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Foreword

The enclosed document forms part of the Kiggavik Project Final Environmental Impact Statement
(FEIS) submission, presenting potential environmental and social impacts to determine if the Project
should proceed and if so, under what terms and conditions. The submission has been prepared for
the Nunavut Impact Review Board by AREVA Resources Canada Inc. to fulfill the requirements of
the “Guidelines for the Preparation of an Environmental Impact Statement for AREVA Resources
Canada Inc.’s Kiggavik Project (NIRB File No. 09MNO003)", to include new material or clarity provided
during the review of the Draft Environmental Impact Statement, and to address company
commitments and direction from the Nunavut Impact Review Board as outlined in the “Preliminary
Hearing Conference Decision Concerning the Kiggavik Project (NIRB File No. 09MNO003)".

The FEIS submission consists of a number of documents, as shown in the attached road map.
These documents have been categorized into tiers, as follows:

e Tier_1 document (Volume 1) provides a plain language summary of the Final
Environmental Impact Statement.

o Tier 2 documents (Volumes 2 to 10) contain technical information and provide the details
of the assessments of potential Project environmental effects for each environmental
compartment. Tier 2 Volume 11 contains executive, popular, and volume summaries in
Inuktitut.

e The Tier 2 documents each have a number of technical appendices, which comprise the
Tier 3 supporting documents. These include the environmental baseline reports, design
reports, modelling reports and details of other studies undertaken to support the
assessments of environmental effects. Management plans are provided as Tier 3
documents.
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Executive Summary

As per the guidelines issued by the Nunavut Impact Review Board (NIRB 2011), AREVA Resources
Canada Inc. (AREVA) has prepared this volume of the Environmental Impact Statement (EIS) to
assess the potential environmental effects of the Kiggavik Project (the Project) on the aquatic
environment. Volume 5 focuses on the potential environmental effects of the proposed Project
activities to surface hydrology, hydrogeology, water quality, sediment quality, aguatic organisms, fish
habitat, and fish populations.

Scope of the Assessment for the Aquatic Environment

The NIRB developed the scope of the assessment for the Project based on input from Inuit,
government and other stakeholders. Issues pertaining to the aquatic environment identified through
consultation and engagement activities completed by AREVA have been incorporated into the effects
assessment.

Inuit stakeholders have played a fundamental role in raising awareness of potential Project
interactions with the aquatic environment. Through Inuit Qaujimajatugangit (IQ) interviews and
engagement activities, AREVA has learned about the importance of the aquatic environment to
Kivallig community members. This includes the value of aquatic resources to the Inuit way of life (1Q-
RBO1 2009%, 1Q-BL0O6 2008%), concerns and questions about potential for contamination of aquatic
environment (EN-BL HTO Mar 20092, EN-BL HS Nov 2010%), and the importance of environmental
protection (EN-BL OH Nov 2010°, EN-BL OH Nov 2013°% EN-AR NIRB May 20107).

Valued environmental components (VECs) are major physical and biological components of the
environment that, if affected by the Kiggavik Project, would be of concern to regulators, Inuit, local
residents and resource users, and/or the general public. The aquatic environment VECs identified for
this assessment are: groundwater, surface hydrology, water quality, sediment quality, aquatic
organisms and fish habitat, and fish populations.

Interaction of the Project with the aquatic VECs may occur through various project activities or
physical works. The main interactions with aquatic VECs are related to: water extraction, storage
and discharge; alteration of drainage patterns and construction of diversion channels; dewatering of

IQ-RB01 2009: People drink water and get ice from the rivers. Many people won't drink tap water.

IQ-BLO6 2008: One Elder said that their diet was fish only, as caribou were scare after moving to Baker Lake.
EN-BL HTO Mar 2009: What if wastes flow into the water surrounding the mine?

EN-BL HS Nov 2010: What happens if uranium gets into the groundwater?

EN-BL OH Nov 2010: Are you going to treat all of the water?

EN-BL OH Nov 2013: Are there fish in the lakes? Will they be safe?

EN-AR NIRB May 2010: Would like to see aquatic life in the lakes and rivers monitored.

~N o o B~ WN P
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the Andrew Lake Pit; blasting in and near water bodies; release of treated effluent; and dust
deposition.

The Kiggavik Project has numerous obligations to departments within federal and territorial
governments, Inuit Organizations and Inuit Institutions of Public Government related to the aquatic
environment. Federal agencies that are involved in groundwater and surface water related issues
include Fisheries and Oceans Canada (DFO), Environment Canada, Natural Resources Canada,
Health Canada, and Aboriginal Affairs and Northern Development Canada. Groundwater and surface
water in Nunavut are governed by the territorial Nunavut Waters and Nunavut Surface Rights
Tribunal Act. The Project must comply with DFO’s Fisheries Protection Provisions as well as a
number of other controls on effluent release, fish passage, water withdrawals and diversions. As a
metal mine, the Project will also be required to submit to the Metal Mining Effluent Regulations
(MMER). These regulations stipulate discharge limits on harmful substances and require monitoring
of effluent chemistry, water quality, and the health of aquatic organisms in the receiving environment.
The assessment of effects to the aquatic environment is spatially bound by three assessment areas:
the Project footprint, the Local Assessment Area (LAA), and the Regional Assessment Area (RAA).
For the purposes of the assessment, the Project footprint is the physical area covered by the
Kiggavik and Sissons Mine Sites, as well as any associated Project infrastructure (i.e. utility
corridors, roadways, water intake and treated water discharge structures, and airstrip). The LAA for
the Project is bound by two separate regions; one that includes the lakes and tributary streams that
may potentially be affected by Project activities or infrastructure, and another that includes the
watercourses that could potentially be affected by the proposed winter access road corridor and the
option to develop an all-season access road corridor. It is expected that any Project related effects
would originate and be measurable within these boundaries. The Regional Assessment Area (RAA)
for most of the aquatic VECs coincides with the LAA because all effects are contained within the LAA
watersheds.

The temporal boundaries of the aquatic assessment are based on the timing and duration of effects
over all phases of the Project, including construction, operation, final closure and post-closure. The
total life span of the Project is expected to be 25 years, with post-closure activities extending beyond
the final closure phase.

A residual environmental effect from the Project is considered significant if it adversely affects the
long-term viability of a VEC. Determination of significance is based on standards or thresholds that
have been identified for each VEC; professional judgement and experience with similar Projects may
be used to determine significance where standards and thresholds are unavailable. If a change in a
VEC resulting from the Project is within the range of natural variability for that VEC, or the change
does not affect the integrity of the VEC in a measurable way, the effect is considered non-significant.
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Scope of the Assessment for Groundwater
Existing Environment — Groundwater

The Project is located within the zone of continuous permafrost. Unfrozen ground conditions (i.e.,
“taliks”) can develop beneath deep lakes that do not freeze to the bottom in winter. A 2 to 2.5 metre
(m) thick ice coverage is assumed to occur in lakes at the Project site during winter; many lakes
freeze to the bottom. However, a number of lakes do possess minimum dimensional and depth
requirements to support an open talik that extends to the deep groundwater flow system. Taliks
beneath larger lakes extend down to the deep groundwater regime.

Deep groundwater flows from high to low elevation. Groundwater near the Main Zone, Centre Zone
and East Zone deposits flows south; near the Andrew Lake and End Grid deposits, groundwater
tends to flow southeast. Concentrations of Total Dissolved Solids (TDS) are expected to be
consistent with deep groundwater in the Canadian Shield (Frape and Fritz 1987).

Groundwater sources from both the active layer and from the deep groundwater below the
permafrost are not presently used for drinking water. It is also considered unlikely that groundwater
will be used as a drinking water source in the near future.

Environmental Effects Assessment for Groundwater

The effects assessment for groundwater includes two measurable parameters. The first is the
elevation of lakes potentially affected by dewatering of mines that extend beneath the permafrost.
This is considered an indicator of groundwater quantity because dewatering of open pit and
underground mines commonly results in depressed groundwater levels near mines. This has the
potential to impact lake levels in the Project area. The second indicator is the quality of the receiving
surface water bodies potentially connected to the deep groundwater system. Groundwater
represents a pathway for potential interactions between dissolved constituents in water originating
from mining activities and surface water. Because the groundwater resource is not used in the
Kiggavik Project area, surface water quality is considered the main measurable parameter of the
potential long-term effects of the Project on the aquatic environment.

Effects of mine dewatering activities on groundwater levels below permafrost are predicted to be
continuous during the mining period, but reversible in the medium-term, and are anticipated to have
negligible ecological and socio-economic implications. The low hydraulic conductivity of the rock
mass and the permafrost conditions will result in limited groundwater inflows to the proposed mines.
No lake water level changes are predicted to result from mine dewatering activities. Therefore,
residual adverse effects from the Project on groundwater quantity are not considered significant.
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The assessment of potential long-term effects from groundwater and COPCs to surface waters in the
Kiggavik and Sissons areas indicates minimal changes from background concentrations for COPCs
in local lakes; predicted concentrations are well below water quality guidelines or are comparable to
baseline concentrations. Therefore, potential effects to surface waters are expected to fall within the
range of background concentrations (i.e., low magnitude). Model results show that effects on
groundwater and surface water receptors are likely to be of low magntitude, given both current
permafrost conditions and potential no-permafrost conditions that would result from dramatic climatic
warming conditions.

Given the Project design features and the low hydraulic conductivity of the rock mass, Project effects
on groundwater are not predicted to be significant.

Scope of the Assessment for Surface Hydrology
Existing Environment — Surface Hydrology

Streams near the Project display arctic nival characteristics; their hydrographs reflect a steep rising
limb, peaking in approximately mid-June due to the onset of spring snowmelt, followed by receding
flows for the remainder of the open water period. Rainfall events throughout the summer may
temporarily reactivate the channels or cause secondary peaks. Streamflow typically ceases during
winter months.

Lakes near the Project are typically ice covered from October through June, with mean maximum ice
thickness near 2 m. Lake levels and volumes reach their peaks during the spring freshet in mid-June
with levels and volumes typically decreasing throughout the remainder of the open-water season.

Environmental Effects Assessment for Surface Hydrology

Key surface hydrology issues identified during stakeholder engagement include changes to
streamflow rates, as well as changes to lake levels and volumes, that may affect other components
of the aquatic, terrestrial and socio-economic environments (EN-CI KIA Apr 20078, EN-BL OH Nov
2010°). Specific activities include the dewatering of ponds and standing water during site clearing
and pad construction, dewatering the pit area of Andrew Lake, freshwater withdrawal from lakes, the
collection of site and stockpile drainage, and the discharge of treated effluents.

Project design features and mitigation measures have been selected to most effectively minimize
effects to surface hydrology. For example, large water bodies have been selected for water

8 EN-CI KIA Apr 2007: How much water will they [AREVA] use?
9 EN-BL OH Nov 2010: Will you divert water?
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withdrawal and effluent discharge locations so that changes to surface hydrology are minimized. The
site water management system has been designed to recycle water, and where possible, to limit
withdrawal requirements and discharge quantities. Activities associated with water withdrawal will
follow DFO procedures that indicate that no more than 10 percent (%) of the under-ice volume is
withdrawn from a lake during one ice covered season. Freshwater diversion channels will be
constructed to direct clean water around the mine sites. Sedimentation ponds will limit sediment
loading to the receiving aquatic environment from otherwise-uncontaminated runoff collected from
within the mining area. Best Management Practices (BMPs) will be adopted for erosion control and
sediment transport on all disturbed sites, including the core facilities areas and access roads, during
construction, operations and decommissioning.

