions of Mr. Erickson. TeckCominco feels that this provides
adequate comfort and is reasonable for the prediction of water quality objectives that are part of the
Closure Plan.

The Garrow Lake report (volume 2 supporting documentation), used a model to predict the
stability of the halocline and expected metal concentrations in the mixoliminion (surface layer).
This model used data up to and including 1999, however it must be recognized that Garrow
Lake is undergoing some immediate and large changes due to draw down (since 2000). Since
this model is being used to predict into the future, these changes must be taken into
consideration. In addition, if the Garrow lake dam is taken apart before these predictions can be
verified, it poses a concern for long term water quality and downstream impacts.

TeckCominco Response

—  TeckCominco disagrees with the statement that the lake is undergoing ‘large’ changes due to draw
down. The surface layer of the lake is being gradually returned to its original elevation. With the
cessation of tailings deposition in the lake in 2002, the physical and chemical conditions of the surface
layer of the lake will gradually change through natural processes to reflect pre-mining conditions.
The behaviour modeling described above has been verified through an on site SNP. The modeling and
sampling conducted over the past 20 years clearly demonstrated that the long term stability of Garrow
Lake will not be impacted by the lowering of water level.

—  Environment Canada has not provided a scientific basis for their concern. Providing this would allow
the TeckCominco an opportunity to respond more specifically to this concern.

—  The reviewer states that as the model is being used to predict into the future, the current changes must
be taken into account. On an annual basis, Mr. Erickson receives updated data and reviews the
performance of the lake relative to the forecasted performance from the model. The water quality
forecast provided by Paul Erickson of AXYS Environmental Consulting Ltd. in Attachment #9 has been
updated to include the 2001 SNP data to ensure the latest data is considered as part of this response.

EC recommends that the dam remain in place and that Cominco be allowed to discharge (via
siphons) from Garrow Lake in order to reach and maintain the original lake level. A new water
licence could be established with set licence limits to reflect that mining has stopped and no
effluent is being placed in the lake. In addition to this, an appropriate monitoring program must



be established to verify the predictions of the model, as well as, the overall water quality within
the lake in all layers. At a minimum, this program should operate for 5 years after the lake has
returned to natural lake levels with an evaluation occurring each year, preferably during the
open water season. A winter evaluation could be added to the monitoring program to allow for a
better understanding of the dynamics of the lake. Following each year and at the end of the five
years of monitoring, an assessment should be conducted to verify the lake’s stability and
whether or not it is conforming to the model predictions. The next steps for Garrow Lake would
depend on this five year assessment.

TeckCominco Response

TeckCominco strongly disagrees with the comment that the dam should remain in place for a 5 year
period following returning the lake to its original elevation. The reviewer has not identified a
technical rational for the concern, yet the consequences of the Water Board agreeing to the reviewer’s
recommendations are costly and logistically impractical for TeckCominco.  The basis for
TeckCominco’s comments are as follows:

a)

b)

¢

d)

TeckCominco has already been sampling the water quality of Garrow Lake for 20 years and has
invested in a comprehensive model that has been regularly updated. This provides TeckCominco
with a high degree of certainty in regards to predictions in terms of water quality objectives and
the behaviour of Garrow Lake upon closure of the Polaris Mine. The environmental risk
associated with the mixing of Garrow Lake due to storm events during the potential open water
seasons is extremely low (see below). It appears that Environment Canada has not considered
this with the above comments.
The only mechanism that can physically cause the Zn levels in the surface layer of Garrow Lake to
increase after disposal of tailing ceases in 2002 is a major wind storm event that occurs during
the short period of time when the lake may be ice free. As discussed in the report titled ‘Garrow
Lake Dam, Effect of Removal on Lake Stability and Outflow Water Quality ’(Report #3, Volume 2
of 4 of the Polaris Decommissioning and Reclamation Plan), it would take a wind speed of 105 km
for 2.5 hours to cause mixing of the upper 1 meter of the halocline with the surface layer. Wind
speed in Resolute from 1961-1990 has never reached this velocity for more than 1 hour (Note —
the report in the Closure Plan has an error in Figure 4. The vertical axis labeled ‘Duration’
should be in days, not hours). If the top metre of the halocline were to mix with the surface layer,
then the ‘new’ surface layer would be thicker byl metre and, subsequent wind events would have
to be even more severe to cause any additional mixing of the surface layer with the now deeper
halocline.

In addition to the information included in the Closure Plan, TeckCominco requested that Paul

Erickson of AXYS Environmental Consulting Ltd. update the information in the Garrow Lake

water quality model and comment further on the water quality issues (Attachment #9).

— In order to assess the effects of this unlikely event (105 km/hr wind for 2.5 hours), Paul
Erickson calculated that if the top metre of the halocline did mix with the surface water in
2004, the resulting concentration of Zn in the surface layer would increase by 0.015 ppm.
This would result in the surface layer of Garrow Lake having a Zn concentration of 0.26 ppm.
This is approximately 50% of the current licence limit for Zn (0.5 ppm). If this mixing
occurred subsequent to 2004, then the resulting Zn concentrations in the surface layer would
be even lower (i.e. 2004 represents the worst case).

— In 2004, if there was mixing of the top two metres of the halocline with the surface layer
(would require a wind for 8 hours constantly sustained at 105 km/hr), the resulting Zn
concentrations in the surface layer would increase by 0.07 ppm to 0.31 ppm. This is still
approximately 38% below the current licence limit for Zn. If this were to occur subsequent to
2004, then the Zn concentrations would be even lower.

— In both of the above cases, the resulting water quality remains within current licence limits,
within the current Metal Mining Liquid Effluent Regulations and within proposed updated
Metal Mining Effluent regulations.

The cost of leaving the dam in is substantial. It is also impractical from a logistics perspective.

Leaving the dam in place after the island is abandoned would require personnel returning to the

island each discharge season, establishing a camp and remaining on the island to operate the

siphon system. This would be required on an annual basis until the decision is made to remove
the dam. At that time, substantial heavy earth moving equipment, crews, a large camp and fuel
storage facilities would need to be re-established on the island. Roads would either need to left



intact after mine closure or need to be re-activated to transport fill removed from the dam to the
designated disposal area in Little Red Dog quarry.

e) The Closure Plan proposes that Garrow Lake dam be decommissioned by partially removing the
dam. This in itself is a contingency. If conditions were to occur that required containment of the
lake surface waters, it would be possible to reconstruct the dam, as approximately 70% of the
material would still remain in place.

If monitoring results identify a significant departure from the predicted water quality over two
successive sampling periods, TeckCominco will discuss with the Water Board and through it, to other
regulatory agencies, the course of action that may be necessary. If there is concern for the water
quality exceeding the applicable standards, then one of the options that will be considered is the re-
construction of the dam for the purpose of temporarily preventing discharge while a solution is
implemented.
The reviewer proposes a winter component to the monitoring program to ‘better understand the
dynamics of the lake’. As identified above TeckCominco has invested considerable resources to
develop a model and to collect data (including winter) over the past 20 years. TeckCominco believes
that there is a good understanding of the lake dynamics after this extensive period of monitoring.
The reviewer recommends that 5 years of monitoring occur after the lake has been returned to its
original level. A comprehensive monitoring program is proposed in the Closure Plan for Garrow Lake
prior to and after it has been returned to its original level in 2004. Monitoring is proposed until 201 1.
Details of the parameters to be sampled, sample locations and timing of the monitoring program are
detailed in Attachment #8. The Closure Plan proposes regular reporting of the results. In 2011, a
final review of the data collected will be done and a determination made whether the site (including
Garrow Lake) is stable and performing as predicted.
After the site has been abandoned in 2004, the monitoring plan (Phase 2) proposes sampling of the
lake during the spring while the ice is still safe to work on. During the summer it is often not possible
to access the lake monitoring station due to ice flows. The monitoring plan does propose to monitor
wind speeds during the potential open water season. If a wind event occurs that has sufficient energy
to potentially mix the upper metre of the halocline, then additional sampling of the lake will be
attempted before it freezes up.

No definitive information was provided within Polaris’s Decommissioning plan that demonstrated
the current health of the aquatic biota within the lake. EC recommends that an
assessment/status of the biota for Garrow Lake specifically within the mixolimnion (surface
layer) be carried out. Special attention should be paid to the Myoxocephalus quadricornis (Four
Horned Sculpin) a listed species of concern with the Committee on the Status of Endangered
Wildlife in Canada (COSEWIC).

TeckCominco Response

With respect to the request for a post-decommissioning assessment of the presence of aquatic biota in
the surface layers of Garrow Lake, TeckCominco does not agree that this should be required for the
following reasons:

—  Garrow Lake was designated as a ‘Tailings Impoundment Area’ pursuant to Subsection 5(2) of
The Metal Mining Liquid Effluent Regulations’ under the Fisheries Act by the Minister of
Fisheries and Oceans in 1981.

—  During the application period for the current Water Licence, DFO had requested studies to relate
the relevance of data on metal concentrations in the water to those concentrations in fish and
macro-invertebrates. The Water Licence granted did not require these studies either to support
the application or as a condition of the Licence.

—  New Metal Mining Effluent Regulations have been gazetted and it is expected that they will come
into effect in 2002. Under the proposed legislation, Garrow Lake is specifically named as a
tailings impoundment area. It is one of 5 lakes in Canada with this designation. Under the
proposed regulations, which will be administered by Environment Canada, there will be the
requirement to conduct Environmental Effects Monitoring (‘EEM’). It is important to note that
under the regulations, the required location for the EEM is downstream of the discharge point of
Garrow Lake and not within the lake itself.

If Environment Canada or DFO wishes to conduct an assessment program of aquatic biota within

Garrow Lake, TeckCominco would be prepared to provide logistical support for the work while there

are facilities on the island.



Further Comments:

Contaminated Soils

The disposal option for the underground storage of contaminated soils is an acceptable
approach. However a detailed account of volumes, types of contaminated material, exact
location/s and details regarding the geology of the placement area should be provided. The
portals and other accesses to the mine will be sealed but there was no mention in the plan
where the contaminated soils will be placed. EC recommends that the contaminated soils be
sealed into place to further encapsulate the contaminated material. This would ensure that if,
for any reason there is a change, such as climate change causing the loss of permafrost to this
depth, the material would not have a direct route to the surface.

TeckCominco Response

To confirm and refine the volumes of contaminated soils, Gartner Lee Ltd. developed contour plans
complete with cross sections utilizing sampling data. This was done in the area of the barge/product
storage and dock areas, as these were the most complex areas containing the majority of the
contaminated soils. If soils contain both hydrocarbons and metals, the material is categorized as
hydrocarbon contaminated for the purpose of selecting the disposal location within the mine. There
are 29,200 cu.m. of hydrocarbon containing soils to be removed and encapsulated in the mine
workings. There is an additional 61,750 cu.m. of metals contaminated soils identified for removal and
burial in the mine.

The staff at Polaris have reviewed the volumes of materials to be stored underground and identified
the storage locations in the mine for these materials. A memorandum complete with two drawings
identifying the locations are attached (Attachment #10).

The hydrocarbon-contaminated soils will be sealed into a remote location in the mine. Through
Gartner Lee Ltd. TeckCominco requested comment from an additional technical expert on the subject.
As a result, Dr. Chris Burn was requested to respond to the question of storage of hydrocarbon
contaminated soils in the mine. Dr. Burn’s curriculum vitea and response is attached (Attachment #6).

—  Dr. Burn recommends that the stopes where the hydrocarbon contaminated soils are placed,
have the floor wetted to ensure any voids in the rock are sealed by ice. This will be done.

— It is important to note that the hydrocarbon contamination that is to be stored underground is
not in the free fluid phase. It is attached to fine soil particles and as such will not mobilize in
the underground environment. Complete freezing of the contaminated soil in conjunction with
an impermeable boundary of ice (as outlined above) will ensure containment. The papers
referred to in Mr. Burn’s response deal with free flowing hydrocarbon contamination.

—  The review by Dr. Burn also clearly shows that there is no issue of permafrost degradation at
the depths that the contaminated soil will be stored in the mine.

— Itis important to note that the hydrocarbons are encapsulated in a location remote from other
mine workings. Access to the area is limited and as an additional measure of protection, the
access tunnel will have a wetted earthen plug installed and allowed to freeze.

Fuel Tanks
For the incineration of tank sludges, waste oil and maybe glycol, no details were provided on the
type of incinerator to be used. An approved two stage incinerator should be used.

TeckCominco Response

The decommissioning work at the site is currently out for tender. Proposals from contractors include

different methods for dealing with tank sludges, waste oil and glycol. It is premature to determine

which methods will be used, but all of the methods described below are acceptable under current

regulations and practices:

—  Place the recovered hydrocarbon sludge and/or glycol into approved shipping containment and
transfer the materials to southern Canada where they will be either recycled and/or disposed of
through a certified disposal company.



— Incinerate hydrocarbon waste sludges. There are no territorial regulations or guidelines
governing the approval or operation of incinerators in Nunavut. There are also no Federal
regulations or guidelines for the operation of small incinerators for non-hazardous materials. If
incineration is selected as the preferred disposal method, a two-stage incinerator (as
recommended by the reviewer) would be used to ensure thorough combustion of the products
being incinerated.

Landfills

EC has no significant concerns with the design or cover materials chosen. However, as
indicated in Polaris Landfill Closure Plan it is recommended that further durability tests should
be undertaken to evaluate “shale” as a cover material. EC concurs that further durability tests
should be conducted in order to ensure long term stability of the cover materials from
freeze/thaw degradation.

TeckCominco Response

—  Originally when the Closure Plan was developed, it was anticipated that the material to construct the
landfill covers would consist of either gravel located adjacent to the Operational Landfill or shale
from the New Quarry. Both materials are available for use at the site. As the gravel is closer to the
Operational Land(fill, it is the preferred material for that location.

—  Shales are commonly known to be subject to slaking and it is assumed that this is the basis of the
question raised by the reviewer. However, the calcareous shales that are typical of the area around
the Polaris Mine are relatively competent. In practical terms, durability tests only simulate the active
layer processes. This is an over-estimation as diurnal freeze-thaw cycles at this latitude are limited.
In the event that the use of shale is selected for cover material, samples will be taken and submitted for
standard ASTM freeze-thaw and mechanical breakdown testing prior to being used.

Marine Study

There were indications of contamination of the marine environment surrounding the current
works at Polaris mine, however, no recommendations were provided as to how this might be
addressed. Understanding that the remediation of contamination in the marine environment may
cause more problems than it solves, EC recommends that further monitoring should occur to
determine if there is continued contamination into the future. For example, the site in front of the
operational landfill should be monitored.

TeckCominco Response

—  Pre-mining sampling of ocean sediments conducted by DFO indicates the presence of metals above the
CCME probable effects level (PEL) in some areas near the Polaris Mine site.

— In the area of Garrow Bay, no pre-mine data is available. Sampling conducted in 1999 by Gartner
Lee Ltd. indicates that in Garrow Bay, adjacent to the Operational Landfill, some sediment contain
metals concentrations above the CCME probable effects levels. While there is no information to
suggest or to dismiss that the metals levels in the sediments are related to the effects of the adjacent
Landfill, the Closure Plan proposes isolation of the Landfill in a manner that eliminates the potential
Jfor migration of metals contamination into the marine sediments.

—  The proponent agrees with the reviewer’s comment that in the marine environment attempts to
remediate metals concentrations in sediments would cause more problems than it solves.

—  The proponent agrees to monitor metals concentrations in sediments as recommended by the reviewer.
Refer to Attachment #8 for revisions to the proposed post-closure sampling plan. The sampling plan
includes sediment sampling at three locations upon the completion of remedial activities at the site in
2004 and again at the end of the proposed monitoring program in 201 1.

Monitoring

Post Closure Monitoring Phase | and Il provides a general understanding of what will be done.
However, there is need to develop a more detailed monitoring plan including the location of
stations, a list of parameters to be measured and frequency of sampling/observations for each



station. This is important when confirmatory testing of remediated soils is being conducted
during Phase | of the post closure monitoring program.

TeckCominco Response
—  Refer to Attachment #8 for a detailed description of the post-closure monitoring plans.

If you have any question or concerns please contact me at (867) 975 4639 or Email
lawrence.ignace@ec.gc.ca

Sincerely

Lawrence Ignace
EPB, lgaluit

cc. Stephen Harbicht, EPB, Yellowknife
Laura Johnston, EPB, Yellowknife



Attachment # 4

Department of Indian and Northern Affairs

By Michael Roy, dated October 26, 2001



Nunavut Regional Office
P.O. Box 2200
Igaluit, NU, XOA OHO Your file -

Votre référence

N4L3-0262

Ouir file - Notre référence

October 26, 2001

Rita Becker

Licensing Administrator
Nunavut Water Board
P.O. Box 119

Gjoa Haven, NU, X0E 1J0

Polaris Mine Decommissioning and Reclamation Plan

Indian and Northern Affairs Canada (INAC), water management division, is pleased to
present the following comments on Cominco=s Decommissioning and Reclamation plan for
Polaris Mines.

INAC believes that Cominco has conducted sufficient studies and have revised their
Decommissioning and Abandonment plan sufficiently over the years to remove any major
concern. The only small question we have remaining concerns a Aworse case= scenario for
Garrow Lake. Essentially, we would like a brief description of what Cominco plans to do should
the layers of Garrow Lake suddenly mix, whether prior to or after the removal of the Garrow
Lake Dam. Does Cominco plan on maintaining a dam indefinitely in such an event? Of course,
since this represents more an emergency or worse case scenario, only a small paragraph or
two would be required, not an overly detailed plan.

TeckCominco Response

—  Environment Canada’s submission contains questions regarding the stability of Garrow Lake. A
comprehensive response has been provided that discusses the potential metals concentrations in the
surface layer of Garrow Lake under several different mixing scenarios. Even in the unlikely case of
mixing the top two metres of the halocline with the surface layer, the surface water quality of Garrow
Lake would not cause harm to the aquatic environment and would require no contingency action.
Refer to Attachment #9 in which Paul Erickson (AXYS Environmental Consulting Ltd.) discusses this
issue in detail.

Also, INAC is aware that Environment Canada (EC) recommends that Cominco maintain
the dam for 5 years after drawing down Garrow Lake back to its original level. The purpose of
this is to monitor Garrow Lake and see if the results of the draw down match those predicted by
Cominco=s models before removing the dam. Seeing how the draw down of Garrow Lake is an
unusual procedure and the predicted results are in no way assured, there is definitely merit to
EC=s suggestion. However, asking Cominco to return with heavy equipment 5 years later to
remove the dam may be impractical. Although a 5 year study is certainly preferred, INAC is
willing to accept a compromise; maintain the dam until everything else has been dealt with
during the abandonment and restoration process. The removal of Garrow Lake Dam would
therefore be the final step in the abandonment and restoration of Polaris Mine, just prior to the
final evacuation of all the heavy equipment.



TeckCominco Response

—  The proponent agrees with the reviewer that leaving the dam in place for a 5-year period to monitor
the lake is impractical. Removing the dam in 2004 does not represent a risk to the aquatic environment
in the proponent’s and consultants opinion as outlined in Attachment #3 (Submission from
Environmental Protection Branch).

—  The proponent has revised its Closure Plan so that the dam removal is scheduled for the spring of
2004 which is the final year that contractors are planned to be working at the site.

—  TeckCominco has proposed to decommission the dam by removing only part of the dam. This
preserves the ability to re-construct the dam more easily than if it were completely removed.

— Inresponse to Environment Canada’s submission, TeckCominco proposed that if monitoring results
identify a significant departure from the predicted water quality over two successive sampling periods,
TeckCominco will discuss with the Water Board and through it, to other regulatory agencies, the
course of action that may be necessary. If there is concern for the water quality exceeding the
applicable standards, then one of the options that will be considered is the re-construction of the dam
for the purpose of temporarily preventing discharge while a solution is implemented.

According to Cominco=s closure schedule (Table 2.1), the draw down of Garrow Lake
will end in 2002, when the waters level will be below its original level to allow the removal of the
dam. The removal of the dam should take place in 2003, and the heavy equipment will be
removed on November 30, 2004. With the compromise suggestion, Garrow Lake will hopefully
be finished be being drawn down to its natural level by early 2002, the lake could be monitored
during the remainder of the season of 2002 and throughout 2003. In 2004, Cominco could
finish drawing down the lake to levels adequate enough to remove the dam. The dam could
therefore be removed in the fall of 2004 provided the accumulated data indicates the lake is
stable.

TeckCominco Response

—  Drawing down Garrow Lake to restore its original elevation will not be completed until 2003 with
removal of the dam planned to occur in 2004. This is the last year that TeckCominco will have
equipment on the island.

—  While dam removal is being proposed for the year following completion of draw down, there is a two
year period between cessation of depositing tailings into the bottom of the lake and the removal of the
dam. During this period, the concentrations of Zn in the surface layer of the lake will continue to
decrease. In 2004, immediately following dam removal, even if the top two metres of the halocline
were to mix with the surface layer (a highly improbable event), the resulting concentrations of Zn in
the surface layer would be 0.31 ppm. This concentration is 38% below the concentration of Zn
permitted under the current water licence (0.5 ppm).

If you have any question, please feel free to contact me at your earliest convenience.

Sincerely,

Original Signed By:

Michael Roy

Baffin Regional Coordinator, Water Management
INAC - Nunavut Regional Office

P.O. Box 2200, Igaluit, NU, X0A OHO

(867) 975-4555

fax: (867) 975-4560

roymjp@inac.gc.ca




Attachment # 5

Department of Fisheries and Oceans

By Jordan DeGroot, dated October 26, 2001



I*I Fisheries Péches
and Oceans et Océans

Fish Habitat Management
P.O. Box 358

Iqaluit, Nunavut

X0A OHO

Oct 26th, 2001

Bruce Donald

Teck Cominco Ltd.

Bag 2000, Kimberly B.C.
Canada V1A 3E1
Phone: 250-427-8256
Fax: 250-427-8206

RE: Polaris Mine - Decommissioning and Reclamation Plans

Dear Mr. Donald:

This letter is to advise that Department of Fisheries and Oceans staff have reviewed the above
plans. Department of Fisheries and Oceans-Fish Habitat Management (DFO-FHM) concerns
include decommissioning of the dock and adjacent shoreline, and removal of the Garrow Lake
Dam. Additional information on the decommissioning plans will be required prior to issuance of
a Fisheries Act authorisation:

Decommissioning of the Dock - Although plans to remove the dock with recontouring of the
shoreline to approximate natural shoreline slope is considered the preferred alternative,
additional detailed, finalized construction information and finalized blasting plans are required.

TeckCominco Response
—  Detailed information is provided in following sections of this submission in the same order that the
specific comments are identified.

Removal of the Garrow Lake Dam - Information is also required regarding the timing and
construction methods used to remove the dam. Teck Cominco Ltd. does not provide sufficient
assessment of the more environmentally acceptable alternative of complete dam removal and
site rehabilitation. Moreover, there is good reason to defer decommissioning actions on the
dam until the natural surface water elevation of Garrow Lake has been restored and monitoring
reveals that erosion of the halocline and mixing with the surface waters will not occur and
contaminants will be retained at depth.

TeckCominco Response

—  As above, detailed responses to the reviewer’s questions have been inserted in subsequent sections of
this letter in response to specific comments.

—  The proponent does not agree with the comment that there is ‘good reason to defer decommissioning
actions on the dam’ or that complete removal is more environmentally acceptable.




In addition to the above, DFO-FHM has yet to receive a “No Net Loss” plan from Teck Cominco
Ltd. An acceptable “No Net Loss” plan, outlining compensation measures, will be required prior
to issuance of a Fisheries Act Authorisation.

TeckCominco Response

1. The application for authorization by the proponent involves two distinct and separate projects. The
proponent’s objectives in both projects are to restore rather than to harmfully alter fish habitat. While
mitigative measures are required to protect habitat while the restoration work is in progress, the
objective is to avoid Harmful Alteration, Disruption, or Destruction of Fish Habitat (* HADD’). The
proponent believes the submission of a no net loss plan at this stage is premature for the following
reasons:

a) TeckCominco believes that DFO views the lowering of Garrow Lake as an activity that has the
potential for HADD. It is unclear to the proponent whether DFO'’s concern for HADD relates to
Garrow Lake aquatic habitat or effluent water quality from the lake into Garrow Bay or both. In
addition, it is not clear to the proponent what specific elements of the habitat require protection.

i. If'the concern for HADD relates to loss of fish habitat due to reducing the area of the surface
layer in Garrow Lake, the proponent does not agree. Referring to the ‘Decision Frame Work
for the Determination and Authorization of Harmful Alteration, Disruption or Destruction of
Fish Habitat’ by the Department of Fisheries and Oceans Habitat Management and Science
(1998), states:

‘Consequently, when reviewing project proposals, habitat managers strive, pursuant to
the No Net Loss guiding principle, to maintain the current productive capacity of fish
habitats supporting Canada’s fishery resources, such that the habitat is able to produce
fish suitable for human consumption.’
There is no current or historical fishing of Garrow Lake for either sport or human
consumption as there has never been any fish of interest for either sport or human
consumption. It is the proponents understanding that recent legal interpretations of the
Fisheries Act have identified this as a key issue in the determination of whether a project
presents a HADD.
Additionally, in 1981 Garrow Lake was designated as a ‘tailings impoundment area’ under the
Metal Mining Liquid Effluent Regulations by the Minister of Fisheries and Oceans.

ii. If the concern for HADD relates to the water quality of the surface layer of Garrow Lake
discharging into Garrow Bay, the proponent does not agree that there is a HADD. In the
remainder of this letter, we have provided detailed responses to reviewers’ questions and/or
comments related to the water quality issues. The proponent maintains that the metals
concentrations in the surface layer of Garrow Lake and the discharge from Garrow Lake will
not only remain within current Water Licence and other regulatory requirements but will
improve subsequent to cessation of tailings being deposited into the bottom of the lake.

b) The second component of the remedial plan is to restore the dock and adjacent shoreline to a
more stable and natural configuration. The proponent has proposed this work with the specific
objective of improving aquatic habitat. It is our understanding that DFO also views this proposal
as beneficial provided appropriate mitigation methods are utilized during the work process. It is
our understanding that DFO does not view this as a HADD contingent on appropriate
construction methods being utilized.

2. The proponent requests further discussions with DFO in resolving the issue of whether or not there is

a HADD.

— Ifitis determined that there is a HADD, then discussions would be requested to develop an initial
scoping of a compensation plan. Ultimately, the objective in this circumstance would be to
develop a formal Approval in Principal (‘AIP’) in which a letter is issued by DFO outlining their
conditions for the approval. A compensation plan would be part of this approval.

— Ifit is determined that there is no HADD or if HADD can be prevented through a series of
mitigative actions, then in discussions with the proponent, DFO can develop and issue a ‘Letter of
Advice’ under which DFO agrees what actions are required to prevent a HADD. The proponent
is of the opinion that there is no HADD and that a Letter of Advice is the appropriate approach.
The letter would contain requirements for mitigative actions rather than compensation.

If you have any questions concerning the attached comments, please contact me at (867) 979-
8007 or by fax at (867) 979-8039.



Sincerely,

Original Signed by:

Jordan DeGroot

Habitat Management Biologist

Fish Habitat Management

Department of Fisheries and Oceans- Eastern Arctic Area



Comments provided by Bruce Fallis on decommissioning of the dock, Garrow Lake Dam
removal, and Garrow Lake water quality:

Dock Removal
“Teck Cominco Ltd. Report for: Decommissioning of Dock Facilities at Polaris Mine Little
Cornwallis Island, Nunavut’ Revision 1, October 2001, Westmar Consultants Inc.

The cover letter dated October 4, 2001 refers to “Revision 2 of our report” but the title page of
the report states “Revision 1”. If an updated version of the report is available, it should be
provided.

TeckCominco Response
—  The cover letter from Westmar referred to Revision 2 of their report in error. The attached report
referred to (Revision 1) was the most current version.

The proposal to remove the refrigerant from the cells of the dock requires greater detail with
respect to the nature of the refrigerant, the quantity of refrigerant to be recovered, the manner in
which the refrigerant will be removed, and the ultimate method of disposal of the refrigerant.

TeckCominco Response
— A review of the type and potential quantity of refrigerant, a detailed protocol for removal and methods
of disposal completed. Attached is a memo describing this information in detail (Attachment #11).

Plans for removal of the styrofoam used against the interior of the piles should also be provided.

TeckCominco Response

—  The styrofoam is above the water line only, and is comprised of sheets that are 10 ft. long, 2 ft. wide
and 4 in. thick.

—  The frozen fill will be excavated while the sheet piles are still in place, although some of the fill along
the sheet piles will remain in place as long as possible to keep the interior as dry as possible during
excavation.

—  The styrofoam sheets will likely come out in large sections, but may be damaged from drilling,
blasting, excavation and pile extraction, and so smaller pieces may be broken off from the larger
sheets . Pieces of styrofoam that are not removed by machine will be removed by hand and disposed of
at the land disposal site. Pieces of Styrofoam will not be allowed to enter the environment.

The proposal to cut off the steel cell sheeting should be submitted to the Canadian Coast guard
for review to ensure that the depth below the low tide level at which the cells will be cut, meets
their specifications under the provisions of the Navigable Waters Protection Act.

TeckCominco Response

—  Find attached a letter from Rick McLean A/Superintendent, Navigable Waters Protection, Coast
Guard, Central and Arctic Region (Attachment #12). Mr. McLean reviewed the permits held with the
Coast Guard and states that they have no interest in the project so long as the sheet piles are either
extracted or cut off at least 2 metres below low tide level and the beach is re-profiled to minimize
erosion.

Details are needed with respect to the nature of the “rejects from the mine operation” that were
disposed of in the dock cells and whether the level of excavation in the cells during
decommissioning will leave such rejects exposed, causing leaching of contaminants into the
ocean. If much of the dock fill to be left in place consists of “mine rejects” it should be removed
and disposed of underground.



TeckCominco Response

—  Originally there was uncertainty regarding the source of the material to fill the dock cells. We have
since acquired a video showing construction of the dock with the fill coming from the berthing area of
the barge. We have also received a letter from Jean Barthe of Tower Arctic (who constructed the dock
cells) confirming that the fill material originated from the barge berthing area excavation (Attachment

#13).

Pg. 1- The “detailed design work” advocated as being necessary prior to decommissioning is
not a part of the report provided. Such information should be submitted IN ADVANCE of any
approvals being granted to proceed. Mitigation methods to be employed to reduce sediment
dispersion have not been detailed.

TeckCominco Response

—  Pg 1 of the report recommends the following design work be done prior to decommissioning:
1. Prepare detailed hydrographic surveys surrounding the site.

—  Detailed hydrographic surveys were originally taken in order to design and install the dock
facilities. As the option selected for decommissioning the dock involves excavation of shore
material to a maximum of 2 metres below low tide elevation, there is no need for further
hydrographic surveys to be conducted.

2. Incorporate the remedial excavation proposed by Gartner Lee Ltd.

—  Westmar Consulting Engineers (‘Westmar’) have revised their drawings to reflect the
remedial excavation proposed by Gartner Lee Ltd. These revised drawings are attached
(Attachments #14).

3. Finalize the excavation plane to minimize cut and fill volumes.

—  Refer to item #2. above for the appropriate drawings (Attachment #14).

4. Develop detailed procedures for excavation process to ensure protection of the aquatic

environment

—  There are four components of the decommissioning plan that require protocols to protect the
aquatic environment:
i.  Removal of glycol from freezing pipes located in the dock.

The procedure is described in Attachment #1 1.

ii. Blasting of fill to be removed

Blasting will be minimized as much as possible. During the summer when the active
layer has thawed, surface layers of fill can be removed without blasting. Then the
next layer of fill will gradually thaw and can then also be removed without blasting.
This process will be repeated if the thawing is efficient. Until this process is
attempted, it can not be determined how successful it will be. Blasting will be used
as a last resort and will be done during the early winter as discussed later in this
letter.

iii. Sediment Control

The majority of the fill to be removed is located within the sheet pile cells in the dock
area. During removal of the fill from the cells, the sheet piles will remain in place at
an elevation higher than the fill. This will ensure that there is always a physical
barrier between the fill being removed and the ocean.

In areas of the shore where there are no sheet piles to act as a silt barrier,
excavation below sea level will be sequenced so there is a berm of undisturbed fill
between the excavation and the ocean. The berm will be the last material below sea
level to be removed. A conventional silt barrier would not be functional due to
damage from random ice flows that come and go during normally ice-free periods.
Where blasting is required to loosen fill, it will be done during the period of the year
when the ocean is ice covered. In these conditions the ice will form a barrier to
prevent fill from spilling into the ocean.

The new shoreline will be graded to make it a smooth as practical to minimize the
rate of erosion once it is exposed to wave action. A key aspect of the design
parameters of the shoreline is the flat slope of the new shoreline to minimize erosion
rates.

In addition to the contractor’s supervision, TeckCominco will assign an
environmental monitor to regularly observe the work while in progress to ensure



procedures are being followed. The observer will also monitor for signs of any
sediment getting into the ocean and will have the authority to direct the contractor to
take appropriate action.

iv. Prevention of hydrocarbon spills during the work process

—  Equipment working on the foreshore or in the water will be inspected for potential
hydrocarbon leaks and necessary repairs made. Any equipment working in the
water will be steamed to remove surface oils and greases.

—  Spill kits (hydrocarbon containment / absorbent booms) will be available in the event
of a hydrocarbon spill. Operators and supervisors working near the shoreline will
have training and written procedures to follow in the event of a spill.

—  No equipment will be refueled or greased within 50 metres of the shoreline.

— In addition to the contractor’s supervision, TeckCominco will assign an
environmental monitor to regularly observe the work while in progress to ensure
procedures are being followed.

Pg. 3- The extent of the area of contaminated surface material to be deposited underground
should be identified along with the techniques to be used to differentiate between contaminated
and uncontaminated materials.

TeckCominco Response

— In addition to the area around the mill and product storage building, the area of the dock and
shoreline targeted for reconfiguration will have contaminated surface materials removed. The
contaminated surface layer has been caused by spillage and/or tracking of fine-grained concentrates
from the mill, concentrate storage and concentrate load out conveyor system. Once this layer has been
excavated and transported back to the mine, the underlying dock fill will consist of uncontaminated
rock originating from the barge berthing area.