Mitigation measures and project design features are expected to effectively minimize effects to
surface hydrology. Effects to flow rates are predicted to remain below 3% of the baseline peak flow.
Changes in lake levels are predicted to be highest at Andrew Lake, with a short-term increase of
approximately 24 centimetres (cm) during dewatering of the Andrew Lake Pit area. However, Andrew
Lake dewatering will occur after the spring freshet has passed when water levels are naturally
declining. The magnitude of all other potential changes in lake levels is estimated to be less than
8 cm. Changes to under-ice volumes will follow DFO’s 10% withdrawal threshold during the ice-
covered season. Runoff contributing drainage areas for Pointer Lake outflow and Andrew Lake
outflow (the receiving environments for the Kiggavik and Sissons Sites, respectively) are predicted to
decrease by less than 1% and 3% respectively.

During construction, and through operations and decommissioning, water levels, flow rates and
water body volumes will be monitored at locations potentially affected by Project activities. These
locations include Andrew Lake, Siamese Lake, Mushroom Lake, Judge Sissons Lake, and their
respective outflow channels.

Scope of the Assessment for Water Quality
Existing Environment — Water Quality

Lakes in the LAA generally have similar water chemistry (Tier 3, Technical Appendix 5C). Lakes are
characterized by low ionic strength and neutral to alkaline pH, low to high sensitivity to acidification,
very soft to soft water hardness, and being nutrient poor (i.e., oligotrophic). Baseline water quality
parameters are generally less than applicable guideline values.

Streams of the study area are characterized by low ionic strength, neutral to alkaline pH, low to high
sensitivity to acidification, very soft water hardness, and oligotrophic conditions. Baseline water
guality parameters are generally less than applicable guidelines.
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Environmental Effects Assessment for Water Quality

Key water quality issues identified during stakeholder engagement include changes to surface water
chemistry from treated effluent discharge from the Kiggavik and Sissons Water Treatment Plants
(WTP); increased dust emissions and subsequent deposition of metals and particulates resulting
from mine construction and operation; and acid deposition resulting from increased air emissions
(EN-WC KIA Apr 2007, EN-KIV OH Oct 2009, EN-BL EL Mar 2009%). Potential alteration to
surface water chemistry from these sources has the potential to affect aquatic organisms residing in
LAA water bodies.

A number of mitigation measures and project design features will be implemented to limit Project
effects to surface water quality. To reduce the potential effects of effluent release in the receiving
environment, treated discharge water will be recycled to the mill for re-use in mill processes. The
design of the WTPs will be optimized to support compliance with appropriate effluent quality
regulations. Best management practices (BMPs) for dust control on roads and during the pit mining
operation will be implemented to reduce deposition of particulates and metals in the Kiggavik Project
area. To mitigate the release of acid generating materials to the atmosphere, scrubbers will be
installed at the sulphuric acid plant, and emission control systems will be installed on the oil-fired
power generators and/or product driers.

Modelling data indicate that changes to water quality in Judge Sissons Lake resulting from effluent
discharges from the Kiggavik and Sissons WTPs are expected to occur during the operation and final
closure stages of the Project, but values will return to baseline levels post-closure. Concentrations of
COPCs are expected to be below guideline values, with the exception of cadmium, copper, selenium
and zinc. For cadmium, it is expected that only the maximum concentrations during winter periods
may exceed the hardness-dependent guideline. For selenium, in the shallowest segment of the lake
the water quality will naturally be close to the guideline during the winter and with the contribution
from the project it is possible that the guideline is exceeded. Other COPCs (e.g. copper and zinc)
there is little change relative to baseline, and the guidelines are exceeded due to natural conditions.
Mitigation measures and project design features are predicted to effectively minimize effects to
surface water quality. Overall, no significant adverse effects on water quality are expected.

Changes in water quality resulting from dust deposition are predicted to be minor and will occur
primarily during the period of high flows associated with spring runoff. Minor annual increases in
metals, radionuclides and total suspended solids (TSS) will occur over the operational life of the mine
(about 25 years), but concentrations are not expected to exceed any applicable water quality

10 En-we KIA Apr 2007: there are a lot of rivers in that area. Will contaminants flow in the rivers or lakes?
™ EN-KIV OH Oct 2009: What about water pollution?

12 EN-BL EL Mar 2009: | am also concerned about the environmental assessment and how it is going to be completed, especially with the
water testing. The animals drink the water, and it would be best to have all things safe for the animals.
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guideline or objective, or be measurable above natural background variation. Overall, no significant
adverse effects on water quality are expected to occur due to dust deposition.

Variation in lake pH is expected to occur naturally over the operational life of the Project (about 25
years). These changes are in response to deposition of acids by precipitation, and the effects of
seasonal freeze-thaw cycles on lake chemistry. Potential changes to lake pH due to increased acid
deposition as a result of the Project are predicted to occur primarily during the summer open water
period. However, any potential changes would be small (i.e., below the critical load value) and likely
brief, due to the fast movement of water through exposed lakes. No significant adverse effects on
water quality are expected, and no long-term trend towards increasing lake acidification are expected
to result from the Project.

To comply with Nunavut regulatory requirements, wastewater and effluent water quality will be
analysed and documented regularly throughout mine operations, decommissioning, and after mine
closure, as part of compliance and follow-up monitoring. Water quality at effluent discharge locations
in Judge Sissons Lake, as well as at the outlet of Judge Sissons Lake, will be monitored during the
operations, closure and post-closure phases of the Project. Water withdrawal and
wastewater/effluent discharge rates will be continually documented during the construction,
operation, and closure phases of the mine. Air and dust emission levels and dust deposition will be
monitored regularly near both the Kiggavik and Sissons mining operations, and adjacent to the ore
haul road between the two sites to determine whether observed levels are similar to predicted levels.
Water quality in lakes and streams adjacent to, and downstream of, the mine site LAA will be
monitored to confirm that metals and radionuclide concentrations, TSS, acid deposition, and lake
acidification are not surpassing acceptable levels. This monitoring will occur during the construction,
operational and closure phases of the Project.

Scope of the Assessment for Sediment Quality
Existing Environment — Sediment Quality

Lake substrates vary from rock, boulder and sand in shallow areas to organic sediments in deeper
depositional areas. Surficial light to dark brown sediments are typically 2 to 10 cm deep. Differences
in sediment texture between smaller lakes and Judge Sissons Lake are attributed to the much
greater depth of Judge Sissons Lake, and the varying depositional environment provided in deep
lakes (BEAK 1990).

Overall, total metal concentrations were similar among the lakes in the LAA. Arsenic and chromium
concentrations usually exceeded the Canadian Interim Sediment Quality Guideline (ISQG), but not
the Probable Effects Level (PEL). Occasional exceedances of cadmium, copper, mercury, and zinc
ISQGs, and the mercury and zinc PEL have been observed. Some exceedences of arsenic,
chromium, copper, molybdenum, nickel, selenium, and vanadium Lowest Effects Levels (LELS) were
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also observed. Radionuclides were detected in almost all sediment samples, except those from
Baker Lake, and were generally reported at concentrations below 0.3 Becquerels per gram dry
weight (Bg/g dw). Concentrations of individual polycyclic aromatic hydrocarbons (PAHS) in Baker
Lake sediments are expected to be well below ISQG, based on recent (2008) sampling (Tier 3,
Technical Appendix 5C).

Environmental Effects Assessment for Sediment Quality

The key issue identified for sediment quality is the potential for the Project to change sediment
chemistry, based on release of treated effluent from the Kiggavik and Sissons WTPs. Effluent
discharge can affect water quality in the receiving environment and consequently affect the sediment
through processes such as settling and adsorption. Contaminant levels in sediment can affect biota
that reside in or on the sediment (e.g., bottom dwelling invertebrates), fish that feed on benthic
organisms, as well as wildlife that may incidentally ingest sediment while feeding on aquatic biota.
Because the potential effects to sediment are likely to occur in response to an alteration of water
chemistry, the mitigation and project design features implemented to limit potential affects to
sediment quality are similar to those described for water quality.

Mitigation measures and project design features are predicted to effectively minimize effects to
sediment quality. Modelling data indicate that sediment concentrations of all COPCs with sediment
quality guidelines are predicted to be below threshold concentrations in all segments of Judge
Sissons Lake, with the exception of arsenic, copper and nickel. The concentration of these COPCs in
sediment is expected to be slightly elevated compared to the conservative guidelines that predict
minimal effects to aquatic organisms. This exceedance occurs during all phases of the assessment,
including baseline. Given that baseline levels of all of the COPC in sediment are similar to those
predicted by the future effluent release scenarios, it is not expected that the Project will have a
substantial effect on levels of arsenic, copper and nickel in sediment.

Sediment quality will be monitored periodically during operations and decommissioning to confirm
sediment quality predictions (Tier 3, Technical Appendix 5M).

Scope of the Assessment for Aquatic Organisms and Fish Habitat
Existing Environment — Aquatic Organisms and Fish Habitat
Lakes

Lakes in the mine site LAA are typically shallow (many with maximum depths less than 3 m) and the
water is generally well mixed. Water clarity is usually greater than 2 m and is often equal to total
depth. Shoreline substrate in lakes consists primarily of boulder, cobble, sand and silt substrates.
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Shoreline slopes may vary from low to moderately steep. Shoreline vegetation is primarily grasses
and low shrubs. In-lake cover for fish generally consists of inundated vegetation along the shoreline,
and/or spaces between the coarse substrate; some lakes contain areas of emerging and/or
underwater aquatic vegetation. Because ice thickness reaches approximately 2 m by the end of
winter, many of the shallow lakes likely freeze to the bottom during winter. Smaller lakes generally
start to become ice free in early June, with larger lakes becoming ice free in late June or early July.
Because most lakes and ponds in the mine site LAA are shallow, most provide only seasonal
foraging and rearing habitat for fish. Overwintering habitat is found in a few deeper (i.e., greater than
[>] 3 m) lakes in the area.

Benthic invertebrate communities in lakes are characterized by low to moderate density and
diversity. Taxa richness may vary from approximately four to 26 taxa per lake in the LAA (including
Baker Lake), with chironomids as the dominant taxa. None of the taxa present are federally listed as
being endangered or at risk species. Trace element concentrations of soft- and hard-bodied
invertebrates in Judge Sissons Lake exhibit a large degree of spatial variability (Tier 3, Technical
Appendix 5C).

Historical phytoplankton community data indicates lakes within the Project area exhibited
characteristics typical of unproductive Canadian Shield lakes. Species richness tends to vary among
lakes. Several unique phytoplankton taxa are present; however, none of these are federally or
territorially listed.

Zooplankton communities are generally dominated by cladocerans or calanoid copepods, with
rotifers consistently exhibiting the highest relative density. Several unique zooplankton taxa are
present in LAA lakes; however, none of these are federally or territorially listed.

Streams

Streams in the LAA are typically dominated by run and flat habitats, while pool, pond, riffle and
backwater habitats were observed less frequently. Some areas of high flow (i.e., cascades, rapids),
and nearly dry or standing water conditions also occur later in the open water season. On average,
streams are less than 1 m deep; however, depths may range from a few centimetres to greater than
7 m in the Thelon River. Substrates consist primarily of gravel, cobble, boulder and silt. Overhead
cover may include undercut banks, overhanging vegetation and ledges. In-stream cover generally
consists of submerged vegetation and spaces between coarse substrates, with some streams
containing areas of emerging and/or underwater vegetation. Many of the larger stream systems in
the LAA support Arctic grayling (Thymallus arcticus) spawning runs, while other fish species move
into the streams during the open water period to forage, or to escape predatory fish in the over-
wintering lakes.Stream benthic invertebrate communities are generally expected to have higher taxa
richness than area lakes. Chironomids are the dominant taxa reported; however, a few streams are
reportedly dominated by oligochaete worms or hydridae.
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Stream periphyton communities are generally dominated by chlorophytes and diatoms. Taxonomic
richness in periphytic communities is considered similar between sub-basins, with diatoms being the
most taxonomically rich group within streams in the Project area. Several unique periphyton taxa are
present in the LAA; however, none of these are territorially or federally listed.