—  As the surface layers of fill are removed, field screening methods will be used to assist in identifying
the separation of the contaminated surface fill from the underlying clean fill. The site currently has a
laboratory that is adequate for screening level testing of fill, but it is assumed that it will not be
practical to maintain this capability through to the end of the reclamation project. If an on-site lab is
not practical, there are electronic tools commercially available that would be adequate for use as a
screening tool. A tool such as a NITO 700 Series Multi-Element Analyzer could be utilized. The
NITON instrument is a hand held analyzer that utilizes a radioisotope source to analyze for 15 metals
(including Pb and Zn) and is specifically designed for this type of application. It reads bulk soil
samples and is rated to detection limits of less than 150 mg/kg for zinc and less than 70 mg/kg for lead.
A PID will be used as a field screening tool for hydrocarbon contamination.

— Once the screening tools indicate that the contaminated surface materials have been removed,
confirmatory samples will be collected and shipped to a licenced commercial laboratory for
confirmation.

Materials associated with decommissioning of the temporary dock should also be disposed of
underground, since the rock associated with this structure was originally identified as being well
mineralized (Pb and Zn).

TeckCominco Response

—  Any mineralized rocks located above or within a metre of the low tide elevation will be removed and
disposed of underground. Some of the rip-rap used to control erosion along the shoreline have been
identified as containing mineralization and will be removed.

While alternative proposals may be appropriate, regulators will base approval on plans that are
approved prior to commencement of work and any deviation from such plans should receive
approval prior to implementation.

Pg. 12- It is indicated that rip rap of the dimensions required is not available in any quantity on
Little Cornwallis Island, however no alternative source for such materials is suggested. The
source for the materials needed should be specified.



TeckCominco Response
—  Alternate sources of rip-rap off-island have not been identified for several reasons:
a) A source for rock off Little Cornwallis Island would require mobilizing equipment crews to a new
site, requiring the following to enable mining of rip-rap:
— anew dock at that site
—  shelter for the crews
fuel storage
maintenance facilities
—  roads from the quarry to the dock and site facilities
A new quarry would need to be developed, rock blasted, the rip-rap loaded on a barge,
transported back to Little Cornwallis Island, and then finally off loaded and placed along the
shores.
b) Both new land leases and a mining lease would be required prior to disturbing a new site on an
adjacent island. This is a difficult task in itself.
¢) Encapsulating the dock with rip-rap was viewed as unacceptable option due to the large area of
habitat on the ocean floor that would be buried by the placing of the rip-rap.
d) Clearly the costs to do the above work would be prohibitive.

Pg. 14- Once again, the contingency measures to be implemented to minimize sediment
dispersal need to be specified along with the site(s) selected for disposal of excavated
materials.

TeckCominco Response
—  Refer to response to comments regarding Pg. 1 above for discussion of sediment control plans.

—  Contaminated fill will be disposed of in the mine as detailed in the drawings in Attachment #10. Clean
Sfill will be used for re-contouring up-slope areas of the dock.

Pg. 15- The methods for distinguishing the materials that are contaminated with concentrate
dusts should be specified.

TeckCominco Response
—  Refer to comments related to Pg. 3 of this submission above.

The “detailed final blasting design” should be part of the proponent’s application for a Fisheries
Act Authorization and be evaluated and approved in advance of issuance of any Authorization.

TeckCominco Response

—  Blasting in the area of the dock is both very expensive and very complex to ensure that there is no
harm to the aquatic environment. The complexity of the design is apparent from Appendix H of the
Westmar report ‘Decommissioning of Dock Facilities at Polaris Mine, Little Cornwallis Island,
Nunavut — Revision 1’ (Attachment # 15) submitted by Westmar with their report on decommissioning
the dock. Pacific Blasting has also provided us with a specific example (Attachment # 16) of the
details required to blast a row located approximately 7 metres from the outside edge of the dock
structure. The example shows holes 7.9 metres deep, 7 explosive decks per hole with a maximum
charge weight per delay of 5 Ibs. Each row blasted requires each one of these parameters to be
changed due to changing distances from the ocean and changing hole lengths.

—  If TeckCominco is required to submit a ‘detailed final blasting design’ it would be necessary to assume
that the entire quantity of fill to be removed would be blasted. This would require 34,500 kg of
nitroglycerin type explosives. If TeckCominco were successful in removing even 1 metre of fill by non-
blasting methods, then the entire blast design would need to be completely redone.

—  TeckCominco intends to remove as much of the fill as possible by mechanical means by cyclically
stripping the active layer as it thaws. This will involve the removal of thawed active layer as the
permafrost table degrades. It is unclear at this time if this approach will be efficient, however it is the
view of TeckCominco that this approach will minimize potential environmental impact. Given the




above, it is unclear the extent of blasting that may be actually be required and as a result it is not
reasonable to provide a ‘final’ blast design at this point in time.

— It is proposed that, as the requirements for blasting evolve during the decommissioning of the dock, a
detailed blasting plan is submitted at that time that would comply with the design parameters proposed
in Attachment #15.  This would be submitted for final approval from DFO in advance of the work
being conducted. This is normal practice within the BC Coastal region where blasting in and around
aquatic environments is not an uncommon occurrence.

Pg. 17- The timing of the detailed topographic survey needed to finalize the cross-sections and
volumes for detailed design, tendering and construction should be indicated. Review of the
finalized construction plans is a prerequisite to the issuance of any Fisheries Act Authorization.
The timing of the detailed topographic survey is critical in this regard.

TeckCominco Response

—  Topographic surveys have been completed. Westmar has utilized this information in conjunction with
information on remedial excavations to develop final cross-sections that will be given to contractors to
direct their work. The cross-sections are provided in Attachment #14.

Pg. 18 4" bullet - Uncertainty is expressed here with respect to how the sheet piles will be
decommissioned. Clarification is needed so that the proposal may be assessed by the
Canadian Coast Guard with respect to the need for permitting under the Navigable Waters
Protection Act.

TeckCominco Response

—  The Coast Guard has approved both the removal of the sheet piles or cutting them off provided they
are at least two metres below low tide elevation. Refer to Attachment #12 (Letter from R. McLean of
the Coast Guard).

In summary, removal of the dock with recontouring of the shoreline to approximate natural
shoreline slope is considered the preferred alternative, pending the provision of additional
detailed, finalized construction information and finalized blasting plans.

Garrow Lake Dam Removal

“Garrow Lake Dam Decommissioning, Polaris Mine Operations, Nunavut’, Project No. 0101-94-
11552.002. Prepared by EBA Engineering Consultants Ltd. Edmonton, Alberta. March 2001

This report needs to be reviewed in the context of the history of the Polaris operation, taking into
consideration that Garrow Lake was designated as a tailings impoundment area for use in
depositing tailings at depth below the natural halocline in Garrow Lake. Failure of Cominco’s
tailings line resulted in the discharges of tailings into the surface waters of Garrow Lake and the
elevation of lead and zinc concentrations. In order to meet the discharge limits at the outflow of
Garrow Lake, the dam on Garrow Creek was constructed. It is this very dam that is the subject
of the report. The report advocates the formation of a cut through the dam to restore the
Garrow Creek flow path. The report does not present a cost-benefit analysis associated with
total removal of the dam vs. making a cut through the dam to reinstate flow to Garrow Creek.
Such a cost benefit analysis should be provided. In the absence of such an analysis, the entire
dam should be removed and the affected area decommissioned to its pre-construction state. If
the tailings system had been operated as intended, there would have been no need to construct
the dam. If it is decided to leave the dam in place, Teck Cominco Ltd. should post an
irrevocable letter of credit to cover the cost of the removal of the dam. Any liability for the dam
should not be passed on to future generations. Since the amount of material to be removed for
the cut through the dam is more than a third of the total volume of material in the dam, removal
of the entire dam would appear to be both logical and cost effective.



TeckCominco Response

—  Attachment #17 from A. Eglauer of EBA Engineering Consultants Ltd. (‘EBA’) includes a cost benefit
analysis of complete removal of the dam compared to partial removal of the dam. Complete removal
of the dam would at least double the cost and does not provide any additional environmental benefits.

—  Within this submission and the submission from Environment Canada there are requests for a
contingency plan in the event that the water quality discharged from in Garrow Lake becomes
unacceptable. The Closure Plan proposes to remove only approximately 30% of the Garrow Lake
dam. If it were to become necessary to re-construct the dam, logistically and from a cost standpoint,
the reconstruction is much more practical if the majority of the dam remains intact after closure as
proposed.

Timing of the decommissioning actions is critical to the success of the undertaking. It is
suggested that the work be conducted in early spring prior to the thaw to optimize vehicle traffic
under frozen conditions.

TeckCominco Response

—  The proponent agrees with the reviewer’s comments with regard to the timing of the dam removal.
Attachment #17 from EBA also recommends removal of the dam during winter months.

Drilling and blasting is proposed for the removal of materials but there is no assessment of the
effects of blasting on the integrity of the remaining structure if the entire dam is not removed.
Such an assessment should be part of the suggested cost-benefit analysis.

TeckCominco Response
—  The effects of blasting are not of concern with respect to stability of the remaining dam structure. EBA
included this aspect in their cost-benefit analysis presented in Attachment #17.

There is good reason to defer decommissioning actions on the dam until the natural surface
water elevation of Garrow Lake has been restored and monitoring reveals that erosion of the
halocline and mixing with the surface waters will not occur and contaminants will be retained at
depth. Once the dam is removed, there is no contingency identified to restrict movement of
surface waters enriched with lead and zinc out of Garrow Lake. The target discharge
concentrations at the outflow of Garrow Lake at decommissioning should be based on the
ALARA principle and preferably comparable to pre-development concentrations. Designation of
Garrow Lake as a tailings impoundment area was based on the understanding that “Cominco
Ltd. has undertaken to dispose of tailings in such a manner ... that the surface layer of Garrow
Lake remain substantially unaltered.” The fact that the surface waters of Garrow Lake have
been substantially altered, necessitates that a plan be provided identifying the strategies to
minimize contaminant discharges upon decommissioning. No forecast of the total loadings of
contaminants that will be discharged from Garrow Lake subsequent to cessation of tailings
disposal has been provided. Such an estimate should be part of the decommissioning plan.

TeckCominco Response
a) With respect to comments that the surface waters have been ‘substantially altered’

—  Garrow Lake was designated as a ‘Tailings Impoundment Area pursuant to Subsection 5(2) of The
Metal Mining Liquid Effluent Regulations’ (‘MMLER’) under the Fisheries Act by the Minister of
Fisheries and Oceans in 1981. As DFO has defined this lake as a tailings impoundment, the
criteria specified in MMLER regulations are the controlling regulatory values. Within the context
of the MMLER, the proponent disagrees with the reviewer that the surface layer of Garrow Lake
has been ‘substantially altered’. The metals concentrations within the surface waters have never
exceeded the levels permitted in the MMLER.

—  The concentrations of zinc in the surface layers of Garrow Lake have consistently remained below
thresholds for the protection of aquatic life. The metals concentrations in the surface water have
never exceeded the current Water Licence permit levels (0.5 mg/L). Other standards for zinc for
the protection of aquatic life support this concentration. BC’s Water Quality Criteria (1998
updated January 2001) recognizes that the toxicity of zinc is related to the hardness of water. The




b)

hardness of water measured in mg of CaCos/L in the surface waters of Garrow Lake were
reported by BC Research to be 700 mg/L using 1975 data. The 30 day average concentration for
zinc for the protection of aquatic life would be 0.47 mg/L at this hardness. Recent sampling and
analysis by Polaris staff indicates the water is at least as hard as previously reported. The CCME
guideline for zinc is much lower at 0.03 mg/L but it does not provide for the mitigating effect of
hardness.

The reviewer comments that target discharge concentrations at the outflow of Garrow Lake at

decommissioning should be based on the ALARA principle.

— The ALARA principle was developed in relation to protecting people working primarily in the
nuclear industry from radiation hazards. It advocates keeping exposures as low as reasonably
possible taking both economic and social factors into account. The proponent is not aware of the
Federal Government adopting this principle as a formal policy in the application of DFO
regulations.

—  As described in a memorandum from Mr. Paul Erickson of AXYS Environmental Consultants
(Attachment #9), the discharge concentrations from Garrow Lake do not pose a significant risk
under any reasonable scenario. The potential for mixing of the top two metres of the halocline are
very low, but even if that unlikely event were to occur, concentrations of metals in the surface
layer of water discharged into the ocean would not pose a threat to aquatic life. Mr. Peter
Chapman and Ms. Cathy McPherson of EVS Environment Consultants were asked to comment on
the potential effects of the discharge water quality from Garrow Lake on Garrow Bay marine
organisms. Their comments are provided in Attachment #18. In summary they state:

‘Even assuming that worst case predictions regarding zinc concentrations in Garrow
lake surface waters were to occur, removing the tailings dam to allow surface waters to
flow into Garrow Creek and thus into Garrow Bay, will not create any risk of harm to the
marine organisms in Garrow Bay.’

The reviewer states that the dam should be left in place as a contingency until the natural water

elevation is restored and it can be demonstrated that mixing of the surface layer with the halocline will

not occur.

—  This is not necessary for protection of water quality (as discussed in both (a) and (b) above).

—  TeckCominco has been sampling the water quality of Garrow Lake for excess of 20 years and has
invested in a comprehensive model that has been regularly updated. This provides TeckCominco
with a high degree of certainty in regards to predictions in terms of water quality objectives and
the behaviour of Garrow Lake upon closure of the Polaris Mine.

—  The cost of leaving the dam in place is substantial. It is also impractical from a logistics
perspective. Leaving the dam in place after the island is abandoned would require personnel
returning to the island each discharge season, establishing a camp and remaining on the island to
operate the siphon system. This would be required on an annual basis until the decision is made
to remove the dam. At that time, substantial heavy earth moving equipment, crews, a camp and
fuel storage facilities would need to be re-established on the island. Roads would either need to
left intact after mine closure or need to be re-activated to transport fill removed from the dam to
the designated disposal area in Little Red Dog quarry.

—  The Closure Plan proposes that Garrow Lake dam to be decommissioned by partially removing
the dam. This in itself is a contingency. If conditions were to occur that required containment of
the lake surface waters, it would be possible to reconstruct the dam, as approximately 70% of the
material would still be in place.

— If during or after mine closure, monitoring results identify a significant departure from the
predicted water quality over two successive sampling periods, TeckCominco will discuss with the
Water Board and through it, other regulatory agencies, the course of action that may be
necessary. If there is concern for the water quality exceeding the applicable standards, then one
of the options that will be considered is the re-construction of the dam for the purpose of
temporarily preventing discharge while a solution is implemented.

The reviewer recommends that forecasts of the total loading of contaminants that will be discharged

from Garrow Lake subsequent to cessation of tailings disposal should be part of the decommissioning

plan.

—  Mr. Erickson has updated his forecasts utilizing SNP data collected in 2001 and extended time
frame for the water quality forecasts originally presented in the Closure Plan. Utilizing this data,
Mpr. Erickson has developed a metal loading forecast for the potential metal of concern (Zn) as
requested by the reviewer. This information is provided in Attachment #9.



Appendix B

Section 1000 pg. 1 item 3 - It is indicated here that “tailings were deposited in the reservoir
upstream of the dam”. The fate of these tailings as part of the decommissioning process needs
to be detailed. Clarification is needed as to whether tailings are present in the area between the
historic outlet of Garrow Lake and the upstream dam face.

TeckCominco Response
—  The tailings referred to in the above section are the tailings deposited into Garrow Lake as per the
Water Licence. It would have been clearer to refer to this as Garrow Lake rather than ‘in the

reservoir upstream’. At no time have tailings been deposited in the area between the dam and Garrow
Lake.

Section 1001 pg. 1 3.0 - In addition to a coffer dam, discharge during construction should
be managed with a small diameter siphon that enables work in the vicinity of the dam to be
conducted under dry conditions.

TeckCominco Response

—  As an update to the plan, removal of the dam will be scheduled for early spring conditions when there
is no water flowing. If there is any residual work to be later, then any flowing water will be diverted
around the work as a sediment control strategy. A pump or small diameter siphon would be used
under these conditions.

Section 1002 2.0.2 b - Excavation plans require finalization and approval prior to
implementation.

TeckCominco Response
—  The proponent agrees.

Section 1002 3.0 - “non-conventional excavation” methods should be submitted for approval at
least five business days prior to proposed implementation.

TeckCominco Response
—  The proponent agrees.

Garrow Lake Water Quality

“Garrow Lake Dam, Effect of Removal on Lake Stability and Outflow Water Quality”, Prepared
by AXYS Environmental Consulting Ltd. and Applied Ocean Sciences, March 2001.

This report assesses the possibility of halocline erosion and tilting in Garrow Lake subsequent
to the return of the lake to its historic elevation (1005.7 m?). While the model predictions
indicate that it is unlikely that the waters below the halocline will mix into the surface layer there
appears to be no monitoring program to assess the validity of the model predictions subsequent
to restoration of the lake to its historic level. Vertical profiles of water chemistry within the lake
should be undertaken annually in order to verify that the modeled predictions are correct. In this
regard, removal of the dam or opening of a cut through the dam, should be deferred. Once the
dam is removed there is no contingency presented to address elevated contaminant levels that
may arise in the surface waters of Garrow Lake. Deferred removal of the dam would provide a
contingency plan should it be needed. During the monitoring period, siphoning over the dam at
a rate comparable to the historic Garrow Creek flow could be undertaken.



TeckCominco Response

The historic lake elevation is 1005.7 m.

There has been regular monitoring of the vertical profile of the lake conducted 3 times per year as per
requirements of the water licence. This has been done while the lake has had both an increasing and a
decreasing thickness of the surface layer.

The Closure Plan for Polaris contains proposals for monitoring of the lake as recommended by the
reviewer (Section 7.1 ‘Post Closure Monitoring’ in Volume 1). The monitoring plan has been
subsequently updated specifying more detail and is presented in Attachment #8. This was done in
response to reviews of the Closure Plan conducted by Environment Canada.

The only mechanism that can supply the energy to mix the surface layer of Garrow Lake with the top of
the halocline is wind energy. Paul Erickson of AXYS in his memorandum (Attachment #9) discusses the
low probability of the top 2 metres of the halocline mixing with the surface layer of Garrow Lake.
Using wind data from 1961 to 1990, the peak wind speed measured that lasted for approximately one
hour was 105 km/hr. This peak wind speed would need to be continuously sustained for a 2.5 hour
period to cause mixing of the top 1 metre of halocline. To mix the top 2 metres of the halocline a
storm event would need to maintain a maximum wind speed of 105 km/hr continuously for at least 8
hours. At the same time, the storm event must also occur during the brief (or some times non-existent)
ice-free period on the lake and the direction of the wind would need to be aligned along the length of
the lake. Even if this highly unlikely event were to occur, the resulting zinc metal concentration in the
surface layer of the lake would be 0.31 ppm compared to the current licence limit of 0.5 ppm. In
addition, as the mine will not be placing water and tailings into Garrow Lake upon cessation of mining
activities, both the quantity of water and the concentration of metals discharged from the lake will be
reduced. As a result, metals loading discharged from the lake will be even lower.

Peter Chapman and Cathy McPherson of EVS (Attachment #18) have reviewed the potential loading
data and conclude that there is a lack of risk to aquatic life even if mixing of the top 2 metres of the
halocline were to occur. In summary they state:

‘Even assuming that worst case predictions regarding zinc concentrations in Garrow lake surface
waters were to occur, removing the tailings dam to allow surface waters to flow into Garrow
Creek and thus into Garrow Bay, will not create any risk of harm to the marine organisms in
Garrow Bay.’

The proponent strongly disagrees with the suggestion that the dam remain in place beyond 2004. The
available data and facts do not identify a significant risk in partially removing the dam as planned. As
previously identified by TeckCominco, the requirement to maintain the dam in place after 2004 would
be extremely expensive and logistically impractical.

The extent to which the area between the historic Garrow Lake outlet and the east face of the
dam have been contaminated since construction of the dam has not been addressed. The
potential for mobilization of contaminants from this area subsequent to restoration of the historic
level of Garrow Lake should be addressed.

TeckCominco Response

The proponent assumes the above comment relates to the previous reference to’ tailings being
deposited in the reservoir upstream of the dam’ ( Appendix B, Section 1000, pg. 1 item 3 of the Garrow
Lake Dam Decommissioning report by EBA). As indicated earlier, this refers to the deposition of
tailings into Garrow Lake as per the conditions in the Water Licence. It was not intended to refer to
deposition of tailings into the flooded area between the dam and the lake, which has never occurred.

The extent to which the inundated shoreline of Garrow Lake is likely to erode due to meltback of
the permafrost has not been addressed. In the early 1970’s Kuhulu Lake east of the Nanisivik
Mine suffered this fate after a dam at the outlet of the lake was removed and the water level was
lowered. Increased erosion around the perimeter of the lake does not appear to have been
factored into the Garrow Lake stability modeling (increased TSS and TDS, increased settling of
particles, etc.)



TeckCominco Response

The elevation of Garrow Lake is being reduced gradually over a number of years. This allows for
gradual exposure of the shoreline and the re-establishment of permafrost to pre-mining conditions.
The situation at Kuhulu Lake is not comparable to Garrow Lake. In Kuhulu Lake, the dam at the
outlet of the lake failed catastrophically resulting in a sudden draw down of the lake. The shoreline
was re-exposed in a very short period of time not allowing for either draining of the saturated
shoreline materials or the re-establishment of permafrost. It is not clear whether the erosion of
concern at the lake was the result of the shoreline being re-exposed in a short time period or the
scouring of the old creek bed from the flood event resulting from the dam failing. The information
related to Kuhulu Lake is discussed in the letter from EBA in Attachment #17.

As proposed by EBA in Attachment #17, the proponent has modified the monitoring plan presented in
the Closure Plan to include both regular measuring of TSS in the surface layer of Garrow Lake and
visual monitoring of the shore stability (Attachment #8).

The original Garrow Lake discharge permit limit (pg. 1) for zinc was 0.1ppm. During operations
this limit was increased to 0.5 ppm, yet it now appears that a discharge of 0.3 ppm Zn will be
permitted after decommissioning. The post decommissioning zinc concentration in the outflow
from Garrow Lake should be comparable to the historic concentration in the surface waters of
Garrow Lake rather than merely “below 0.3 ppm”. To permit an ongoing discharge above the
original permit level of 0.1 ppm would be irresponsible given the associated excess loading to
Garrow Bay that would result from a higher limit. The water license limits for the post-
decommissioning period should be revised accordingly.

TeckCominco Response

The memorandum previously referred to by Paul Erickson of AXYS (Attachment #9) forecasts that

metals concentrations in the surface layer of the lake will return to less than 0.1 ppm by 2010.

The reviewer states that to permit ongoing discharge above the original permit level of 0.1 ppm is

irresponsible. The reviewer does not present any technical basis supporting this contention. However,

—  As presented in Attachment #18, EVS'’s expert opinion is that the metals loading (even if the top 2
metres of the halocline were to mix with the surface layer) does not present any risk of harm to the
marine organisms in Garrow Bay.

—  Under renewal of the water licence in 1993 (which approved zinc concentrations in the surface
layer of Garrow Lake up to a maximum of 0.5 mg/L) which underwent an environmental screening
under the Environmental Assessment and Review Process Guidelines Order, the Minister stated:

‘I am satisfied that any potentially adverse environmental and related socioeconomic
effects that may be caused by this project are insignificant or mitigable with known
technology’.
If metals concentrations were to exceed the current licence and regulatory limits, then mitigation
strategies using known technologies would be required. As long as metals concentrations
remained within the licence permit levels, the environmental effects were stated to be
‘insignificant’.

—  Current Metal Mining Liquid Effluent Regulations under the Fisheries Act authorize discharges of
effluent from tailings impoundment (i.e. Garrow Lake) with concentrations of zinc up to 0.5 mg/L.

—  Forth-coming federal legislation under the Fisheries Act (Metal Mining Effluent Regulations) are
expected to become law in 2002. Schedule 4 of the gazetted regulations authorize a discharge
limit of 0.5 mg/L for zinc containing effluent from a tailings impoundment. Garrow Lake is
specifically identified in these regulations as a ‘tailings impoundment’.

Teck Cominco strongly disagrees that the plans proposed are ‘irresponsible’. Being in compliance
with current licences and regulations, proposing plans that are in compliance with current and forth-
coming legislation, and having independent, expert opinions that the discharge does not present a risk
to the marine environment based on science is not ‘irresponsible’.

Pg. 5 The fact that wind speeds sufficient to mix the top metre of the halocline with the surface
water within an hour have occurred on site indicates the future possibility of such an event. The
analysis does not examine sequential mixing, one year to another, that could result in



progressive cumulative erosion of the halocline, especially if global warming results in gradual
extension of the open water period on Garrow Lake thereby increasing the period for wind
mixing events to occur. In theory it appears that progressive erosion of the halocline is a distinct
possibility.

TeckCominco Response

—  The wind speed sufficient to mix the top metre of the halocline with the surface layer within an hour
have not been measured or documented. This was stated on Page 5 of the report contrary to the
reviewer’s comment above. However, as stated in Attachment #9 from AXYS, Paul Erickson identifies
that there was an error in Figure 4 of their report in the Closure Plan. The vertical axis in Figure 4
should have read duration in ‘days’ not ‘hours’. The proponent assumes that this is the information
that led the reviewer to believe that wind speeds have been sufficient to cause mixing of the top metre
of the halocline.

— It should be noted that Mr. Erickson also states in the report in the Closure Plan that ‘It is noteworthy
that in the 18 years of mine operations, there has been no wind induced mixing of the main halocline’.

Pg. 6 - Annual monitoring of the structure of the lake (DO, Temperature, salinity/conductivity,
lead and zinc) at 2 m intervals in the surface layer, 1 m intervals in the halocline, and 2 m
intervals beneath the halocline should be undertaken to document post-decommissioning
changes. A post-decommissioning assessment of the presence of aquatic biota in the surface
waters of Garrow Lake should be undertaken.

TeckCominco Response

—  As identified in a previous response to a question in this submission, TeckCominco has proposed
regular sampling of the vertical composition of the lake substantially as requested by the reviewer.
Details are included in Attachment #8.

—  With respect to the request for a post-decommissioning assessment of the presence of aquatic biota in
the surface layers of Garrow Lake, TeckCominco does not agree that this is necessary for the
following reasons:

—  Garrow Lake was designated as a ‘Tailings Impoundment Area’ pursuant to Subsection 5(2) of
The Metal Mining Liquid Effluent Regulations’ under the Fisheries Act by the Minister of
Fisheries and Oceans in 1981.

—  During the application period for the current Water Licence, DFO had requested studies to relate
the relevance of data on metal concentrations in the water to those concentrations in fish and
macro-invertebrates. The Water Licence granted did not require these studies to support the
application or as a condition of the Licence.

—  New federal Metal Mining Effluent Regulations have been gazetted and it is expected that they will
come into effect in 2002. Under the proposed legislation, Garrow Lake is specifically named as a
tailings impoundment area. It is one of 5 lakes in Canada with this designation. Under the
proposed regulations (which will be administered by Environment Canada), there will be the
requirement to conduct Environmental Effects Monitoring (‘EEM’). It is important to note that
under the regulations, it is required to conduct the EEM downstream of the discharge point of
Garrow Lake and not in the lake.

—  TeckCominco does not propose to conduct an assessment of the presence of aquatic biota in the
surface waters of Garrow Lake. However, if Environment Canada or DFO wishes to undertake an
assessment program, TeckCominco would be prepared to provide logistical support for the work while
we have facilities on the island.

Engineering Comments provided by Rick Gervais and Chris Katopodis are detailed
below:

Polaris Mine Decommissioning
Cominco Ltd. plans to decommission the Polaris Mine at the southwest end of Little
Cornwallis Island, Nunavut, in 2002. The mine, which produces and ships lead and zinc



concentrates, is nearing the end of its life. There are two components to the proposed
decommissioning plan: The Garrow Lake Dam and the Dock Facilities. Cominco Ltd.
retained EBA Engineering Consultants Ltd. (EBA) to develop a closure design for the
Garrow Lake Dam and Westmar to examine concepts for decommissioning the Dock
Facilities and adjacent shoreline. The following comments are based on the review of the
EBA (March 2001) and Westmar (October 2001) reports submitted to DFO by Cominco
Ltd.

Garrow Lake Dam

The EBA report provides a fairly detailed examination of one alternative for decommissioning
the Garrow Lake Dam. This alternative involves the partial removal of the dam and is heavily
dependent on modelling predictions for the geothermal stability of the remaining dam
embankments. Cominco Ltd., through this report, does not provide sufficient assessment of the
more environmentally acceptable alternative of complete dam removal and site rehabilitation.
In our opinion, the total removal of the dam and rehabilitation of the site would be the better
choice for the following reasons:

e It minimizes or eliminates potential downstream sediment problems that may result from the gradual or sudden
failure of the remaining dam embankments. Such failure may occur given long-term uncertainties with regards
to temperature (global warming), modeling limitations, which may prove insufficient for accurate predictions,
and the channeling of flow and erosion potential of Garrow Creek through the remaining embankments.

TeckCominco Response
The slope of the banks of the partially removed dam are designed to be very flat (4H to 1V) and are
similar in slope to the surrounding natural terrain. Complete removal of the dam does reduce the
potential for slope failures any more than for the surrounding terrain.

—  The shell material covering the residual dam structure is coarser and more erosion resistant than the
natural surrounding hillsides providing a more erosion resistant cover than if the dam was completely
removed.

e According to the EBA report, removing the central portion of the dam would involve the removal of
approximately 12,750 m3 of material with an additional 6,200 m3 of material to be over-excavated and then
back-filled. Removal of the entire dam would involve approximately 49,000 m3 of material. A cost benefit
analysis is needed to compare the alternatives of partial or complete dam removal, especially considering
additional costs associated with correcting potential problems, which may result from partial dam removal.

TeckCominco Response

—  Attachment #17 from A. Eglauer of EBA Engineering Consultants Ltd. (‘EBA’) includes a cost benefit
analysis of complete removal of the dam compared to partial removal of the dam. Complete removal
of the dam would at least double the cost and does not provide environmental benefits.

—  The consultant views that both options are technically equivalent but the complete removal of the dam
is 81,249,000 compared to $450,000. Complete removal of the dam is estimated to cost more than 2.7
times the cost of partially removing the dam.

—  The Closure Plan proposes that Garrow Lake dam to be decommissioned by partially removing the
dam. This in itself is a contingency. If conditions were to occur that required containment of the lake
surface waters, it would be possible to reconstruct the dam, as approximately 70% of the material
would still be in place. This would require less equipment to be re-mobilized, a smaller crew, and less
support facilities would be required. Potential the work could be completed in a shorter time period as
well.




e The objective of the mine decommissioning plan, which was part of the original agreement, should be to
rehabilitate the site to as close to it’s natural state as possible.

TeckCominco Response

—  The contouring of the partial removal of the dam will be done in a manner that blends it into the
surrounding terrain in a way that minimizes the unnatural appearance. Given the local conditions it
would not be possible to completely eliminate the visual impact of the dam regardless of whether the
dam is completely removed or not.

Polaris Mine Dock Facilities

We agree that based on the 3 conceptual options for decommissioning the Polaris Mine Dock
facilities presented in the Westmar report, the preferred option (Option 1) is the best choice to be
investigated further. This option involves removing the dock 2 to 3 m below low tide (excavate
or cut-off sheet piles underwater) and re-grading the beach to a low slope of 17.5H:1V for
erosion control.

In reviewing the drawings in Appendix D, a significant drop off (approx. 10 m) between
the proposed ground-line and the existing ground-line will still exist where the dock sheet
piles are presently located (see appendix D - sections sheet 3). The report
states...”’regardless of whether the sheet piles are cut-off or are extracted, the frozen fill
will erode very slowly, and is not expected to have an impact on seabed habitat.” However,
because of vertical face of the drop off at this location and since the material in this face
(probably) contains fill used in the sheet pile cells, justification as to why this vertical face
will experience gradual erosion while other areas are being re-graded to a 17.5V:1H slope
should be provided.

TeckCominco Response

—  After reviewing construction methods further since the submission of the Westmar report, contractors
have indicated their preference to cut-off the sheet piles 2 metres below low tide level rather than to
completely remove them. This approach to decommissioning the dock leaves the face of the dock 2
metres below low sea level undisturbed. The Coast Guard has approved this approach as discussed
earlier in this submission.

—  The sheet piles have been in place for over 20 years and remain in good condition. In addition, the
residual sections of sheet pile would remain submerged, exposed to lower oxygen levels than near
surface areas. Corrosion of the sheet piles will continue to be an extremely gradual resulting in a
very slow process of deterioration.

—  The foreshore at sea level is exposed to erosion from wave action. To minimize the erosion rates, the
foreshore near sea level has been designed to a 17.5:1 slope. Wave energy reduces with depth and so
slopes at increasing depth below sea level are exposed to less erosion than those at sea level.

Prior to decommissioning, the results from the required detailed design work identified in the
report (and restated below) should be supplied to DFO for review before any work is
undertaken.

e  Prepare accurate hydrographic surveys of the surrounding site.

e Incorporate the remedial excavation proposed in “Polaris Mine Decommissioning and Reclamation Plan” by
Gartner Lee Ltd.

¢ Finalize the excavation plane through the dock to minimize the cut and fill volumes, within the ranges discussed
in this report and based on remedial excavation requirements, while protecting the aquatic environment by
minimizing erosion and sedimentation.



e Develop detailed procedures for the excavation process of the dock area to ensure protection of the aquatic
environment during the process.

TeckCominco Response
—  The above comments are similar to ones made by Mr. B. Fallis in the section titled ‘Dock Removal’
and have been responded to by TeckCominco in that section of this submission.

e Determine the gradations of the natural beach and fill materials to evaluate their rates of erosion.

e  Assess the need to perform a thermodynamic analysis on the natural beach and fill materials, to determine the
suitability of the proposed beach material to resist erosion based on the beneficial effect of permafrost.

TeckCominco Response

—  Referring to the photographs in the Westmar report in Volume 2 of the Closure Plan, photograph #5 of
the shoreline at Station 1800 indicates the natural beach gravel has a mean size of approximately 10
mm. Note that the date is August 10, 2000 and the shoreline is already frozen. Photograph #8 is
located closer to the dock (at Station 1600 N) and the fill material is all =300 mm with a mean size of
25 mm. In general the fill material is coarser on average than the natural beach material. Other
photographs in the above report show areas nearer to the dock where rip-rap has been placed on the
foreshore and are not representative of the material sizes that will be present after re-contouring of the
dock and adjacent shorelines.

—  The fill material exposed upon completion of re-sloping the dock and adjacent shore will consist of
material originating from the hillside immediately up slope from the dock and consequently will be the
same rock types that the original natural beaches were composed of. The fill material has been
blasted and excavated from the hillside and placed in the dock cells and shore area. As a result, its
mean size is larger than the original beach material.