Environmental Effects Assessment for Aquatic Organisms and Fish Habitat

Project activities have potential to result in changes to the abundance or distributions of aquatic
organisms, or to the quality or distribution of fish habitat. Treated effluent discharge from the Kiggavik
and Sissons WTPs may affect surface water quality. These changes can affect the concentration of
COPC in aquatic biota (e.g., aquatic plants, benthic invertebrates, plankton). Project development
activities may physically interact with and effect fish habitat which is of concern to community
members (EN-CH OH Nov 2010%).

Potential toxicity to aquatic biota from treated effluent release will be mitigated by environmental
control features incorporated into the design of the WTPs. The design of the WTP will focus on the
production of effluent that complies with appropriate water quality guidelines. The roads constructed
in association with the Project will be designed so that the natural flow paths intercepted by the route
are preserved with adequately designed cross-drainage structures (i.e., culverts, bridges).
Construction of stream crossings will be carried out in such a way that potential serious harm to fish
and fish habitat are mitigated. Best management practices (BMPs) will be used during the
construction of the Andrew Lake berm; sediment (turbidity) curtains will be installed prior to
construction of the berm and before dewatering takes place. A fish rescue will be carried out prior to
dewatering in order to minimize the potential for fish mortalities.

The assessment of change to the distribution (i.e., presence/absence of species) and abundance of
aquatic organisms identified potential issues with cadmium exposure to zooplankton. It is expected
that cadmium concentrations in select areas of Judge Sissons Lake will be elevated compared to
baseline conditions. It is possible that in certain areas of the lake, some of the more sensitive
zooplankton species will be affected; however, considering the low to moderate toxicity values
predicted for zooplankton and the geographic extent of the effect, the zooplankton and the elevated
concentrations are during the winter season, population of Judge Sisson Lake is expected to
continue to function. Although there are residual effects, no appreciable adverse effects on the
abundance and distribution of aquatic biota are expected due to changes in COPC concentrations in
the receiving environment.

Aquatic organism populations and diversity will be monitored regularly during mine operation, closure
and post-closure to determine whether effluent discharge from the WTPs is having measurable
effects on VECs such as benthic macro-invertebrate populations (Tier 3, Technical Appendix 5M).

13 EN-CH OH Nov 2010: Does a decommissioned lake have fish habitat?
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Under MMER, AREVA is also required to conduct an Environmental Effects Monitoring (EEM)
program to determine if effluent release is having an effect on the receiving environment. These
regulations require monitoring of effluent chemistry, effluent toxicity and water quality in the receiving
environment. Biological monitoring of benthic invertebrate communities from areas exposed and
unexposed to effluent is also required. These studies will be implemented according to the guidelines
specified under MMER and will be designed using an adaptive approach, taking into account the
special issues in northern Canada.

Some Project development activities could result in serious harm to fish as defined in the Fisheries
Act. Although instream construction activities will be designed to reduce effects to fish and fish
habitat, it is expected that these activities will result in a permanent loss or alteration of fish habitat.
In order to address the concerns relating to fish habitat and serious harm to fish, a conceptual
Fisheries Offsetting Plan (Tier 3, Technical Appendix 5L) has been developed. Following approval of
the plan, and subsequent implementation of any offsetting works proposed therein, any residual
effects from the Project on fisheries productivity will be fully offset.

Scope of the Assessment for Fish Populations
Existing Environment — Fish Populations

Information on fish distribution was based on historical records, IQ interviews, engagement data, and
baseline surveys completed for the Kiggavik Project. Traditional and current fishing areas were
identified during interviews and focus group discussions; this information was provided on both maps
(in Tier 2, Volume 3, Part 2) and through recorded comments (e.g., EN-BL CLC 2007*, 1Q-BLE
2009%. 1Q-RBH 2011, 1Q- BL17 2008*").

Results of the fish surveys indicate that the fish community assemblages of Project area lakes and
streams are typical of those described for the subarctic region. Arctic grayling (Thymallus arcticus)
were the most widely distributed species in lakes and streams in the LAA, followed by lake trout
(Salvelinus namaycush).

The following seven fish species are commonly encountered within the LAA: Arctic grayling, burbot
(Lota lota), cisco (Coregonus artedi), lake trout, ninespine stickleback (Pungitius pungitius), round
whitefish (Prosopium cylindraceum) and slimy sculpin (Cottus cognatus). These species were also
present in Baker Lake, along with four additional species: Arctic char (Salvelinus alpinus), fourhorn
sculpin (Myoxocephalus quadricornis), lake whitefish (Coregonus clupeaformis) and longnose sucker

14 EN-BL CLC 2007: Someone said that at the Sissons Lake the fish meats are now way too soft when you even just pull them out.
IQ-BLE 2009: Most Elders in Baker Lake focus groups noted that in the past, caribou and fish were the major source food
IQ-RBH 2011: Char and lake trout are fished with nets in the summer.

IQ- BL17 2008: Hagliq [area south of Baker Lake] is an important fishing area
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(Catostomus catostomus). Details on fish distribution in lakes and streams are provided Tier 3,
Technical Appendix 5C.

The freshwater form of fourhorn sculpin is the only fish species within the Project area that is listed
under the federal Species at Risk Act (SARA) and by the Committee on the Status of Endangered
Wildlife in Canada (COSEWIC). This form of fourhorn sculpin is listed as a species of Special
Concern under Schedule 3 of SARA, and as a “Data Deficient” species by COSEWIC (COSEWIC
2003).

Environmental Effects Assessment for Fish Populations

Key issues identified for fish populations during stakeholder engagement are the possibility for
effects from blasting in or near water and the potential for COPCs to effect fish health (EN-CI KIA
2010, EN-KIV OH 2009*°, EN-CH OH 2012%°). The potential effects of fish consumption on people
are outlined in the human health assessment (Tier 2, Volume 8).

Blasting activities have the potential to alter fish behavior or result in injury or mortality of fish, eggs,
and larvae. Fisheries and Oceans Canada’s guidelines state that the instantaneous pressure change
(IPC) produced by blasting cannot be greater than 50 kiloPascals (kPa) to provide adequate
protection for fish populations. Therefore, appropriate setback distances must be used to comply with
the 50 kPa guideline. Modelling for the Andrew Lake Pit construction indicated that blasting activities
occurring in portions of the pit located near the bermed edge are too close to Andrew Lake to buffer
the pressure change. Additional mitigation is therefore required. In addition, DFO also requires that
the vibrations produced from explosions not exceed 13 millimetres per second (mm/s) peak patrticle
velocity in a spawning bed during the period of egg incubation. Vibration modeling indicated that the
Arctic grayling spawning habitat identified in the Andrew Lake outlet stream is too close to the
blasting to be protected from vibration; therefore, blasting in this area will require mitigation. Potential
mitigation measures available for blasting near Andrew Lake and the Andrew Lake outlet stream
include the use of smaller charge sizes during the open water and/or incubation season to reduce
the blasting setback distances; conducting the blasting program during the frozen water period to
protect Andrew Lake fish populations; and blasting outside of the incubation period to protect Arctic
grayling egg development in the Andrew Lake outlet stream.

Providing effective mitigation measures are enacted, and neither the IPC of 50 kPa, nor the vibration
threshold of 13mm/s peak particle velocity are exceeded, no residual effect to fish populations is
expected.

18 EN-CI KIA 2010: Has the impact on lakes been considered? Will fish populations be affected?
19 EN-KIV OH 2009: How will uranium affect our fish?
% EN-CH OH 2012: Are there fish in Andrew Lake?
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To calibrate and refine the ground vibration and IPC models, monitoring programs will be developed
and completed on site, at locations away from fish bearing water bodies. This would provide site-
tested ground vibration and IPC setback distance thresholds, prior to blasting programs commencing
near fish sensitive water bodies.

Potential exposure of fish to COPCs in effluent will be mitigated by environmental control features
incorporated into the design of the WTP. The design of the WTP will facilitate production of effluent
that is within appropriate water quality criteria and guidelines (Tier 3, Technical Appendix 2I).
Operational measures and other mitigation measures have also been incorporated into the Project
plans to minimize Project-associated emissions.

The generic water quality guideline for selenium may be exceeded in the shallowest segments of
Judge Sissons Lake during the winter season. Due to winter ice cover, concentrations of COPCs are
predicted to increase due to a reduced volume of free-flowing water. Because it is recognized that
selenium has the ability to bioaccumulate through aquatic food webs, an assessment of the change
to fish tissue concentration was undertaken. It is expected that there would be no measureable
change to selenium in fish tissue concentrations.

Fish populations will be monitored throughout the life of the Project to determine whether effluent
discharge from the WTPs is having measurable effects on fish health. Under the MMER, AREVA is
required to conduct an EEM program to determine if effluent release is having an effect on the
receiving environment. The objective of EEM is to evaluate the effects of effluents on fish, fish habitat
and the use of fisheries resources by humans. These regulations require monitoring of effluent
chemistry, effluent toxicity, and water quality in the receiving environment. Biological monitoring of
fish health and bottom dwelling invertebrate communities is also required (Tier 3, Technical Appendix
5M). Effects on the use of fisheries resources are assessed by comparing COPC concentrations in
fish tissue against fish health and consumption guidelines. The design of the aquatic receiving
environment programs at the Kiggavik and Sissons Mines will be compliant with EEM guidelines
while taking into account the special issues in northern Canada.

Summary

Feedback from 1Q interviews and engagement activities revealed that stakeholders value the aquatic
environment and are concerned about protecting aquatic VECs. Interaction of the Kiggavik Project
with the aquatic environment is expected to occur. However, the potential effects on aquatic VECs
are minimized through adherence to federal and territorial acts and regulations, careful facility
design, and implementation of effective mitigation. In the aquatic effects assessment, it was
determined that the Project will not have significantly adverse effects on hydrogeology, hydrology,
water quality, sediment quality, aquatic organisms, fish habitat, and fish populations.
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Comprehensive monitoring during construction, operation, and decommissioning will be conducted to
confirm that Project design features, mitigation measures, and environmental protection measures
are being effectively implemented. Monitoring results will be compared to predictions and an
adaptive management approach will be used to ensure that predicted environmental performance is
achieved. Monitoring program results will be communicated to community members for continued
discussion and feedback as part of the Community Involvement Plan (Tier 3, Technical
Appendix 3C).
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< Poe B> PLPC>bCioq* D" AaPia* <LDOCCPPLOA*andb*Doc Aen<<
boAD>SanY oS, C<dao AcP>VC Andrew Lake, Siamese Lake, Mushroom Lake, Judge Sissons
Lake, <dL_> <o<dNNNE A<HAC,

CPOOoJ BLrYAT® ALD< boA*on>*o®

Lea v <I<) - ALD~ boAonb L

CPC oIS BD>AAGTS <IN<HM gt ALDS boAcP>onb g ACH®DC (Tier 3, Technical
Appendix 5C). C/¢ boA*Lo*< AL*a. AD*LC “characterized by low ionic strength and neutral to
alkaline pH, low to high sensitivity to acidification” <P D'LA<IoM < <P<DI< ALD>< /N, <Lo
T Pry>Yat ACHLHM N (A0, oligotrophic). PLlyD>N® ALAS boA*any* oS MPa*>LDC
L CPYn ™ o°.

dLe_© B>ANTCD>o-T< GP>Lob®D< low ionic N**'o-5 1<, neutral to alkaline pH, low to high sensitivity
to acidification” <IPD'Ln<o™ < IPDI° ALP>< /No*L, <L oligotrophic conditions. P'c Y>3
ALAC b oA*an 0" Po™\>L*DC L C>YnIc™0°.