—  There is a very short period of the year where the foreshore above the high tide elevation remains
thawed. As can be seen by the pictures referred to above, the exposed shoreline was frozen by mid
August. The relative stability of the fill material can be seen in the photographs as evidenced by the
steep slopes of the fill even in areas where they are not protected by rip-rap. The proposed flat slopes
of the re-contoured beach will significantly reduce erosion rates over the current steep slopes.

— In arctic beaches, there are two distinct areas of degradation of permafrost (Taylor, 1980). The
backshore areas experience limited permafrost degradation and is generally a thermally stable
environment. Given this, it is expected in the backshore areas above this high water mark and wave
action on the beach profile that permafrost will protect the area from erosion. Taylor (1980) shows
that in the lower beach and foreshore areas, the permafrost table tends to be deeper primarily due to
brine water moving in interstitial pore spaces in the beach material. Given this, there is typically no
‘beneficial’ effect of permafrost in arctic foreshore areas. However, it is important to note that these
comments apply to the brief ice-free period at this latitude. With respect to slope processes,
solifluction lobes and nivation hollows (see Figure 3 — Surface Geology Polaris Mine Area — 1999
Environmental Site Asessment, Volume 3 of the Closure Plan) are absent in the dock areas
demonstrating the stability of local slopes.

Comments provided by Dennis Wright on blasting proposal:

Review of Blasting Proposal — Decommissioning of Dock Facilities at Polaris Mine, Little
Cornwallis Island

As requested, | have reviewed the blasting plan for the decommissioning of the dock facilities at
the Polaris Mine site on Little Cornwallis Island. My comments are as follows:

The document is extremely deficient in terms of information concerning the project and therefore
| am unable to render any decisions or provide the proponent with any recommendations. The
proponent has gone to considerable effort to calculate the weight of charge to could be used at
certain distances from the sheet piling in order to meet the DFO Explosives Guidelines



overpressure maximum of 100 kPa. However, basic information such as timing of the project is
missing from the project description. Without this basic information, | am unable to determine if
the minimum requirements outlined in the guidelines will suffice with respect to the protection of
fish and marine mammals from the harmful effects of explosives.

The proponent has also failed to provide any description of the existing biological environment.
If the project is undertaken during the spring when there is still full ice cover in the area, then,
marine mammals concerns will be minimized. However, if the project is to be undertaken during
the open water period, the noise produced by the detonations may be disturbing to marine
mammals, perhaps as far away as the walrus haul-out on Brooman Point on Bathurst Island.
Similarly if pelagic fish eggs are present at the time of the blasting, the shock waves produced
may be detrimental to the eggs. The DFO Explosives Guidelines provides a guideline of
13mmesec™ as to the maximum peak particle velocity permitted where eggs are incubating in
the substrate. However, we do not know the overpressure required to damage pelagic eggs,
and so we would implement the precautionary principle if pelagic eggs were present and require
the proponent to delay blasting until the eggs had hatched and the fry had developed.

TeckCominco Response

1. The reviewer correctly identified that the application did not contain a description of the biological
environment. While the Closure Plan contains a description of the marine environment, additional
information has been researched and are provided below.

— A dive survey in the vicinity of the dock took place in May 1999 and reported blennies, sculpins,
other small bottom feeding fish, snails, clams, crabs, and shrimp in the vicinity. BC Research also
described the areas of Garrow and Polaris Bays as providing habitat for pelagic arctic fish
species such as arctic cod, which would presumably be found in Crozier Strait as well. BC
Research reported that walrus have been seen in Crozier Strait and that there is evidence of them
feeding in the vicinity of the dock. Seals, predominantly ringed seals, are also reported to use the
area. The substrate is mainly sand and silt with some rocks which has been colonized with clams,
anemones, urchins and various crustaceans such as shrimp and amphipods.

—  The sculpin likely spawns in the early spring as the literature reports that pelagic larvae begin to
show up in samples in July. Arctic cod spawn under ice midwinter (end of December to early
February). Generally marine mammals are not present in the area until the ice breaks up,
however Polaris staff report the occasional observation of seals during the winter months.

2. Timing of Blasting

—  Blasting is planned to take place when there is full ice coverage during early winter months (late
September to mid December). The primary reason is to avoid impact to spawning fish. There are
no pelagic eggs present during this period and fry from the previous year have had an opportunity
to develop. Prior to initiating a blast, a search for marine mammals within 500 m of the dock
area would be made to ensure there are no animals present.

The proponent states that it will be necessary to use an air-curtain to reduce the overpressure
for certain shot configurations. However, no specifications for the construction, installation and
operation of the air-curtain are provided. Similarly, the proponent gives no details as to
mitigation techniques to be utilized should shaped linear charges be used to sever the sheet
piling used in the dock cells.

TeckCominco Response
—  There were two references to the use of air curtains.

a) The use was proposed in relation to shaped linear charges. After receiving further information
from contractors proposing to do the work, the proposal to use shaped linear charges has been
deleted and consequently the use of bubble curtains are not required for this purpose.

b) The tables and discussions of blasting provided in Appendix H of the Westmar dock
decommissioning report also made reference to the use of bubble curtains for blasting in near
proximity to the dock face under the heading ‘Blast Design’ and in the attached calculation tables.
This would be required if blasting were to be done within 1 metre of the dock face (see




calculations in Table 1 of Appendix H) or if blasting were to be conducted at a time when pelagic
eggs were present. TeckCominco will not blast within one metre of the dock face, and the timing of
blasting as discussed above will be done when no pelagic eggs are present. The use of a bubble
curtain will not be required.

As a minimum the proponent needs to complete the application forms (Appendices IV and V)
provided in the DFO Explosives Guidelines, Canadian Technical Report of Fisheries and
Aquatic Sciences 2107.

TeckCominco Response

—  The use of application forms in Appendices IV and V in the DFO Explosive Guidelines were not used
for the following reasons:
a) Appendix 1V is an ‘Application Form for Authorization to Destroy Fish By Means Other Than
Fishing’.

The work methods proposed to conduct the work have been developed (and deficiencies are
being addressed based on submissions from DFO and others) to protect the marine
environment during the work process. These include protocols for the removal of glycol from
freeze pipes, sediment control measures, monitoring of the work processes, timing of the work
and developing blast designs consistent with DF O guidelines.

A contractor with extensive blasting experience in and around aquatic environments was
engaged to develop the designs proposed (Pacific Blasting and Demolition Ltd. in Vancouver,
BC). They were contracted to ensure that the blasting designs are protective of the aquatic
environment by complying with DFO guidelines with respect to controlling the maximum
induced pressures in the aquatic environment and other parameters.

b) Appendix Vis an ‘Application Form to Harmfully Alter, Disrupt or Destroy Fish Habitat’.

The proponent’s plan to decommission the dock and shoreline has the specific objectives of
restoring a more natural shoreline, providing a more stable shoreline in the long term and
creating additional aquatic habitat. The intent of the proponent is to enhance the aquatic
habitat of the site and not to harmfully alter it. DFO in this submission agrees that the
proponent’s proposal is the preferred approach subject to providing more detailed
information.

The application form selected for the submission (‘Application for Authorization for Works or
Undertakings Affecting Fish Habitat’) was originally based on a request from DFO after
reviewing the scope of the project as presented in the Closure Plan.

In summary, TeckCominco does not believe that above Appendices IV and V forms are
appropriate and applicable for the decommissioning of the dock facility at the Polaris Mine.



ATTACHMENT #6

Response to Concerns Regarding Impoundment
of
Contaminated Soils in Permafrost
Polaris Mine, Little Cornwallis Island, Nunavut.

Dr. C Burn, dated December 4, 2001.



Author

The author is Professor of Geography at Carleton University, and has primary research
interests in Permafrost and Ground Ice. The author’s research is field-based, with the
principal investigations being conducted near Mayo, central Yukon, and near the western
Arctic coast. In 2001, Burn completed 20 consecutive summers’ in the Mayo area. The
field research in the western Arctic has been continuous since 1987. Burn has published
29 articles in refereed journals, 11 of which are in the Canadian Journal of Earth
Sciences, Canada’s flagship periodical for Earth Science. Burn has been retained by
Water Resources Division, DIAND, Yellowknife, to provide advice regarding permafrost
aspects of diamond mine developments in the Slave Province. Further details are listed
on the attached vitae.

In 1995 Burn supervised a Master’s thesis at Carleton University by Kim Winnicky
entitled “On the permeability of frozen silt to organic contaminants”. In 1996-97 he also
conducted several tests to determine the permeability of frozen soil to diesel fuel. These
were falling-head permeability tests conducted at temperatures down to -10°C with sand
and silt at various water contents. The results are unpublished due to a problem with the
experimental apparatus, but the general behaviour of these media was qualitatively
determined.



I ntroduction

Mr Paul Partridge, Department of Sustainable Development, Government of Nunavut,
has raised an important question in review of the Polaris Decommissioning and
Reclamation Plan regarding the long-term effectiveness of permafrost as a containment
medium for soil contaminated with hydrocarbons. The question is posed in Mr
Partridge’s letter of October 25, 2001, to Phillipe di Pizzo and Carl McLean. Mr
Partridge provided further details in an email communication to Wayne Savigny, BCG
Engineering, sent on November 21, 2001.

The question is whether permafrost may be considered impermeable to organic
contaminants. Four recent papers were cited in support of this point, all published in the
Proceedings of a Workshop/seminar on Assessment and Remediation of Contaminated
Stesin Arctic and Cold Climates held in Edmonton during 1999. These papers are by
Biggar and Nahir, Chuvilin et al., Dyke, and White. The citations are:

Biggar, K.W., and Nahir, M. 1999. The behaviour of petroleum spills in permafrost soils.
In Proceedings, Workshop/seminar on Assessment and Remediation of Contaminated
Stesin Arctic and Cold Climates, Edmonton, Alta., May 3-4, 1999. pp. 45-51.

Chuvilin, E.M., Naletova, N.S., and Miklyaeva, E.M. 1999. Behabiour mineral and
organic contaminants in permafrost. In Proceedings, Workshop/seminar on
Assessment and Remediation of Contaminated Stesin Arctic and Cold Climates,
Edmonton, Alta., May 3-4, 1999. pp. 52- 56.

Dyke, L.D. 1999. Solute migration from abandoned drilling mud sumps, Mackenzie delta
area, N.W.T. In Proceedings, Workshop/seminar on Assessment and Remediation of
Contaminated Stesin Arctic and Cold Climates, Edmonton, Alta., May 3-4, 1999. pp.
57.

White, T.L. 1999. Hydraulic properties of hydrocarbon contaminated permafrost affected
soils. In Proceedings, Workshop/seminar on Assessment and Remediation of
Contaminated Stesin Arctic and Cold Climates, Edmonton, Alta., May 3-4, 1999. pp.
58.

The abstract by Dyke has recently been published in full as:

Dyke, L.D. 2001. Contaminant migration through the permafrost active layer, Mackenzie
Delta area, Northwest Territories, Canada. Polar Record, 37: 215-228.

This response will outline the contributions of the papers that are pertinent to the question
under discussion. These points will then be discussed in the context of the Polaris
decommissioning plan. The stability of permafrost in the mine will be considered with
respect to potential climate change.



Contaminant migration into frozen soils

Frozen soils are multi-phase media, consisting of soil particles, ice, water, and vapour. If
saturated, the pore space of frozen soils comprises ice and water. If unsaturated, the pore
space comprises water and varying amounts of ice or air. The water is held in tension as
films on the surfaces of the soil particles, and does not behave as free or bulk water, the
substance we commonly encounter. Instead, the water is at a lower energy state due to
electrical forces emanating from the edges of the soil particles. The water is adsorbed on
to the soil particles and cannot move freely. As a result, frozen soil has a relatively low
hydraulic conductivity.

The adsorbed water is commonly referred to as “unfrozen” water. The amount of
unfrozen water in a soil depends on its temperature, the surface area of soil particles and
the solute concentration in the water. The amount declines with temperature below 0°C,
but increases with the surface area of soil particles and the concentration of solutes in the
pore water. The unfrozen water content of a soil is directly related to its hydraulic
conductivity. So frozen sands, with a low surface area have little unfrozen water and
very low hydraulic conductivity, and frozen clays the reverse. For further details see
Williams and Smith (1989).

Miscible and immiscible contaminants

There are, essentially, two types of contaminants. They are termed miscible in water or
immiscible in water. Miscible contaminants dissolve in water and lower the freezing
point of the solution. Road salt is a well-known miscible substance. When miscible
contaminants are introduced into frozen ground, the pore ice dissolves in the
contaminated, unfrozen, pore water. As a result, the contaminant may migrate into
“frozen” ground, because the ground, below 0°C has less pore ice to impede the flow of
the solution through the pores. This is the type of contaminant migration described by
Dyke, in his consideration of dispersion of drilling muds from sumps in the Mackenzie
Delta area. The contaminants at Polaris are hydrocarbons, which are immiscible. These
alter the behaviour of freezing soil in a different way.

Hydrocarbons do not dissolve in water, but they may be adsorbed by soil particles. White
indicates that soil contaminated with hydrocarbons may change its microstructure upon
freezing and thawing, so as to increase the permeability. The reorganization of the
microstructure is achieved by aggregation of silt and clay in the presence of the
contaminant, which tightens the packing of these particles. In other words, the
contaminant is adsorbed onto the surfaces of the soil particles and increases the inter-
particle attraction. The tightening of particle packing was accompanied by an increase in
void space.



Movement of hydrocarbonsinto unsaturated soil

Chuvilin et al. present firm evidence from the laboratory that immiscible contaminants in
the free liquid form may penetrate frozen soil. The observations in the laboratory are that
hydrocarbon liquids, when applied to soil that is unsaturated by water (ice) and below
0°C infiltrate the soil. The observations were replicated by Winnicky (1995) and in our
own work. However, if the soil is saturated and frozen, little or no migration of
contaminant into the soil has been detected. Similar observations are reported by Neufeld
and Biggar (1996) as described by Biggar and Nahir. In some cases, however, in the
experiments of Neufeld and Biggar (1996) a small amount of contaminant migration into
saturated, frozen soil was detected. This was interpreted to be the result of infiltration
into shrinkage cracks, not infiltration through the pore spaces of the soil.

Biggar and Nahir present field evidence for migration of hydrocarbons into frozen soil.
These data come from assessment of contaminant levels in the active layer and
permafrost at sites of fuel spills at Alert and Isachsen. The extent of infiltration of the
contaminant into permafrost recorded at these sites was greater than possible by diffusion
(movement of contaminant through the pore network). Again, the conclusion reached by
Biggar and Nahir was that the movement of contaminant was along fissures and cracks in
the soil. These authors also reported very high concentrations of contaminants above ice
lenses, interpreting the lenses as barriers to hydrocarbon migration. They also noted that
at Isachsen, where the top of permafrost was relatively icy, there was little concentration
of contaminant. However, beneath the ice-rich zone, where the ground has less ice, the
contaminant levels were higher. This suggests (1) that the movement of contaminants
was through cracks penetrating the ice-rich layer, because under diffusion we would
expect higher concentrations near the source of contamination — the soil surface; (2) that
the hydrocarbons were absorbed into the drier ground once they had bypassed the ice-rich
zone. Biggar and Nahir conclude that “(t)he mechanisms responsible for the contaminant
migration are believed to be gravity drainage through interconnected air voids in fill
material, or through fissures in the soil induced by thermal contraction.”

In all of the cases described, the movement was from a source of liquid contaminant.
Biggar and Nahir report that the lateral movement of contaminant in the fuel spills at
Alert and Isachsen was limited, even within the active layer, possibly several years after
the spills occurred. These data are important, because they may confirm the laboratory
observations of White at field scale. Over several years there would be time for lateral
migration of the contaminant within the active layer, but the limited dispersal may be
because it was adsorbed by the soil. These field observations are of free liquid
infiltration of unsaturated frozen ground, through empty void spaces and cracks, coupled
with adsorption of contaminant by soil particles.

The following points summarize the foregoing discussion of contaminant mobility:

(1) Migration of contaminants into frozen ground has only been observed in the free
liquid form.



(2) Soil particles absorb hydrocarbons onto their surfaces and bind them in the soil
matrix.

(3) Ice lenses act as an effective barrier to the movement of contaminants in frozen
ground.

I mpoundment of contaminantsin permafrost at Polaris

The decommissioning plan for Polaris includes storage of contaminated soil
underground. The soil has a low contaminant content, by weight up to 1.7%. There is no
free liquid hydrocarbon in the contaminated soil. Rather, we must assume, following
White, that the contaminated soils, have undergone several freeze-thaw cycles in the
active layer at the ground surface, and, as a result, have adsorbed the hydrocarbons to
their particle surfaces. In this state, the hydrocarbons are effectively immobilized, and as
Biggar and Nahir reported from at Alert and Isachsen, their movement is arrested.

The data presented by Biggar and Nahir from field observations at Isachsen and
laboratory studies by Neufeld and Biggar (1996) indicate that saturated, frozen ground,
with the pore spaces blocked by ice is an apparently effective barrier to migration of
contaminants. Therefore, the Polaris decommissioning plan may consider saturating and
freezing the floors of the underground containment areas before depositing contaminated
soil there. If the floors are marginally flooded several times with fresh water, then any
pore spaces and fissures will be blocked, and the ground should be effectively
impermeable to contaminants while it remains frozen.

Operational data

The successful operation of the Polaris mine is also evidence of the impermeability
permafrost, because the mine is close to the Ocean and below sea level. Data collected
by mine staff indicate that during drilling below the 730 level of the mine (270 m b.s.1.)
flooding occurred when the drill reached about 150 m depth (420 m b.s.l.). The flooding
was by salt water. This observation indicates that the groundwater beneath the mine is
under hydrostatic pressure. Staff have pointed out that pumping has not been necessary
for mining at Polaris, indicating that the permafrost surrounding the mine has prevented
seepage of groundwater. They conclude that the permafrost surrounding the mine
workings is an impermeable barrier.

Per mafrost and climate change

The long-term use of permafrost to contain waste safely is predicated on the stability of
ground temperatures. The prospect of climate warming due to an enhanced greenhouse
effect has led to concern over the stability of permafrost in Northern Canada. The

geothermal simulations presented in the Decommissioning Plan have been based on the
scenarios provided by the Government of Canada for the Polaris region. These indicate



an increase in mean annual air temperature of 3° to 5°C over the next century. The
diagrams describing the geothermal simulations for the landfill closure (Figs 3 — 6 in
Supplementary Report 2) indicate that the present near-surface ground temperature is
about —15° to -13°C. These simulations have used a geothermal gradient of 0.0396°C/m,
obtained from earlier work by R.J.E. Brown.

Thickness of permafrost at Polaris

The thickness of permafrost, z is given by:
T,

[1] z =%
g

where T is the surface temperature and g the geothermal gradient. In this case, eq. [1]
predicts a permafrost thickness of 378 m or 328 m for Ts of —15°C or —13°C,
respectively. These predictions are validated by the ground temperatures at Polaris
presented in Fig. 7 of the Reclamation Plan. Figure 7 also indicates that “frozen” ground
occurs at temperatures below -3°C, because the surrounding groundwater is saline. The
depth to the -3°C isotherm is about 300 m below ground surface.

When the ground surface temperature changes, near-surface temperatures respond
relatively rapidly, but ground temperatures at depth take longer to change. As the surface
warms up, there is a very gradual warming at the base of permafrost due to geothermal
heat flowing from the Earth’s interior.

Thawing of permafrost from below

The rate of thaw of permafrost from below depends on the geothermal heat flux and the
volumetric latent heat of the permafrost. At Polaris, staff have estimated the porosity of
the bedrock to be between 6 and 16%. Using a value of 10% for bedrock porosity, and
3.0 x 10% J/m’ for the latent heat of fusion of ice, the volumetric latent heat of fusion of
the bedrock is 3.0 x 107 J/m’.

The geothermal heat flow in the Polaris area is about 0.05 W/m? (Judge 1973). The rate
of thaw of permafrost from below is:

dz _ 005Wm~ _0.05x3.15x10" Jm~yr ™
dt 3.0x107 Jm™ 3.0x107 Jm™

1

[2]

=5cmyr-



Timefor ground to respond to climate war ming

Osterkamp (1984) describes the time constant, t, the time it takes permafrost of thickness
z and fixed basal temperature to respond to a change in surface temperature:

2
Y4

3 T = —
] 4K
where « is the thermal diffusivity. The time constant is the time for the temperature
gradient to become a straight line from the new ground surface temperature to the base of
permafrost. In the case of Polaris, z is approximately 300 m for the frozen ground, and «
for limestone is about 40 rnz/yr (Williams 1982, Tables 5.1, 5.2). The time constant for

permafrost at Polaris is therefore about 550 years. During this time, the base of
permafrost will have advanced upwards about 25 m, due to the geothermal heat flow.

The stopes proposed for impoundment of contaminated soil are presently at a temperature
of between —7° and -8°C. They are about 110 m above the -3°C isotherm, or the base of
frozen ground. If the ground surface temperature rises to -10°C, then the equilibrium
thickness of frozen ground, i.e. the depth to the -3°C isotherm, will be about 175 m.
According to Fig. 7, the contaminated soil storage areas will be above this level, i.e. in
frozen ground. Therefore, the surface temperature will need to rise above -10°C before
there is a prospect of the area containing contaminated material being raised above -3°C.
However, it will take over 2,500 years for temperatures at depth to evolve to this state,
due to the rate of heat flow from the Earth’s interior.

Conclusion
The following points summarize the data on permafrost and climate change:

(1) Permafrost at Polaris will take over 500 years to respond at depth to changes in the
ground surface temperature regime predicted for the next 100 years.

(2) During this time, the base of permafrost may migrate upwards about 15 m.

(3) A change in ground surface temperature of more than 5°C will be needed to raise the
base of permafrost into the areas where contaminated soil is to be stored.

(4) It will take several millennia for ground warming of this magnitude to occur at the
depths in question.

References

Judge, A.S. 1973. The prediction of permafrost thickness. Canadian Geotechnical
Journal, 10: 1-11.

Neufeld, J.C.R., and Biggar, K.W. 1996. Vertical migration of diesel into silty sand
subject to cyclic freeze-thaw. In Proceedings, 8" International Conference on Cold
Regions Engineering, Fairbanks, AK. pp. 116-127.



Osterkamp, T.E. 1984. Response of Alaskan permafrost to climate. In Proceedings, 4"
International Conference on Permafrost, Fairbanks, Alaska, July 17-22, 1983.
National Academy Press, Washington, DC. Vol. 2: 145-152.

Williams, P.J. 1982. The Surface of the Earth: An Introduction to Geotechnical Science.
Longman, London.

Williams, P.J., and Smith, M.W. 1989. The Frozen Earth: Fundamentals of Geocryology.
Cambridge University Press, Cambridge.

Winnicky, K.L. 1995. On the permeability of frozen silt to organic contaminants. M.A.
thesis, Department of Geography, Carleton University.



10

Curriculum Vitae
Dr C.R. (Chris) Burn
169 St Laurent Blvd
Ottawa ON KI1K 2Y6

Tel: (613)-745-1271
Email: chris.burn@echelon.ca

Current Position: Professor of Geography, Carleton University

Research topic: Permafrost and ground ice in Yukon and Northwest Territories
1982-01 Arctic winter fieldwork for over 69 weeks,
summer field experience of over 42 months.

Education: B.Sc. (Geography) 1981, Durham University.
M.A. (Physical Geography) 1983, Carleton University
Ph.D. (Geology) 1986, Carleton University
PDF (Permafrost) 1986-88, UBC

Honours: 1981-86 Canadian Commonwealth Scholarship.

1989-98 NSERC University Research Fellowship.

1994-02 Associate Editor, Canadian Journal of Earth Sciences

1996 Fellow, Arctic Institute of North America

1997-98 President, Canadian Geomorphology Research Group

1998 Fellow, Royal Canadian Geographical Society

1998 Invited opening plenary lecture, 7™ International Permafrost
Conference

1998-01 Chair, Advisory Board to the Polar Continental Shelf Project, Natural
Resources Canada

1999 Carleton University Research Achievement Award

2000  Governor, Royal Canadian Geographical Society

Industrial experience

2001 DIAND: Field course on Permafrost aspects of oil and gas development in the
Mackenzie delta area.

2000 Yukon Energy Corporation: permafrost and ground ice conditions along proposed
transmission line route between Mayo and Dawson City.

2000 Gartner Lee Ltd.: permafrost aspects of decommissioning of Polaris Mine, Little
Cornwallis Island.

1998-2001 DIAND: permafrost aspects of Diavik Diamond Mines Application for Water
Licence.

1996-1997 DIAND: permafrost aspects of mine proposals, Carmacks and Minto areas,

YT.

1995 Yukon Energy Corporation and Mougeot Geoanalysis: implications for

permafrost of lake level fluctuation, Aishihik Lake, YT.



11

1992 DIAND: permafrost aspects of pit wall design in placer mines, YT.
1991 DIAND: regarding hydrologic aspects of permafrost and climate change, YT.

Selected Refereed Journal Articles (Total: 29)

Burn, C.R., F.A.Michel and M.W.Smith. 1986. Stratigraphic, isotopic and mineralogical
evidence for an early Holocene thaw unconformity at Mayo, Yukon Territory.
Canadian Journal of Earth Sciences, 23(6): 794-803.

Smith, M.W. and C.R.Burn. 1987. Field investigation of the movement of water out of
frozen soil near Mayo, Yukon Territory. Cold Regions Science and Technology,
13(2): 143-152.

Burn, C.R. and C.A.S. Smith. 1988. Observations of the "thermal offset" in mean annual
ground temperature profiles at Mayo, Yukon Territory. Arctic, 41(2): 99-104.

Burn, C.R. and F.A.Michel. 1988. Evidence for recent temperature-induced water
migration into permafrost from the tritium content of ground ice near Mayo,
Yukon Territory, Canada. Canadian Journal of Earth Sciences, 25(6): 909-915.

Burn, C.R. and P.A. Friele. 1989. Geomorphology, vegetation succession, soil
characteristics and permafrost in retrogressive thaw slumps near Mayo, Yukon
Territory. Arctic, 42(1): 31-40.

Burn, C.R. 1990. Implications for palacoenvironmental reconstruction of recent
ice-wedge development at Mayo, Yukon Territory. Permafrost and Periglacial
Processes, 1(1): 3-14.

Burn, C.R. and M.W. Smith 1990. Development of thermokarst lakes during the
Holocene at sites near Mayo, Yukon Territory. Permafrost and Periglacial
Processes, 1(2): 161-176.

Burn, C.R. 1991. Permafrost and ground ice conditions reported during recent
geotechnical investigations in the Mayo District, Yukon Territory. Permafrost
and Periglacial Processes, 2(3): 259-268.

Burn, C.R. and M.G. Maxwell 1993. Proper determination of the 5'*0:8D relationship for
ice and water by least-squares cubic regression. Canadian Journal of Earth
Sciences, 30(1): 109-112.

Burn, C.R. 1994. Permafrost, tectonics, and past and future regional climate change,
Yukon and adjacent Northwest Territories. Canadian Journal of Earth Sciences,
31(1): 182-191.



12

Burn, C.R. 1995. Where does the polar night begin? The Canadian Geographer, 39(1):
68-74.

Burn, C.R. 1995. The hydrologic regime of Mackenzie River and connection of "no-
closure" lakes to distributary channels in the Mackenzie Delta, Northwest
Territories. Canadian Journal of Earth Sciences, 32(7): 926-937.

Laxton, N.F., Burn, C.R., and Smith, C.A.S. 1996. Productivity of loessal grasslands in
the Kluane Lake area, and the Beringian "Production Paradox". Arctic, 49(2):
129-140.

Williams, D.J., and Burn, C.R. 1996. Surficial characteristics associated with the
occurrence of permafrost near Mayo, central Yukon Territory. Permafrost and
Periglacial Processes, 7(2): 193-206.

Burn, C.R. 1997. Cryostratigraphy, paleogeography, and climate change during the early
Holocene warm interval, western Arctic coast, Canada. Canadian Journal of
Earth Sciences, 34(7): 912-925.

Fraser, T.A., and Burn, C.R. 1997. On the nature and origin of "muck" deposits,
Klondike area, Yukon Territory. Canadian Journal of Earth Sciences, 34(10):
1333-1344.

Burn, C.R. 1998. The response (1958 to 1997) of permafrost and near-surface ground
temperatures to forest fire, Takhini River valley, southern Yukon Territory.
Canadian Journal of Earth Sciences, 35(2): 184-199.

Burn, C.R. 1998. The active layer: two contrasting definitions. Permafrost and
Periglacial Processes, 9(4): 411-416.

Kotler, E., and Burn, C.R. 2000. Cryostratigraphy of Klondike “muck” deposits, west-
central Yukon Territory. Canadian Journal of Earth Sciences, 37(6): 849-861.

Burn, C.R. 2000. The thermal regime of a retrogressive thaw slump near Mayo, Yukon
Territory. Canadian Journal of Earth Sciences, 37(7):967-981.

Bartleman, A-P., Miyanishi, K., Burn, C.R., and C6té, M.M. 2001. Development of
vegetation communities in a retrogressive thaw slump near Mayo, Yukon
Territory: a 10-year assessment. Arctic, 54(2): 149-156.

Mackay, J.R., and Burn, C.R. 2002. The first 20 years (1978/79 to 1998/99) of ice-wedge
growth at the Illisarvik experimental drained lake site, western Arctic coast,
Canada. Canadian Journal of Earth Sciences, 39 (in press).



13

Refereed Conference Proceedings (Total: 10)

Burn, C.R., and Smith, M.W. 1985. On the origin of aggradational ice in permafrost. In
Freezing and thawing of soil-water systems. Edited by D.M. Anderson and P.J.
Williams. Technical Council on Cold Regions Engineering Monograph, American
Society of Civil Engineers, New York. pp. 77-84

Burn, C.R., and Smith, M.W. 1988. Thermokarst lakes at Mayo, Yukon Territory,
Canada. Proceedings, Fifth International Conference on Permafrost, Trondheim,
Norway. Vol. 1: 700-705

Riseborough, D.W., and Burn, C.R. 1988. Influence of an organic mat on the active layer.
Proceedings, Fifth International Conference on Permafrost, Trondheim, Norway.
Vol. 1: 633-638

Burn, C.R. 1990. Frost heave in lake-bottom sediments, Mackenzie Delta, Northwest
Territories. Proceedings, Fifth Canadian Conference on Permafrost, Québec City.
Collection Nordicana, 54: 103-109.

Burn, C.R. 1991. Snowmelt infiltration into frozen soil at sites in the discontinuous
permafrost zone near Mayo, Yukon Territory. Northern Hydrology: Selected
Perspectives, Proceedings, Northern Hydrology Symposium, 10-14 July 1990,
Saskatoon, Saskatchewan. NHRI Symposium 6: 445-459.

Burn, C.R. 1992. Recent ground warming inferred from the temperature in permafrost
near Mayo, Yukon Territory. In Periglacial Geomorphology. Edited by J.C.
Dixon and Abrahams. Proceedings, Twenty-second Binghampton Symposium on
Geomorphology, 20-22 September 1991. J.Wiley, New York. Ch. 14, pp. 327-
350.

Burn, C.R. 1993. Lake recharge in the Mackenzie Delta during winter and development
of intrusive ice in lake-bottom sediments. Proceedings, Sxth International
Conference on Permafrost, Beijing, China. Vol. 1: 60-65.

Smith, C.A.S., Burn, C.R., Tarnocai, C., and Sproule, B. 1998. Air and soil temperature
relations along an ecological transect through the permafrost zones of
northwestern Canada. Proceedings, Seventh International Conference on
Permafrost, Yellowknife, N.W.T. pp. 1009-1015.

Burn, C.R., Parameswaran, V.R., Kutny, L., and Boyle, L. 1998. Electrical potentials
measured during growth of lake ice, Mackenzie Delta area, N.W.T. Proceedings,
Seventh International Conference on Permafrost, Yellowknife, N.W.T. pp. 101-
106.



Burn, C.R. 1998. Field investigations of permafrost and climate change in northwest
North America. Proceedings, Seventh International Conference on Permafrost,

Yellowknife, N.W.T. pp. 107-120.

Professional affiliations:

1989 Life Member, Arctic Institute of North America.
1991- Fellow, Geological Association of Canada.

1985- Member, Canadian Quaternary Association.
1993- Research Associate, Northern Research Institute, Yukon College, Whitehorse.

1994- Research Associate, Aurora Research Institute, Aurora College, Inuvik.
1996- Member, Association of Geoscientists of Ontario

Graduate students:

Master’s: 7 completed, 4 in progress
Doctoral: 1 in progress
Post-doctoral Fellows: 1 completed

14



ATTACHMENT # 7

LETTER TO B. DONALD FROM BART KOPPE

OF CANTOX ENVIRONMENTAL

REGARDING COMMENTS ON THE

POLARIS MINE DECOMMISSIONING

AND RECLAMATION PLAN

SPECIFICALLY RELATED TO

THE HUMAN HEALTH AND ECOLOGICAL RISK

ASSESSMENT



ENVIRONMENTAL

CANTOX ENVIRONMENTAL INC.
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December 13, 2001

Mr. Bruce Donad, P.Eng.

Reclamation Manager — Polaris Mine Closure Plan
Teck Cominco Metals Ltd.

Bag 2000

Kimberley, B.C.

V1A 3E1

Dear Mr. Donald:

Re:  Comments on the Polaris Mine Decommissioning and Reclamation Plan, specifically related
to the human health and ecological risk assessment.

Please accept this correspondence as CANTOX ENVIRONMENTAL INC.’s (CEl) response to the
concerns raised by the Department of Sustainable Development, GN in their October 25, 2001 |etter
addressed to the Nunavut Water Board and Indian and Northern Affairs (author: Paul Partridge:
Coordinator, Claims Implementation and Land Use). The letter questions the adequacy of the
human health and ecological risk assessment, as outlined by the following statements:

“ ... (CEI) consistently overlooked or dismissed rudimentary facts on wildlife such asthe
endangered status of the Peary caribou, or that they made the broad assumption that
muskox are just large caribou; failing to take into consideration the differences in niches,
the fact that they are more sedentary than caribou, and their increased ability to forage in
hard snow conditions. It appears that they failed to do more than give wildlife a superficial
glance in determining the acceptable limits for the [ soil quality remediation objectives], as
they fail to consider the influence of contaminants on anything but adult wildlife, which
would be when wildlife is arguably the least susceptible to contaminants.”

To best aleviate these concerns regarding the derivation of the soil quality objectives, aconcise
overview of the ecological risk assessment protocol is presented, followed by clarification on the
choice of the Peary caribou (Rangifer tarandus) as the representative key herbivorous speciesin the
region and the assumptions employed to describe their potential exposure to the contaminants of
concern.