<N b2 A LPNPY2 bLAVAGT ALD~ boAons Lo

Key water quality issues identified during stakeholder engagement include changes to surface
ARCP>RC ALAC boA*an7 M0 AcCny>{c ABDBC>IC AcP>DCP>ob®N-LMT e AR IW<IJsg©
ALD>< B C boAD>So*C Acn<UNIS DA L*DG Y0 PULAMTS Lo Sissons ALcno o
(WTP); <*Mel<Sa*MC >¥HCE <Al NAS CLdoU®DC DYGro<d® NayP<-c<N-sd <lo
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P> c®Ned; AP Mg *Ulot Pl <o<ve EN-WC KIA A>n 2007°°, EN-KIV OH >*DAn
2009%", EN-BL EL LS 2009%). <’<®U*NnoB>DA*an<db®DS AL>< H*LaoC boAcD>o M *o°
CLda**LE boA*NNTbRP>a * DS ALD>< BLIGE *o® oo b>ANATT* ALSoC.

BYANAC < LHIPL*NNT>E <AL Acn<ds boA*Lony*Mc <D*NC>o<*D<
QL HLPNP<L IS Acn<TE boALPC>NE ALD< BC boA*ony*Lot. MeP<ItNeo< LM<
boA*LPC>Y*a *DC Ph*a LG 5* Do, Acn<IZLY® JANCDY® AL® <ID*CD>begbCio<I*ID%®
PN S, boA™onb™*  WTP  <Pr<I*CDo<*DS Lol A M LG 5 DAC
boA oy oS ADCYIE <ID>CNoSIS <IDPCP>DHCH*DC (BMP) >¥bCof <dNoc <L
>YG o <I* DN NN <ID*NCH>o<I* D MAP<®Neo S C<da*L®DC >V 5AC <L AP PLLA
Acn<s boC™oC. < NoHLPPL*NNT®  <PCob P l<*DoS, SOL®HNANNC  AcyD>o<*DC
G TS, >V 50 P> NoslS  <GPBLYIE  AchDo<®DC DA DUL%IN™oC
ALo/B><BaC <a*P"¥NoC.

<D*CP>V0S AN>N/NN®HAS @ >a A®PNE IW<IYSa D>V ALD>< boA*any*L oS Judge Sissons Lake-T'<
A~ LG5 Dot PLLAG- I <L > Sissons-I< WTP-%JR€ o>y > CALD>BCia<ISo-*NC <> *N-J
P ®<de 5 D IR <dN=OME Acn<lS, PP<lo aSN>NS BNSo<I®DE PLeP>YoC D> d<IGaNeJ.
bNPLYC COPC onPryP>yc dN*o*\D>o<Io™o¢ LCPYndb® Do, AcP>*<HN' cadmium,
copper, selenium <L zinc. Cadmium-J¢, onDPy>¥®  <*No®<U¥S bNLYcC D>PD>JC
>LCP>No<ISA Y ><5NE PNt ID*D o LtCyn<de™oC. Selenium-1S, Atbe*Leag< C/I< ALD><
boA*any™ A Mob beo<dtD® LtCrndc™le DP>IS dlo Acn<dral®D® LtChyn<c®
> CP>No<*D®, <P COPC (A5 copper dLo zinc) K<Y oboIMD® Ao AN
ARNP<ONE, < PO PP NG Acn<d<s boAMony* M onP>My>c [P d*NNo-<a* = o
boA*LPCP>Yo ALD< b0 CDDSPC®oJ, D'Rsa ™I boAMPNCbHia<IGA Y>> D% ALD><
boA*anY*Lo".

LIS ALD< boA*any Lo >VbC S an>My>C PO a*Loc AL CALD> 5<IbCio
DA deGrle ID>P<e<loS]C. [P<DC DP>CLE I o D>¥¢ KA* S, radionuclides <L bNoNe
suspended solids (TSS)-*J¥¢ CALD>BC 5N <I>¢_So-b®N5d DYGra<I54® (25 DP><_5<ac), Pr<lo
bNPLYS oA D>y DMC>No<o* Mo a'LMry>Voc ALD>S boA*cny*Loc Lcl<dco©
D> 35C Acn<UILils, D<wgc DOULLND o Aot <A o> dioC.  CPDCLJ,
D25 * D b oA*LPNCHa<IGATYD>*MD% ALD< boA*any™*L o > 5AS ARNP<SNC,

30 EN-WC KIA A>n. 2007: < Fo-t C><o S CBL>*D% >sn<Ja #I€ I* o<l o<I*<< C%a “_56-7

3T EN-KIV OH B>*DAn 2009: A€ ALST?

32 EN-BL EL LS 2009: AAS5NB TV <IN BLAPYAT T <> 0% Aen<IYo<ITL LS AD><I®I ALT*
BOAYAT® VN0 AL 5> S <> ANBC IV Ffa_>4CE Pon<da << oo
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LA DIE TP pH-TC o DPYD>YE CALDBCio<Sa*MnS AM *g* <> N5 Acn<® (25
>PD>< 5<doC). CLbd<d <IP<ISaD>NE Yo LS DM</>/*Ire, <L boAPC>IC DP>< Ac*LJC
SI<I¥NHI-<>*NHITC TP boAcDSony™ o WKLY TD>DIAandD* D CP*  pH-I°
Lo Moot <GPC Acn<Ml®DC  oalryD>y®  CALDSCio<oM=oc <I>Y*dc. Pr<o,
W<LSTD>DA NS TPODAY™DS (A5, <N*o®\D>oro <M edv™a®Ire) <o
A ADT<I*DIND>< 5o, AP AMSGo™  aPSo™oS  CdND>INJE CP*NJC. D>7asq D
boA*LPNCHIT<IGAMY>MED®  ALD<  boA*onb Lo AL®  <P<bSoslc  onlry>>redc
Acn<reLeore,

Lo < oM 5a2C Ll o Ay <IbSaD>¥e, APCN® AL® <IL_> SdSQ*M*L*DGHAC b oA~y 1<
B>AFCD>o<I*DC <AL NNS>IB>BECIHNE DYGro <o < <> Sonb™*oS, o*b*<-c<N-_J, <L
>*d<q®Ne5Jd, Acl<od Le*o® <l b>AP<IbcCio®. ALD>< boA*any™L A T=L*DC Ag>re
Judge Sissons Lake-T, <L <o<é<o< Judge Sissons Lake-T'S, b>AM<I*C>bHCio<*DC
<P>C*NeDd, DU IIR<cc<dNeHd Lo Dd<I®N=5d Acn<®. ALAYAc® <IL> APCDYE ALAY/
ST L®DGHAC aND>NME NNGDIDea Dy beCio<d®DS  LabDNsd, <B>E®N-Ld,
D>t <e<IN=J <AL B*d<I®N=5d Acn<®, <o®h*D*CSC >V HA 5 Jo<INE <o >IbC L5
B>AIPC>BCA*Q oI baC*=a-C PLA* <L Sissons-T< BYGra<AC <ID>¢_So*M=aC, <L
<APED® PYbot PN oC <I<IND>< <Adoa*20-C AgD>VAC b>AILo5 S D>AY>NE <o <apLire
A DC®CP>IC <I* oDV, ALD< boA*anb*lL CloC dlio s <PloS, d'D< DYyG <>~
Ac*LoC€ bo IS b>AAGTE b>AI*C>BCior<d®ID® a >aA®/csIc N4 <L radionuclide
bNPLYS, TSS, <¥S, <L CPTS  <GPUNAS DUCDNMEDS allMyDioc <Moo
B>A<IBEC o <I* D Na b >N5d, <> *N<5d Lo D d<It<<IN-oJ Acn<®.

CPOOoJ BLAPYAT® ALD < aN<Ior D boA*on 7 *c*

Lea v <I<) - ALD~ aN<eID< bod ons o

CIS AL%Pe <PAPBEC™MDT DYy®bot, DYGAoS Al PGS ABDIoc Cr>< <I><eDoS
ANT™X 08, b¥® D Pig-So-*D>< 5N CY>< aN<Ie-DE 2cm-T< 10cm-1¢ ANo-bHECHIE, R e >
CPC << boAT™ S MPo*ho¢ Cro <L Judge Sissons Lake-TS CALB>RS ANG-*h><MP
Judge Sissons Lake-TS, <ILo> <AFP=D>YE CALDE ANa-*ha-< CPa-< (BEAK 1990).

C[>D.>"C“\.>J, bNore NAS bNPLYE <Ir<HPeD>*C CPSaC boIMc b>ANACTC. Arsenic <L
chromium bN¢L<¥c B>*LCP>NULY*D< Canadian Interm Sediment Quality Guideline (ISQG)-T'<, P/<o
b oA LN N> *D I I*"o-® (PEL)-J*M<D4dC. bdNtd< B>*LCP>Ng< cadmium-I'<, copper-Is,
mercury-I's, <Lo zinc-T< ISQG-*J¥S, Lo mercury <L zinc PEL-%JN¥C bD>pYyD>c DD Ac™M©
>*LCP>NIC arsenic-T'S, chromium-Is, copper-r', molybdenum-I's, nickel-r< selenium-re<, <L
vandium-F'c <N  boAc®*N“Noo° < oP>vo® (LEL) bB>rYD>cP>TYC.  Racionuclides
B>AYD>C >4 CLAGT®bY® CPC <I5<loC D>*DG>NGS, bl D[ D> D%, >o<bD>/bC™ Nt D
bNPLo-*r< 0.3 <IC&o*M=0° Becquerels per gram dry weight (Bg/g dw). bNZL<< hydrocarbons (PAHs)
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BLa DT CP Ao onPryD>NE INPDbec Bo** oS ISQG-TS, <D® M L*a <5 (2008)-TC
>*DGAG < (Tier 3, Technical Appendix 5C).

<IN AN BBAVAG CFF 4o<6D° boAonb o

ANCDN® DAY D*D® CIC <D boA*ony ™ oS Acn<lc <W<IUSoD>i*a®D% C/C
A<D boAD> TNy M g, ID%® 5o JANC>o*L AT *LPDGHAS PLAME IL> Sissons WTP-
[C. ST L®DGHAC dAYD>IE <PD*PabP>a DS ALD>< boA*ony*Lo® <L boAM—*NNoON
C/>< <do<de Dot do<oC o%bSa*dt [HC>abd-. A I* oS CI AoH<loC (A5, CP><
<Aoo TP>CAS BLIGES), ABOAS DLIGo® onbC*DS, Lo oSN AP¥C CY<< <o<de Dot
onN=sre ALTD>Co. boA*L*N NG > * D Co>< <5< Dot ALD><
boA>TADBCHC* oS, < oHIPI*NNe® <AL Acn<ds boA*onby™*l <IDc*NENNC
PlecDSa T Do D>IA*an<dc>o? CP>< o<1 DC boAony N <Ir<HMy L D>o>ID>PLYo¢
boAD*C ALD>< boA*a-ny*L oS,

<L OLMPLPN NG <AL Acn<ds boA*LonY* 1S an>My>C TP d*LN“Na* boALPC>Ya*
CPD>< <Ao< D boA*any Lo IDFC>HCH*DIS a\>N/NNFBAS a sa A%INC CPD>< IH<deDC
bNPLYS CLAcC COPC-o¢ C/D>< <5<d5DS boA*ony*o-5 LPCDYRAS o DC®CD>C
<MD= o< bNC><L5NE bNPLYAS a \>N*MS CLAGC Judge Sissons Lake-T'S, Ac D>*'5Ne arsenic,
copper <L_> nickel. bNZLYC CL*do**L< COPC-0-< CP>< 516 DaC orn D>y SIS NP NP <P g
LeP<b® Do D> o acDPC®DS  TPLdS  boA N No>Y*a*Do®  ALTH>CAS  D>LIGEC,
>C>No® CALD>BC*D® CLAT S C® B>MMAGTD<, AcP< 50 PLelyD>N®. Py I o
CLADLS COPC-5° C/P>< <o<daDS <IR<oMv™L acPCHCPNC YogTC Sda DG 5% nC
d&/aP>NoS, on DIy DA D® Acnd® < boA*L*N“No- b Lo® <o n 7™ arsenic-T,
copper-I< Lo nickel-I's C/D>< <5<15DoC.