1.0 Overview of the Ecological Risk Assessment Approach

Environment Canada (1994) states that the “ ultimate goal of an ecological risk assessment (ERA) is
to determine whether or not, and to what extent, remediation is necessary and, in cases where
required, to help specify appropriate remediation targets”.



Generic soil quality guidelines are derived to protect the most sensitive life stages of the most
sensitive receptors that inhabit soils, sediment, or water. Guidelines relevant to soil contamination
tend to be conservative values that are protective of awide range of receptors under a broad range
of environmental conditions.

The framework outlined in the National Contaminated Sites soil protocol provides the opportunity
to move from these generic guidelines to site-specific remediation objectives, which in turn “allow
the proponent to ensure that the assumptions used in the soil protocol apply to the site specific
conditions.” (CCME, 1999).

Although the guidelines are appropriate for use under a diverse array of environmental conditions,
site-adapted environmental quality remediation objectives may be necessary under certain
circumstances, such as at sites having:

atypical characteristics (e.g., high natural background levels of a contaminant);
complex mixtures of contaminants;

unusual exposure scenarios (e.g., the presence or absence of relevant populations or
receptors).

The unique nature of the Polaris mine site suggests that application of the generic soil quality
guidelines would not have been appropriate for remediative purposes. The scarcity of vegetation in
the area of the Polaris Mine resultsin alimited number of wildlife. The “barren and rugged” terrain
of Little Cornwallis Island (Graham, 1982) precludes and/or limits the use of the area by both
wildlife and human receptors. The atypical characteristics and unusual exposure scenarios
indicative of the Polaris mine site necessitated the development of site-specific soil quality
remediation objectives. The site-specific remediation objectives were determined through a CCME
recommended risk-based approach (i.e., risk assessment).

The guidance manual for the determination of soil quality remediation objectives states that:

When site conditions are outside what was considered in devel oping the guidelines using the
soil protocol, or beyond the limited modifications outlined under the [ criteria-based
approach], the site-specific conditions may lead to a recommendation to performrisk
assessment as the basis for devel oping site-specific remediation objectives (CCME, 1999,

p 19).

The use of risk assessment as the basis for developing remedial objectives is necessary where
unique ecological conditions or land use differs considerably from the conditions used to develop
the generic guidelines or the limited modifications allowed under the protocol modification method.
Given the unique High Arctic ecology, and the Inuit traditional land use patterns, there was
sufficient reason to apply risk assessment methodology in the development of the site-specific
objectives for the Polaris mine site.



20 Derivation of Soil Quality Remediation Objectives

Soil quality remediation objectives are determined using the most sensitive receptors that may be
exposed to the contaminants onsite. This means that the soil objectives derived for the Polaris mine
site are considered protective of any terrestrial wildlife receptors expected to spend time at the
reclaimed mine site.

Ecological receptor characterization evaluates basic biological characteristics and behaviour
patterns of the selected ecological receptors, including detailed characterization of such receptor
parameters as breathing rates, body weight, food ingestion rates, etc. Theterrestrial wildlife
receptors selected as part of the ecological risk assessment were not intended to include each of the
large number of species that potentially could be found within the study area. Rather, the selection
of the ecological receptors was based on careful consideration of several factorsincluding:
behavioural patterns that would increase the potential for chemical exposure, food chain structure,
relative abundance and percentage of time spent within potentialy impacted areas, availability of
biological data describing their characteristics, traditional resource patterns and professional
experience. It was assumed that by selecting those receptors that have the greatest exposure to
chemicals of potential concern, the likelihood for occurrence of adverse effects to receptors
receiving lower exposures would be adequately addressed.

Special consideration in ecological risk assessment is always given to any species that are classified
as “endangered” or “threatened”. The Committee on the Status of Endangered Wildlife in Canada
has listed Peary Caribou as “threatened” ! because of their low overall numbers.

The ecological risk assessment of the Polaris mine incorporated assessment endpoints that would
potentially result in the reduction of such “threatened” populations as the Peary caribou.
Assessment endpoints are in turn translated into measurement endpoints. To ensure the
survivability and sustainability of al local wildlife, the ecological risk assessment selected such
measurement endpoints as effects on survival, reproduction and growth. 1n other words, the
assessment evaluated the most sensitive stages of a population’slife cycle.

Muskox (Ovibos moschatus) was excluded from the ecological risk assessment for several reasons.
On a*“per body weight” basis, onsite exposure for muskox would actually be expected to be lower
than those predicted for the caribou. Considering that the exposure limits would be the same
between the two ungulates, ecological risks would actually be estimated to be higher for caribou.
Caribou were assumed to represent all ungulate species that may spend time at the mine site (e.g.,
foraging, breeding, etc.). Concernsrelated to the dwindling caribou populations were commonly
voiced by regional Inuit hunters (from the communities of Resolute Bay and Grise Fiord).

CEl agrees with the Department of Sustainable Development’ s assertions that muskox are likely
more sedentary than caribou and have an increased ability to forage in hard snow. It isimportant to
note that the exposure assessment of the Peary caribou employed a number of conservative
assumptions to ensure that potential risks would not be underestimated for this “threatened” species.
The assessment assumed that caribou spend up to 25% of their time directly on the mine site. This
would mean that local caribou populations would spend one quarter of their time on the relatively

! “threatened” classification refersto species that are likely to become endangered if limiting factors are not reversed



small area of the decommissioned mine site. Time spent onsite would therefore include foraging
and breeding activities. The exposure assessment effectively assumed that caribou were sedentary.
The same assumptions would have been made for the evaluation of muskox exposure. Itisalso
important to note that Little Cornwallis Island has been characterized as atransition area for both
caribou and muskox and that the actual time spent at or near the Polaris Mine areawould be
minimal for both groups of animals.

Interestingly, if local caribou popul ations would have been assumed to spend al their time feeding
and breeding onsite, the results of the ecological risk assessment would not have changed and the
soil quality remediation objectives would remain the same.

3.0 Closing

CEl is confident that the soil quality remediation objectives derived for zinc and lead at Teck
Cominco’s Polaris mine site will be adequately protective of both terrestrial wildlife and human
health under the area’ s current and intended land use (as indicated by the community consultation).
This conclusion seems to be supported by the Department of Sustainable Development, as outlined
by their statement,

“It is understood that the mine islocated in an area of marginal habitat, and that areas
wher e the mine contributed to significant contributions of contaminants, as defined by the
[soil quality remediation objectives] study, will be remediated. This, coupled with the fact
that there were areas of high lead and zinc concentration exceeding these recommended
limits prior to the mines inception, would support use of the values proposed by the study.”

In closing, the choice of Peary caribou as the representative ungulate species should be considered
appropriate for the characterization of ecological risks because:

caribou are listed as “threatened”

caribou were assumed to be as sedentary as muskox

caribou were expected to be exposed to a greater degree on a*“ per body weight” basis
than muskox (i.e., higher potential chemical dose)

| trust that this information will satisfy your present requirements. Should you have any concerns or
guestions regarding this material, please don’t hesitate to contact me directly at 403-237-0275.

Sincerely yours,
CANTOX ENVIRONMENTAL INC.

Bart Koppe, B.Sc., PBD (Tox)
Environmental Scientist
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January 2, 2001

TeckCominco Ltd.
Bag 2000
Kimberly, BC
V1A 3E1

Bruce Donald
Reclamation Superintendent

Attention:

Dear Mr. Donald,
Re: Response to Environment Canada Letter re Post-Closure Monitoring

This memorandum responds to the comments made by Lawrence Ignace of
Environment Canada, Environmental Protection Branch on page 3 of the letter
addressed to Dionne Filiatrault of the Nunavut Water Board on October 26, 2001.

Background to Marine Studies

The results of analyses of sediment collected from Garrow Bay 1999 and
comparisons to 1981 and 1984 data indicate that Garrow Bay has not been impacted
by potential sources of metal contamination (Tables 8.4 and 8.5, Polaris Mine
Decommissioning and Reclamation Plan, Volume III). Two of the three sediment
samples collected from Polaris Bay (stations 3B and 3C on Figure 15, Volume III)
contain zinc levels above the CCME probable effects level (PEL) and one of these
(3B) contain lead levels above the CCME PEL. These results cannot be compared to
baseline conditions as no pre-operational samples were collected here. Lead and zinc
levels at these sites are higher than those at an upcurrent site farther from the
shoreline (3A). Lead and zinc concentrations in soft tissue collected from station 3C
were higher than levels in upcurrent station 3A (Table 8.6 Volume III). It is difficult
to compare this data to pre-operational data collected in 1975 and 1978 as the
locations sampled in these years are not clear.

While there is no information to suggest or to dismiss that the metals levels in the
sediments of Polaris Bay are related to the effects of the adjacent landfill, the Closure
Plan proposes isolation of the landfill that eliminates the potential for migration of
metals contamination into the sediments.

All of the seven sediment samples collected from Crozier Strait in 1999 contain
cadmium, lead and zinc levels above the corresponding CCME PEL. These results
cannot be compared to baseline conditions as no pre-operational samples were
collected here. As the area up-current from the dock and shoreline operations
(station 4A) also contains these metals at high levels (above the PEL), it is possible to
attribute these results to a naturally occurring dyke of mineralization associated with
the Polaris ore body. Levels of cadmium, lead and zinc in soft tissue are elevated in
samples collected from this area in 1984 and 1999. While there is no information to
suggest or to dismiss that the metals levels in the sediments of Crozier Straight are
related to the effects of the adjacent mine operations, the Closure Plan proposes
remediation of the contaminated soil that eliminates the potential for migration of
metals contamination into the sediments.

(020102 monitor plan let.doc)
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Environment Canada commented that in the marine environment, attempts of remediation of
contamination may cause more problems than it solves and has recommended that "further
monitoring [of the marine environment] should occur to determine if there is continued contamination
into the future." This recommendation has been incorporated into the post closure monitoring plan
outlined below.

Post Closure Monitoring - Phase 1

Environment Canada requested a more detailed monitoring program including the location of stations,
parameters and frequency of sampling/observations. In response, the Phase I program is described
below and clearly outlined in Table 1. In general, the Phase I program refers to monitoring conducted
during the decommissioning and reclamation of the site from mid 2002 to October 2004.

Dock Removal and Shoreline Grading

During the dock removal and shoreline re-contouring, best management practices will be followed to
minimize impacts to marine habitat and life. This work is temporary in nature with the final result
being improved shoreline habitat. A TeckCominco staff member will be assigned to monitor the
shoreline work from an environmental perspective. This will include ensuring that:

Work is done "in the dry" as much as possible;

Deleterious substances are stored in a designated area away from the shoreline (50 m);

Refueling of equipment is conducted away from the shoreline;

Equipment to be used in the water is free of leaks and in good working order;

Sediment-laden water is kept isolated from marine water as much as possible by physical barriers

or by pumping it to settling locations;

o The mitigative measures outlined in the work plans (including dock removal process, refrigerant
handling, blasting and timing) are followed; and

e Contingency measures are in place to deal with accidents including a written emergency response

plan, presence of spill kits and workers trained in these procedures.

Confirmatory Sampling for Excavation of Metals and Hydrocarbons in Soil

An excavation plan has been prepared that is based on analysis of soil samples from test pits and
boreholes as compared to the soil quality remediation objectives (SQRO’s). However, it is likely that
the depth of excavation will vary from this design in some areas due to localized effects. A
contaminant concentration confirmation procedure will be implemented that will ensure that the
remedial objectives are achieved in an efficient and timely manner. During remediation of the areas
indicated on Figure 19 of Volume I for lead and zinc and the areas indicated on Figure 20 in Volume
I for petroleum hydrocarbons, on-site screening and confirmatory sampling will be conducted. The
objective will be to capture at least 95% of soils containing contaminants in excess of the SQRO’s in
each remediation area. Contaminant concentrations in any residual soils will not exceed twice the
SQRO’s. This objective provides a realistic recognition of our experience in soil remedial work.

On-site screening of soil samples for contaminant concentrations will be conducted. This approach
will prevent the delays and increased costs that would be encountered by the exclusive use of an off-
site laboratory for on-site control. The on-site screening procedure will utilize analytical instruments
that are designed for this purpose.

(020102 monitor plan let.doc)
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In areas where the design depth of excavation is 1.0 metres or less, the full design depth will be
excavated prior to screening analysis. In areas where the design depth of excavation is greater than
1.0 metres, screening analysis will take place at the design depth and then at approximately 0.5 metre
depth increments.

Excavation floor sampling will take place on a 25 metre grid (25 m by 25 m) wherein the area is
divided into four quadrants. One discrete sample will be collected from each of the four quadrants
and the four samples will be mixed together to form a composite for analysis. Excavation wall
sampling will take place by each 25 metre wall length. One composite sample will be created from
four discrete samples collected every 6.25 metre wall length at approximately 0.25 metres from the
floor. One discrete sample will also be analysed for approximately every five composites to verify the
representation of the composite method. The sample collection details may be modified slightly in
the field based on the professional judgement of the field technician where this is necessary to
maintain rigorous control in unique field conditions.

A screening analysis will be conducted on each sample collected. For screening analyses of metal
concentrations, an instrument similar to the NITON 700 Series Multi-Element Analyzer might be
utilized. The NITON instrument is a hand held analyzer that utilizes a radioisotope source ('*Cd) to
analyze for 15 metals (including lead and zinc) and that is specifically designed for this type of
application. The instrument is factory calibrated and reads bulk soil samples (i.e. no sample
preparation required). The instrument must be licensed with the Atomic Energy Control Board of
Canada because of the radioisotope source, which is a standard procedure. NITON information
quotes detection limits of less than 150 mg/kg for zinc and less than 70 mg/kg for lead. For screening
analyses of hydrocarbon concentrations, a photo ionization detector (PID) as well as visual and
olfactory observations might be used.

Other field analytical instruments are available and could be utilized that operate in a similar manner
to those described above. The detection limits and accuracy of analysis for the selected instruments
would be confirmed prior to utilization at the mine site. This procedure will compare duplicate
analyses of a suite of soil samples provided from the mine site utilizing the field analyzer and a
professional, accredited laboratory. The duplicate suite of samples will attempt to be representative of
soil types on the mine site and will consist of at least 25 soil samples.

A dedicated field technician will conduct the field screening analyses. A complete technical log of all
sample analyses and locations will be maintained on the site by the technician. Sample locations will
be ascertained by tape/chain survey.

Excavation of contaminated soils will proceed until the on-site screening procedures indicate that the
excavation objectives have been achieved. At that time, a suite of confirmatory soil samples will be
collected according to the sampling method described above for the field screening analyses. The
confirmatory samples will be analyzed at an accredited off-site laboratory. Backfilling of excavated
areas or other similar work in the areas of excavation will proceed only subsequent to the receipt of
favourable results from the off-site laboratory.

Garrow Lake Water Quality

TeckCominco proposes to conduct routine monitoring at Garrow Lake from mine closure to 2004
based on a modified Water License Surveillance Network Program (SNP, to expire December 31,
2002). Note that the plan assumes that the dam will be decommissioned in 2004 and that the current
monitoring associated with the input of tailings to the lake will not be required, as this operation will
be discontinued in 2002. This routine monitoring includes:

(020102 monitor plan let.doc)
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e Measuring the water level of the lake (at the lake centre, station 262-3) during break-up and prior
to freeze-up;

e Measuring the height of the tailings pile at station 262-2 on a monthly basis, when not prohibited
by ice until deposition of tailings ceases in late summer 2002;

e Collection of water samples from station 262-3 three times a year during mid-winter, maximum
ice thickness and maximum ice melt. Water will be collected from depths of 3, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 22 and 40 m during mid-winter and maximum ice thickness and from
depths of 0, 1.5, 3, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 22 and 40 m during open water.
Analyses of each sample will be for total lead, total zinc, pH, temperature and conductivity;

e Collection of water samples from station 262-3 three times a year during mid-winter, maximum
ice thickness and maximum ice melt from depths of 3 and 10 m during mid-winter and maximum
ice thickness and from 0, 1.5 m, 3 and 10 m depths during open water. Analyses of each sample
will be for total copper, cyanide, cadmium, antimony, nickel, arsenic and mercury;

e Collection of water samples from station 262-3 three times a year during mid-winter, maximum
ice thickness and maximum ice melt from a depth of 1.5 m for analysis of total suspended solids;

e Visual inspection to note stability of the Garrow Lake shoreline weekly between ice break-up and
freeze-up;

e Collection of water samples from station 262-7 (the water discharge siphons at the dam) every 7
days during periods of discharge for analysis of total lead, total zinc and pH; and

e Daily measurements of effluent volume during discharge at station 262-7.

Landfill Temperatures

Monitoring of the temperatures at the Operational Landfill will continue on a monthly basis except
during placement of the engineered cover. Once the cover is completed, three monitoring holes will
be maintained (or re-established, if damaged) so the thermal conditions of the engineered cap and the
landfill can be monitored on a monthly basis during Phase I. Monthly monitoring of the temperatures
at the LRD Landfill will begin following placement of the engineered cap by establishing three
monitoring holes.

Metals in Vegetation

During the summer of 2004, a vegetation sampling program similar to that conducted in 2000 (an
expansion of the 1974 and 1999 programs) to determine metal levels in vegetation in areas around the
mine site will be conducted. The year 2000 program included collection of up to four discrete
vegetation samples:

the entire vegetative body of lichen (Thamnolia subuliformis);

the current season's growth of leaves and stalk from the Arctic willow (Salix arctica);
the current season's growth of leaves and stalk from grass (Alopecurus alpinus); and
cleaned roots of the Arctic willow.

el S

Where these species are present at each of 13 sites (B, C, D, E, G, H, I, J, K, L, M, N, O, Figure 3 of
Volume 1V), analysis of each discrete dry sample (up to 4) at each site will be undertaken for lead and
zinc concentrations. This data will be compared to previous results from 1975, 1999 and 2000 to note
any changes in metal levels.

(020102 monitor plan let.doc)
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Metals in Marine Sediment

A marine sediment sampling program will be conducted from the ice in May or early June of 2004 to
monitor the status of lead and zinc sediment concentrations. Samples will be collected from station
3B (offshore from the Operational Landfill) in Polaris Bay and from stations 4A and 4C in Crozier
Straight (Figure 15, Volume III). At each of these sites, three samples will be collected and
composited for analyses of metals and other relevant parameters. These three sampling locations
represent an up-current "control" site and locations with current lead and zinc concentrations that
exceed federal guidelines.

Post Closure Monitoring - Phase 11

The Phase II program involves measurements, analyses and visual inspections following the mine
closure through until 2011. The program is described below and clearly outlined in Table 2.

Garrow Lake

At station 262-3 on Garrow Lake, a vertical profile of temperature, salinity and conductivity is to be
completed while the ice is still on the lake (May or June) during 2005, 2006, 2008 and 2011. At the
same time, water samples are to be collected from each of the surface layer, the halocline and the
deep water layer for analyses of total lead and total zinc. A water sample will be collected from a
depth of 1.5 m for TSS analysis.

Wind speeds will be monitored at the climate station on Resolute Bay from late July to freeze-up
from 2005 to 2011. During open water, if a wind event occurs that could result in the mixing of the
top 1 m of Garrow Lake (see Figure 3 in Section 3 of Volume II) a vertical conductivity profile of the
lake is to be taken at station 262-3 and water samples collected here at the surface and from the
halocline for total zinc analysis. This work will be done prior to freeze up, if it is safe to do so.

Surface Water

Brief inspections (1 to 2 days) are planed to occur in late July/early August of 2005, 2006, 2007, 2009
and 2011. During these visits, if surface water is present at the discharge point from Garrow Lake, a
water sample will be collected and analyzed for pH, total lead, total zinc and TSS. Water samples
will be collected from the Loon Lake outlet creek and analyzed for pH, total lead and total zinc.
Where surface water is present on the site samples will be collected and analyzed for pH, total lead,
total zinc and if required, hydrocarbons.

Landfill Temperatures and Visual Observations

Additional monitoring tasks to be completed during the late July/early August of 2005, 2006, 2007,
2009 and 2011 scheduled visits includes:

e Recording temperature readings from the three thermistor strings at the Operational Landfill and
from the three thermistor strings at the LRD Quarry Landfill;

e Visual observations to confirm stability of the physical features of the site, primarily related to
erosion, including at:
e Garrow Lake and Garrow Creek - surrounding slopes
e Operational Landfill - surface
e LRD Quarry Landfill - surface
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Site roadways - surface and side slopes

Marine shoreline - along the length of the decommissioned area

New quarry area - ground surface

Underground mine workings - ground surface above this area

Mine subsidence area - confirm that there is no significant ground movement that would
present a public safety hazard; and

e Visual inspection of the integrity of the seals at each mine entrance.

Metals in Vegetation

During the summer of 2011, a vegetation sampling program will be completed similar to that
conducted in 2000 and 2004 (an expansion of the 1974 and 1999 programs) to determine metal levels
in vegetation in areas around the mine site. The year 2000 program included collection of up to four
discrete vegetation samples:

the entire vegetative body of lichen (Thamnolia subuliformis);

the current season's growth of leaves and stalk from the Arctic willow (Salix arctica);
the current season's growth of leaves and stalk from grass (4/lopecurus alpinus); and
cleaned roots of the Arctic willow.

el S

Where these species are present at each of 13 sites (B, C, D, E, G, H, I, J, K, L, M, N, O on Figure 3
of Volume IV) an analysis of each discrete dry sample (up to 4) at each site will be undertaken for
lead and zinc concentrations. This data will be compared to previous results from 1975, 1999, 2000
and 2004 to note any changes in metal levels.

Metals in Marine Sediment

A marine sediment sampling program will be conducted from the ice in May or early June of 2011 to
monitor the status of lead and zinc sediment concentrations. Samples will be collected from station
3B (offshore from the Operational Landfill) in Polaris Bay and from stations 4A and 4C in Crozier
Straight (Figure 15, Volume III). At each of these sites, three samples will be collected and
composited for analyses of metals and other relevant parameters. These three sampling locations
represent an up-current "control" site and locations with current lead and zinc concentrations that
exceed federal guidelines. This data would be compared to previous results, including the results of
the 2004 sampling program, to identify significant trends.

We hope that the marine sediment comments and post closure monitoring plan outlined above
provides the information required. Please contact the undersigned at (403) 262-4299 with any

questions.

Yours truly,
GARTNER LEE LIMITED

S.R. Morison, Manager Northern Canada and Alberta

(020102 monitor plan let.doc)



Table 1. Outline of Post Closure Monitoring - Phase I
Area Station Locations Parameter(s) Frequency Duration
Dock and shoreline dock removal and shoreline grading visual environmental daily Through period of excavation
monitoring
Metal contaminated soils |see Figure 19 in Volume I of Polaris lead, zinc screening and confirmatory sampling Until remedial objectives achieved

Closure Plan

during remediation

Hydrocarbon
contaminated soils

see Figure 20 in Volume I of Polaris
Closure Plan

petroleum hydrocarbons

screening and confirmatory sampling
during remediation

Until remedial objectives achieved

Garrow Lake

262-3 (lake centre)

water level

during break-up and prior to freeze-up

mid 2002 to October 2004

Garrow Lake

262-2 (above tailings discharge point)

height of tailings pile

monthly, when not prohibited by ice

mid 2002 to late summer 2002 when
tailings deposition ceases

Garrow Lake 262-3 (lake centre) at water depths of 3, total lead, total zinc, pH, 3 times per year (mid-winter, maximum mid 2002 to October 2004
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, temperature, conductivity ice thickness and max ice melt)
22 and 40 m and also at 0 and 1.5 m
during open water

Garrow Lake 262-3 (lake centre) at water depths of 3 |total copper, cyanide, 3 times per year (mid-winter, maximum mid 2002 to October 2004
and 10 m and also at 0 and 1.5 m during  cadmium, antimony, nickel, ice thickness and max ice melt)
open water arsenic, mercury

Garrow Lake 262-3 (lake centre) - at water depth of | TSS 3 times per year (mid-winter, maximum mid 2002 to October 2004
1.5 m. ice thickness and max ice melt)

Garrow Lake perimeter of lake shoreline visual observation for stability weekly between break-up and priorto  'mid 2002 to October 2004

of shoreline

freeze up

Garrow Lake Dam 262-7 (water discharge siphons at dam) |total lead, total zinc, pH every 7 days during periods of discharge |/ mid 2002 to October 2004
Garrow Lake Dam 262-7 (water discharge siphons at dam) |volume of effluent daily during periods of discharge mid 2002 to October 2004
Frustration Lake water volume monthly total pumped in m mid 2002 to October 2004
Garrow Lake Dam dam core temperature monthly mid 2002 to October 2004
Operational Landfill 3 monitoring holes temperature monthly mid 2002 to October 2004
LRD Quarry Landfill 3 monitoring holes temperature monthly, following capping mid 2002 to October 2004
Vegetation B,C,D,E,G,H,LJ,K,L, M, N, O on lead and zinc in dry Arctic once Summer of 2004

Figure 3 of Volume IV of Polaris willow roots, Arctic willow

Closure Plan shoots, grass shoots and whole

lichen body

Marine sediment stations 3B, 4A, 4C on Figure 15 of lead and zinc in sediment once May/June 2004

sampling

Volume III




Table 2. Outline of Post Closure Monitoring - Phase I1

Area

Station Locations

Parameter(s)

Frequency

Duration

Garrow Lake

262-3 (lake centre) at
surface, halocline and
deep layers

total lead, total zinc, pH, temperature,
conductivity, salinity

annually during May/June

2005, 2006, 2008, 2011

Garrow Lake 262-3 (lake centre) - at TSS annually during May/June 2005, 2006, 2008, 2011
water depth of 1.5 m
Resolute Bay climate station wind speed annually from late July to freeze-up of 2005 to 2011

Garrow Lake

Garrow Lake

262-3 (lake centre) at
water depths of 3, 10, 11,
12,13, 14, 15,16, 17, 18,
19, 20, 22 and 40 m

total lead, total zinc, pH, temperature,
conductivity, salinity

following a wind event that could result in
the minxing of the top 1 m of the lake (see
Figure 3 in section 3 of Volume II)

during open water (late July to
freeze-up) from 2005 to 2011

Garrow Lake

discharge point

pH, total lead and zinc, TSS

annually during July/August visit, if

2005, 2006, 2007, 2009, 2011

discharging
Site surface water any observed surface pH, total lead and zinc, hydrocarbons annually during July/August visit, if 2005, 2006, 2007, 2009, 2011
flows discharging
Loon Lake outlet creek at discharge to ocean pH, total lead and zinc annually during July/August visit, if 2005, 2006, 2007, 2009, 2011
discharging
Operational Landfill 3 monitoring holes temperature annually during July/August visit 2005, 2006, 2007, 2009, 2011
LRD Quarry Landfill 3 monitoring holes temperature annually during July/August visit 2005, 2006, 2007, 2009, 2011
Garrow Lake and Garrow Creek 'surrounding slopes visual inspection of physical stability annually during July/August visit 2005, 2006, 2007, 2009, 2011
Operational Landfill surface visual inspection of physical stability annually during July/August visit 2005, 2006, 2007, 2009, 2011
LRD Quarry Landfill surface visual inspection of physical stability annually during July/August visit 2005, 2006, 2007, 2009, 2011

Site roadways

surface and slopes

visual inspection of physical stability

annually during July/August visit

2005, 2006, 2007, 2009, 2011

Marine shoreline

area of decommissioning

visual inspection of physical stability

annually during July/August visit

2005, 2006, 2007, 2009, 2011

New quarry area

ground surface

visual inspection of physical stability

annually during July/August visit

2005, 2006, 2007, 2009, 2011

Underground mine workings

ground surface

visual inspection of physical stability

annually during July/August visit

2005, 2006, 2007, 2009, 2011

Mine subsidence area

ground

visual inspection of ground movement

annually during July/August visit

2005, 2006, 2007, 2009, 2011

Mine entrances

seals

visual inspection of integrity of seals

annually during July/August visit

2005, 2006, 2007, 2009, 2011

Vegetation

B’ C7 D’ E’ G7 H’ I7 J’ K’
L, M, N, O on Figure 3 of
Volume IV

lead and zinc in dry Arctic willow roots,
Arctic willow shoots, grass shoots and
whole lichen body

once

summer of 2011

Marine sediment sampling

stations 3B, 4A, 4C on
Figure 15 of Volume II1

lead and zinc in sediment

once

May/June 20011
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PO Box 2219, 2045 Mills Road West

0))][(@ AXY'S | Sniimanenta! Sidney, British Columbia, Canada. V8L 3S8
To: Bruce Donald, Teck Cominco

From: Paul Erickson

Date: December 14, 2001

Re: Garrow Lake Dam - Effect of Removal on Lake Stability and Water Quality

Response to Comments by DFO

1. Background

Bruce Fallis of DFO asked whether sequential or progressive mixing of the halocline had been
considered. In addition, he was concerned about the loading of contaminants in particular Zn
that would be discharged from Garrow Lake subsequent to closure of the mine. These questions
are addressed below:

2. Sequential Mixing

There was an error in Figure 4 of our report. This may have resulted in some confusion about
what was stated on page 5. The vertical axis in figure 4 should read Duration in days not hours.
The text on page 5 of the report which refers to Figure 4 is correct however.

Sequential (year to year or event to event) mixing of the top of the halocline into the surface layer
is possible. The present model assumes there is some annual mixing of the top of the halocline
but at a low rate. Major wind events over open water will result in higher rates of mixing. As
the halocline is mixed into the surface layer however, the surface layer deepens and the energy to
further mix the top of the halocline increases. A summary of the wind speeds and duration
required to mix the halocline into the surface layer by 1 m increments in a single event or in a
series of isolated or individual events is given in Tables 1 and 2 (attached). Actual mixing times
to mix more than the top 1 m will be longer since the percentage of wind-derived energy reaching
the top of the halocline will be less than the 4 % assumed.

It should be stressed that even if the present halocline with its Zn maximum were to be mixed
into the surface layer after draw down of the lake, there would still be a halocline present and the
stability of the lake not threatened. The increased salinity of the surface layer (12.9 ppt) would
still be far less than in the bottom layer (68 ppt). A “new” halocline would separate the deeper
more saline surface water from the bottom layer.



3. Zinc Loading

The following discussion looks at dissolved Zn. Lead concentrations are currently more than a
factor of 10 less than the current License limits and, as there is no longer a maximum present in
the halocline, no source of excess Pb exists in Garrow Lake that might increase surface layer
concentrations.

Concentrations of Zn in the Surface Layer are considered below for three different post-dam
scenarios: 1) no mixing of the halocline with the surface layer (greater than already assumed in
the model); 2) mixing of the top 1 m of the halocline into the surface layer, and 3) mixing of the
top 2 m of the halocline including the Zn maximum into the surface layer. Predictions are
given for the first year of natural drainage after the dam is removed which represents a
worst case situation. Zn concentrations are expected to decrease each year after removal of
the dam. Model predictions have been updated to include the 2001 SNP data.

a) No Mixing

Current model predictions are that the surface layer will have Zn concentrations of 0.24 ppm
when the dam is removed in 2004. Concentrations are predicted to decrease to less than 0.1 ppm
by 2010 (figure 1). The Zn maximum in the halocline is expected to decrease to 0.88 ppm by
2004 and to about 0.33 ppm by 2010 (figure 2).

b) Partial Mixing

If the top metre of the halocline were mixed into the surface layer in the first summer after
removal of the dam, the Zn concentration in the surface layer would increase by 0.015 ppm to
0.26 ppm, the surface layer depth would increase to 8.5 m and the mean salinity to 9.4 ppt. In
this situation, concentrations would still decrease to 0.1 ppm by 2010.

¢) Mixing of the Zn maximum in the halocline into the Surface Layer

Should the top 2 m of the halocline be mixed into the surface layer after removal of the dam, Zn
concentrations would increase by 0.07 ppm to 0.31 ppm, the surface layer depth would increase
to 9.5 m and the mean surface salinity increase to 12.9 ppt. Natural processes would decrease Zn
concentrations to less than 0.1 ppm in nine years.

3.1 Zinc loading in Garrow Creek after dam removal

Although the title of the report referred to outflow water quality, the report gave only predicted
concentrations of Zn in the surface layer of the lake. There is a tendency to assume that the
concentrations of metals in Garrow Creek will be the same as those in Garrow Lake. This is not
the case.

Until Garrow Lake clears of ice, the water at the surface of Garrow Lake is a combination of ice
and snow melt. Because of its lower density, melt water floats on top of the brackish water of the
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surface layer isolating the surface water of Garrow Lake from Garrow Creek. Concentrations of
Zn under these conditions reflect melt water concentrations regardless of the Zn concentration in
the surface layer.

When the Lake is ice free, the melt water can be mixed by wind into the underlying surface layer
producing a well mixed surface layer. However, even under these conditions, the water in
Garrow Creek has lower concentrations of Zn than in the surface layer of the lake presumably as
a result of dilution with surface run-off. Based on SNP data from 1985 to 1989, Zn
concentrations were never more than half of the corresponding concentrations of Zn at the
surface of Garrow Lake (note: 1985 to 1989 were the years prior to constructing the dam when
surface layer Zn concentrations were increasing as a result of a tailings spill in the winter of
1985).

Calculating a loading of Zn to Garrow Bay must therefore take into account these factors.
Estimates of Zn loading relative to original license limits are estimated in Table 3 for the
predicted post-mine surface layer Zn concentration and for the Zn concentration that would be
present should the upper 2 m of the halocline be mixed into the surface layer as described above.
These calculations are for a year where the lake becomes ice free by the beginning of August and
assume a dilution factor of 2 in the open water period. Although in the years from 1982 — 1989
more than 70 % of the flow in Garrow Creek occurred while the lake was ice covered, a figure of
60 % has been used in the calculations. The total flow through Garrow Creek has been set at 2.3
Mm? which was the maximum flow through Garrow Creek from 1982 — 1989 (less the
contribution from tailings input). The calculations therefore present a worst case scenario for
total loading in Garrow Creek. The estimates indicate that in the case of predicted post mine
concentrations in Garrow Lake, the loading in Garrow Creek would be less than the original
licence limit, and about 35 % greater than the original licence limit assuming a worst case
scenario of mixing in Garrow Lake and dilution in Garrow Creek.

An actual total Zn loading through Garrow Creek is also given for 1989 based on SNP data from
station 262-5. This provides a good reference for the post-mine scenarios as 1989 was a year in
which there was natural outflow from Garrow Lake, the lake cleared of ice in August and mean
surface layer Zn concentrations (as high as 0.36 ppm) were close to the predicted level of 0.31
ppm should the top 2 m of the halocline be mixed into the surface layer. The total loading in
1989 was about half the calculated worst case post mine loading scenario.

4. Revised Model Predictions

The 2001 SNP data has been used to provide updated predictions of Garrow Lake properties.
Figures 1 through 5 give observed values through 2001 and predicted values for:

» Dissolved zinc in the surface layer

» Dissolved zinc in the halocline

» Bottom layer salinity

» Surface layer salinity

» Vertical salinity/depth profile for 2001.
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TABLE 1. POST-MINE MIXING OF THE HALOCLINE INTO THE SURFACE LAYER

Layer to be Mixed Mixing Work Wind Energy Wind Duration
metres 10° ergs/cm? 10°ergs/cm? hours
75-85 0.45 11.3 2.7
85-95 1.39 34.7 8.1
9.5-105 1.99 49.7 11.6
10.5 - bottom* 28.36 708.9 166.2

TABLE 2. POST-MINE SINGLE EVENT MIXING

Depth of Mixing Mixing Work Wind Energy Duration
metres 10° ergs/cm’ 10° ergs/cm’ hours
8.5 0.45 11.3 2.7
9.5 1.84 46.0 10.8
10.5 3.83 95.7 22.4
Bottom* 32.19 804.7 188.6

*Note: The starting point for these calculations is the salinity distribution expected after mill activity ceases, and
after draw down has restored the lake to its original level. The surface mixed layer will be 7.5m deep with salinity 8
ppt and temperature 2 °C; the bottom mixed layer will have salinity 68 ppt and temperature 8 °C; and the halocline
will be 2m thick with salinity increasing linearly between the surface and bottom layers.

Mixing work is that required to mix the indicated layer into the overlying surface mixed layer, and is set to a constant
4 percent of surface wind-derived energy. This is a good approximation for the initial case of surface layer depth of
7.5 m but the percentage will be less as the surface layer gets deeper. However, for the purposes of these
calculations 4 % has been used regardless of surface layer depth. Wind duration is calculated for the maximum
hourly wind speed recorded at Resolute (29 m/s; 105 km/h). For other wind speeds W the duration should be
multiplied by the factor (29/W)? e.g., for W = 14.5 m/s (52 km/h) listed duration values should be multiplied by 8.
The bottom depth was taken as the mean depth for the lake of 24.5 m.
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Table 3. Annual Discharge of Dissolved Zinc through Garrow Creek

i) Original Water License Limit
Original water licence allowed for average Zn concentrations in Garrow Creek of 0.1 ppm. Assuming the
maximum flow of 2.3 Mm?® recorded in Garrow Creek between 1982 and 1989, the total loading limit for
a season was therefore:

2.3 Mm®x 0.1 g/m* = 230 kg.
i) Post-Mine

Present predictions are that the surface layer Zn concentrations will be 0.24 ppm the first year that
natural outflow occurs from the lake after dam removal.

Maximum loading in Garrow Creek would be:

Loading while the lake is ice covered + loading when the lake is ice free, or

(1.38 Mm® x 0.066 g/m°) + (0.92 Mm® x 0.24/2 g/m®) = 206 kg
assuming a flow of 2.3 Mm®, 40 % of the flow when the lake is ice free and a two fold dilution. The Zn
concentration used while the lake is ice covered is the mean Zn concentration in 1987 to the end of July
in Garrow Creek — in 1987 there was natural outflow from Garrow Lake and surface layer Zn
concentrations were similar (0.23 ppm).
iii) Post-Mine with halocline Zn maximum mixed into the surface layer
Under these worst case conditions the surface layer Zn concentration is predicted to be 0.31 ppm.
The maximum loading in Garrow Creek would be:

(1.38 Mm>x 0.12 g/m®) + (0.92 Mm® x 0.31/2 g/m®) = 308 kg

Using the same assumptions as in ii) above, with the exception that the Zn concentration while the lake is
ice covered is that observed in 1989 when surface layer Zn concentrations were similar (see below).

iv) Actual Zinc loading in 1989

This was the last year that there was natural outflow from Garrow Lake and the lake cleared of ice. Zinc
concentrations reached 0.36 ppm in the surface layer (due to a tailings line failure in 1985) similar to the
example above. The total flow was 1.5 Mm?® with 79 % of the flow occurring by July 31. The Zn loading
was:

June 19 - July 31: 143 kg
August 1 — September 17: 21 kg
Total 164 kg
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Figure 1. Predicted and Observed Concentrations of Zinc in the Surface Layer of Garrow
Lake 1980 - 2010
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Figure 2. Predicted and Observed Maximum Concentrations of Zinc in the Halocline of Garrow
Lake 1980 — 2010
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ATTACHMENT # 10

MEMORANDUM TO B. Willoughby From T. Feduniak
REGARDING ‘CONTAMINATED SOILS STORAGE’

dated December 21, 2001



Polaris Mining Partnership

To: Bill Willoughby — Mine Superintendent
From: Trevor Feduniak — Mine Planning Engineer
Date: December 21, 2001

Subject: Contaminated Soils Storage

Below is a list of underground areas and corresponding volumes for placement of surface contaminated
soils. Volume and percent fill values for the KEX Stopes were provided by Jesse Hall using MineSight.
The volumes of the drifts were measured from our working drawings and the percent fill values were
estimated based on our current backfilling techniques (8 yard Scoop and 950 Loader). Gartner Lee has
provided the estimated volumes for both hydrocarbon and sulphide contaminated soils. The Keel
Extension area has been reserved for hydrocarbon contaminated soil, all others areas will be used for
sulphide contaminated material.

LOCATION EXCAVATED VOLUME PERCENT FILL AVAILABLE VOLUME
(m?) (m°)
KEX-1 (Stope) 23,400 75% 17,550
KEX-2 (Stope) 8,730 73% 6,373
KEX-3 (Stope) 11,340 80% 9,072
KEX-4 (Stope) 7,830 48% 3,758
TOTAL 51,300 36,753
Main Ramp (710 to 880) 41,047 90% 36,942
Conveyor (710 to 880) 26,839 60% 16,104
Misc. Drifts (730 to 880) 27,885 85% 23,702
TOTAL 95,772 76,748
CONTAMINATED SOIL | IN-SITU VOLUME (m®) PERCENT SWELL REQUIRED3VOLUME
(m)
Hydrocarbons 29,200 120% 35,040
Sulphides 61,750 120% 74,100

The areas listed above will provide the necessary required storage capacity to satisfy the contaminated
soil volumes provided by Gartner Lee.

Attachments:
» Plan Drawings: Depicting locations of storage areas listed above.
e Memo: Capacity for Hydrocarbon Storage in the Keel Extension — Jesse Hall.
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ATTACHMENT # 11

MEMORANDUM FORM B. DONALD TO J. DeGROOT
REGARDING
‘RECOMMENDED PROCEDURES FOR THE RECOVERY
AND DISPOSAL OF WASTE ANTIFREEZE FORM THE DOCK
FACILITIES’

dated December 15, 2001.



Teck Cominco Metals Ltd. .

Bag 2000, Kimberley, B.C. V1A 3E1 t k

e | teckcominco
Fax: (250) 427-8206
Email: bruce.donald@teckcominco.com |

MEMORANDUM

Memo To:  Mr. Jordan DeGroot Date: December 15, 2001
From: Bruce Donald, Reclamation Manager
Re: Recommended Procedures for the Recovery and Disposal

of Waste Antifreeze from the Dock Facilities

This memorandum is in response to the request for additional information on the nature, quantity

and method of handling refrigerant from the freezing pipes installed in the dock.

Background I nformation

According to the origina construction records and engineering drawings prepared by Bechtel
Canada, the dock was to be constructed by freezing the imported fill materias to form the
permanent working platform. Freezing of the fill materials during the construction period
was to be accomplished by a heat removal and exchange system. Theinitia system consisted
of a 55 kw refrigeration plant and 250 — 150 mm diameter carbon steel coolant injection
(freeze) pipes. Because of the natural freezing condition at the site, not all of the components
in the origina design were required during the construction of the dock facility and the
number of freeze pipes actually used was significantly reduced. Anecdotal evidence indicates
that actual number of freeze pipes used may have been in the order of 145.

Antifreeze with a design operating temperature of -20° C was used as the hesat transfer
medium for the freezing of the construction area. However, there is no available record of
the type of glycol used for the application. Ethylene glycol was used throughout the balance
of the process area and, as a conservative approach, it has been assumed that ethylene glycol

was used for dock freezing aswell. Thiswill be confirmed prior to removal.



If al of the freeze pipes were used as designed, the estimated volume of glycol would be
approximately 70,300 liters (18,600 US gallons). As indicated above, the actual volumes
could be significantly less, if only a portion of the freeze pipes were instaled and found to
contain glycol. For planning purposes, a conservative approach has been taken and, until
field investigation during reclamation indicates otherwise, it has been assumed that al initial
freeze pipes were installed and filled with glycol. The following procedures will be followed

to ensure the glycol isremoved and disposed of in an environmentally acceptable manner:

Through the use of a metal detector, origina drawings, and hand excavation, confirm the
locations and number of all freeze pipes that were installed during the construction phase of
the dock facility. According to the origina design, the freeze pipe was blind-flanged
approximately 150 mm (6 inches) below the top of the rockfill.

Each freeze pipe will be examined to identify and record which are “dry” pipes and which
contain glycol. ldentifying and recording the conditions as “dry” or “filled” for each freeze
pipe will be adequate.

Sample the waste antifreeze in severa pipes and determine the chemical characteristics of it
by a certified laboratory. Every pipe does not require sampling, as the same type of glycol
will bein all of the freeze pipes.

Obtain submersible pumps, discharge hoses and shut-off valves that are suitable for pumping
ethylene glycol. Transport to site sufficient containers approved for shipment of ethylene

glycol.

Remove the blind flange carefully to minimize the loose overburden materials from falling
into the injection pipe.

Lower the submersible pump into the injection pipe and place the pump discharge hose into
one of the drums before starting the pump. Drums will be located in a portable watertight
containment pan during filling.

Operate pumps in a manner to minimize surges. When the first drum is nearly filled, close
the shut-off valve and transfer the pump discharge hose to the empty container, avoiding
splashing and spillage.

Pump, hoses and fittings must be stored on the containment pan after each recovery
operation. Containment pan contents must be drained and transferred into an empty drum.

Label al filled drums and relocate to a temporary storage area to hold for disposal by one of
the following methods:

a) Transport from site in approved shipping containers for recycling. The handling of
the drums for shipping will be done by trained personnel, the drums will be labeled
as required by regulations, shipments will be properly manifested and the drums will
be shipped to a company approved to recycle or dispose of glycol.

b) Incinerate on-site in an approved two stage incinerator. While this is a less likely
option, it is still an acceptabl e approach under current regulations.



The NWB will be notified of which disposal method is selected in advance.

Arrange a portable steam generator or a closed-loop hot water supply/recirculation system for
the injection pipe thawing operation.

Remove the blind flange and lower the steam injector slowly into the freeze pipe to thaw the
soil materials immediately next to the freeze pipe. Start the thawing operation from the
bottom of the injection pipe. Once thawed, freeze pipes will be extracted by crane, jacking,
vibratory means or by cutting off the pipe after being exposed.

The residual glycol and the liquid from the closed-loop system will be recovered and
drummed and in a similar manner as described above.



ATTACHMENT # 12

LETTER TO B. DONALD FROM RICK McLEAN
REGARDING ‘DECOMMISSIONING OF THE WHARF FACILITY
IN CROZIER STRAIT, CORNWALIS ISLAND, NT
LITTLE CORNWALLIS ISLAND, NORTHWEST TERRITORIES’

dated December 4, 2001



l * Fisheries and Oceans Péches et Océans

Canada Canada

Coast Guard Garde cotiére

Central & Arctic Region Région du Centre et de I'Arctique
201 N. Front Street, Suite 703 Your file  Votre référence
Sarnia, Ontario
N7T 8B1 Qurfile  Notre référence

8200-80-651
December 4, 2001

Teck Cominco Metal Limited

Bag 2000

Kimberley, BC V1A 3E1

Attention: Bruce Donald, Reclamation Manager

Dear Sir:

Re: Decommissioning of the Wharf Facility in Crozier Strait, Cornwalis Island,
NT Little Cornwallis Island, Northwest Territories.

Reference is mad to your e-mail concerning the above noted project.

We have reviewed the information supplied and can advise the Canadian Coast Guard
has no interest in this project provided that:

1. Extract or cut off steel piles at least 2 meters below low tide elevation.
2. Re-initiate a beach profile that will minimize erosion.

Should you have any further questions concerning the above, please contact the
undersigned at (519) 383-1862.

Yours truly,

ol

Rick McLean
A/Superintendent ‘
Navigable Waters Protection

RAM/kab

Canadid



ATTACHMENT # 13

FAX TO NORMAN ALLYN OF WESTMAR CONSULTING
ENGINEERING FROM JEAN BARTHE OF TOWER ARCTIC
REGARDING
THE SOURCE OF THE FILL FOR THE DOCK CELLS

dated November 14, 2001



NOU-14-2881 @28:47 TOWER GROUP ‘ 514 882 6127 P.p1-81

ARCTIC DESIGN

CONSTRUCTION
PERMAFROST SPECIALIST
Tower Group of Companies
' % in the arctic continuously since 1946

11/14/01

Westmar Consulting Engineers,

400 - 233 West lst Sr.,

North Vancouver, B.C,.

VM 1B3

Attention: Norm Allym Fax: (604) 985-2581

Re: Polaris Mine Decommissioning

Norm,

In response to your fax of November 13, the material that was
used to fill the dock cells came from the excavation of the berthing
place for the barge. At that time the mine was nor in operation
and the access portal excavation was in progress.

It was an jnaccuracy from our part to have stated that mine
rejects were used as fill for the dock cells,

CIRCULATE TO: | INITIAL Regards,

LIEA s

Jean Barthe

ALTION BY

TQALUIT, NUNAVUT MONTREAL, OC., H3A V4
PO, BOX 717, X0A QHO 1230 - 2045 STANLEY &T.
TEL.: (B§7) 979-6465 TEL.: (514) 845-3551
FAX.: (867) 97865591 FAX.: (514) 882.6127

TOTAL P.B1



ATTACHMENT # 14

UPDATED DOCK & SHORELINE SECTIONS
DRAWN BY WESTMAR CONSULTING ENGINEERS
REVISIONS DATED DECEMENBER 7, 2001

dated November 14, 2001
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ATTACHMENT # 15

Appendix H from Revision 1 of
‘Decommissioning of Dock Facilities at Polaris Mine Little
Cornwallis Island, Nunavut’
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TECK COMINCO LTD.
Decommissioning of Dock Facilities at Polaris Mine
Little Cornwallis Island, Nunavut

APPENDIX H

Preliminary General Blast Design

REVISION 1
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Blasting Permafrost Conditions — Sheet Pile Cell Dock
Introduction

The dock facility was comstructed in 1981 and is comprised of four circular sheet pile c¢ells, each
approximately 26 m in diameter. Three interconnecting arcs on the front face tied the four cells together.
The wall thickness of an individual steel sheet pile is approximately 1/2-inch. The cells were constructed
by driving sheet piles through the ice and backfilled with rock and overbarden available locally. The face
of the dock is approximately 90 m long with a depth of approximately 13 m at low water.

Blasting in or near Canadian fisheries waters has demonstrated to cause disturbance, injury and/or death to
fish and marine mammals and the alteration, dismption or destruction of marine habitat. The Department
of Fisheries and Oceans (DFQO) has prepared guidelines to assist propenents in conservation methods to
protect marine life and habitat from the destructive forces of explosives. The guidelines entitled,
“Guidelines for the Use of Explosives In or Near Canadian Fisheries Waters, 1998, forms the basis of
blast design for the Polaris project

The Need for Blasting

The substrate underiying the sheet pile cell dock is comprised of overburden excavated from the barge dry
dock facility that has been backfilled into the cells and compacted. The Polaris site exhibits permafrost
conditions exceeding 100 m in depth and blasting will be required to sufficiently fragment the frozen fill to
allow for cost cffective excavation.

Type of Explosives

The “Guidelines for the Use of Explosives In or Near Canadian Fisheries Water, 1998” state: “No use of
ammonium hitrate-focl oil mixtures occurs in or near water due 1o the production of toxic by-products
(ammonia).”

Permafrost blasting is to be performed using nitroglycerin (NG) based dynamite, such as Orica Powerfrac
in cartridge form.

Linear shape charges may be nsed to sever the steel sheet pile at the designed depth nnderwater. Linear
shape charges (LSC) do not normally have trade names and are commonly manufactured to meet specific
project conditions. Typically, RDX explosive is used in linear shape charges.

Blast Design

Overpressure calculations, set at a peak pulse of 100kPa, were performed for the dock site and the results
are presented in Figure 1. These calculations form the basis of blast design and configuration for the
project area. The charge weight per delay limitations are depicted linearly in metres from the dock face
towards the process barge. The use of a bubbie curtzin to limit blast-induced overpressure in close
proximity to the dock face is mandatory.

Permafrost blasting requires approximately twice the powder factor required to break normal rock. The
approximate volume of material in the dock area to blast is 28,700 cubic metres requiring approximately
34,500 kilograms of explosives in total (see Figure 2). Blasting must be performed in small discrete shots,
within the overpressure guidelines, so that excavation equipment can dig out the shot material before it re-
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freezes. Actual blast size will depend on the size and capability of the excavator on site. A generalized
blast plan is illustrated in Figure 3, showing an 8-blasthole shot containing about 50 cubic metres of
material. Maximum depth of blasting in the sheet pile cell dock area is about 7 metres.

Multi-deck loading and blasting techniques are required. Between 2 to 4 explosives decks per hole will be
required to fragment the cell material in order to maintain the overpressure guidelines. The charge weight
per delay will vary depending upon the proximity of the shot to the front face of dock (see Figure 1). The
blasting contractor must; have a full understanding of marine blasting; be able to blast 1o Fisheries
guidelines; have the ability to calculate the specific charge weight per delay for each blast; and be able to
adjust the blast pattern or utilize a bubble curtain as the need arises. Experience in blasting permafrost
conditions is also required.

Overpressure modeling was performed for the usc of linear shape charges (L.SC) to sever the sheet pile
below water level (see Table 1). Since bubble citains have effectively reduced the pressure pulse by a 10-
fold factor, the overpressure limit for the model was set at 1,000kPa for various linear shaped charges. The
results indicate that a 10-foot length of LSC may be detonated, within the Fisherics guidelines, with the
proper use of a bubble curtain.

Detonation Depth

Blast depth varies throughout the project site, however, a maximum depth of 7 m is to be blasted in the
sheet pile cell dock area. As noted previously, the charge weight per delay will depend on the distance of
the blast from the water as iltustrated on Figure 1. Detailed calculations for setback distances from 1 meter
to 14 meters can be found in Tables 2-15 in the Appendix.

Method of Detonation — Electrical Sequential Blasting

The method of detonation is critical to the success of the project, both in the terms of safety and the ability
to control blast-induced overpressures and limit marine life mortality.

Electric sequential blosting technigues must be employed for two reasons:

Safety: Due to the high powder factor required to blast permafrost, blasting mats must be used to contain
fly rock. Nonel or shock tube type detonators are subject to damage when blasting mats are placed over
the tubes, resulting in cutoffs, the blast firing out of sequence, excessive fly rock and extremely high
overpressures at the water. Overpressure limitations will be exceeded if the designed delay sequence is not
achieved due to damaged shock tubes. The safety of personnel and equipment are also at risk from fly rock
as a result of a violent, uncontrolled biast cansed by damaged shock tubes.

Accuracy: All shock tube type detonators contain +/- delay scatter time because of the inaccuracy of the
pyrotechnic delay elements in the blasting caps. In order to control overpressure generated by blasting, tight
control must be placed on the delay timing sequence. The multi-deck holes require accurate delay times
between explosive decks and from hole-to-hole to limit the blast-induced overpressure 1o 100kPa. The only
methods available for the accuracy required for this project are through the use of electronic detonators or
electrical sequential blasting. Electronic detonators are not commonly used at present and are costly.
Experienced blasting contractors commonly perform electric sequential blasting.
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Polaris Mine
Decommissioning Sheet Pile Cell Dock
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s 26m —-
gm
TOTAL

Volume par Cell 3716.5 14866 cum
Volume pes Tie Gall 445 1336  ocum
TOTAL Cell Yolume 18202 cum
Volume beyond Celis 12500  cu.m
TOTAL VOLUME 28702  cum
Powder Factor 1.2 kgfbcm
Explosives Required 34442 ky

Polaris Mine DecommissioningSheet Pile Celi Dock

Cell Layout

Figure 2
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Polaris Mine
Decommissioning Sheet Pile Dock

Generalized Blast Design
Electrical Sequential Tie-in : Delay Sequence Decked Holes

2- Decks per hole
142ms 192ms 242ms 292ms Upper Deck Delay Sequence +—— POWERFRAC
e stemming
187ms 217ms 267ms 3Tms Lower Deck Delay Sequence +—— POWERFRAC
100ms 180ms 20ms 250ms Upper Deck Delay Sequence +— POWERFRAC
—mmee  SEEMIMING
125ms 175ms 225ms 275ms Lower Deck Delay Sequence +—— POWERFRAC
Generalized Pattern Size - aft x4t (1.22mx 1.22m)
To Blasting Machine

Note - L.eg wires omitted for sake of clarity
- Not to scale
- Only 2-row shot shown. Addltlonal rows may be required depending on size of blast

PATTERN EXPLOSIVES
4x4 (1.22mx1.22m) 2x16 Powerfrac Cartridges
dxd (. 22mx1.22m) 2%16 Powerfrac Cartridges

PACIFIC

BLASTING & DEWOLITION LTD.

Figure 3




raciric

!!5

Design Criteria
for

Guidelines for the Use of Explosives In or
Near Canadian Figshearies Waters

Table No. 2

Charge Welght Calculations for a 1.0 m Setback
Tabile 1 - From " Canadian Tachnleal Report of Fisheries and Aguatic Sciences 2107° | 1998
Titled - "Guidelines For the Use of Explosives In Ot Near Canadian Fisheries Waters™

Subatrate br{grem™) | Cri{em-s™} | Cw{cms") K Dw (g-em”) | Pw (kPa) | PPV (mm-gec”)

1 |Reck 2.84 457200 145200 503 1.00 100.00 13.00
2 |Frozen Sail 1.92 304300 148300 3.20 1.00 100.00 13.00
3 |lce 0.58 304300 146300 210 1.00 100.00 13.00
4 |Saturated Soil 2.08 148300 148300 213 1.00 100.00 13.00
5 |Unsaturated Soil 1.592 45700 148300 0.88 1.00 100.00 13.00

PROJECT DESIGN CRITERIA

Project Location: Polaris Mine - LitHe Cornwallia lalind, Nunavut

Water Course; Crazier Strait

Substrate: Quarry Fill Frozen Soil { Fizheries Subsirate Classification }

Nature of Jointing/Fractures: N/A

Overburden: MN/A,

Hole Depth: 2m

Explosive Type: Qrica Powerfrac (Gelatin Dynamite)

Method of Detonation: Electric, blasting cap

Bubble Curtain Required: Yas

Table 2 - Caleulations for

Project Substrate | Origeem™ | Crieme="} | Cwiem=")y | K [ Dwigem®) | Pw{kPa) | Wr(mmesec™)

2 |Frozen Saoil 1.92 304800 146300 3.2 1.00 100.00 13.00
0.06_{Charge Weight (ikg) 0.05 017 Lbwdelay |

1 |No. of Delaya/Charge 1.0

Chargs Weight/Dalay 0.05
1.0 _[Distance to Detonation 1.00

2w = Dwlow 0.2500

Zr  DrCr

[Pw = 202wignPr

1+{ZwiZr)
ar _ _
Pr= [2800 2.50 kba_or ZBOE+06 dynes - fo limit Pw fo 100 kP
2(Zwizr)
r = 2PBr T 8.64 cmex - to limit Pw to 100kPa
DrCr

R = (w")(Vri100) o> ] 1.0 m Minimum sethack distance required fo reduce overprassure io fess than 100 kPa

R = (w(Vr100) o | 3.4 m_Minimum setback distance from a spawning arsa to maintain PPV @ 13 mmrsec”

Vr=100(R/WN Y | 9.10 cmes” Calculated PPV at Dasign Criteria

Vi=zer

Drcr

or
IPr = (DrCrvny2

2.66E+068 Dynes  Caiculated Prassure In Substrats ot Dosign Criteria

Pw = 2(EwignBr __ _
1+{ZwiZr} 106.54 kPa Calculated Pressure in Water at Design Criteria
FROJECT SUMMARY Fisheries Project
Limit Design
Preasura in Watar (Pw) ks, 100.0 108.54
13.0 91.02 = Limit for spenwning bed during period of egg incubstion

I|'*Penk Particle Vatocity (Vr) sm-a-1
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Design Criteria
for
Guidelines for the Use of Explosives In or
Near Canadian Fisheries Wataers
Table No. 3
Charge Welght Calculations for a 2.0 m Setback

Table 1 - From " Canadian Techrical Repart of Fisheties and Aquatic Sciences 2107™ , 1998
Titled - "Guidelines For the Use of Exploaives In Or Near Canadian Fisheries Waters”

Subastrate Drigem™) | Cricmes™) | cw(cm-s’) K Dw (grem”) | Pw(kPa) | PPV(mmesec’)
1 |[Rock 284 457200 146300 503 1.00 100.00 13.00
2  [Frozen Sail 182 304800 148300 3.20 1.00 100.00 13.00
3 fica 0.88 304800 148300 210 1.00 100.00 13.00
4 [Saturated Soil 208 146300 146300 213 1.00 100.00 13.00
5 [Unsaturated Soil 1.82 45700 148300 .98 1.00 100.00 13.00
PROJECT DESIGN CRITERIA
Project Location: Polaris Mine - Litle Cornwallis Island, Nunavat
Water Course: Crozier Strait
Substrate: Quarry Fill Frozen Soil { Fisheries Substrate Classification )
Nature of Jolnting/Fractures: N/A
Overburden: N/A,
Hole Depth: 2m
Explosive Type: Orica Powerfrac (Gelatin Dynarnite)
Method of Detonation: Slectric, blasting cap
Bubbie Curtain Required: Yeos
Table 3 - Calewdations for
Project Substrate [ Drigeem™} | Cricmes™) | Cwiemes’) | K | Dwigeem™] | Pwi(kPa) [ Vr(mmesecT)
2 |Erozen Soil 1.92 304800 145300 32 1.00 100.00 13.00
D18 |Charge Weight (Kg} RE 0.40 Lbw/delay ]
1 |No. of Delays/Charge T4
Charge Weight'Dalay 0.18
20 |Distance to Dstonation 2.00
2w = Ly 63500
Zr  DrCr
[P
1+HZw/Zr)
or i e P e e e e
Fr= 1 | 250.0 2.50 kPa  or 2.60E+08 dynes - o fimif Pw o 100 kPa
2(2wiZr}
Vr = 2Pr [ B.54 cmes” - to imit Pw fo 100kPa
DrCr
R = (wo V100 o | 2.0 m_Minimum sethack distance required i reduce overpressure ko fess than 100 kPa
R = (v 100) | 6.4 m_Minimum setback distance from a spawning aroa to maintain PPV @ 13 mimrsec”
Vr=100(RAN Y ' | 8.37 cmes” Calculated PPV at Dasign Critaria
Vrs 2P
DrCr
or _
Pr = (DeCrvryf2 245E+068 Bynes Calculated Prassure in Subsirate af Deaign Criteria
PW = Z(EWaIP
1+{Zww2r) §7.93 kPa Calculated Pressure in Water at Deaign Criteria
BROJECT SUMMARY Fisheries Project
Limit Deslgn
Pressure in Watsr (Pw) kPa 160.0 K]
“Paak Paricle Valocity (V) cm-s-1 13.0 £3.87 " Limit for spawning bed during period of agg incubation
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Design Criteria
for
Guidelines for the Use of Explosives in or
Near Canadian Fisheries Waters
Table No. 4
Charge Weight Caiculations for a 3.0 m Setback

Table 1 - From " Cansdisn Technical Report of Fisherios and Aquatic Sciences 2107, 1998
Titted - "Guidslinas For the Use of Explosives In Or Near Canadian Fisharies Waters”

|_g Substrate Drigeem”) | Cricmes”) | cwiemes’) K Dw {grem) | Pwi{kPa) | PPV (mmesec™)
1 |Rock 264 457200 146300 503 1,00 100.00 13.00
2 |Frozen Soil 1.82 304800 146300 320 100 100.00 13.00
3 e 0.98 304800 146300 2.10 100 100.00 13.00
4 |Saturated Scit 2.08 145300 148300 213 100 100,00 13.00
5  [Unsaturated Soil 1.92 45700 146300 0.98 1.00 100.00 13.00

PROJECT DESIGN CRITERIA

Project Location:
Water Course:
Substrate:

Nature of Jeinting/Fractures:

Cverburden:

Hole Depth:

Explosive Type:
Method of Detonation:

Bubble Curtain Required:

Table 4 - Calculations for :

Fotaris Mine - Lithe Cormwallis lxland, Nupavut

Crozier Strait

Quarry Fill Frazen Soil { Fisheries Substrate Classification )
NFA,

MNfA,

2m

Crica Powsrfrac (Gelatin Dynamite)
Electric, biasting cap

Yes

Project Substrate [origeem®) [ Cricmes™) | Cwiems®) | K | Dwigem®) | Pw{kPa) | Vr(mm-sec”)
2_ |Frozen Soll 192 304800 146300 32 1.60 100.00 13.00
0.42 [Charge Weight {kg) 0.42 0.93 Lbs/delay |
1 [No. of Dalays/Charge 1.0
Charge Weight/Delay 0.42
3.0 |Distance to Dstonation 3.00
aw = DwCow 02500 |
Zr  DrCr
Pw = 2(2wiZriPy
1+ZWZr}
or
{Pr = Pw(1+{ZwZn)) Y 750 kPw_or 3.50E+08 dynes - o Jimit Pw fo 100 kPa
2(ZwZr)
Vr=2Pr | 8.64 cmes” - ko fimit Pw to 100kPa
DrGr
R = (W) Va0 | 3.0 m_Minimurn sethack distance required 1 recuce overpressine bo fess than 100 kPa
R = (W) (V008 | 9.8 m Minimun sethack distance fim a spawning area fo maintain PPV @ 13 mmrsec”
VI=100(RW ) * | 861 cinss”’_Calculatod PPV at Dasign Critedia
Vr= 2Pt
DrCr
or _ - —
Pr= (DrCrvr2 2.62E+08 Dynes _Calculntad Pr in Substrate ot Cesign Criteria
Pw = 2(ZwiZriPr
1+{ZWZr) 100.82 kPa Caiculatad P e in Water at Design Criteria
[PROJECT SUMMARY Fisheries Project
Limit Design
[Pressure in Water (Pw) KPa 100.0 100.82
“Paak Particte Velocity (/) cm-s-1 13.0 86.14 ** Limit for spawning bed during period of egg incubution




Tabile 1 - From " Canadian Technical Report of Fisheries and Aquatic Sciences 2107 , 1998
Titled - "Guidelines For the Use of Explosives In Or Near Canadian Fisheries Waters®
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Design Criteria

for

Guidelines for the Use of Explosives In or
Near Canadian Fisheries Waters
Table No. §
Charge Weight Calculations for a 4.0 m Setback

Substrate Dr(grem™) | Cr{cmws™y | Cwicmes") K Dw {grem®) | Pw{kP2) | PPV{mme-sec’)

1 |Reck 284 457200 148300 5.03 1.00 100.00 13.00
2 |Frezen Soil 1.92 3042800 146300 3.20 1.00 100.00 13.00
3 |ice 0.98 304200 146200 210 1.00 100.00 13.00
4 |Saturated Soil 208 1465300 145300 213 1.00 100.00 13.00
5§ |Unsaturated Soil 1,82 45700 146300 0.88 1400 100.00 13.00

PROJECT DESIGN CRITERIA

Project Location: Polarie Mine - Lithe Cornwallis laiand, Munsvut

Water Course: Crozier Strait

Substrate: Quarry Fill Frozen Soil { Fisheries Substrate Classification )

Nature of Jointing/Fractures: N/A

Overburden: NIA

Hole Depth: 2m

Explosive Type: Qrica Powerfrac (Gedatin Dynamite)

Meathod of Detonation: Elsctric, blasting cap

Bubble Curtain Required: b

Table & - Calculstions for :

Project Substrate [Drigrem® | oriemes™ | cwiemesTy | K | Dwigrem™) | Pw(kPa) | Vr(mm-zec’)

2  |Frozen Soil 1.92 304800 148300 3.2 1.00 160,00 13,00
0.74_|Charge Weignt {kg) 0.74 153 Lbs/delay |

1 |Mo. of Delays/Chargs 1.0

Charga Weight/Dalay 0.74

4.0 Distance to Detonation 4.00

2wy = Dwlw 0.2500

Zr  DrCr

P = 22wWZnPr

14 {2wilr)
ar
Pr = Pwi1+Znf21) | 250.0 250 kPa_ or ZE0E+08 diynes - o limit Pw to 100 kKPa
2(2wiZn)
V= 2Pr | B8.54 cmes’ - to limit Pw fo 100kPa
DriCr

R = (w2)(Vri100) 22

4.0 m Miimum sethack distence roquired to reduce overprossure i less than 100 kPa

R = (wh)(Vr100) 1 13.0 m_Minimum sethack distance irom a spawning area to maintain PPV @t 13 memrsec”
Vr=100(RAW 17 | 855 cmez" _Calculated PPV at Design Criteria

Ve 20y

DrCr

or

Pr = (OrCrvr)i2 2.60E+08 Dynes Calculated Pressure in Substrate at Design Criteria
F‘-w = 2ZwiZnPr

14+-{2ZwiZr) 100.10 kPa Calculated Pressurs in Water at Dasign Criteria
[PROJECT SUMMARY Fisherles Project
Limit Design

{Pressire in Water (Pw) kPa 100.0 100.10

*Paak Particls Velociy (Vr) cm-s-1 130 a45.52 ** Limit for spawning bed during period of egg incubation
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Design Criteria

for

Guidelines for the Use of Explosives In or
Near Canadian Fisheries Waters

Table No. &

Charge Weight Calculations for a 5.0 m Sethack
Table 1 - From " Canadian Technical Report of Fisheties and Aquatic Scisnces 2107, 1998

Titted - "Guidelines For the Use of Expiosives in Or Near Canadian Fisheriss Watsrs™