CP><  dodeDc boAtan e BBAPIECH>DCooID® bdN*dc <D *N-oM Lo
D> < NN asaASoLod C>< <o<keDS boA*ony Mo acP>Cnoslc (Tier 3,
Technical Appendix 5M).

CPOt o BLAMAT® ALD < BLVGE. oot <> AB>AC Ao o*

LeaBv® I - ALD<BLYGL Lo <AL ABOA AT o
cr<

CI DY o< AcTy ™o BoDMC B>IAGTS ABEILEDE (AMAS <M dS ANoH*DS 3m
[C* TPoh[€) Lo AL® <Id<*PLEN<BECT som. AL CdND>Y~a N>l <P o ®>LED® 2m
D>LCoe Lo <TAP<HaD* bNoPS ANGDE, PHAS IS Crioe Bd<IBC®IE DYGAYAS, YCAS
DL PRPEDS, P>CAS Lo LG®, IS PAMeD®DE PAMLe >t ot PhaS AP®DAS
AOD>SIHEC®DE AL DPALAS,  Crioc AovoS <IRLMINE APSDAS P4Te, <ILo/B>Rec
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LLL>*DC ddoo Mo LoG> D Io<doS; Ac S T/ ACH>*DC ALTS AP*Dot. Pd< ANo™L
NP>NBCTLE 2m-1° BP>YUN=LJ, IMAS A CFC d<IDC#D CP>< Io<loS BP>C. MPa*hAS
CPC PPN < <IbC*DC Voo AP<hio*LoS, <Ma®hAS CPS PdbR o oN® Yoo oU<oc Ye A
AP Lot 55c. CLTbYAS CIS CPSYA“D DYGro<dD>< AL<oS oIS b>MATTC
A*H Do 0%, CLT®bYAS DPB>< AcAa LIS oy B> A>BC*D AboA“ D At g, >P>dC
AcTy><e CALB>BECDC A Da* ANT*ha© (0, <o ®h* [>] 3 m) CP%o< Clo,

dLPAS CPSaC boAcDSany S INPIMS PN<LoS DPob®DC Lo boNPD>arc. <A *Do®
ACHSo® 4TS 26-I8%a®D° Do CPP>VIS boIMC b>MACTS (AcP><so  blo D<),
chironomids <IMdg*<*%J<5Ne. CLbd<d ACH®DC baCIc NNGEC>IL D D> on<da®Dl o= o°
0 <Ko% bNPL¥g® <PDo* YN0 NM*a® dLP°c“ Judge Sissons Lake-'< Cd*\>NN
<Mt Ao-bSa°< (Tier 3, Technical Appendix 5C).

MPINS  AP®Dot  aNPAS @ ADCB®DE Cif Acn<s Ag™eDS  Cd\>NN>*DC
boAcD Ty ot baCl>< Cr*Mo, BLYg® ACES TP eADECTDE Crore., <IN [PIE APSDAC
<Prrrg® SN CALDRS; Pr<lor, CLT® ba CTS 0a M 5¢-C NNGHCI>AL™ <D<,

DLYGES  TPo®\>LDS  ladocerans D><3&5<  calanoid  copepods-o>*Lo,  rotifers
CALD>*=a b C® 5N° <A J<oNE, <IMAS <> DLIGE © bNSLYE CALDYE oDl b>rAc-T
CPS0S PP<o, CLT* ba Cl' a2 56 NNG*C>AL* D¢,

dLé ¢©

dLé_€ ba-IM e b>ANAGTE MP*h>IC d* Do <IL> LoG>aB>¥C Acy>V¥aS, AL, AL®AAS, <L
AaPyD>NC DALY e ®h > >, A o> ®hAS, L ALBP o by PLIC CALD>HCHDC
<P>Y+de. dLe € 1 [CT* MPo*N\>%CC*DS; P<lo, ANGS <A egbP*a b C*IDC bY<IN*a* cm-o©
<QPa®\>I 7 [CUC Thelon River d°TC. <ILC PGV, <A LIC <M DYSLAS, DYGAYAC
AL LG% ACPYD>NE  d g D>¥ra®DS, AP®DAS Lo Pac. d'DC CYIC AL %bg Dot
AP D*DBGE D L IPL>* 5N LoG>* Do <Io<loS, AN i Cd* Do ALD><_55-¢ ICa
AP®D®CH® NG, <MAS  <QMa®hAS  dLi®  <PDLYC  BoIMC  DB>ANAGTE A<Dl
Leg DA CH>*DC, <P ABOAS dLSIIBCH 5N PIL PN onr NS> oMy, DSaC
PL<ONE WPt onyDP<NIC DPD>UN-DHJ. dLele dLRPAS  <IMPo®N[C <IMAg-%h>y¥*q *D¢
C/So>*oc. Chironomids <Mdg®\>BCSaG*C>IC Do<boS Pl<o, bY<IWAS dLec
D>a-<bD>rbbC*DC da-*\a* oligocheate-dL>a* ><_5¢-< hydridae-o*.

dLe e periphyton <Ird*feo-*5>L*D chlorophytes-o>*Lo¢ <L diatoms-o->*Lo-<. Taxonomic-
B>*DC periphytic-o© AALPYD>I® <'r<LHMMLAE IPM0-C ALSo S, diatoms taxonomic-b>Sg-*h><5N°
dLio® Acn<d< Sbo*LaC. <A <"A>*MCDC periphyton taxa CALD>YC oD b>MATTS; PY<o,
CLT® ba Cl < na 2> 55 NNG®C>IL*™<DE.
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<< b0ALPNO BAMAT ALTPLVGC. 0" <L ABIA AT*/*0°

Acn<lC oA T LAY bIA*an<Ib* D Mg o D35 a I*U>o Mo ALTC
DLYGE S, DS boAMany Mot al™MD>o o056 ABOAS Aoy . Acn<JPLC
sdi Ao L*DGHAC dAYDYE PULAS <L Sissons WTP-TC <*D%Yo-bDA*an<IH*DS ALD>< H:C
boA*any Lo CLdD <W<LYeS <LTD¥abP*a *D° bNILYa® COPC-o-¢ ALTS AP*D oS (A5,
ALTS  AP®DS,  DLVGES). Acnd® A<cdNod  <FD¥obbCIA*andD* D Lo
boA* LN N0 ASOAS Aclo® Clra AALSC>Y® ba.*I>0° (EN-CH OH Nov 2010%).

>oa<dar*a®DC ALTC DLYGE 6° Acn<IJPLYIC SIS0 L*DG 5 ¢ <M HIM P NC>o<I* D
deNle <> Noi*LINIS AccD>NYD>Y®  boA™onb*LoS WTP.  oA™Monb™*L  WTP
CP>IUbSa<1*D% Sgi@ LD o Lt Do ALD>< bor ASCA<IbSa*L o Lt C>¥haC. <1<5g/>*CP>NC
Acn<ls GPPLo<®DC d*DC <I'D<ob®DC <I<dNPY>IIC <Y LPILC <IPeA*C>PLINJC
ABSA<INIE (A5, A<OAS, AbPNT). KayD>oC dliaC AbPNS Acn<o<I®D< <D H<I* < a*d°
Abo 0 Acly ot ADEPdS <ACNGSIE ID*C>NE (BMP) <ID%*CP>o<I*DC ha <-—<IN-NC
Andrew Lake-TS; C/D>< <5< (turbidity) CoOAS AcYD>o<®DS NabDo<h®N-oJ Lo
ALAYAG*CbSo<h®Nd. Ao o <tatNno*Chia<*D% ALAYAc<Ih®N-NC [P d*LNNa-sIC
Ab 5> DIGATSIC.

B>MAC® <LYSo 1S a I U>NNoSIS (A5, CALD>V/ACH™MDS ALTD>CAS) <L ACH>So> <
DLVGE S AcCnbyD>Ic  <PD*CDPLY*ao*MoS cadmium-I¢ <*D<o*o° zooplankton-o°©.
onD>ry>I®  cadmium bNNPLYC oP<I*CP><o* Judge Sissons Lake-Tc <sd°N/Mr<*C>o<I*DC
CBDOM® ol PrelyDNc, AP ™MD® Ac*=g® CP%aC AC*S AAlobSo*\>3C zooplankton
<L D*CPPLob oo™ o5 PPdo, AALr<od JNPOIre PNdoc <O*CPo*Mc Donda®DoC
ac >C*CPc zooplankton-o° <L o0aPYl1® boAMcH e >, zooplankton <L Sd“Nt//LNC
bNNPLYS D>PD>dN-J, b</D>oNc Judge Sissons Lake-T'S onP>y>~c DLobA*a oo Mc*.
PLEND 0 boAMcPNDBGH5<I*N Y, boAMcPC>Yot Ao oS AL a I D>o™ =0 DLIGE©
o>y << o >0 COPC bNALY Ac7D><TC.

DLIGE S bY>o™S Al SboNM>o™S  BAIPCD>HCio<d®De  DYGra<d <> N,
>IN <L DYIMLe®Nend bro<od DAY= UG DS dayD>Ye  WTP-TC
D>*DCEC>¥va *Do® boA*L*NNobLC VEC-o¢ A5 dLPAS b<’D>o*o° (Tier 3, Technical
Appendix 5M).

MMER-dNJS, <A<Rd® A<M boA*N“No 1S BBALIDBCcT* (EEM) Arn<Ib*NCP>~€
bP>roC sdiara LG oo daNCp>~© b oA L*NNa-bL e, CL*dq LcLAS
B>ALDC b IbPNNNE PA LG HAS b oA TDHLMC, IG5 D > onda®DC
Lo AL boAtonb oS, DloDio® b>AMIDHCio®  dLPSeC  IAMT UG5 Do

3 EN-CH OH 08An 2010: <P %6 ICV* C/* A0 Ac/ 5>V #<?
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AALD T D>AR®. CLd] BPrHAGTE <D*NCBo<d®DC Lol LatCPrnd®®Dc DB RC
MMER-TS <L <P CPo<®onN® <ID55N* ID®NNo-SILINJS, <RI ANCPYC ba CP><
D>PD>*C*D* a2 AdLlore.

ACC AR<oSIS boADSTD>NE Acn<dlS oo H®IC Abo oS DPD>CC>o DS
AbosenolS AGTS. Naecdeno® CP5I° Do PACCDo<d®DC  MeP<I®*NNosIc
BOA LPCPYDLS ABoH*¥0C Ac™o D, onPlYP>I® boAcPD o> IP>rob™ N NoI®D
D5t IWLI*NNDONS ABOAS Aoy Mot Cla Acndno<osd ABHAS Agl7 e
oMM ABLHAS, CBILY® Abocnoslc <salP>N (Tier 3, Technical Appendix 5L)
ASFNCD> DD, IPRC>C >N <SaDNIS, Lo <Dc®NNo>c >N®NCNo-s I NS,
PLEND < boAM PV Acn <M A HAS AR-—<la** o< >NTNC>_5*Coa-<I*D°,

CPIOOJ bLAYAT* ACOAC b Po o€

Lea vV <I<) - ABIA bPo*

DPPBLRNS ABHAS a ™o o D% 50 NNS>P>PLoda> >*D%, AbAS b>pLY Db M =g
<AA®YAGHIS, ACD>BC>o5 1 aN>NY/NNTBAS, Lo Pleot A®AAGTS A<a*C>IC PLAY Acn<IC.
A®IIAYD>INIS <AL L=alD¥® A%BDSADYE AcCnby<cD>*DC dA®IAGCTS <L CP>DLbSosC
bD A bNIPNJS Db BN o*dS; Cla DPY>L'IN CEN>NC>>*D*® CAL*c* oa*JU<la< (Tier 2,
Volume 3, Part 2-T<) <L NNS®C>PLINJS D>B>ID>Yot (A5 EN-BL CLC d><n. 20073, IQ-BLE
2009°°. 1Q-RBH 2011°¢, 1Q- BL17 2008%").