I‘ Substrate Drigeem™) | Cricmes”} | Cwicmes®) ¥ Dw (grem™) | Pw(kPa) | PPV (mmesec”)
1 {Rogk 244 457200 145300 503 1.00 100.00 13.00
2 |Froren Soil 192 304200 148300 .20 1.00 100.06 13.00
3 Jlem 088 304800 146300 2.10 1.00 100.00 13.00
4  Saturated Soil 208 146300 148300 213 1.00 100.00 13.00
5 |Unsstureted Soil 1.82 45700 146300 0.98 1.00 100,06 13.00
PROJECT IGN G RIA
Project Location: Polaris Mine - Litte Comwalils tsland, Nunavid
Water Course: Crozier Strait
Substrate: Quarry Fill Frezen Soil { Fisheries Substrate Classification )
Nature of Jointing/Fractures: N/A
Overburden: N/A
Hole Depth: 2Zm
Explosive Type: Crica Powerfrac (Galatin Dynamita}
Method of Detonation: Blectric, Masting cap
Bubble Curtain Required: Yos
Table & - Calculations for : = - I
Project Substrate [ Drigrem®y | Cricmesy | cwiem=s") | K | Dwig-cm®) | Pw(kPa) | vr{mmesec™)
2  [Frozen Soil 1.92 304200 148300 3.2 1.00 104.00 13.00
148 [Chargs Weight {(kg) 1.15 2.54 Lbs/deiay
1 |Ne. of Delays/Charge 10
Chargs Weight/Dalay 1.15
6.0 {Distance to Detonation 5.00
2w = DwCwy ©.2500
Zr  DrCr
[Pw = 22wZnPt
1+{ZWiZn)
or
Pr= Puw{1+{ZwZrl] | 2500 250 kPa or 2.50E+06 dynes - {o limif Pw to 100 kPe
2AZwi2r)
\ir= 2Pr | 8.54 cmes’ - io imit Pw fo 100kPa
DrCr
R= (wo)(VrA00) e | 5.0 m Minimum setheck distance reguirad {0 redice Gvarpressurs to fess than 100 kPa
R= (Wo(Vri00) e [ 16.2 m_Minimum sethack distance from a spawning area fo maintain PPV @ 13 mimsec”
Vir=100(RAV"Y ' | 852 tmes” Calculated PPV st Design Critetia
\Vr= 2Py
DrCr
o‘ e
Pr = {DrCrvr)i2 2489E+08 Dynes Celculated Prossura in Substrate at Design Criteria
]T'w = Zwig)Pr -~ .
1+{2wizr) 99.57 kP2 Calculated Prewsure in Water at Deslgn Criterla
[PRGJECT SUMMARY Fisheries Project
Limit Design
[Pr In Watar (Pw) KPa 100.0 99.67
*Paak Farticte Valocity (\Vr cms-1 130 45.18 ** Limit for spawning bed during period of egg incubation
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Design Criteria

for

Guidelines for the Use of Explosives In or
Near Canadian Fisheries Waters
Table No. 7

Charge Weight Calculations for a 8.0 m Setback
Tabie 1 - From * Canadian Technical Report of Plshedies and Aguatic Sciences 2107 , 1995
Titled = "Guidelines For the Use of Explozives In Or Near Canadian Fisheries Waters®

Table T - Caleuintions for ;

R Substrate Drigeem®} | Cricm-s”) | Cw{cmw") K Dw {grem™) | Pw(kPa) | PPV {mmesec’)
1 [Reock 2.84 457200 146300 503 1.00 100.00 13.00
2 |Frozen Sail 182 3042300 148300 3.20 1.00 100.00 13.00
3 |lem 088 304800 145300 2.10 1.00 100.00 13.00
4 [Saturated Soil 208 146300 145300 213 1.00 100.00 13.00
5 |Unsatursted Sall 1.92 45700 146300 0.95 1.00 100.00 13.00

P T < A

Project Location: Potarls Mine - Little Cormwallis Island, Nunavut

Water Course: Crozier Strait

Substrate: Quarry Fill Frozen Soil ( Fisharias Substrate Clasaification )

Nature of Jointing/Fractures: NA

Overburden: N/A

Hole Depth: 2m

Explosive Type: Orica Powerfrac {Gelatin Dynamite)

Method of Detonation: Electric, blasting cap

Bubble Curtain Required: Yex

Project Substrate [ Origrem™) | Cricm=s®) | Cwiemss™) | K | Dwig-cm) [ Pwi{kPa) [ _Vrimm-sec’)
2_|Frozen Sail 1.52 304200 148300 32 1.00 100.00 13.00
1.86 |Charga Weight (kg) 1.56 3.88 Lbs/delay
1 |No. of DelaysiCharge 1.0
Chargs Weight/Delay 1.68
6.0 |Distancs ta Datonation 8.00
e = DOy 0.2500
Zr  Drer
Pw=
1+ZWZr)
or
Pr = Pwi1{ZwiZr)) [ zsb0 350 kP or Z.60E+08 dynes - o limit Pw fo 700 kPa
2{Zwi2)
Vr= 2Pr | B.54 cmes™ - fo fimit Pw fo 100kPa
orcr

R = (woyvr100) e

i 8.0 m Minimum setback distance required to reduce overprossure 1o less than 100 kPa

R = (wo){(Vr/100) o

| 194 m_Minimum sothack distance from a spawning arsa fo maintain PPV 8 12 mmesec™

Vr=100(RAN"Y | 8.53 cmrs” Calculated PPV at Design Criteria
Vir = 2Br
DrCr
m’ ——— e
Pr = {DrCrvr)/2 Z.50E+06 Dynes Calculated Pressure in Substrate at Design Criteria
[ﬁw-mnﬂ o _
1+{2wiZr) 96.86 kPa Calculated Pressure in Watar at Design Criteria
PROJECT SUMMARY Fisheries Project
Limit Design
FPreasurs in Water (Pw) kPa 100.0 25.88
[*Feak Particie Velocity (Vr) emes-1 13.0 85,32 ** Limit for spawning bed during period of egy incubation
[
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Design Criteria

for

Guidelines for the Use of Explosives Inor
Near Canadian Fisheries Waters
Table No. 8

Charge Weight Calcuilations for a 7.0 m Setback

Tabie 1 - Fram “ Cansdian Technicat Report of Pisheries and Aquatic Sciences 2107 , 1998
Titled - "Guidalinas For the Use of Explosives in Or Near Canadian Fisheries Waters™

Table B - Calculations for :

Substrate Dr{g-cm™) | Cr{cmes") | Cw (cmes™) K Dw {grem™) | Pw (kPa) | PPV {mmssec’)

1 |Reock 2.84 457200 148300 503 1.00 100.00 13.00
2 |Frozen Soil 1.892 34800 146300 320 1.00 100.00 13.00
3 {lee 088 304800 148300 2.10 1.00 100.00 13.00
4 (Saturated Soil 208 146300 145300 2.13 1.00 100.00 13.00
& |Unsaturated Sail 1.82 45700 146300 0.98 1.00 100.00 13.00

PROJECT DESIGN CRITERIA

Project Location: Polaris Mine - Litte Cornwallis Island, Nunavut

Water Course: Crozier Strait

Substrate: Qumrry Fill Frozen Soil { Fisheries Substrate Classification }

Nature of Jointing/Fractures: N/A

QOverburden: N/A,

Hole Depth: 2m

Explosive Type: Qrica Powerfrac {Getatin Dynamite)

Method of Detonation; Electric, Masting cap

Bubbie Curtain Required; Yea

Project Substrate L origeem® [ Cricms™) | cw(ems™) [ Kk | Owigem™) | PwikPa) | vr (mmesecT)
2 |Prozen Soil 1.92 304200 146300 37 1,00 100.00 13.00
2.26 |Charge Waight 2.36 4,95 Lbs/dalay |
1 [No. of Delaya/Chargs 1.0
Charge Weight'Delay 2.26
7.0 _|Distanca to Detonation 7.00
2y = PwCw 0.2500
Zr  DvCr
Pw = 22 wizribr
1+{2ZwWiZr)
or P — ey — —
Pru + [ 25006 2.50 of 2.50E+08 dynes - o fimit Pw fo 100 kP2
2 (ZwwZr}
Vr = 2Pr 1 B.54 cmrs” - o limt Pw fo 100kPa
DrCr
R= (w‘}{\frnun)"’m { 7.0 m Minimum sotback distance reqiiired ko reduce overpressure 1o less than 100 kPa
R = (WoHVr/ 100y o i 22.7 m_Minimum sethack distance from e spawning area o mainitain PPV @ 13 marsec™
W=100(RW ) | 8.53 cmes" Calculatsd PPV at Design Criteria
Vira 2Py
DrCr
m o —
|Pr = (DrCrvnie Z80E+06 Dynies  Calculated P a in Substratn at Dasign Critoria
Pw = 2ZwZnPy _
1+{Zw/Zr) 99.88 kPa Cadculated Preasurs in Water at Design Criteria
IPROJECT SUMMARY Fisherles Project
Limit Design
| Pressurs in Water (Pw) kPa 100.0 a8
[FPeak Particle Velocity (Vi) emes-1 13.0 $5.34 * Limit for spawning bad during perind of agg incubation
[
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——arr Design Criteria
PR RETINTIY 'or
Guidelines for the Use of Explosives In or
Near Canadian Fisheries Waters
Table No. B
Charge Weight Calculations for a 8.0 m Setback

Table 1 - From " Canadian Technical Raport of Fisharies and Aquatic Sciences 2107, 1998
Titled - "Guidefines For the Use of Explosives In Or Near Canadian Fisheriss Waters™

I_ Substrate Dr(grem®) | Cr{cmes") | Cw(emes™) K Dw{g-cm’) | Pw{kPa) | PPV{mm-sec’}
1 |Resk 264 457206 146300 5.03 1.00 100.00 13.
2 |Frozen Soli 1.92 304800 145300 3.20 1.00 100.00 13.00
3 |ice 0.98 304300 148300 210 100 100.00 13.00
4 |Saturated Soil 2.08 146300 145300 213 1.00 100.00 13.00
5 [Unsatursted Soil 1.92 45700 145300 ogs 1.00 100.00 13.00
PROJECT DESIGN CRITERIA
Project Location: Polaris Mine - Litthe Cornwallis sland, Nunavut
Whater Course: Crazier Strait
Substrate: Quany Fili Frazen Seil { Fisheries Substrate Classification )
Nature of Jointing/Fractures: WA
Overburden: MN/A,
Hole Depth: 2m
Explosive Type: Orlca Powerfrac {Gelatin Dynamita}
Method of Detonation: Electric, blasting cap
Bubble Curtain Required: Yes
Table 9 - Calculations fof : - (s iz
Project Substrate [ Drigem™ | CricmesT) | Cwicma") | K | Dwigrem®) | Pw(kPa) [ V¥ {mm-sec™)
2 IFrozen Sail 1.92 304800 146300 32 1.00 100.00 13.00
2.96_|Chargs Weight {kg) 2.96 B.53 Lbs/delay ]
1 |No. of Delays/Chargje 1.0
Charge Weight/Delay 298
8.0_|Distance to Detonation 2.00
Zw = DoCw 0.2500
Zr  DrCr
Py u 2{Z0ZrPr
1+(Zwi2r)
or
Pr = Pw{1+{ZWZr}) [ 2500 250 kPa_or ZE0E+06 dynes - fo Jinnt Pw to 100 kPa
2(2wWiEr)
Vir=2Pr ] 8.64 cmes” - to limit Pw fo 100kPa
DeCr
R = (W00 ] 8.0 m Minimum setheck distunce required € reduce overpressure to less than 100 kPa
R = (wHyvir10e | 26.0 m_Minimum selback distance from a spawning area fo malntaln PPV @ 13 mimrsec™
vr=100{RAV") " [ 855 cmrer” Calculated PPV at Design Criterta
Vr= 2Pr
DrCr
m’ M —— mam
Pr = (DrCrvry2 ZEQE+06 Dynes _ Caiculated Pressurs in Subsirate at Design Critaria
Pw = 2(ZwidnPr _ _
1+{ZwWZr) 100.10 kPa  Calculated Pressure in Water at Design Criteria
[PFROJECT SUMMARY Fisheries Project
Limit Design
| Presaurs in Water (Pw) Kia 190.0 100.10
*Paak Particle Velocity (Vi) cmes-1 12.0 85.52 * Limit for spawning bed during period of egg incubation




marxry Design Criteria
PACIFIC === _ for _
BLASTING & BEMOLITION LTE. Guidelines for the Use of Explosives In or

Near Canadlan Fisherias Waters

Table No. 10

Charge Welght Calculations for & 9.0 m Setback

Table 1 - From "~ Canadian Technical Report of Fisheries and Aquatic Sciences 2107, 1998
Titled - “Guidelinas Far the Use of Explosives In Or Near Canadian Fisheries Watars™

_ Substrate Dr{geem®} | Cricmes’) | Cw(cmes") K Dw (gecm™) | Pw {kPa) | PPV {mm-sec’)
1 |Rock 264 457200 145300 503 1.00 100.00 13.00
2 |Frazen Soil 1.82 304800 146300 320 1.00 100,00 13.00
3 ice 088 304800 148300 210 1.0 100.00 13.00
4 |Saturated Soil 208 148300 146300 213 1.00 100.00 13.00
5 |Unsaturated Soil 1.92 45700 146300 088 1.00 10000 13.00

PROJECT DESIGN CRITERIA

Project Location: Polaris Mins - LitHe Comwallis lsland, Nunavit

Water Course: Crazier Strait

Subgztrate: Quarry Fil Frizen Soll { Fisheries Subsirate Classification }

Nature of Jointing/Fractures: NfA

CQvarburden: N/A

Hole Depth: Zm

Explosive Type: Crica Powerfrac (Gelatin Dynamita)

Method of Detonation: Electric, blasting cap

Bubble Curiain Requirad: Yos

Table 10 - Cailculations for : - I \'d

Project Substrate [Drigeemd} | criemes™) | cwiemes™) | K | Dw(geem®) | PwikPa) | vr(mm-sec”)

2 |Frozen Seil 1.92 304800 1456300 3.2 1.00 100.00 13.00
3.74 |Charge Weight {kg) 374 8.25 Lba/delay ]

1 [No. of Delays/Charge 1.0

Charge WeightDslay 174

9.0 |Distance to Detonation 8.00

Zw = Dww 0.2500

Zr  DiCr

|;‘>-v = 2{2wWiZnPr

1+ZwiZ0)
o
Pr= Pw{1+ZwZr) 2560 750 kPa__or 2B0E+06 dynes - fo it Pw fo 100 kPa
2ZwiZr)
Vr=2Pr | 8.54 cmes - fo imit Pw to 100kFPa
DhiCr

R = (woHVI100) o | 9.0 m_Minimum setback distance required to redice overprassurs o jess than 100 kPa

R = (W HVri100) 0 i 29.2 m_Minimum sethack distance from a spawning area fo maintain PPV @& 13 mm-sec”’

Vs 100(RAW) 10 I 8.64 cmss” Calculated PPV at Design Griteria

Vr=ZEr

DrCr

ar e

Pr = {Dricrvryf2 2.50E+08 Dynes Calculated Prassurs in Subsirate at Design Gritaria

Pw = 2(ZwZnPr

1+{ZwiZr} 56.96 kPa Calculated Pressure in Water at Design Criteria
PROJECT SUMMARY Fisheries Project
Limit Design
Bressure in Watst (Pw) kPa 100.0 8996
*Fuak Particle Velocity (V) cmes-1 13.0 BE.41 ™ Limit for spawning bed during pariod of sgg incubation




o Design Criteria
PAGCIFIC o=z for
BLARTING & SERIOLITIN LTOL Guldelines for the Use of Explosives In or
Near Canadian Fisheries Waters
Table No. 1%
Charge Weight Calcuiations for a 10.0 m Setback

Table 1 - From " Canedian Technical Report of Fisheries and Aquatic Sciences 2107, 1958

Titted - "Guidelinas For the Use of Explosives In Or Near Canadian Flsharias Waters™

’_ Substrate Drig-cm™} | Cr{cmes") | Cw(cm=s") K Dw (grem™) | Pw(kPa) | PPV (mmesec”)
T |Reck 288 457200 148300 503 1.60 160,30 13.00
2 |Frazen Seil 192 304800 146300 320 1.00 100.00 13.00
3 lce 0.98 304800 146300 2.10 1.00 100.00 13.00
4 |Saturated Sail 208 146300 146300 213 1.00 100.00 13.00
5 _|Unsaturated Soil 1,92 45700 146300 0.58 1.00 100.00 13.00

PR T GN CRI A

Project Location: Pofariz Mine - Litte Cormwallie Island, Nunavut

Water Course: Crozier Strait

Substrate: Quarry FHl Frozen Soil { Fisheries Substrate Classification )
Nature of Jointing/Fractures: NiA,

Overburden: NA

Hole Depth: 2m

Explosive Type: Orica Powarfrac (Gelatin Dynamite)

Method of Detonation: Elactric, blasting cap

Bubble Curtain Required: Yes

Table 11 - Calculations for

|Pmiect Sybstrate [ Drigeem™ | Cricmes™) | Cwiemes’) | K | Dwigeem™) | PwikPa) [ vr(mmesec?)
2  |Frozen Soit 1.892 304800 148300 3.2 1.00 100.00 13.00
4.63 |Charge Weight (kg) 362 10.19 Lbaiielay |
1 |No. of Delays/Charge 10
Charge Weight/Delay 462
10.0) |Distance to Datonation 10.00
2w = DwOv 0.2500
Zr  Drlr
{Pw = 22wiZnPr
1+2wizr)
or e P y— ————r————— —
Br = Pul 1 +{ZwiZ 1] | 2500 250 kPa or 2 60E+06 dynes - o imil Pw fo 100 kPPa
2(Zwir}

Nt = 2Pr [ 8.54 cs” - to limit Pw fo 100kPa

DrCr
R = (w V00 o | 10.0 m_Minimum sethack distance required lo reduce overpressure to iess than 100 kPa
R= (W00 e | 32.4 m_Minimum sethack distance from a spawning erea to maintain PPV € 13 mmrsec”
Vr=100{FA ") | 8.88 cmes” Caiculated PPV at Dasign Critaria
V=3Pt

DrCr
ar . .
1Pr = (DrlrVrifd 2.50E+06 Dynes Calculated Prassure in Substrate st Design Critaria
Pw = 2{ZwZribr

1+j_7=\mer} 100.01 kPa Calculsted Pressure in Water at Design Criteria
PROJECT SUMMARY Fisherles Profect
Limiit Deaslgn

Pressure in Water (Bw) kPa 180.0 100.01
*Reak Particle Velocity (Vi) cmes-1 13.0 85.45 ™ Limit for spawning bed during petiod of agg theubation




Table 1 - From " Capadian Technical Repart of Fisheries and Aquatic Sciences 2107, 1998
Titied - *Guidelines For the Use of Explosives In Or Near Canadian Fisheries Waters™

PACIFIC

BEASTING & BEMOLITION LTS.

Y
EALFYT
M TN TY

Design Criteria

for

Guidelines for the Use of Explosives In or
Near Canadian Fisheries Waters
Table No. 12
Charge Weight Calculations for & 11.0 m Setback

Substrate Drigem )} | Cr(cm-s") | Cw(cmes™) K Dw (g-cm) | Pw (kPa) [ PPV (mmesec’)
1 [Rack 2484 457200 146300 5,03 1.00 100.00 13.00
2 |Frazen Scil 1.82 304800 148300 320 1.00 100.00 13.00
3 ice 0.98 304800 146300 2.10 1.00 100.00 13.00
4 |Saturated Soil 2.08 1456300 148300 213 1.00 100.00 13.00
5 |Unsaturated Soil 1.82 45700 145300 088 1.00 100.00 13.00
T 16|

Project Location: Polaris Mins - Lithe Comwallis lstand, Nunavut

Water Course: Crozler Strait

Substrate: Quarry Fill Frozen Scil { Fisheries Substrate Classification )

Nature of Jointing/Fractures: N/A

Overburden: MN/A

Hole Depth: Zm

Explosive Type: Orica Powerfrec (Gedatin Dynamite)

Method of Detonation: Eloctric, blasting cap

Bubbie Curtain Required: Yes

Table 12 - Calculations for : = [+ is N

Project Substrate [ Drigeem™ | cricms™) | Cwicme=®) [ K | ow(geem®) | PwikPa) | W (mmesec”)

2 |Frazen Sqil 1.82 480D 148300 3.2 1.00 100.00 13.00
£.59 |Charge Weight (kg) 5.59 13,32 Lha/delay

1 |[No. of Delays/Charge 1.0

Charge WaeightDelay 5.59

11.0 |Distance to Detonation 11.00

Zwv = DwOw 62500

Zr  DrCr

Pw = 2[Zw/ZnPr

1HZWZH
or
Pr = Pwi1+{Zw/Zr]) | 2500 250 kPa _or 250E+05 dynes - fo imit Pw o 100 kPa
2(2wi2r}
Vr=2Pr | 8.54 cmes’ - to fimit Pw fo 100ikPa
Drr

R n (W) (VE/100) T

| 11.0 m Minirmutn setback distance required to reduce overpressurs io less than 100 kPa

R = (W) (V00

| 36,7 m_Minimum setback distance from a spawning aroa to maintain PPV @& 13 mimrsec

Vr=100{RAN ) * I 8.54 cmes” Calculated PPV ut Design Criteria
Vi =gbr

Drér
or .
Pr w (DrCAVIYZ 2B0E+08 Dynes_ Galculated Prassure in Substrate at Design Criteria
Pw = 2(ZwiZ0iPr

1-+ZwiZr) 100.01 kPa Calculated Pressure In Watsr at Dasign Criteria

PROJECT SUMMARY Fisheries Project
| Limit Design _|
|T=rossure in Water (Pw) KPa 100.0 100.01
*“Pank Particls Velocity {/r} cr=s-1 13.0 85.45 ** | imit for spawning bed during period of egg incubation




Design Criteria

PACIFIC ==

Guidelines for the Use of Explosives Inor
Near Canadian Fisheries Waters
Table No. 13

Charge Welght Calculations for a 12.0 m Setback

Tabide 1 - From " Canadian Tachnical Report of Fisheries and Aquatic Sciances 2107, 19688

Titted - "Guidelines For tha Use of Explasives In Or Near Canadian Misheries Waters™

Substrate Prigem™} | Criemes™) | Cw (cmes™ K Dw (geem) | Pw(kPa} | PPV (mmesec”)

1 [Rock 2.64 457200 148300 LY 1.00 100.00 13,00
2 |Frozen Soil 182 304800 148300 320 1.00 100.00 13.00
3 lice 098 304800 148300 2.10 1.00 100,00 13.00
4 {Satureted Soil 2.08 148300 145300 213 1.00 100.00 13.00
5 [Unsaturated Soil 192 45700 145300 0.98 1.00 100.00 13.00

FROJECT DESIGN CRITERIA

Project Location: Polaris Mine - Little Cormwallis Isiand, Nunevut

Water Courge: Crozier Strait

Subastrate: Quarry Fill Frozen Soil { Fisheries Substrate Classification }

Natute of Jointing/Fractures: N/A

Overburden: N/A

Hole Depih: 2m

Explosive Type: Orica Powerfrac (Gelatin Dynamite)

Method of Detonation: Electric, blasting cap

Bubbte Curtain Required: Yes

Table 13 - Cajculations for ;

Project Substrate [ Drigeem® | Cricmes”) | Cwiemes™y | & | Owfgrem™) | Pw(kPa) | Vr{mmesec”)

2 |Frozen Soil 182 304800 146300 32 1.00 160.00 13.00
6.65_|Charge Weight (kg) B.65 14.66 Lbwdelay ]

1 |No, of Delays/Charge 1.0

Charge Waight/Delay 5685

12.6 |Distance to Detonation 12.00

20 = Dwow 0.2500

2r  DrCr

Pw= 22wW2nPT

t{ZwZr)
or e _
Pr = Py(1+H2WZr) [2s00 250 KPa_of 250E+06 dynes - fo imit Pw fo 100 kPa
2{Zwizr)
Vr = 2Br | 8.54 cmes” - to limit Pw to 100kPa
Drer

R =wHivrrioo) 2= | 12.0 m_Minimum setback distance required o reduce overpressure to less than 100 kPa

|

R = (w5) (VF/100) | 38.5 m_Minimum setback distance fiom a spawning area b maintain PPV @ 13 miresec™

Vr=100(RW ") " [ 8.54 cmes” _Calculated PPV at Dasign Criteria

Vi = 2Pr

DrCr

or _ —

Pr = {DrCrvr)/2 __250E+06 Dynes _ Calculated Prassure ih Substrate at Design Criteria

Pw = 2(ZwiZ()Pr - _

1+(ZwiZr) 28.98 kPa Calgulated Pressure in Water at Design Criterla
[FROJECT SUMMARY Fisheries Project
Limit Design

Fressure in Watar (Pw) kba 100.0 30.98

[*Peak Particle Velociy (V1) cm-a-1 13.0 85.42 ™ Limit for spewning bed during period of sgg incubation

|
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Design Criteria

for

Guidelines for the Use of Explosives tn or
Near Canadian Fisheries Waters
Table No. 14

Charge Weight Calculations for a 13.0 m Setback

Tabie 1 - From " Canadian Technical Repart of Fisheres and Aquatic Sciances 2107, 1908
Titled - "Guidelinas For the Use of Explosives in Or Near Canadian Fisheries Waters™

Sybstrate Drigem™} | Cr{cmes™) | Cw(cmes™} K Dw (grem™) | Pw (kPa) | PPV (mmeyec”)
1T fRock 254 457200 148300 5.03 1.00 100.00 1300
2 {Frozen Soil 192 304200 148300 320 100 100.00 13.00
3 |ice 098 304800 148300 2.10 1.00 100.00 13.00
4 lSaturated Seil 208 146300 1458300 213 1.00 100.00 13.00
5 |Unssturated Soil 192 45700 145300 0.98 1.00 100.00 13.00

GN C A

Project Location:

Water Course:

Substrate:

Nature of Jointing/Fractures:
Overburden:

Hole Depth:

Explosive Type:

Method of Detonation:
Bubble Curtain Required:

Table 14 - Calculations for :

Polaris Mine - Little Carnwallis [stand, Nunavut

Crozier Strait
Quarry Fill
WA

M/A

Zm

Frozan Sail { Pisheries Substrate Classificetion )

Orica Powerfrac (Gelatin Dynamite)

Elactric, Masting cap
Yes

Folarls Mine - Little Comwallis {stand, Nunavyt

Project Substrate [ origremf [ criems™ [ Cwiems™y [ K | owigrem™) | Pwi(kPa) | Vr{mme-zec)
2 |Frozen Soil 1.92 304860 146300 3z 1.00 100.00 13.00
7.81_[Chargs Weight (kg) 7.8 17.22 Lhwdelay ]
1__|No. of Delays/Charge 1.0
Chargs WeightDelay 7.51
$3.0 jDistance o Datonation 13.00
2w = DwOw 0.2500
Zr _ Drcr
Pw = 2(Zwigr)Pr
1HZwiZs)
or
Pr = Pai1+ZwiZel [ =504 250 KPa or 2.606+08 dynes - fo fivdl Pw (o 100 kFa
22wiZr)
Vr=2Pr | 8,54 cmes ' - i imit Pw o 100kPa
DsCr

R = (W) (VF100) o

[ 13.0 m Wﬂfmmd&m!ﬁ%ﬂmbmommbmmm 100 kPa

R = (wWol Vi 100y o0

] 422 m_Minimum sefbsck distance from a spawning area to malntain PPY @ 13 mmesec

Vr=100(RANV %) * | B.55 cmes” _Calculated PPV at Design Criteria
Vr e 2Pr
DrCr
or
Pr = (DrCrvry2 2.50E+06 Dynes  Calculmiad Fi I Substrate at Design Crisns
Fw = 2(ewi2NIPr . . _
1H(ZwiZr) 100.02 kPFa Calculated Pressure jn Water at Dasign Criteria
PROJECT SUMBIARY Fisherles Project
Limit Design
[Pressure in Water (Pw} koa 100.0 100.03
**Deak Particle Velocity (Vr] cmes-1 12.0 8547 [|™ Limit for spawning bed during pariod of egg incubation
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Guidelines for the Use of Explosives In or
Near Canadian Fisheries Waters
Table No. 158
Charge Weight Calculations for a 14.0 m Setback

Tabie 1 - From " Canadian Technical Report of Fisheries and Aquatic Sciences 2107, 1998
Titled - "Guidelines For the Use of Explosives In Or Near Canadian Fisharies Waters”

Substrate Drigem™} | Cricmes™) | Cw(emws™) K Dw grem”) | Pw(kPa} | PPV ({mmesec”)

1 [Rock 2.64 457200 146300 503 1.00 100.00 1300
2 |Frozen Soil 182 304800 145300 320 1.00 100.00 13.00
3 Jiee 098 304800 146300 2.0 1.60 100.00 13.00
4 [Saturated Soil 2.08 148300 148300 213 1.00 100.00 13.00
5 |[Unsaturated Soil 182 45700 146200 0.98 1.00 100.00 13.00

P IGN CRITERIA

Project Location: Polaris Mine - Little Cormwallis Istand, Nunavut

Water Course: Crozier Strait

Substrate: Quarry Fill Frozen Soil { Fisheriss Substrats Classification )

Nature of Jointing/Fractures: NiA,

Owverburden: NiA

Hole Depth: 2m

Explosive Typa: Orica Powerfrac {Gelatin Dynamite}

Method of Detonation: Electric, blasting cap

Bubble Curtain Required: Yes

Tabie 15 - Calculations for : - C lis | unayut

Projact Substrate [ Drigeem™) [ Cricmes’}) | Cwiecmrs™) | K | Dwig-em®) | Pw(kPa) | wr{mmesec)

2 |Frozen Soil 1.92 304200 148300 37 1.00 100.00 13.00
9.05 |Charge Waight (kg) 8.05 1985 Lba/detay }

1__ [No. of Dalayx/Charge 1.0

Charge Waight/Delay 8.05

14.0 |Distance o Detonation 14.00

Zw = Dalow 0.2500

Zr  DrCr

Prov = 202y Zr}Pr

t+{ZwiZr)
ar
Pr = Py 1+{Zw/Zr)) 3500 250 kPa_or 2.80E+06 dynes - o fimit Pw to 100 kPa
2(ZwiZr)
Vr=2Pr 1 8.54 cmes” - t finit Pw fo 100kPg
Drer
R = (w1 00)° o> | 14.0 m_Minimum sethack distance required tb redice ovelprossure to less than 100 kPa

R = (W) 100) o2

] 45.4 m Minimum ssthack distance from a spawning area to meintain PPV @ 13 marsec

Vr=100(RANY ' ° ] B.54 cm-s Calculated PPV at Design Criteria
Vi = 28r

prcr
ar
Pr = (DvCrvr}i2 2.60E+06 Dynes Calculated Pressure in Substrate at Design Criterin
Pw  2(ZwWiZnPr .

THEwWZr) 99.97 kPa___ Caiculated Pressure In Water at Design Critena
PROJECT SUMMARY Fisheries Braject
Limit Design

Pressurs in Watsr (Pw) kP 160.0 59.57

[*Beak Particle Velocity (Vr) £mre-

13.0 85.41 ™ Limit for spawning bed during period of egg incubstion
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Polaris Mine Reclamation Project
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Removal of Dock Structure
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Detonator type = Electric M3
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Polaris Mine Reclamation Project
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FAX TO B. DONALD FROM A. EGLAUER OF EBA
ENGINEERING CONSULTANTS LTD.
REGARDING
‘RESPONSE TO DFO-FHM COMMENTS, GARROW LAKE
DAM DECOMMISSIONING, POLARIS MINE OPERATIONS,
NUNAVUT’

dated December 13, 2001.



EBA Engi neering Consultants Ltd.

December 13, 2001 EBA File: 0101-94-11552.002

VIA FAX: (250) 427-8202 (7 Pages)
Teck Cominco Metals Ltd.

Bag 2000

Kimberly, BC V1A 3E1

Attention: Mr. Bruce Donald

Subject: Responseto DFO-FHM Comments
Garrow Lake Dam Decommissioning
PolarisMine Operations, Nunavut

1.0 INTRODUCTION

This letter addresses comments received by Teck Cominco Metas Ltd. (TCML) from the
Department of Fisheries and Oceans — Fish Habitat Management (DFO-FHM) in a letter dated
October 26, 2001 pertaining to the Garrow Lake Dam Decommissioning report submitted by
EBA Engineering Consultants Ltd. (EBA) to TCML in March 2001.

It is EBA's understanding that decommissioning of Garrow Lake Dam has been scheduled during
2004. The lake elevation will gradually be reduced between now and then by discharging water
using the siphon system during open water season.

20 DFO-FHM COMMENTS

The DFO-FHM letter of October 26, 2001 includes comments from three parties. Mr. Bruce
Falis, Messrs. Rick Gervais and Chris Katopodis, and Mr. Dennis Wright.

A summary of the comments is presented below:

* A cost-benefit analysis should be provided to compare the partial and complete dam removal
options.

* Integrity of the remaining portion of the dam after drilling and blasting needs to be
addressed.

* Timing of the dam decommissioning is critical to its success.

» Erosion of the now-thawed shoreline of Garrow Lake and the potential increase in total
and/or dissolved solids (TSS/TDS) in run-off needs to be addressed.

A
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3.0 EBA RESPONSES
3.1 Cost-Benefit Analysis

Two options were presented in the EBA report; partial dam removal and complete removal.
Partial removal was the preferred option and the design was developed on this basis. The
following expands on the complete dam removal and presents a cost-benefit analysis of the two
options.

3.1.1 Complete Dam Removal

Complete removal of the dam is a viable option to its decommissioning. This option removes
the entire dam structure, allowing Garrow Creek to flow through its historic channel.

The core material used to construct the dam (processed, saturated limestone and shale) will have
to be removed from the key trench under the dam core. This materia will thaw in the summer
months and slump towards or into Garrow Creek unless replaced or covered with stable granular
material.

Complete removal of the core and key trench will entail exhaustive blasting of the frozen
material. Theloose surface materials (shell and rip rap) will require removal prior to drilling and
blasting. The estimated volume of the shell and rip rap materia is 21,100 m®>. Some of this
material could be stockpiled for remediation use at the dam site and the balance hauled to Little
Red Dog Pit for disposal.

The drilling and blasting of the frozen portion of the dam can proceed following removal of the
shell and rip rap. The volume of the frozen shell and core material is estimated to be 27,900 m®.
Thisin-place volume will have to be excavated and hauled to the Little Red Dog Pit for disposal.

Blasting of the core will affect the natural ground to some degree. The native permafrost may
experience some minor cracking; however, this is not deemed as problematic because the
permafrost will naturally "heal" itself by freezing water that infiltrates the cracks.

Placement of fill material will be required in the channel and in the excavated key trench under
the core. The volume of fill to be placed is estimated to be 1500 m*. A small thickness of shell
material should be left in place over the remaining dam footprint to cover the disturbed dam
footprint.

oA
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Table 1 provides the estimated cost for complete remova of the dam. Unit costs have been
based on historical northern earthworks, but the actual costs will be a function of the overall
decommissioning plan and contract strategy. It does not include any costs for remediation of
erosion channels near the dam as this cost is common to al decommissioning options. The
complete dam removal would be accomplished at the cost of nearly $1,250,000.

Tablel
Estimate Decommissioning Costs for
Complete Removal of Garrow L ake Dam

Estimated

Item Unit Unit Cost Quantity Amount
Excavate rip rap material m* $ 5.00 3,300 $16,500
Haul excessrip rap to Little Red Dog Pit (8 km) m® $12.00 @ 1,800 $21,600
Excavate unfrozen shell material m* $ 5.00 17,800 @ $89,000
Haul unfrozen shell to Little Red Dog Pit (8 km) m* $12.00 @ 17,800 $213,600
Drill and blast frozen shell and core material m° $15.00 27,900 @ $418,500
Excavate blasted shell and core material m° $ 5.00 27,900 $139,500
Haul blasted shell and core to Little Red Dog Pit (8 km) m’ $12.00 @ 27,900 $334,800
Place rip rap in creek channel and key trench m? $10.00 1,500 $15,000

Tota $1,248,500

@ Based on arate of $1.50 per m*-km and an 8 km haul distance
@ 50% of the shell material volume is estimated to require drill and blast excavation; the actual percentage will
vary with degree of material saturation and temperature at the time of excavation.

3.1.2 Partiad Dam Removal

Partial removal of the dam is detailed in EBA's March 2001 report. The concepts and discussion
are presented in the report (Report #4, Volume 2 of the Polaris Decommissioning and
Reclamation Plan).

Partial dam removal entails removal of the portion of the dam constructed over the historic
Garrow Creek. After removal of this portion of the dam, the two remaining abutments would be
sloped at 4H:1V and the exposed frozen core of the dam would be thermally protected by placing
athick layer of shell material on the slopes. The partial dam option is considered a viable option.
The estimated costs for this option are presented in Table 2. The partial dam removal would be
accomplished at a cost of nearly $450,000.
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Table 2
Estimated Decommissioning Costs for
Partial Removal of Garrow L ake Dam

Item Unit Unit Cost Est|ma_ted Amount
Quantity
Excavate rip rap material m* $5.00 1,500 $7,500
Haul rip rap to Little Red Dog Pit (8 km) m’ $12.00 @ 400 $4,800
Excavate unfrozen shell material m? $5.00 9,100 @ $45,500
Haul unfrozen shell to Little Red Dog Pit me $12.00 @ 2,900 $34,800
(8 km)
Drill and blast frozen shell and core material m® $15.00 8,750 @ $131,250
Excavate frozen shell and core material m? $5.00 8,750 $43,750
Haul frozen shell and coreto Little Red Dog Pit 8km) ~ m® $12.00 @ 8,750 $105,000
Place shell material on excavated slope of core m’ $10.00 6,200 $62,000
Placerip rap in creek channel m’ $10.00 1,100 $11,000
Tota $445,600

@ Based on arate of $1.50 per m>-km and an 8 km haul distance.
@ 509 of the shell material volume is estimated to require drill and blast excavation; the actual percentage will
vary with degree of material saturation and temperature at the time of excavation.

3.1.3 Completevs. Partia Dam Removal

Both removal options achieve the end result of alowing natural discharge from Garrow Lake
through the historic Garrow Creek. There is no difference between the two options with regard
to the halocline and the concerns related to it, nor the issue of potential increased erosion and
TSS.

Complete dam removal provides the following benefits over the partial dam removal option:

» eliminatesrisk with potential slope failure of the remaining dam abutments; and
» reduces risk of channel blocking/freezing off which could lead to large flow and erosion
downstream of dam location (once the blockage rel eases).

Therisk of slope failure of the dam abutments is low because the slopes are flat (4H:1V) and the
core will remain frozen under global warming conditions. The natural ground in the area of the
dam also slopes at about 4H:1V so removing the abutments will not necessarily eliminate the
risk of slope failures occurring.

The 4H:1V dopes and 15 m wide channel result in a very low risk of blockage. Further, the
channel will be protected from erosion by placing rip rap through the bottom of the channel as
well as up the slopes of remaining abutments.

=
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The complete dam removal option carries a cost of more than twice that of the partia removal
option. Should TCML have to remobilize to site and reconstruct containment of Garrow Lake,
the costs would be at least double (or more) if the complete dam is removed as part of the mine
closure in 2004. There could be some difficulties in melding a new dam to the remnant
abutments of the existing one, but such issues are deemed to be resolvable at limited cost that
keeps the partial removal more economical.

It is under all of these considerations that the partial dam removal option is considered to be
technically equivalent and economically superior to the complete dam removal option. The risk
level associated with the partial dam removal is deemed to be low.

3.2 Integrity of Remaining Dam Structure Related to Blasting

The stability of the remaining dam structure is presented in EBA's report. Blasting within the
central portion of the dam will have some effect on the remaining portion of the dam, as cracking
of the core could result. Thisis not problematic because the remaining dam abutment need not
be impervious. Any water that infiltrates the tiny cracks would freeze because of the cold
temperatures within the core (temperatures within the core have not risen above —10°C over the
life of the dam).

The slope of the cut in the core material (frozen) would be 2H:1V. This cut will be stable if it
remains frozen. A blanket of shell and/or rip rap material will be placed on the exposed core to
thermally protect it. The blanket would be placed with a 4H:1V slope, such that the blanket
material itself would also be stable.

The cracked portions of the frozen core are not considered to introduce unstable zones within the
fina dam geometry. A cracked frozen zone will be outside of the critical stability zone. In
addition, the cracked frozen material would have a relatively high friction angle and not
introduce a weak zone in the embankment. The frozen core will be covered with a significant
amount of granular fill. The granular fill will be placed at arelatively flat sope of 4H:1V, and
the thickness of it will vary. The minimum fill thickness required to keep the core frozen has
been provided.

Sudden failure will not occur given the design slopes. The thermal modelling and stability
analyses (as discussed in Volume 2, Report #4 of the Polaris Mine Decommissioning and
Reclamation Plan) indicate that under global warming conditions, the core of the dam will
remain frozen and stable.

3.3  Timing of the Dam Decommissioning

EBA has indicated that the work is least likely to cause erosion and/or sediment transport in the
creek if completed during winter months. “Winter months’ is better defined as the period where
the ground and water around the dam (including the creek) are completely frozen. It is
anticipated that "winter months" typically span from November through April, and possibly
further into the shoulder months.

=
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The importance of the timing of the decommissioning is the same for both the complete and
partial removal options.

34 Shoreline Erosion

Shoreline erosion potential arises from the fact that during the mine operations, Garrow Lake
rose in elevation and submerged the permafrost around its historic perimeter. Some disturbance
of the submerged shoreline has likely resulted over the years due to wave erosion and surface
slumping. Upon decommissioning of Garrow Lake Dam, the water level will drop and expose
the now-thawed soil. Erosion potential of this soil remains constant, regardless of the dam
decommissioning option.

The reservoir level has experienced fluctuations over the years due to annual discharges.
Garrow Lake is gradualy being lowered back to historic levels over the coming years prior to
decommissioning. The performance of the shoreline and suspended solids concentrations is to
be monitored over this period of time. The thawed banks of the lowered lake could potentialy
be unstable if the lake is drawn down too quickly. Because the lowering of the lake is scheduled
over along time period, risk of bank failure is drastically reduced.

Shoreline erosion is of concern during freshet (spring thaw or breakup), during or shortly
following periods of summer precipitation and at times of high winds. The erosion around
Garrow Lake will be most severe during lowering of the lake. Thereis likely to be less erosion
following lowering of the lake, decommissioning of the dam and the return of the origina lake
level. Once the lakeisreturned to its original level the fetch distance for wave set up will be 0.5
km shorter than it is presently, and the shoreline will be at the location where it was historically.
The historic shoreline will have less fine sediments than the zone above it since the historic
shoreline has been subjected to erosion prior to raising the lake.

The reference to TSS issues at Kuhulu Lake was cited by DFO-FHM. Discussions with Mr.
Frank Tordon, formerly of Nanisivik Mine, did not reveal any definitive conclusions that can be
applied at Polaris and Garrow Lake.  Mr. Tordon did indicate the Kuhulu incident may have
resulted from a dam being washed away (i.e. catastrophic failure) in the 1950's, as opposed to a
gradual drawdown asis planned for Garrow Lake.

Mr. Robert Carreau of Breakwater Resources Ltd. (BRL) was also contacted with regards to this
incident. Mr. Carreau received the following information on the Kuhulu Lake incident from Mr.
Jim Marshall, Nanisivik Mine Project Manager until 1997:

“...A dam was built by Texas Gulf before our [BRL] involvement. The dam was
built at the discharge which is on the east side to raise the level of the lake and
cause it to discharge through an old creek bed at the north-east corner of the lake.
The lake rose but the dam failed and washed down the current discharge route
with considerable erosion. The net effect was to lower the lake level which was
evident at the shallow west end.”
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This information verifies what Mr. Tordon recalled. The Kuhulu Lake incident was a
catastrophic failure resulting in rapid drawdown of the lake and large quantities of water being
rapidly discharged. The large volume of and fast velocity of the water most likely caused the
vast mgjority of the erosion and elevated TSS levels. A similar scenario is deliberately being
avoided at Garrow Lake by slowly and gradually drawing down the lake prior to removing the
dam. Thus, the large water volume and high flow velocities will not be present when Garrow
Lake Dam is decommissioned.

40 CLOSURE

The comments received from DFO-FHM in response to TCML's Mine Closure Plan submission
pertaining to the decommissioning of Garrow Lake Dam have been reviewed and considered.

After reconsideration of the technica merits and potential risks associated with partial dam
remova and complete dam removal options, there is little technical difference between the two.
Economics suggests that the partial dam removal is preferred.

Perimeter erosion and the timing of the decommissioning are independent of the removal
options. As discussed herein, the erosion around the perimeter and TSS levels during windy
ambient conditions in the open water season are not expected to be significantly greater than
historic levels.

We trust that the comments and potential issues raised by DFO-FHM have been satisfactorily
addressed. Should you require further clarification or information, please contact EBA's office at
your convenience.

Respectfully submitted,
EBA Engineering Consultants Ltd.

A.T. Eglauer, P.Eng. W.T. Horne, P.Eng.

Project Engineer, Circumpolar Senior Project Engineer, Circumpolar
(Direct Line: (780) 451-2130, ext. 278) (Direct Line: (780) 451-2130, ext. 276)

(e-mail: aeglauer @eba.ca) (e-mail: bhorne@eba.ca)
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MEMORANDUM TO B.DONAALD FROM PETER CHAPMAN
AND
CATHY McPHERSON OF EVS ENVIRONMENT
CONSULTANTS
REGARDING ‘REMOVAL OF GARROW LAKE DAM —
SIGNIFICANCE FOR GARROW BAY MARINE ORGANISMS’

dated November 29, 2001



Fax: (604) 662-8548
Tel: (604) 986-4331
WWW.evsenvironment.com

F-‘}?L}} environmenl 195 Pemberton Avenue
=l aapRuliants North Vancouver, BC
-_l--t‘\";";--—""

Memo

To: Bruce Donald, Teck Cominco
From: Peter Chapman and Cathy McPherson, EVS
Our File:  03-0302-49

Date: November 29, 2001

Re: Removal of Garrow Lake Dam — Significance for Garrow Bay Marine
Organisms

INTRODUCTION

This memorandum provides our expert opinion regarding the potential effects of Garrow
Lake Dam removal on Garrow Bay marine organisms. Note that our opinion is restricted
to biological issues; for data on contaminants of potential concern (COPCs) and their
concentrations under different scenarios, we rely on Erickson (2001) and Erickson and
Bennett (2001).

BACKGROUND

Teck Cominco (Polaris Operations) have applied for permission to remove Garrow Lake
Dam as part of their closure plans for the Polaris Mine. Review of these closure plans by
the Department of Fisheries and Oceans (DFO) led to the identification of the following
concerns:

1. Stability of Garrow Lake related to concentrations of zinc in surface waters that could
discharge to Garrow Creek.
2. Zinc concentrations in the discharge to Garrow Creek.

The only COPC is zinc. Although lead is also present in Garrow Lake, concentrations are
presently 10-fold less than the current License Limits and, because there is no longer a
maximum present in the halocline, cannot increase. Lead concentrations in water from
Garrow Lake discharged to Garrow Bay with removal of the dam will be at pre-mining
levels.

Since 1993, the Garrow Lake discharge permit limit has been 0.5 mg/L; maximum “worst
case” levels following closure are expected to be 0.31 mg/L and are expected to
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decrease to pre-mine conditions. The worst case prediction for zinc in Garrow Lake
surface waters of 0.31 mg/L could result from the mixing of the present surface maximum
in the halocline into the surface layer in the first few years after the surface of the lake is
lowered to its pre-dam level. Generally, zinc concentrations will be <0.3 mg/L.
Concentrations of zinc in the surface waters of Garrow Lake are expected to decrease
due to the annual freeze thaw cycle, which transfers salt and metals to deeper parts of
the lake. Concentrations of zinc in the outflow of Garrow Lake will be less than in the
surface waters of Garrow Lake due to dilution by melt water.

Erosion of the top 2 m of the halocline containing the zinc maximum in Garrow Lake
would only occur under very unusual circumstances, however the stability of the lake is
not threatened. Erickson and Bennett (2001) recommend that monitoring of Garrow Lake
continue following dam removal for a set period of time to ensure that their predictions are
correct. Similar recommendations have been made by DFO. and Teck Cominco have
committed to monitoring Garrow Lake on a periodic basis through to 2011 (Polaris Mine
Decommissioning and Reclamation Plan, Volume 1, Section 7.1).

ZINC EXPOSURE AND SENSITIVITY OF ARCTIC MARINE FAUNA

Discharges from Garrow Lake enter the Arctic marine environment (Garrow Bay) via
Garrow Creek. Garrow Bay is an open marine system with tidal flushing. Water in Garrow
Creek is less dense than the marine waters of Garrow Bay, and thus will remain on the
surface. While there is ice in Garrow Bay, Garrow Creek waters will either move laterally
along the shore if constrained by ice or follow leads out into the Bay.

The initial discharge from Garrow Lake will be mostly melt water (ice and snow) since in
the early summer the lake will still be ice covered. Zinc concentrations during initial
discharges are expected to be less than 0.1 mg/L. Later in the summer season, if the lake
clears of ice, zinc concentrations in the discharge waters may be higher, at least for the
first few years post-closure. However, based on data prior to dam construction,
concentrations of zinc in Garrow Creek are not expected to exceed about a third of
concentrations in Garrow Lake surface waters. For example, in 1989 the last year of
natural outflow from the Lake, the lake was clear of ice and the surface layer well mixed
in August. Zinc concentrations reached 0.34 mg/L in the surface waters of Garrow Lake
in August and 0.36 mg/L in September. However, zinc concentrations in Garrow Creek
did not exceed 0.12 mg/L, indicating an approximately 3-fold dilution of surface waters.

During periods of discharge when ice remains on Garrow Bay, the marine organisms
most directly exposed to the discharge will be those living under ice, which have been
shown to be extremely tolerant to zinc (and to lead). During periods of discharge when
there is no ice on Garrow Bay, water column organisms will be most directly exposed to
this discharge. These organisms have also been shown to be extremely tolerant to zinc.

Under-ice amphipods collected from Garrow Bay in June 1991 showed extremely high

tolerances to zinc and lead (Chapman and McPherson, 1992, 1993; Chapman, 1993).
Zinc 96-h LCs, values were > 11.8mg/L for three species and > 4.9 mg/L for one species.
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Lead 96-h LCs, values were >3.5 mg/L for two species. Arctic mysids, living in the water
column in the absence of ice, were even more tolerant (96-h LCs, > 50 mg/L). These
findings have been validated for Antarctic amphipods by Ling et al. (1998) and Hickey et
al. (1999 — additional details provided in Chapman, 1998). King and Riddle (2001) found
that embryonic development of the Antarctic sea urchin Sterechinus neumayeri showed a
similar high tolerance to lead. ECs, values were > 3.2 mg/L. And the chronic (6-8d)
response of this sea urchin to zinc was only slightly more sensitive (ECsy 2.23 mg/L) than
the acute lethal Arctic amphipod responses (96h LCs, values > 4.9 mg/L). However, the
sea urchin was more sensitive to copper and cadmium. Duquesne et al. (2000)
conducted 96-h LC50 tests with the Antarctic amphipod Paramorea walkeri exposed to
copper and cadmium and found that this amphipod was similarly sensitive to temperate
species. Thus it appears that Arctic and Antarctic marine species are relatively tolerant to
lead and zinc, but less so to copper and cadmium.

The present Water License for Garrow Lake surface waters (0.5 mg/L zinc) was granted
based on the work of Chapman (1993) and Chapman and McPherson (1992, 1993),
which indicated that these concentrations of zinc in surface waters discharged to Garrow
Creek and thence to Garrow Bay would not harm Arctic marine organisms. Highest
concentrations in Garrow Lake surface waters when the dam is removed will be 0.31
mg/L and will decrease. Concentrations reaching Garrow Bay will be a third less (e.g.,
worst case <0.1 mg/L). These concentrations will not harm Garrow Bay marine fauna
most exposed (i.e., to the lowest dilutions in seawater) based on toxicity tests conducted
with representative organisms from the Bay and subsequent similar work in Antarctic
environments. These fauna include those living under ice and in the water column.
Bottom-dwelling organisms will only be exposed to extremely dilute concentrations of
zinc, thus will also not be harmed (note that under-ice amphipods, which are very tolerant
of zinc, move to the sediments when the ice melts). Note that zinc concentrations in
Garrow Bay were measured at oceanic background (0.0001 mg/L) in 1990.

The long-term fate of zinc discharged to Garrow Bay will be removal from the water
column and immobilization in the sediments (Di Toro et al., 2001). However, the Arctic
marine environment tends to be zinc deficient and the 1990 study of Erickson (1991)
indicated that the waters of Garrow Bay were very low in zinc, particularly at the end of
summer. Thus, prior its eventual immobilization in the sediments, the zinc discharged
from Garrow Lake is expected, as an essential element, to be a positive asset to
phytoplankton and other marine biota.

SUMMARY

Even assuming that worst case predictions regarding zinc concentrations in Garrow Lake
surface waters were to occur, removing the tailings dam to allow surface waters to flow
into Garrow Creek and thus into Garrow Bay, will not create any risk of harm to the
marine organisms in Garrow Bay.
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APPENDIX 6

LETTER OF CONDITIONAL APPROVAL
FOR
THE POLARIS MINE DECOMMISSIONING AND
RECLAMATION PLAN

(APRIL 15, 2002)



I* I Indian and Northern Affaires indiennes
Affairs Canada et du Nord Canada

kNK5 wmoEp5 vtmpq

NUNAVUT WATER BOARD
NUNAVUT IMALIRIYIN KATIMAYINGI

April 15,2002 Four Pages By Email and Telecopier

Mr. John Knapp
Manager, Polaris Operations
Polaris NU X0A 0Y0

Subject: Polaris Mine Decommissioning and Reclamation Plan

Dear Mr. Knapp:

As indicated in our letter of March 4, 2002, please find below the decision of the Nunavut
Water Board (NWB) and the Department of Indian and Northern Affairs Canada (DIAND)
with respect to the Polaris Mine Decommissioning and Reclamation Plan (Plan) prepared by
Gartner-Lee Limited (GLL) for TeckCominco.

In this decision, we have considered the comments received by various parties on
TeckCominco’s proposed Plan as well as the response submitted by TeckCominco on
January 7, 2002 on comments submitted in the first round of consultation.

In general, the NWB and DIAND approve the decommissioning and reclamation activities
as proposed by GLL, with the exception of the reclamation and decommissioning of
Garrow Lake, the dock area and the shoreline, which are subject to Fisheries Act
authorizations by Fisheries and Oceans Canada (DFO). The decommissioning of Garrow
Lake includes the lowering of the lake level and the removal of the dam. Final approval by
the NWB and DIAND in these areas is not included in this approval, and will be provided
separately in a joint letter of approval with DFO. Additionally, the NWB and DIAND do
not approve at this time the proposed measures for the decommissioning of the jetty
extending into Frustration Lake until TeckCominco provides more information to
substantiate their preferred option, which is to leave the jetty in place to avoid disturbance
of the aquatic environment. We note that the present jetty, made of rockfill, extends 100
meters into the lake, which supports fish population. Insufficient information is provided in
the plan on this option and other possible alternatives and their respective short and long-
term impacts on the aquatic environment.

In addition to the decommissioning measures proposed by TeckCominco in the Plan, the
following requirements shall be met:

1. With respect to landfill waste disposal at the Little Red Dog Quarry and Subsidence
Zone, TeckCominco shall establish a protocol for the placement of waste materials and



backfill in a controlled manner to eliminate the creation of voids and areas of low
compaction. Waste disposal practices will include:

e Cutting the landfill debris into sizes and shapes to minimize void spaces as fill
material is placed over the debris;

e Crushing debris using equipment, where practical, to minimize voids;

e Placing debris into landfill in lifts and covering with fill material prior to being
covered by the next lift of debris;

e Controlling moisture from precipitation and runoff to allow freezing to strengthen
the fill and minimize future settlement;

e Monitoring of ground temperatures within the landfill to demonstrate the
development of permafrost conditions;

e Monitoring of the temperatures of the cover material(s) to ensure that the active zone
remains within the cover;

e Providing the landfill operators with a technical briefing and instructions on the
protocols for placing debris in the landfill as well as the closure specifications for
the landfill;

e Appointment of a field supervisor who will have the responsibility to ensure that the

protocols for placing debris as well as the geotechnical specifications for the closure
of the landfill are followed.

. Landfill operators will be required to note the type, placement and depth of debris
emplacement to ensure that there is an adequate record of the protocol used to place
material in the landfill. Photographic documentation will be maintained.

The design of the engineered cover for the landfill shall be thick enough such that the
landfill remains permanently frozen by being below the active layer. The cover material
shall be tested for freeze-thaw and mechanical durability, according to ASTM standards,
prior to being used.

The landfill shall be visually inspected as part of the post-closure monitoring plan to
confirm geotechnical performance as specified in the Plan.

. All entrances to the underground mining operations shall be sealed using a bulkhead and
backfill to completely fill the tunnels from the bulkhead back to the surface and the
surface recontoured to fit the natural slope. The final design of the seals shall be
submitted to the NWB and DIAND as well as to the Mines Inspector for approval prior
to construction.

To ensure permanent encapsulation of the hydrocarbon contaminated soils to be placed
into the abandoned underground mine openings, the following procedures will be
followed:

e No free-phase hydrocarbon fluids shall be present in the soils being disposed of
underground;



10.

11.

12.

13.

14.

15.

3-

e The floor of the stope where the hydrocarbon contaminated soils will be placed shall
be wetted in advance to ensure that any voids in the rock are sealed by ice;

e A wetted earth plug, which will be allowed to freeze, will be constructed to further
isolate the hydrocarbon contaminated soils disposal area from the rest of the
underground mine workings.

TeckCominco will provide the NWB and DIAND with the final details of the proposed
decommissioning of dielectric fluids from non-PCB transformers, prior to the initiation
of the disposal of transformers and/or fluids contained in these transformers.

The freon from the four mine air refrigeration units will be pumped back into shipping
bottles and returned to the original supplier or to an approved recycling/disposal center
for recycling.

Disposal of tank sludges, waste oil and glycol shall be disposed of in a manner
acceptable under current federal and territorial regulations and guidelines.

Post-closure monitoring and sampling will be done in accordance with the Plan and
revisions described in Attachment 8 of the TeckCominco responses, as prepared by
GLL, dated January 2, 2002.

TeckCominco will designate a representative who will be responsible for ongoing
liaison with the NWB and DIAND with regards to all decommissioning and reclamation
activities. A regular reporting schedule will be established, suitable to all parties, so that
the NWB and DIAND are aware of all ongoing and planned activities.

All drawings and specifications related to the execution of the Plan shall be prepared
under the supervision of a professional engineer, in good standing, licensed to practice
in Nunavut.

The NWB and DIAND shall receive copies of all tender documents, technical
specifications and construction drawings issued by TeckCominco with respect to the
Polaris A&R Plan. All drawings and specifications related to the execution of the Plan
shall be prepared under the supervision of a professional engineer, in good standing,
licensed under the appropriate authority to practice in Nunavut.

The NWB and DIAND shall receive a copy of TeckCominco’s overall schedule for the
proposed A&R plan as well as regular updates on progress and plans, so that, if required
the NWB and DIAND can arrange to visit the site to review specific operations as
required.

All drawings and specifications for landfilling operations, including the Little Red Dog
Pit, Construction and Operational Landfill and Subsidence Area shall be submitted to
the NWB and DIAND for review and approval. Any drawings and specifications
detailing the proposed underground disposal of wastes and the sealing of mine portals
shall be submitted to the NWB and DIAND for review and approval.



All correspondence required to be sent to DIAND regarding this matter is to be forwarded
to the:

Manager, Land Administration
Department of Indian Affairs and Northern Development

Box 100
Iqaluit, NU X0A OHO
Fax:867-975-4286

Email: mcleanc@inac.gc.ca

All correspondence required to be sent to the NWB regarding this matter is to be forwarded
to the:

Licensing Administrator
Nunavut Water Board

Box 119

Gjoa Haven, NU XO0B 1J0
Fax: (867) 360-6369

Email: rbecker@polarnet.ca

Please contact the undersigned should you have questions about this approval.

Sincerely,

Original signed by: Original signed by:

Philippe di Pizzo Carl McLean

Executive Director Manager, Land Administration
Nunavut Water Board Indian and Northern Affairs Canada

c.c. Distribution List



Polaris Decommissioning Distribution List — March 5, 2002

Cominco Jeff Heidema

John Knapp

Bruce Donald (250)427-8451
QIA, Lands Solamie Shoo (867) 979-5391  (867) 979-3238
QWB Goo Arlooktoo (867) 979-1560  (867) 979-1491
Hamlet of Resolute (867)252-3749
QIA-Resolute (867)252-3929
HTO-Resolute (867)252-3800
Hamlet of Grise Fiord (867)980-9052
QIA — Grise Fiord (867)980-4208
HTO - Grise Fiord (867)980-4311
NTI, Carson Gillis cgillis@polarnet.ca (867) 983-2723
NTI, Manager of Lands  Rob Esser (867)983-2723
NIRB Gladys Joudrey gladys@polarnet.ca (867) 983-2594
NWMB Josee Galipeau jgalipeau@nwmb.com (867) 979-7785

DIAND- Manager, Lands Admin Carl McLean mcleanc@inac.gc.ca

DIAND-Reg Mgr-Water Paul Smith smithp@inac.gc.ca  (867)975-4560
DIAND, Inspector Constantine Bodykevich bodykevichc@inac.gc.ca
DIAND, Regional Manager Mineral Resources, Jason Sharp

DFO-Iqaluit Jordan deGroot degrootj@dfo-mpo.gc.ca (867) 979-8039
EC-YK Paula Pacholek paula.pacholek@ec.gc.ca (867) 873-8185
DSD Paul Partridge  ppartridge@gov.nu.ca (867)975-5980

DSD, Director, Environmental Protection Division-Earle Baddaloo
DSD, Director, Minerals Oil and Gas Division- Gordon MacKay
DSD, Director, Parks & Tourism- David Monteith

Baf-Health Board Bruce Trotter ~ btrotter@gov.nu.ca (867) 979-7659

CG&T Doug Sitland dsitland@gov.nu.ca (867)979-5811
CG&T, Director, Community Planning and Lands Division, Kugluktuk (867)982-7695
CG&T, Environmental/Lands Affairs Officer Enuk Pauloosie epauloosie@gov.nu.ca (867)360-6098

Culture, Language, Elders, and Youth,-Archeologist Doug Stenton  (867)975-5504

Canadian Cost Guard, Iqaluit Patricia McDonald (613)991-9261
Parks Canada, Iqaluit, Superintendent Elizabeth Seale (867)975-4674
Steven Keenan, Nanisivik skeenan@nu.breakwater.ca

Holger Hartmaier hhartmaier@bgcengineering.ca
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APPENDIX 7

DESIGNATION OF GARROW LAKE
‘AS A TAILINGS IMPOUNDMENT’
BY THE
DEPARTMENT OF FISHERIES AND OCEANS

(December 4, 1981)
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DESIGNATION OF GARROW LAKE
LITTLE CORNWALLIS ISLAND, NORTHWEST TERRITORIES
BY
THE MINISTER OF FISHERIBES AND OCEANS
AS A TAILINGS IMPOUNDMENT AREA
PURSUANT TO SUBSECTION 5(2)

oF

THE METAL MINING LiQUID EFFLUENT REGULATIONS, 1978 C.R.C. c. 819

UNDER

THE FISHERIES ACT

WHEREAS

1)

2)

3)

5)

6)

Cominco Ltd. is developing the Polaris Mine on Little Cornwallis
Island in the Northwest Territories.

Cominco Ltd. is locating a mill on the south-west end of Little
Cornwallis Island beside Crozier Strait.

Garrow Lake (75° 23' North latitude and 97° 48' West longitude)
is located near the south end of Little Cornwallis Island about
three kilometers from the Polaris Mill. Garrow Lake is
approximately three kilometers long by two kilometers wide with
maximum depth of about 46 meters.

Garrow Lake has stagnant bottom water below 20 meters depth that
is devoid of dissolved oxygen, has high salinity and soluble
hydrogen sulphide concentrations, and that does not support
aquatic life. The surface water above 13 meters depth is
brackish, contains dissolved oxygen and supports sculpin and
lower aquatic life forms. A transition layer of water
(halocline) lies between the stagnant bottom water and the
brackish surface water. The surface water overflows to arctic
marine waters of Garrow Bay through Garrow Creek about one
kilometer in length.

Cominco Ltd. proposes to dispose of thickened tailings into the
stagnant bottom water of Garrow Lake through outfall pipes that
would extend to a depth of at least 26 meters below the surface.

Cominco Ltd. has requested that Garrow Lake be designated as a
tailings impoundment area pursuant to subsection 5(2) of the
Metal Mining Liquid Effluent Regulations under the Fisheries
Act.

.../2
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7) Public hearings were held by the Northwest Territories
Water Board pursuant to the Northern Inland Waters Act on
May 22, 1980, in Resolute Bay and the question of tailings
disposal in Garrow Lake was considered at that time. In
October, 1981, the Minister of Indian Affairs and Northern
Development approved a water licence issued by the Water Board
for the Northwest Territories pursuant to the Northern Inland
Waters Act for the Polaris Mine that included the disposal of.
tailings into the bottom of Garrow Lake at a depth of at least
26 meters below the surface. ‘

8 The Department of the Environment and the Department of
Fisheries and Oceans have considered this request and have
concluded that Garrow Lake is an acceptable location for
tailings disposal. '

9) Cominco Ltd. has undertaken to dispose of tailings in such
a manner that the stratification of the different water
layers in Garrow Lake will not be disrupted, and that the
surface layer of Garrow Lake remain substantially
unaltered. ‘ :

Cominco Ltd. may be obligated to provide information and

meet requirements pursuant to Section 33.1 of the

Fisheries Act. Furthermore, Cominco Ltd. is obligated to

meet the requirements of the Metal Mining Liquid Effluent
Regulations at the final discharge points from Garrow Lake, be
they surface or subterranean. : ,

Nothing in this designation affects the obligations of Cominco
Ltd. to comply with the requirements of any water licence
issued under the Northern Inland Waters Act.

THEREFORE,

The Minister of Fisheries and Oceans, pursuant to the authority
conferred on him by subsection 5 (2) of the Metal Mining Liquid
Effluent Regulations under the Fisheries Act, hereby designates
Garrow Lake on Little Cornwallis Island, in Northwest
Territories, as a tailings impoundment area.

SIGNED BY THE MINISTER OF -
FISHERIES AND OCEANS
the of October, 1981 DEC-41981 “Jlirmus« (¢ e\

Romé&o LeBland

TOTAL P.B3



APPENDIX 8

PHOTOGRAPHS OF GARROW CREEK

BEFORE AND AFTER DAM CONSTRUCTION



* Figure 10. Qutflow from Garrow Lake, looking north. Note
that ice covers almost the entire lake. (24156.3A)

Photograph from Pre-Mine Construction

Figure 11. Sampling at Cr. 1 a short distance downstream
from the view presented in Figure 9. Garrow Lake is be-
hind the photographer. (24156.4A)

Photograph from Pre-Mine Construction



Photograph from current site conditions (Aug, 2000)
Flow is from siphoning of water over dam

Photograph from current site conditions (Aug, 2000)
Garrow Creek discharging to Garrow Bay
Flow is from siphoning of water over dam.
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GARROW LAKE

PLANS OF

ORIGINAL AND CURRENT SHORELINE

AND

CREEK CHANNEL
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PACIFIC BLASTING

LETTER REGARDING THE EFFECTS ON

FISHERIES DUE TO BLASTING AT GARROW

LAKE DAM



PACIFIC

BLASTING & DEMOLITION LTD. IDB}II.S:I'EI_‘;‘LMI’.l(l\ I-JRS
October 19, 2001
Westmar Consultants Inc.

400 - 233 West 1% Street

Narth Vancouver, BRC

VT™M IB3

Attention: Mr. Norman Allya, P, Eng,

Dear Mr. Allvn:

Re: Effect on Fisheriey Due to Blasting at Garrow Lake Dam — Polaris Project

Baszd on a 528m sethack [rom the dam (acc W the impounded water. standard blasting operations would
have a negligible impact on lisherics al the Garrow Lake Dain.