BboAMGD>EE Ab 5%t B>MATIS @ 5aA®IIC A HAC [Ph o bN*AAT® CraC dléiav Acn<<
bo-C*LoC <TAYME DD DP>HCPI< PLe™LC o <1e- Do, A5 <P>LES a5 CoPLE e >*DC
CP5oC AL dLé_o© ool < B>ANATTS, ASLAS DVeD><5Ne,

>d< 7-"UNS ADBHAS oIS b>AAGT < >*DC: A5<P>ULAS, burbot, cisco, ADGAS, ninespine
stickleback, round whitefish <L slimy sculpin. CL*d<| CALP><P>T bLoDTS, /CL*b>cc®
AcH®oN°: Ab_5*AS, fourhorn sculpin, lake whitefish <L longnose sucker. aa A7*7PLIC ABOAS
a I UL>CSa*MeC CPSaC <ILo> dLé_o© Cd*hI>¥< Tier 3, Technical Appendix 5C.

CPTe fourhorn sculpin ABOD<KUYYE  Acn<ds boCMMo© NNG*C>PILYoS baClS oW
Pon<a “I Do ADr® (SARA)-TC Lo bNLAGLS ad o™ Donda™IDC o°vNC baCl€

3 >pH* DB >*D® Sissons Lake-TS A SAS P /NMNE <P 5<% D—LC oFDA QO HEC.

3 IQ-BLE 2009: A*a Db C*b5AC bLoD<IT < CLIL G/ bLABNCVE BB > DDA AboSA
o PrsPo><o* o

36 IQ-RBH 2011: A% A CASGA AP FCE b C*I L NICEN I <IPrAde.

37 1Q- BL17 2008: H<'—* N LDV A b 4Do
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(COSEWIC)-T<. Fourhorn sculpin NNG*C>PLIC 'AFL 5%a *D'-NDS L od NN®b® 3 (SARA)-TS, <L
"a\>NE/NNTHAS IFL*D" oSN (COSEWIC)-d* 0 (COSEWIC 2003).

<IN boALcPNO  bAAATT AbOAC 6P *0°

ANCPNES AcCAY>D>*DE ABHAS b<PD>o*M0S boA*LPCPIA*an<ID* Do AbbC>C
AcD>DBC>ab*NHME b*CP*NLo*dS ALTE boC*Lo55C <L> COPC-0° boA*LcPNbsIc
ABHAS <ro<Ib*CAcLaM5o° (EN-CI KIA &><ln. 2010, EN-KIV OH >*DAn 2009, EN-CH OH
>*OAR 2012%). boAMcPNDIA*an<c® ADOAC onyD>o*MoS Aob>oS NNG®ILYC AbAS
o <qb*CAcLo* =a* B>AAGTE (Tier 2, Volume 8).

BECHNT® LYo BPNNI*a® D ABOAS Ac®d Mot DRIGC <o®/oN' Abo o,
Leo*Mo®, AL ABoHI Wb, ALTDContd® baClS LetCBENS DB b*C*Nnosc
Cre*LCA*a® ALD>< >SdLAc™ <P<IUbsc o (IPC) I*Ma*\D>Yn<Ib*=M<D* 50 kiloPascals (kPa)-
re NrdonN<o s ABoHAC CAL*alS, boNM D*U*NPobndH*DC Le*o<l°sHJ 50 kPa-d©
L CDhAS, ID®C>YC Andrew Lake-TS Sav>N<5J asa A% >*D® b*Nng< bo 5o o
Andrew Lake-I¢ P'cc®CD>rALII® ALTE DSdLA*c1c <Y <M O NN*boooD>io®
ACHALDH*D®, AL ALTDCont®dS  AZa<dH®NNSTYE W% D>NE b*Nao T %*Dc
>LC>NI>*ToN® 13 millimetres-o® <IC>/T? Nb-do<lo© BE>AP>N>< (mm/s) AtcnyD>Yoc
Log7AN=OMC. A*Doc <D®CPYC anaA®Y® AL<PBULAS A AcCnYD><c Andrew Lake-'<
dLiTe booLo* Lot B*NnoscS CALc, D*Nno® Clo <MLL r<L®*NNo-bA<beD,
<L OLPPLPN NG >Yva* DS CALDY® b*NAHCSo-5Ic Andrew Lake boC*Loc <L dlLéoc
AN TP K-S dPL* NN Lo/ 56 Loso*?LN=LMC MPer<d®N=o-51° b*Nno-
boeo S bPNT® Pdb*N-5J Mdo®losIS Andrew Lake Abo M eo®; <L b*Nno® ¢ Co
Lo=a AD>VAC TP a5 1 A5 <DUAS La-P>*N=5M Andrew Lake dLé_*Lo-<.

<L O N No-ba P> <ID*NCP>E, <L IPC 50 kPa-*JxTs, B><R_56C W*NNo>I® 13mm/s-T*
>LC> N oN®, o>y O™ PLN Do oA * NN *CHo<oT* ABoH™0°.

boNPD>o® Wvo® <AL IPC-I° <ID%DS, BALLHCioslc DGMNC N\*PCHo<I*DC <L
Ao CP>ON® AaPNlS, Aol7D>No® AB L C™aP>O%®. AaP><C bB>pN*CP>o*CHGy*D% LaGT*
N5 1S Lo IPC-1€ DM o b NN 1S, b NALa<h PN AD 5B DA b CHo-C.

<*DD>obIAHALDT® A SAS COPC—o° IAYo LG5 Dot I ML NC> o< DS <IN C
<P “NoP>INJS Ac7DPLYC boA™on?7*Lo® WTP. boA*an?*L WTP A<-c<N“NoboI*D*
SPAM G5 Dot ALDS boA*ony Lot Le*CPyn<Ic*o (Tier 3, Technical Appendix 2I).

*® EN-CI KIA &2><In. 2010: <A D4a >V C/50 APLP D B>*<? A S>AC <P D*CPo b 'o<I*<?
% EN-KIV OH >*DAn. 2009: b0% 0 UAAD® <D o b or<I*< Ab_> N1 07
“O EN-CH OH D>*DAn. 2012: A b>*Cb*< Andrew Lake-I"<?
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P> SoSJMNE Moy <o PIPNNTD>YE AccD>NYD>D>TYE  Acn<dls  <SaP>ND>V.oC
rPc_d*LNNo51¢ Acn<SI*L¥o< <o<I¥o* PcC.

ALD< boA*onY Lo L*CP>ynIB®D< selenium—1< B> CP>NDA*an<Ib®*D Abé o< Judge
Sissons Lake-T< <I>YP>N-L5J. ¢PdlLoslS, bNPLIE COPC acPC®CP>IC I ' <So<Sgslc
Medlo*lot dD%®.  AcCnbyD>rLo*LoS  selenium  <**M>o-bSLS bioaccumilate—oT* AL<
g Pry>INJs, bPPRAT™® <WLSa*M=oc ADBOAS oPMC (NM*LoS onBC*C D> D)
bNPLI®> >*DC. o-nD>*DC <IP<IUSab'7*M=a-*Lo° selenium ABHAS P bNPLYC,

ABOAS  BDAPLPCD>DCo<d®DS Acn<ds <D>Sa5*CMoS  bAMNLeSIS  IATL®*DGHAC
WTP-0¢ boA—*L*NNoHLMLC ABHAC <o<I*CAcLony* oS, Lc*olfc MMER, <A <tdc
AyALDPNC>IE  EEM-T*  oD>por<SoNt SIS L*DC  boAL*NNobLLC  NPCH>YoC.
Ao<an7*LC EEM BD>AACSIS boAc*NNoD>Yo® DA TL* DG % ABoY0S, ABHAC
Aal7* Mo Lo  ADBOHAS o Pr7P>o*Mnoc Ao oS LclLAS  BBrArIBC*NNob™Dc
SPSAM P DG A boADSTBILMC, Don<da®DIM S, Lo ALD< boA*ony™Loc. DLYN M e o°
B>ALDBCo® AbOAS <odbP*CAcLony Mo AL CF° ACEFbHC* Dot Arn<biaD> T
(Tier 3, Technical Appendix 5M). boA*LcPNS onYD>BCo*M*0° ADOAS B>INPCD>HC*DC
COPC—UNo € bNPLXC boA*T*\D>o* 0 ABOAS o P eo¢ Ar+fecc ABOAS
< odBP*CAcLa*MNIS AL onyP>o Mot L*CPyn<dcoS. boAMo*l ALTD>CcenoslIc
DG PLAMTS Lo Sissons—T < DYG <54 ~oC Levo<1*D< EEM—S LM< <S> D o-5PC
NraDo® AFLIP7D> 5N ba CB< DPB>*C* Do .

adg %Ly

PD"NCP>NC AbAS BPrLYDDB M 0 AA®AAG IS Lo AcP>BbCPo®dc Bb>PN“N>*D ABBHCP<C
APAIAYT g ALT>CAS A'RNP<ONE Lo AL 5IND® oMY FT<dony>o e o ALT>CAS VEC—MC,
NP>N"INBC e PLA® Acnd® ALTPCo® CALPo<'c™oc onPl7>I* PY<o,
boA LN NG >¥*a * D% ALTD>CAS VEC— =5 [P d "L NC>¥® Le*o*dS ba. C>< na >
A5Gy NS <L LalMeNdS, ASINPYD>RC b oADo <o bLPYD>N<a*dS, <L <Dc*NNo*d®
<IONB* Dot <M HIP<L NN D>V, ALTD>Co® boAL®*NNGSIS B>MAGTE, b>r >*DC
Acn]® Bra ™I boA™M™N“Nob ol ~ac™*la® AL°0S AL>< “boA*ony*Loc C/><
<5< D oS, BPLYGE S, A HAS Ao TS, AL ABOAS bYD>a*e.

B>ALDBCoT*CHoI*D® NayD>N-Dd, P> *N-od, Lo PAII*<dN-DHJ  ana Ao c
Acn<< boA*ony oS, < oOIPL*NNGS, <dlo <Nt Mol i*io® <ID*NC>o.
B>ALDCo 1 boA oD  ac PCH*CP>Vo®  boAc®*\>o Mo <L <Dc*NNo®
> NoSIMNE ID®CPo<d®DS  ac PCPC>NE <MD boAcD>Sony™*LoS  NP>NoIC.
B>APIBC o1 boA LoD DN YCPo<®DC pac*P>o< DBP>YbH o1 AL o<cP>CP>YoC
Ac P> 50 oa ™ AcP>BCP>o 1 <“aP>N (Tier 3, Technical Appendix 3C).
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Abbreviations and Units

T PP UPPPRTR percent
D greater than
ST PP TP PP PPPRPPPPI less than
PP degrees Celcius
Vo 74 o TS U PR micrograms per gram
0TSSR micrograms per litre
SIS X 1 o TSR microSiemens per centimetre
AREV A AREVA Resources Canada Inc.
T PP RRPPPPRPIN British Columbia
BLHTO e Baker Lake Hunters and Trappers Organization
BV P e Best Management Practice
B/ s Becquerels per gram
=0 7 PP Becquerels per litre
(- 1O T calcium carbonate
CCME oo Canadian Council of Ministers of the Environment
(0] 1 0 TP TP PPPTP R PPPPN centimetre
CN S Canadian Nuclear Safety Commission
COPC . Constituent of Potential Concern
COSEWIC.....ccoiiiieeiveiiee e Committee on the Status of Endangered Wildlife in Canada
R A e commercial, recreational and Aboriginal
CWQG e Canadian Water Quality Guidelines
DO Fisheries and Oceans Canada
3 PP TP P PP PP PP PPPPPPPPR detection limit
5 1 .dissolved oxygen
3 dry weight
L o PP example
EEM e ———————— Environmental Effects Monitoring
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LA e Environmental Impact Assessment