Three scenarios were ron based on blasting a 10m depth at the dam. The resulls. compured (o the Fashenics
CGusdelines Timat of 100kPa, gre symmanized in Table No. 1. The first scenario. (1 hole per delay — 71.8 kg
ol explosives) resulied in an overpressure of 1.57 KPa. the second scenario (3 holes per delay - 215 4 kg of
explosives) resalted in 3.79 kPa. The third scenario was caleulated at 100 holes per delay with 7180 kg of
explosives and resulied in an overpressure of 62.67 kiPa, stll wathin the 100 kPa Fisheries Guidelines
I'he charge weight calculations arc summarnzed m Tables 2, 3_and 4

Fleuse note, that althongh the reswlts of Masting 100 holes per delay fulls within Fiskeries Guidedines,
Pacific Blasting & Demolition Led. does not umply thut this many holes should be detonated with w single
jt‘fal In fact, il would net be safe te aﬂfngpt blasting this many holes at_one lime.  This info was

| trust the above information is satisfactory and if you have any guestions, please contact our office at your
convenience. Thank you

Yours truly,
Pucilic Blasting & Demolition Lid

% [
/ v RY At
Ron Woolf N\ _
Project Manager

2183 Ncordand Avenue, Burkmy, B.C, Canada Vol 3A9
Pacific (604) 201 1265 Apowx; (604) 2930278  Faw: (601 251-2813
Webs Sllex hitp ey pacficoasting com



P‘C'F'c Garrow Lake Dam Removal
= -y Blasting/Overpressure Summary
Table No.1

Standard Blasting | At 3 Holes At 100 Holes

1 Hole per Delay per Delay per Delay
Depth of Cut (m) 10 Not
Drill Hole Diameter (in) 4 Recommended -
Pattern Size (ft) 8 a8 information proviged
Pattern Size (m) 24 24 only to Mustrate
Volume of Matenal per Blasthole (cu.m) 585 the effects on fsheries.
Powder Factor - Permafrost (kg/cu.m) 12
Specific Gravity of Explosive (g/cc) 11
Weight of 1m Column of Explosive (kg) 9
Explosive Quantity required per blasthole {kg) 71
Explosive Column (m) 8
Cast Booster Weight (kg) 0.454
Total Charge Weight per Delay (kg) 71.8 2154 71604
Pressure in Water (Pw) kPa 1.57 .79 62.67

|Pressure in Water (Pw) kPa - Fisheries Limit 100kPA |




Design Criterla

for
PACIFIC ===  cadintuieven
Tlhl;lm

Charge Weight Calcutations for a 528 m Sethack
Easting 1 Holes per Delay - Permatrost

Table 1 - From * Canadien Technical Feport of Fishories aivd Aguatic Scences 21077, 1990
Thied - “Guidsfines. F-or he Use of Exploshees ' Or Near Canadian Fishefies VWislers”

Substrate or grem™) | Orjeme™) | Owfemes™ T % T Ow geem™ | o fiPu} | PP (menemnc™)
i FXT] 257200 146300 B.00 1.00 100.00 13.00
2 |Frozen Soa 152 304500 146300 3.20 100 100.00 12.00
3 ke 0.9¢ 04500 146300 210 1.0 100.00 13.00
4 |Satusied Sol 208 146300 148300 z13 100 100.00 13.00
5 |Unsatussied Soil 1.02 45700 148300 (.08 1.00 100 60 13.00
PROJECT DESIGH CRITERIA
Froject Location: PFoans Mine - Like Comwais |skand, Nunawl
Water Course: Gamow Lake Dam
Subsirate: Quarry Fil Frozen Seil { Fhenes Substiate Classiication )
Nature of Jonting/Fiactures . NiA
Owerburden A
Hole Depth: 10m
Explosive Typa: Orica Powerkac (Gaiati Tynamits]
Mathod of Detonation - Clectnc. blesting cap
Bubible Curtain Regumred. Yes
Table 8 - Calculations for - Polaris Mine _ L fttle Cornwallrs Fsland, Nunawi
[Project Subetrate logen) ] o) | owtems) | K | Owgren’ | Pwphe | vrjmerme? |
2 |Frozen Sol 1.82 304300 146300 iz 1. ey 1300
""B-‘ 4749 Lbaidetyy |
10
215.41
528.00
= DwrCw 0.2500
Drox
= 3 Ewida)ly
1 @wZn)
or
Pr = P{1 +ZweiZ1l) [2500 250 hPn_or Z50EVO8 dymws - [o vl Fw fo 100 fim
20ZWE1)
-2 854 cmn™ ioiimi Pw io 100k
DeCr -
[R = gw v 100) = I 68.3 m Minimum satback distance /eaLired 1o /eeducs ovemmss.wYe 1o lass than 100 ks
|
= W00y [ Z21.6 m_Minimum sewack dhstance fom & spawning s (o mentain PPV @) 13 mmesec
vir=1 000 T i 0.32 cm="'_Cakulaled PPY al Desgn Criare
=3B
DeCy
Lo g
|Pr = ooz 9.40E+04 Cakulsied Pressurs in Subsirsle at Criens
= 0Py
1 +2wZr) 378 kPa___ Cokulsied Pressuis in Vake: ol Design Cilers

w Fisheries Project
Lkt Design |

378
cwel | 1 3.24 1imi Tay spavwing bed duing pecoed of egy noubation

i
:




Design Criteria
for

PACIFIC == ™
Garrew Lake Oam

Charge Weight Calculations for a 528 m Setback
Standard Blasting Load 1 Hole par Delay - Permafrost

Table 1 - From “ Canadian Teshnical Repon of Fisheries and Agqualic Sclences 2107, 1998
THlad - "Guidadinas For the Usa of Explosives In O Naar Canadian [ishenes Wales”

Em"“ ’ “@ﬂ%—%@l—m—%@%—wﬁﬁ

1
2 04800 145300 120 1.00 100.00 13.00
3 0.94 04800 146300 210 1.00 100,00 1300
4 M8 146300 1446300 213 1.00 100.00 13.00
9 Soil 182 45700 146300 084 1.00 10000 1300

PROJECT DESIGN CRITERIA

Project Location: Polans Mine - Lithe Comwallis isiand, Numavut

Wirter Course. Guarrow Lake Com

Substiate Quairy Fll Frapen Sof ( Fahenes Subsirate Classhcanon )

NAfLre of Jolnting/Frattures N

Overburden NoA

Haole Depth- 10m

Explosive Type: Orvica Powarfrac (Galatin Dynamite)

Method of Detonartion: Ekciric, binsting cap

Yes

Crjcmes) | Cw K| Dwigecm) | Pw(kPa) | Vi immwesec) |
- 1.02 304800 148300 3.2 1.00 100.00
Fi4 188 3 L hesdelay ]
0
.00
iﬂ—_]
=% 250 ks _or 2 BOE+08 dynes 15 Anf Pw 15 100 05
Vi = 2Py | WM"-hWHbfm
F'Wﬂﬂ]m | /A m mmmwbmmmmunmh
-M'}W-ﬂ]‘“- | 1278 m_Mramum setheck distance frn 8 spawning ares i mantsn 77V @ 1.3 mmvsec "
) T T s e [ 013 cres | Cacutsied PPV a1 Design Cilleria
ez
DiCr
o
[Pr = (DrCrvd2 3_84E+04 Dyres _ Culculsiod Pressure in Subsbiate at Design Grleria
1+ZwiZr) 187 kFa_ Cakuksied Pressurv in Waie ol Desgin Ciloa

F—E-—';'r:.—'i"ﬂ i3
article Vekooly (Vi) emee-1 130 134 |™ Liit for spawning bed during period of egy incubation




PACIFIC

BLASTING & DERAOLTTIOM L TH

Design Criteria

for

Guidelines for the Use of Explosives In or
Near Canadlan Fisheries Waters
Tabie No. 4

Garrow Lake Dam

Charge Weight Calculations for 2 §28 m Setback
Blasting 100 Hales per Delay - Permafrost

Tabie 1 - Fram * Canadian Technical Report of Fishesies and Aquatic Sciences 2107, 1996
Thiled . "Guldelines For (he Uses of Explosives In O Near Canadian Flaheres yWaters®

Subsirate O cr M | ew e " [ Pw PPV 'y
— e | et omien) L n- Joemenii L rceon [ rvimee) |
2 |Frozen Soll 192 304800 146300 120 1.00 100.00 1300
3 ice 098 304800 1457300 210 1.00 100.00 1300
4 Soill 208 146300 146300 213 1.00 100.00 1300
Soll 192 45700 146300 0u8 1.00 100 DO 13.00
PFROJECT DESIGN CRITERIA
Project Location: Polaris Mina - Little Comwallis |siand, Nunawut
Water Course: Canrow Lake Dam
Substratg: Cusarry Fil Frorn Sol | Fishenes Substmte Cassificetion |
Kature of Jodnting/Fractures A
Owarburden: NIA
Hole Depth: 10m
Explosiva Type: Orica Powerfrac (Gelatin Dynamiba)
Method of Detanation Elecirle, basting cap
Bubble Curtmin Aequired- Yes

e e ma

Fianeries. Project
_Limit Design |
o1

T [Froren 192 304800 146 3.2
EilX] T80 4 TSES0 0 Lbwoely |
1 [ 7.0
718035 |
5220 |Dhelance to Detonation £28 00
= Do 62560 |
=== oo
1+@2wiZr)
o
|Pr = Pyt s @iZi) [ 750 250 W o 2. 50E108 dynes - iv bt Pw o 100 ks
2@wWIr) :
Vi = 281 [ 384 ews™ & bt Plo j00K5S
DrCy .
= (W VI100) T | 1843 m_Mrumim sethack dstenos reqrined 10 Redos OwerprESsUINe 0 ds Man 100 ke
= W I I 1279.0 m_Mirwmum sefbeck dstance from a spawning arce bo mainksin POV @ 1.9 mmesac
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APPENDIX 11

VIDEO OF NEARSHORE MARINE
ENVIRONMENT ADJACENT TO POLARIS
OPERATIONS

(MAY 1999)



APPENDIX 12

MARINE DOCK AND ADJACENT SHORELINE
RESTORATION
PLANS AND SECTIONS
BY WESTMAR ENGINEERING

(UPDATED MAY 2002)
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ELIMINATE NEGATIVE NUMBERS WHEN SURVEYING IN THE MINE.)

3. DIMENSIONS ARE IN METRES UNLESS OTHERWISE NOTED.

4. WATER DEPTHS ARE DIGITIZED FROM BECHTEL CANADA LIMITED
DRAWING No. 110-C—116, REV 7, MAY 22, 1981, "SITE
PREPARATION, CONCENTRATOR BARGE BEACHING PLAN AND SECTIONS”.

5. SITE PLAN AND ELEVATIONS DERIVED FROM SURVEY DRAWINGS EMAILED
FROM TECK COMINCO LIMITED ON SEPTEMBER 04 AND 26, 2001.
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APPENDIX 13

PROTOCOL FOR GLYCOL REMOVAL

FOR

MARINE DOCK FREEZING SYSTEM



Teck Cominco Metals Ltd. .

Bag 2000, Kimberley, B.C. V1A 3E1 t k

e | teckcominco
Fax: (250) 427-8206
Email: bruce.donald@teckcominco.com |

MEMORANDUM

Memo To:  Mr. Jordan DeGroot Date: December 15, 2001
From: Bruce Donald, Reclamation Manager
Re: Recommended Procedures for the Recovery and Disposal

of Waste Antifreeze from the Dock Facilities

This memorandum is in response to the request for additional information on the nature, quantity

and method of handling refrigerant from the freezing pipes installed in the dock.

Background I nformation

According to the origina construction records and engineering drawings prepared by Bechtel
Canada, the dock was to be constructed by freezing the imported fill materias to form the
permanent working platform. Freezing of the fill materials during the construction period
was to be accomplished by a heat removal and exchange system. Theinitia system consisted
of a 55 kw refrigeration plant and 250 — 150 mm diameter carbon steel coolant injection
(freeze) pipes. Because of the natural freezing condition at the site, not all of the components
in the origina design were required during the construction of the dock facility and the
number of freeze pipes actually used was significantly reduced. Anecdotal evidence indicates
that actual number of freeze pipes used may have been in the order of 145.

Antifreeze with a design operating temperature of -20° C was used as the hesat transfer
medium for the freezing of the construction area. However, there is no available record of
the type of glycol used for the application. Ethylene glycol was used throughout the balance
of the process area and, as a conservative approach, it has been assumed that ethylene glycol

was used for dock freezing aswell. Thiswill be confirmed prior to removal.



If al of the freeze pipes were used as designed, the estimated volume of glycol would be
approximately 70,300 liters (18,600 US gallons). As indicated above, the actual volumes
could be significantly less, if only a portion of the freeze pipes were instaled and found to
contain glycol. For planning purposes, a conservative approach has been taken and, until
field investigation during reclamation indicates otherwise, it has been assumed that al initial
freeze pipes were installed and filled with glycol. The following procedures will be followed

to ensure the glycol isremoved and disposed of in an environmentally acceptable manner:

Through the use of a metal detector, origina drawings, and hand excavation, confirm the
locations and number of all freeze pipes that were installed during the construction phase of
the dock facility. According to the origina design, the freeze pipe was blind-flanged
approximately 150 mm (6 inches) below the top of the rockfill.

Each freeze pipe will be examined to identify and record which are “dry” pipes and which
contain glycol. ldentifying and recording the conditions as “dry” or “filled” for each freeze
pipe will be adequate.

Sample the waste antifreeze in severa pipes and determine the chemical characteristics of it
by a certified laboratory. Every pipe does not require sampling, as the same type of glycol
will bein all of the freeze pipes.

Obtain submersible pumps, discharge hoses and shut-off valves that are suitable for pumping
ethylene glycol. Transport to site sufficient containers approved for shipment of ethylene

glycol.

Remove the blind flange carefully to minimize the loose overburden materials from falling
into the injection pipe.

Lower the submersible pump into the injection pipe and place the pump discharge hose into
one of the drums before starting the pump. Drums will be located in a portable watertight
containment pan during filling.

Operate pumps in a manner to minimize surges. When the first drum is nearly filled, close
the shut-off valve and transfer the pump discharge hose to the empty container, avoiding
splashing and spillage.

Pump, hoses and fittings must be stored on the containment pan after each recovery
operation. Containment pan contents must be drained and transferred into an empty drum.

Label al filled drums and relocate to a temporary storage area to hold for disposal by one of
the following methods:

a) Transport from site in approved shipping containers for recycling. The handling of
the drums for shipping will be done by trained personnel, the drums will be labeled
as required by regulations, shipments will be properly manifested and the drums will
be shipped to a company approved to recycle or dispose of glycol.

b) Incinerate on-site in an approved two stage incinerator. While this is a less likely
option, it is still an acceptabl e approach under current regulations.



The NWB will be notified of which disposal method is selected in advance.

Arrange a portable steam generator or a closed-loop hot water supply/recirculation system for
the injection pipe thawing operation.

Remove the blind flange and lower the steam injector slowly into the freeze pipe to thaw the
soil materials immediately next to the freeze pipe. Start the thawing operation from the
bottom of the injection pipe. Once thawed, freeze pipes will be extracted by crane, jacking,
vibratory means or by cutting off the pipe after being exposed.

The residual glycol and the liquid from the closed-loop system will be recovered and
drummed and in a similar manner as described above.



APPENDIX 14

APPROVAL FOR MARINE DOCK REMOVAL

BY THE

CANADIAN COAST GUARD



l * Fisheries and Oceans Péches et Océans

Canada Canada

Coast Guard Garde cotiére

Central & Arctic Region Région du Centre et de I'Arctique
201 N. Front Street, Suite 703 Your file  Votre référence
Sarnia, Ontario
N7T 8B1 Qurfile  Notre référence

8200-80-651
December 4, 2001

Teck Cominco Metal Limited

Bag 2000

Kimberley, BC V1A 3E1

Attention: Bruce Donald, Reclamation Manager

Dear Sir:

Re: Decommissioning of the Wharf Facility in Crozier Strait, Cornwalis Island,
NT Little Cornwallis Island, Northwest Territories.

Reference is mad to your e-mail concerning the above noted project.

We have reviewed the information supplied and can advise the Canadian Coast Guard
has no interest in this project provided that:

1. Extract or cut off steel piles at least 2 meters below low tide elevation.
2. Re-initiate a beach profile that will minimize erosion.

Should you have any further questions concerning the above, please contact the
undersigned at (519) 383-1862.

Yours truly,

ol

Rick McLean
A/Superintendent ‘
Navigable Waters Protection

RAM/kab

Canadid
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PHOTOGRAPHS

OF THE

DOCK AND ADJACENT SHORELINES



TECK COMINCO LTD.
Decommissioning of Dock and Shoreline at Polaris Mine
Little Cornwallis Island, Nunavut
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Photograph No. 1: Quarry face in Little Red Dog Quarry (August 17, 2000).

Photograph No. 2: View of shoreline to north of dock, from north end of dock (August 17, 2000).
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TECK COMINCO LTD.

Decommissioning of Dock and Shoreline at Polaris Mine
Little Cornwallis, Nunavut

Photograph No. 3: View of area between dock and process barge (August 18, 2000).
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TECK COMINCO LTD.
Decommissioning of Dock and Shoreline at Polaris Mine
Little Cornwallis Island, Nunavut

e

Photograph No. 4: View of shoreline to south of dock, from the
deck of the vessel “Federal Baffin” (August 17, 2000).
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Photograph No. 5: View of shoreline looking north at Station 1800 N. The beach is natural at this location,
and is comprised of gravel with a mean size of about 10 mm (August 19, 2000).

Page 3
(00282tmw/2001-10-04)

Westmar



TECK COMINCO LTD.
Decommissioning of Dock and Shoreline at Polaris Mine
Little Cornwallis Island, Nunavut

Photograph No. 6: View of shoreline looking north at Station 1700 N. The fill, which is tapering out at this
station, is about a 300 mm minus material. (August 19, 2000).

Photograph No. 7: View of shoreline looking south at Station 1700 N. (August 19, 2000).
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TECK COMINCO LTD.
Decommissioning of Dock and Shoreline at Polaris Mine
Little Cornwallis Island, Nunavut
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Photograph No. 8: View of shoreline looking north at Station 1600 N. The fill is about a 300 mm
minus material, with a mean size of 25 mm. (August 19, 2000).
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Photograph No. 9: View of shoreline looking south at Station 1600 N. (August 19, 2000).
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TECK COMINCO LTD.
Decommissioning of Dock and Shoreline at Polaris Mine
Little Cornwallis Island, Nunavut

Photograph No. 10: View of shoreline looking north at Station 1500 N. The shoreline to the north
of 1500 N is fill comprised of material with about 300 mm minus material. (August 19, 2000).

Photograph No. 11: View of shoreline looking south at Station 1500 N. The shoreline is covered
with rip rap to the south of Station 1500 N, with a mean size of about 300 mm (August 19, 2000).
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TECK COMINCO LTD.
Decommissioning of Dock and Shoreline at Polaris Mine
Little Cornwallis Island, Nunavut

Photograph No. 12: View of shoreline looking north at Station 1300 N.
New riprap has been placed in this area in the last 2 years. (August 19, 2000).

. %

Photograph No. 13: View of shoreline looking south at Station 1300 N. This area has the largest
size rock produced from the Little Red Dog Quarry and used as riprap, with a mean size in the range
of about 400 mm to 500 mm. (August 19, 2000).
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TECK COMINCO LTD.
Decommissioning of Dock and Shoreline at Polaris Mine
Little Cornwallis Island, Nunavut
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Photograph No. 14: View of shoreline looking north at Station 1200 N. New riprap has been placed
between here and the dock in the last 2 years, and has a mean size of about 300 mm. (August 19, 2000).

Photograph No. 15: View of shoreline looking south at Station 1200 N. It has been more than
two years since riprap has been placed south of Station 1200 N. (August 19, 2000).
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TECK COMINCO LTD.
Decommissioning of Dock and Shoreline at Polaris Mine
Little Cornwallis Island, Nunavut

Photograph No. 16: View of shoreline looking north at Station 1100 N. (August 19, 2000).

T A GRS, W : < b
Photograph No. 17: View of shoreline looking south at Station 1100 N. The riprap is failing and

the bank behind the riprap is eroding. Some larger pieces of mine rock are in the order of 900 mm
cube size, and are deteriorating rapidly due to freeze/thaw cycles. (August 19, 2000).
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TECK COMINCO LTD.
Decommissioning of Dock and Shoreline at Polaris Mine
Little Cornwallis Island, Nunavut
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Photograph No. 18: View of shoreline looking north at Station 1000 N. Most of the riprap
has slipped down the slope at this location. (August 19, 2000).

Photograph No. 19: View of shoreline looking south at Station 1000 N. (August 19, 2000).
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TECK COMINCO LTD.
Decommissioning of Dock and Shoreline at Polaris Mine
Little Cornwallis Island, Nunavut
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Photograph No. 21: View of shoreline looking south at Station 900 N. Note the H-Piles
at the berth face of the temporary dock. (August 19, 2000).
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TECK COMINCO LTD.
Decommissioning of Dock and Shoreline at Polaris Mine
Little Cornwallis Island, Nunavut

Photograph No. 22: View of shoreline looking north at Station 800 N. This is the southern extent
of the riprap and is immediately south of the H-Piles at the temporary dock. (August 19, 2000).

Photograph No. 23: View of shoreline looking south at Station 800 N.
The beach is natural material south of Station 800 N. (August 19, 2000).
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TECK COMINCO LTD.
Decommissioning of Dock and Shoreline at Polaris Mine
Little Cornwallis Island, Nunavut
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Photograph No. 24: View of shoreline looking north at Station 700 N. The beach is comprised of natural material
at this location, with some regrading of the top of the bank to form a flat storage area. (August 19, 2000).

Photograph No. 25: View of shoreline looking south at Station 700 N. (August 19, 2000).
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APPENDIX 16

MONITORING PLANS



PHASE 1 MONITORING PLAN (2002 - 2004) - May 2002 Revision

Area and/or |Station Locations
Type of Parameter (s) Frequency Duration / Timing Comments
Monitoring
Garrow L ake and Garrow Creek
Outlet of Garrow Lake Lake elevation During break-up and prior to freeze-up |Early June 2002 to October 2004

Station 262-2 (above tailings discharge
point)

Height of tailings pile

Monthly, when not prohibited by ice

Mid 2002 to October 2004

Station 262-3 (lake centre) at water
depths of 3, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 22 and 40 m and also at
0 and 1.5 m during open water

Total lead, total zinc, pH,
temperature, conductivity

3 times per year (mid-winter, maximum
ice thickness and max ice melt)

Mid 2002 to October 2004

Station 262-3 (lake centre) at water
depths of 3 and 10 m and also at 0 and
1.5 m during open water

Total copper, cyanide,
cadmium, antimony, nickel,
arsenic, mercury

3 times per year (mid-winter, maximum
ice thickness and max ice melt)

Mid 2002 to October 2004

Station 262-3 (lake centre) - at water | TSS 3 times per year (mid-winter, maximum | 2002 to October 2004
depth of 1.5 m. ice thickness and max ice melt)
Tailings Piles Bathimetry Once After cessation of production in 2002 |Conduct detailed bathimetry of

tailings deposition to document
locations and elevations of tailing
piles so that stability can be
monitored

Perimeter of 1ake shoreline

Visual observation for
stability of shoreline

Weekly between break-up and prior to
freeze up

Mid 2002 to October 2004

Station 262-7 (water discharge siphons
at dam)

Total lead, total zinc, pH

Every 3 days during periods of
discharge

August 2002 to October 2004

Station 262-7 (water discharge siphons

Volume of effluent

Daily during periods of discharge

Mid 2002 to October 2004

at dam)

Dam core Temperature Monthly Mid 2002 to October 2004

Near where Garrow Creek enters TSS Weekly August 2002 to October 2003 while | To establish background TSS

Garrow Bay siphoning conditions prior to starting
decommissioining of the dam.

Garrow Lake near the outlet Pressure Each time a blast isinitiated at the dam |March to May of 2004 Measure peak pressuresin Garrow

Lake to ensure fish are not harmed
by the blasting.




One sample in the centre of each cell
except if apotential spill location is
indicated

soils (if any)

Along the length of the creek from Visual monitoring of work  |Daily Through period of excavation Conducted by Teck Cominco
Garrow Lake to Garrow Bay practices representative to ensure compliance
with conditions of the DFO
authorization.
Along the length of the creek from Photographic Once Upon completion of decommissioning | Provide documentation to DFO so
Garrow Lake to Garrow Bay the dam and restoration of the creek. |any deficienciesin work can be
corrected prior to demohilizing
from the site
Near the outlet of Garrow Lake and TSS Weekly 4 weeks from the start of freshet to To monitor the change in TSS as
near where Garrow Creek enters monitor peak flow period after the Garrow Creek flows from the lake
Garrow Bay dam has been decommissioned in to the ocean.
2004
Garrow Creek - one station near Garrow|Erosion (mm) Weekly June to October 2004 when thereis | Place ametal pin in the creek
Lake outlet, one station approximately flow in the creek. channel and measure from the top
midway between Garrow Lake and the of the pin to the stream bed. This
dam and one station downstream of the will allow measurement of any
dam erosion that could occur.
As above plus at the dam location Photograph Weekly June to October 2004 when thereis | Documents any changesin the
flow in the creek. creek channel during flow period in
the creek and one event at
conclusion of flow.
Dock and Adjacent Shorelines
Freeze Pipesin Dock Glycol - determinetype Once Prior to removal of glycol from freeze | To confirm the type of glycol used
pipes in the freezing system
Surrounding Freezing Pipesin Dock - | Concentration of glycol in Once After removal of glycol from freeze | To abtain indication if there has

pipes has been completed.

been any glycoal spillsin the area of
the dock

Dock Area and Adjacent Shoreline

Concentrations of Pb & Znin
soils

Upon Completion of removal of
contaminated soils

Prior to starting excavation of
underlying dock fill

Details of the area of metals
contaminated soils and testing
protocols are included in the
approved Closure Plan

Shoreline at Sections 1800, 1600, 1400,
1200, 1000, 1800 and 600 N

TSS

Weekly

Starting to just prioir to when
excavation of dock / shorelineis
intiated until Sept/04 during open
water periods.

Section 1800 and 600 N are
background locations




Dock Area and Adjacent Shoreline Visual monitoring of work  |Daily Through period of excavation Conducted by Teck Cominco
practices representative to ensure compliance

with conditions of the DFO
authorization.

Dock Area and Adjacent Shoreline Photographic record of work |Weekly During period of active work on the | Documentation of work area

dock and shoreline restoration conditions

Ocean bottom adjacent to dock and Video documentation Once 2004 August or September Video tape of aquatic biotain

restored shoreline nearshore area of restored
dock/shoreline

Dock Area and Adjacent Shoreline Photographic record of work |Once As soon as possible upon completion g Provide documentation to DFO so

any deficienciesin work can be
corrected prior to demohilizing
from the site

Frustration L ake

\Pipeline

Water volume

Monthly total pumped in Cu. M.

2002 to October 2004

Operational L andfill

\3 monitoring holes Temperature Monthly Mid 2002 to October 2004
LRD Quarry L andfill
\3 monitoring holes Temperature monthly, following capping Mid 2002 to October 2004

Contaminated Soils

Refer toFigure 19 in Volume | of Polaris
Closure Plan

Lead, zinc concentrations

Confirmatory sampling upon
completion of remediation

Until remedial objectives achieved

Sampling protocols defined in
document 'Response to Reviews of
the Decommissioning and
Reclamation Plane' in Appendix 5.

Refer to Figure 20 in Volume | of
Polaris Closure Plan

Petroleum hydrocarbons

Confirmatory sampling upon
completion of remediation

Until remedial objectives achieved

Metalsin Vegetation

B,C,D,E,GH,I,JK,L,M,N,Oon
Figure 3 of Volume 1V of Polaris
Closure Plan

Lead and zinc in dry Arctic
willow roots, Arctic willow
shoots, grass shoots and
whole lichen body

Once

Summer of 2004

Repeat previous sampling to
monitor changes in metals post
mine operation.




PHASE || MONITORING PLAN (2005 - 2011) - May 2002 Revision

Area and/or |Station Locations
Type of Parameter (s) Frequency Duration / Timing Comments
Monitoring
Garrow L ake and Garrow Creek
Resolute Bay Wind speed Annually During open water season until 2011 | Monitor wind speed to identify

potential events that could induce
mixing of the top two layers of
Garrow Creek. Wind speed
information is based on the weather
station at Resolute Bay.

Station 262-3 (lake centre) at water
depths of 3, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 22 and 40 m and also at
0 and 1.5 m during open water

Total lead, total zinc, pH,
temperature, conductivity,
salinity

Following awind event that could result
in the mixing of the top 1 m of the lake

During open water season until 2011

The wind event that could cause
mixing is defined in Attachment #9
of the report 'Response to Reviews
of the Decommissioning and
Reclamation Plan - January 2002'
in Anpendix 5

Station 262-3 (lake centre) at water
depths of 3, 10, 11, 12, 13, 14, 15, 16,
17,18, 19, 20, 22 and 40 m

Total lead, total zinc, pH,
temperature, conductivity,
sainity

Annually in 2005, 2006, 2008, 2011

May / June (prior to ice leaving the
lake so that it is safe to sample).

Monitor the stability of the
stratification of the lake. If
unexpected results are recorded,
increase frequency to include 2007,
2009 and 2010

Station 262-3 (lake centre) at water TSS Annually in 2005, 2006, 2008, 2011 May / June (prior to ice leaving the
depths 1.5 m lake so that it is safe to sample).
Tailings Piles Bathimetry Once 2011 Conduct detailed bathimetry of

tailings deposition to document
locations and elevations of tailing
piles so that any change since
closure can be identified.

Perimeter of |ake shoreline and slopes

Visual observation for
stability of shoreline

Annually in 2005, 2006, 2007, 2009 &
2011

July 1to August 10

Garrow Lake outlet

Total lead, total zinc, pH,

TSS

Annually in 2005, 2006, 2007, 2009 &
2011

July 1to August 10

Monitor water quality draining
from the surface layer of the lake.




Near where Garrow Creek enters TSS Annually in 2005, 2006, 2007, 2009 & |July 1to August 10 To establish background TSS

Garrow Bay 2011 conditions prior to starting
decommissioining of the dam.

At key locations along Garrow Creek | Photographic Annually in 2005, 2006, 2007, 2009 & |July 1to August 10 To monitor for erosion of the creek

2011

channel

Garrow Creek - one station near Garrow
Lake outlet, one station approximately
midway between Garrow Lake and the
dam and one station downstream of the
dam

Erosion (mm)

Annually in 2005, 2006, 2007, 2009 &
2011

July 1to August 10

Place ametal pin in the creek
channel and measure from the top
of the pin to the stream bed. This
will allow measurement of any
erosion that could occur.

Dock and Adjacent Shorelines

Dock Area and Adjacent Shoreline

Photographic

Annually in 2005, 2006, 2007, 2009 &
2011

July 1to August 10

Record stability of dock and
adjacent shorelines

Ocean bottom adjacent to dock and
restored shoreline

Video documentation

Once

July 1 to August 10 of 2011

Video tape of aquatic biotain
nearshore area of restored
dock/shoreline

Frustration L ake

Pier extending into the lake Photographic Annually in 2005, 2006, 2007, 2009 & |July 1to August 10 To record the stahility (lack of
2011 erosion) of the jetty.
Operational L andfill
3 monitoring holes Temperature Annually in 2005, 2006, 2007, 2009 & |July 1to August 10
2011
Landfill Cap Photographic Annually in 2005, 2006, 2007, 2009 & |July 1to August 10 Visual monitoring for stability of
2011 the cap (settlement/erosion)
LRD Quarry L andfill
3 monitoring holes Temperature Annually in 2005, 2006, 2007, 2009 & |July 1to August 10
2011
Landfill Cap Photographic Annually in 2005, 2006, 2007, 2009 & |July 1to August 10 Visual monitoring for stability of

2011

the cap (settlement/erosion)




Other Areas of the Site
Loon Lake creek discharge near the
shoreline

Total lead, total zinc
concentrations

Annually in 2005, 2006, 2007, 2009 &
2011 if discharging

July 1to August 10

Any surface flows

Total lead, total zinc
concentrations

Annually in 2005, 2006, 2007, 2009 &
2011

July 1to August 10

Opportunistic sampling of any
surface flows found that discharge
into the ocean or Garrow Lake

Site Roadways

Visual inspection

Annually in 2005, 2006, 2007, 2009 &
2011

July 1to August 10

Inspect for signs of erosion or
blockage of natural drainage
patterns

Mine entrances

Visual inspection

Annually in 2005, 2006, 2007, 2009 &
2011

July 1to August 10

Ensure the material placed over the
mine entrances are stable

Mine subsidence areas

Visual inspection

Annually in 2005, 2006, 2007, 2009 &
2011

July 1to August 10

Observe for any signs of settlement
over the mine workings.

Vegetation sample sitesB, C, D, E, G,
H,1,J K, L, M, N, Oon Figure 3 of
Volume 1V of Polaris Closure Plan

Lead and zinc in dry Arctic
willow roots, Arctic willow
shoots, grass shoots and
whole lichen body

Once

July 1 to August 10 of 2011

Repeat previous sampling to
monitor changes in metals post
mine operation.
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LETTER FROM B. FORD

REGARDING SUPPORT IN DEVELOPING THE

FISH HABITAT RESORATION PLAN



Gartner
Lee
Limited

6400 Roberts St.
Suite 490
Burnaby, BC
V5G 4C9

Tel: 604-299-4144
Fax: 604- 299-1455
www.gartnerlee.com

Environmental
Services
Since 1973

Office Locations

e Vancouver

o  Whitehorse

e Yellowknife

e Calgary

e Toronto

e St. Catharines
e Bracebridge

e Montreal

e Halifax

A Member Of
[nvironmental

ALLIANCE

May 24, 2002

Teck Cominco Ltd.

Environment and Corporate Affairs
Bag 2000

Kimberley, B.C.
V1A 3El

Attention: Mr. Bruce Donald, Reclamation Superintendent

Dear Bruce,

Re: Polaris Habitat Restoration Plan

I am writing this letter to confirm my involvement in the development of the Fish Habitat
Restoration Plan as part of TeckCominco’s submission in support of the application for
Authorization of Works or Undertakings Affecting Fish Habitat. As a Senior
Environmental Biologist with Gartner Lee Limited, I have expertise in preparing fish
habitat assessments, and developing mitigation and compensation plans for projects that
require DFO approval under the Canadian Environmental Assessment Act and the federal
Fisheries Act.

I have just reviewed the May 24™, 2002 version of the plan that I have worked on closely
with you to develop over the past few weeks. I concur with the plans to restore fish
habitat and to mitigate potential habitat impacts through the decommissioning of the
Polaris Mine dock and tailings facility. I have been supported by input from Mr. Dave
Osmond, R.P.Bio, Senior Biologist and Principal with Gartner Lee Limited. Mr. Osmond
has first hand knowledge of the project area as he has been on site conducting biological
marine surveys as part of the studies used to develop the Polaris Mine Decommission and
Reclamation Plan.

Yours truly,

GARTNER LEE LIMITED

Bruce S. Ford, M.R.M. R.P. Bio.
Senior Environmental Biologist
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CD
CONTAINING THE COMPLETE

“POLARIS FISH HABITAT RESTORATION
PLAN”

May 24, 2002
This cd is included to aid in the distribution of the

above report. The complete Restoration Plan
including all appendices are included in pdf format.
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