LS Environmental Impact Statement
ERED ... Environmental Effects Residue Database
O ] USRS Fisheries Offsetting Plan
5 ittt e e e et e e et et e et e e e e e et e e eea e e et .grams
O/ e, grams per square centimetre
OIMPIY e grams per square metre per year
P hectares
1= PP PP PP PP PPTPPP PP id est, in other words, that is
ICP-AES......ccc e, inductively coupled plasma atomic emission spectroscopy
ICP-MS... e inductively coupled plasma mass spectrometry
P e Instantaneous Pressure Change
PSSP Inuit Qaujimajatugangit
ISQG .. i Interim Sediment Quality Guidelines
O P e Fisheries Offsetting Plan
TP hydraulic conductivity
[ Kajak Brinkhurst
e TP PP PPPPPP PP PPPPPPPPPPPPPPI Distribution Coefficient
PP Key Indicator
KIQQAVIK PIOJECT. ...t e e e e e e e e e e e e e e e e e e eaeeas Project
0 £ T PP PP PP PPUPPPPPPPPPP kilometre
KN ettt ettt square kilometres
KPP ... kiloPascals
PP UPPRTN Local Assessment Area
L E L et e e e Lowest Effects Level
T 7 S Light Detection and Ranging
L S A e e e Local Study Area
PP metre
AREVA Resources Canada Inc. Tier 2 Volume 5
Kiggavik Project FEIS Page xii Aquatic Environment

September 2014 Abbreviations and Units



0 £SO metres per second

1 PP RPOPRPRI square metres
1278 ettt ettt ettt ettt et et een e cubic metres per second
M2SIKM .o cubic metres per second per square kilometre
2] oo | USSP metres below ground level
70 7o OSSR milligrams per kilogram
NG L milligrams per litre
L1010 PP PP PP PPPPPPPPPPPPPPPPPPPOt millimetre
01007 PSP millimetres per second
10074 YL= = PSSP millimetres per year
MMER ..o Metal Mining Effluent Regulations
Lo PP PP SPPPPPPRPIN Ministry of Environment
PP TP PP PP PPPPPPPPPPTPPP number
D C et a e e no defined channel
NIRB .o Nunavut Impact Review Board
N G A e e Nunavut Land Claims Agreement
N IS TSRS National Topographic System
P E L e Probable Effects Level
P AH Polycyclic aromatic hydrocarbon
PH e et potential hydrogen
PP e e a e e e a e phytoplankton
R A A e e Regional Assessment Area
S A R A et Species at Risk Act
S L e e serious effects level
SSWQO .. Saskatchewan Surface Water Quality Objectives
I8 =1 SRR Traditional Ecological Knowledge
LI 2 PP Total Dissolved Solids
M e e Tailings Management Facility
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L1 LSRN total organic carbon

LIRS TS Total Suspended Solids
Y PP Valued Component
VB C e Valued Environmental Component
Y £ PP versus
VSEC . Valued Socioeconomic Component
S A e Water Security Agency
L AT PP Water Treatment Plant
R wet weight
D (S young-of-the-year
4 PPN zooplankton
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Acidification

Active layer

Adsorption

Alkalinity

Aquifer

Artesian

Atretic

Backwater

Bankful width (also
channel width)

Base case

Glossary

A decrease in the acid-neutralizing capacity of water that is exhibited by
a reduction in pH.

A shallow zone above the permafrost that thaws and re-freezes
annually.

Refers to the adhesion of atoms, ions, or molecules to sediment
particles in aquatic environments.

A measurement (expressed in milligrams per litre of calcium carbonate)
of the capacity of water to neutralize acids. The concentration is
measured based on the presence of naturally available bicarbonate,
carbonate, and hydroxide ions.

An underground layer of water-permeable rock from which groundwater
can be extracted. Examples of water-permeable rock include sand and
gravel.

An aquifer containing water that is under positive pressure.

Refers to the degeneration and subsequent resorption of an ovarian
follicle. In fishes, atresia is most common during the prespawning,
spawning, and post-spawning periods.

Discrete, localized area of variable size exhibiting reverse flow direction;
generally produced by bank irregularities; velocities variable but
generally lower than main flow; substrate similar to adjacent channel
with higher percentage of fines.

Horizontal distance along a transect line from bank to bank at the
bankful stage, measured at right angles to the direction of flow. Multiple
channel widths are summed to represent total channel width.

The assessment case that includes existing environmental conditions,
as well as existing, nearby projects, or nearby projects that are in the
approval phase.
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Bathymetry

Becquerel (Bq)

Benefit agreement

Best management
practice (BMP)

Biomass

Cascade

Chlorophyl a

Compliance monitoring

Constituent of Potential
Concern (COPC)

The measurement of underwater depth.

A unit of measure of radioactive decay, equal to one disintegration per
second.

A formal contract, usually between a project proponent and one or more
Aboriginal groups, that describes the potential impacts of a project, the
commitments and roles of each group, and the ways in which Aboriginal
communities will share in the benefits of the project (e.g., employment,
dividends).

A standard management method for maintaining a level of quality that
exceeds mandatory legislated standards; best management practices
can be based on self-assessment or used as a benchmark.

The amount of living material in a given habitat or area.

Extremely high gradient and velocity; extremely turbulent with entire
water surface broken; may have short vertical sections, but overall is
passable to fish; armoured substrate; may be associated with chute.

Highly turbulent series of short falls and small scour basins, with very
rapid water movement as it passes over a steep channel bottom with
gradients exceeding 8%. Most of the water surface is broken by short,
irregular plunges creating whitewater, frequently characterized by very
large substrates, and a well-defined stepped longitudinal profile that
exceeds 50% in supercritical flow.

Primary photosynthetic pigment contained in phytoplankton.

Monitoring completed to confirm that proposed project design features,
mitigation measures, environmental protection measures, or benefit
agreements are being implemented as proposed and in accordance
with regulatory requirements.

Metals, radionuclides and organic contaminants that have the potential
to adversely affect the health of the environment and/or humans.
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Cumulative environmental
effects

Density

Depositional

Determination of
significance

Detritus

Distribution

Diversity

Effect linkage

Effectiveness monitoring

Environmental effects

Far Future Case

Effects to the biophysical or socio-economic environment that result
from the incremental effect of a project component or activity that is
added to that of other past, present, and reasonably foreseeable future
projects.

The number of organisms in a given area or volume.

Term used to describe sediment types, or areas containing sediment
types, that were previously eroded, carried by water and deposited on
the bottom of a water body or water course.

The significance of Project-related and cumulative residual
environmental effects is determined using standards or thresholds that
are defined for each VC.

Decomposing organic material.

The occurrence, position or arrangement of organisms within a given
area.

The number and variety of different organisms found within an area.

The mechanism by which a Project component or activity could result in
an environmental effect to a Valued Component (VC).

Monitoring completed to determine if mitigation measures, project
design features and offsetting or compensation works are functioning as
planned.

Refers to the array of positive and negative responses of the biophysical
or human environments, or a component thereof, to disturbance.

Represents the status of the measurable parameters for the
environmental effect based on the Future Case in combination with
possible far future developments in the Kiggavik region.
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Flat

Follow-up monitoring

Forage fish

Freshet

Future Case

Gniess

Hydraulic conductivity (K)

Hydrograph

Hydrostratigraphy

Incubation

Area characterized by low velocity and near-laminar flow; differentiated
from pool habitat by high channel uniformity; more depositional than
shallow run habitat.

Level landform composed of unconsolidated sediments, usually mud or
sand, that may be elongated or irregularly shaped and continuous with
the shore, that is covered with shallow water or may be periodically
exposed.

Monitoring of the biophysical and socio-economic environment that is
completed to verify predictions of environmental effects; determine
effectiveness of mitigation and other environmental protection
measures; support environmental management systems, and support
implementation of adaptive management measures to address
unforeseen environmental effects.

Small-bodied fish species, as well as small (i.e., young) large-bodied or
sportfish species, that are preyed on by larger predatory fishes.

Refers to the increase in stream flows or lake levels that occurs in
spring as a result of melting snow and ice.

The status of the measurable parameters for the environmental effect,
based on the Project Case in combination with all reasonable
foreseeable projects, activities and actions.

A form of metamorphic rock that has a banded appearance and is made
up of diffent layers of rock, usually light and dark silicates.

Refers to the ease with which water can move through the pore spaces
or fractures in soils and rocks.

Represents the rate of flow within a stream over a specified time period.

Refers to the structure of sub-surface rock as it pertains to the flow of
groundwater.

Refers to the maintenance of fertilized fish eggs.
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Instantaneous Pressure
Change (IPC)

Interaction

Key Indicators (KIs)

Larvae

LIDAR

Limnology

Littoral

Magnitude

Measureable parameter

Refers to the pressure change that occurs within the water column
immediately after detonation of an explosive substance near water;
these pressure changes can damage soft tissues of nearby fish or result
in fish mortality.

Refers to the linkage between the project and some component of the
environment by which the project could result in an environmental
effect. For an environmental effect to occur there must be an interaction
between the project and some component of the environment.

Species, species groups, resources or ecosystem functions that
represent components of the broader Valued Components (VCs).

A juvenile lifestage in fishes that represents the time between hatching
and complete absorption of the yolk sac and the onset of external
feeding.

Light Detection and Ranging is a remote-sensing technology that uses a
laser of pulsed light to measure distances.

The study of open fresh and, more rarely, saline water bodies,
specifically lakes and ponds (both natural and man-made), including
their physical, chemical, and biological properties. Limnology
traditionally is closely related to hydrobiology, which is concerned with
the application of the principles and methods of physics, chemistry,
geology, and geography to ecological problems.

Shallow shore area (less than 6 m deep) of a water body where light
can usually penetrate to the bottom and that is often occupied by rooted
macrophytes.

The degree of change in a measureable parameter, relative to baseline.

A parameter that provides a quantitative or qualitative measure of an
environmental effect or cumulative environmental effects from a Project
to a Valued Component (VC) or Key Indicator (KI). The degree of
change in a measureable parameter is used to evaluate the significance
of environmental effects.
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Mitigation

Nival

Oligotrophic

Opercle

Overburden

Peak particle velocity

Permafrost

Periphyton

Phytoplankton

Pool

Probable Effects Level
(PEL)

Measures, standards and guidelines used to minimize, avoid,or offset
Project-induced environmental effects and cumulative environmental
effects. These measures include project design features, administrative
policies, specialized mitigation, environmental protection measures,
protocols, social or community programs, benefit agreements, offsetting
(i.e., fisheries offsetting) and financial compensation.

Of, relating to, growing, or occurring under snow.

Trophic state classification for lakes characterized by low productivity
(i.e., little aquatic plant or animal life) and low nutrient inputs (particularly
total phosphorus).

Part of the bony flap that covers and protects the gills of a fish.

In the Project area, it is the soil material lying upon the bedrock.

The maximum speed at which a particle (e.g., substrate in a stream) is
expected to be displaced when it is subjected to a sound or pressure
wave (e.g., blasting).

Refers to soil or rock that remains below zero degrees Celcius (°C) for
at least two years at a time; in continuous permafrost regions, over 90
percent (%) of the ground surface is underlain by permafrost.

A term used to describe the algal community that grows attached to the
substrate (generally rocks) in streams and lakes.

Open-water, algal component (i.e., non-vascular, photosynthetic plants).

Discrete portion of channel featuring increased depth and reduced
velocity relative to riffle/run habitats; formed by channel scour. Aquatic
habitat in a stream with a gradient less than 1 percent (%) that is
normally deeper and wider that aquatic habitats immediately above and
below it.

Concentration of a chemical in sediment above which adverse effects
on aquatic organisms are likely.
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Rapid

Residual environmental

effect

Reversibility

Richness

Riffle

Run

Sac-fry

Serious harm

Extremely high velocity; deeper than riffle; substrate extremely coarse
(i.e., cobble and boulder); instream cover in pocket eddies and
associated with substrate.

Moderately steep stream area (4 to 8 percent [%] gradient) with
supercritical flow between 15 and 50%, rapid and turbulent water
movement, surface with intermittent whitewater with breaking waves,
coarse substrate, with exposed boulders at low flows, and a somewhat
planar longitudinal profile.

Project-related environmental effects that are predicted to occur, despite
the implementation of mitigation measures.

The ability of a measureable parameter for a Valued Component (VC) to
recover from an environmental effect and return to baseline.

The number of different species represented in an ecological
community.

An area of fast-flowing water with coarse substrates. The water surface
is broken due to the submerged or exposed substrates.

Moderate to high velocity; surface largely unbroken; usually deeper than
riffle; substrate size depends on hydraulics. Run habitat can be
differentiated into one of four types: deep/slow, deep/fast, shallow/slow,
or shallow/fast.

Swiftly flowing stream reach with a gradient greater than 4 percent (%),
little to no surface agitation, waves, or turbulence, no major flow
obstructions, approximately uniform flow, substrates of variable particle
size, and water surface slope roughly parallel to the overall stream
gradient.

Recently hatched fish larvae that are still in possession of a yolk sac.

Refers to the death of fish or any permanent alteration or destruction of
fish habitat.
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Setback distance

Significant environmental
effect

Snye

Substrate

Syenite

Talik

Threshold

Toxicity

Valued Component (VC)

Valued Environmental
Components (VECS)

The physical distance maintained between an explosive detonation and
fish or fish habitats. A buffer zone to protect fish, eggs and larvae from
injury and mortality.

An environmental effect that causes substantial, irrevocable damage to
the environment that cannot be minimized or avoided through
implementation of mitigation measures.

Discrete section of a non-flowing watercourse connected to a flowing
channel only at its downstream end; generally formed in a side-channel
or behind a peninsula.

In underwater environments, it is the surfical layer of material on/in
which organisms may live, grow or feed.

A type of ingneous rock that is coarse-grained with some quartz and
feldspar components.

Unfrozen ground conditions that may develop underneath northern
lakes that do not freeze to the bottom during winter.

A level of change beyond which unacceptable adverse environmental
effects may occur.

The magnitude of harmful effects observed in organisms related to
poisoning from the alteration of natural environmental conditions.

Collective term for Valued Environmental Components (VECs) and
Valued Socio-economic Components (VSECSs) that are selected for the
Project assessment, based on regulatory standards and guidelines,
stakeholder consultation, field studies, and professional judgement of
the environmental assessment team.

Major physical and biological components of the environment that, if
affected by the Kiggavik Project, would be of concern to regulators,
Inuit, local residents and resource users, and/or the general public.

AREVA Resources Canada Inc.
Kiggavik Project FEIS
September 2014

Tier 2 Volume 5
Aguatic Environment

Page xxii
Glossary



Valued Socio-Economic Aspects of the socio-economic environment considered vital to a

Components (VSECS) particular region or community, including the local economy, health,
demographics, traditional way of life, culture, social life, archaeological
resources, infrastructure and other services, community organizations,
and local governance.

Zooplankton Microscopic animals that float, drift or swim weakly, and include
crustaceans (i.e., Cladocera [cladocerans], Calanoida, and Cyclopoida)
and rotifers.
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1 Introduction

1.1 Background

The Kiggavik Project (Project) is a proposed uranium ore mining and milling operation located in the
Kivallig region of Nunavut approximately 80 kilometres (km) west of the community of Baker Lake
(Figure 1.1-1). The Project is operated by AREVA Resources Canada Inc. (AREVA), in joint venture
partnership with Japan-Canada Uranium Company Limited (JCU) and Daewoo International
Corporation

Within the Kiggavik Project there are two general site areas referred to herein as the Kiggavik site
and the Sissons site. The two sites are located approximately 17 km apart. Three uranium ore
deposits will be mined at the Kiggavik site: East Zone, Centre Zone and Main Zone. A uranium mill,
related facilities, main accommodations, and landing strip will also be located at the Kiggavik site.
The Sissons site has two uranium ore deposits to be mined: Andrew Lake and End Grid. Open pit
mining will be used to extract the ore from the three Kiggavik deposits as well as the Andrew Lake
deposit. Mining of End Grid ore will require underground methods.

All ore extracted from the mine sites will be processed through the Kiggavik mill. Mined out pits at the
Kiggavik site will sequentially be used as tailings management facilities (TMFs) with East Zone being
the initial TMF. The uranium product will be packaged and transported via aircraft to southern
transportation networks. Initially, mill reagents, fuel and other supplies will be transported by barge to
Baker Lake and then by truck to the mine site over a winter access road. An all-season road between
Baker Lake and the Kiggavik Site is carried through the assessment as an option proposed as a
contingency in case the winter road cannot adequately support the Project over its life-span.

Decommissioning of the Project will include demolition of site facilities, clean up and reclamation of
any disturbed areas, closure of the TMFs and reclamation of mine rock piles to promote vegetative
growth and to provide wildlife access.

The Kiggavik Project is subject to the environmental review and related licensing and permitting
processes established by the Nunavut Land Claims Agreement (NLCA) (NIRB [Nunavut Impact
Review Board] 2011), and to the licensing requirements of the Canadian Nuclear Safety Commission
(CNSC). The Minister of Indian and Northern Affairs Canada (now Aboriginal Affairs and Northern
Development Canada; AANDC) referred the Kiggavik Project to the NIRB for a Review under Part 5
of Article 12 of the NLCA in March of 2010.
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The final NIRB “Guidelines for the Preparation of an Environmental Impact Statement for AREVA
Resources Canada Inc.’s Kiggavik Project (NIRB File No. 09MNO0O03)” (NIRB 2011) were issued in
May of 2011. AREVA submitted the Draft Environmental Impact Statement in December 2011 and
again in April 2012 with the NIRB determining that the submission successfully conformed to the EIS
guidelines in May 2012. Two review periods followed with the Information Request stage completed
in January 2013 and the Technical Review stage completed in May 2013. An in-person technical
meeting was hosted in Rankin Inlet, Nunavut by the NIRB in May 2013 with a Community
Roundtable and a Pre-Hearing Conference (PHC) hosted in Baker Lake, Nunavut shortly after in
June 2013. Following the Pre-Hearing Conference the NIRB issued the “Preliminary Hearing
Conference Decision Concerning the Kiggavik Project (NIRB File No. 09MNO003)” in July 2013.

1.2  Nunavut Impact Review Board Guidelines for the Environmental
Impact Statement and Preliminary Conference Decision

The DEIS, including this volume, was determined by the NIRB on May 4, 2012 to have adequately
addressed relevant sections of the NIRB “Guidelines for the Preparation of an Environmental Impact
Statement for AREVA Resources Canada Inc.’s Kiggavik Project (NIRB File No. 09MNO003)” (NIRB
2011).

Greater clarity, consistency and, in some cases, additional design or assessment were provided
within AREVA's responses to information requests in January 2013 and technical comments in May
2013. AREVA commitments for the preparation of the FEIS and regulatory review requirements are
listed in the NIRB PHC Decision dated July 2013. Changes from the draft to final EIS including the
location of information related to information requests, technical comments, and PHC requirements is
noted in the Final Environmental Impact Statement (FEIS) conformity table (Tier 1, Volume 1,
Technical Appendix 1A).

1.3 Purpose and Scope

The purpose of this document is to describe the Project components and activities that have the
potential to interact with the aquatic environment and result in a potential environmental effect to
surface hydrology, hydrogeology, water quality, sediment quality, aquatic organisms, fish habitat
and/or fish populations. The overall objective of the environmental effects assessment is to identify
the potential residual environmental effects resulting from the Project, inform appropriate mitigation
measures and monitoring, and to determine the significance of such effects.

The FEIS has been prepared to fulfil the intent of the NIRB Guidelines and PHC Decision, ultimately
providing the information required to confidently proceed with an environmental assessment
determination. The assessment has been influenced and reflects input provided from Inuit, Land
Claim, Government, community, and other interested stakeholders.
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1.4 Report Content
In addition to this introduction (Section 1), this volume consists of the following sections:

e Section 2: An overview of the Project and associated assessment basis

e Section 3: A description of the environmental assessment approach and methodology
used to assess potential effects of the Project

e Section 4: A description of the scope of assessment and the methodology used for the
Effects Assessment

e Section 5: A summary of the existing aquatic environment

e Section 6: An assessment of Project effects and cumulative effects to surface hydrology

e Section 7: An assessment of Project effects and cumulative effects to hydrogeology

e Section 8: An assessment of Project effects and cumulative effects to water quality

e Section 9: An assessment of Project effects and cumulative effects to sediment quality

e Section 10: An assessment of Project effects and cumulative effects to aquatic organisms
and fish habitat

e Section 11: An assessment of Project effects and cumulative effects to fish populations

e Section 12: A summary of residual effects

e Section 13: A summary of mitigation measures

e Section 14: A summary of monitoring for the aquatic environment

Tier 3 documents are appended to this Volume to provide further details. These Technical
Appendices are as follows:

e 5A — Hydrology Baseline

e 5B — Geology and Hydrogeology Baseline

e 5C — Aquatics Baseline

e 5D — Groundwater Flow Model

e 5E — Prediction of Water Inflows to Kiggavik Project Mines
e 5F — Mine Rock Characterization and Management

e 5G — Thermal and Water Transport Modelling

e 5H — Waste Rock Water Balance

e 5l - Hydrology of Waste Rock Piles in Cold Climates

e 5J - Tailings Characterization and Management

e 5K — Historical and Climate Change Water Balance

e 5L — Conceptual Fisheries Offsetting Plan

e 5M — Aquatics Effects Monitoring Plan

e 5N — Hydrology Assessments

e 50 — Sediment and Erosion Control Plan

e 5P — Technical assessments of water withdrawl locations and Baker Lake Dock site
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2 Project Overview

2.1  Project Fact Sheet

Location Kivallig Region of Nunavut, approximately 80 km west of Baker Lake.

The Project includes two sites: Kiggavik and Sissons (collectively called the Kiggavik Project).
The Kiggavik site is located at approximately 64°26'36.14"N and 97°38'16.27"W.

The Sissons site is located approximately 17 km southwest of Kiggavik at 64°20'17.61"N and
97°53'14.03"W.

The Kiggavik and Sissons sites are composed of 37 mineral leases, covering 45,639 acres.

Resources The total quantity of resources is currently estimated at approximately 51,000 tonnes uranium (133
million Ibs U308) at an average grade of 0.46% uranium.

Life of Mine Approximately 12 years of production, based on studies to date. It is anticipated that pre-operational
construction will require three years while remaining post-operational decommissioning activities will
require ten years.

Date of Project construction will be influenced by favorable market conditions, completion of detailed
engineering, and successful completion of licensing and other Project approvals.

Mining There are five individual mines proposed for the Project: East Zone, Center Zone and Main Zone at
the Kiggavik site; End Grid and Andrew Lake at the Sissons site.

The three Kiggavik deposits and the Andrew Lake deposit will be mined by truck-shovel open pit,
while End Grid will be an underground mine.

Mine Rock Mine rock will be segregated into material suitable for use in construction (Type 1), non-acid
generating (Type 2), and potentially problematic material (Type 3).

Type 1, Type 2 and Type 3 rock will be managed in surface stockpiles during operation.
Upon completion of mining, Type 3 mine rock will be backfilled into mined-out pits.

Mill The ore will be processed in a mill at the Kiggavik site to produce 3,200 to 3,800 tonnes uranium (8.3
to 9.9 million Ibs U308) per year as a uranium concentrate, commonly referred to as yellowcake.

Tailings The mill tailings will be managed at in-pit tailings management facilities constructed using the mined-
out East Zone, Centre Zone and Main Zone open pits at the Kiggavik site.

Administrative and action levels will be used to control and optimize tailings preparation performance
for key parameters.

Water A purpose-built-pit will be constructed at the Kiggavik site to optimize water management, storage,

Management and recycling.

All mill effluent, tailings reclaim, and site drainage will be treated prior to discharge to meet the
Metals Mining Effluent Regulations and site-specific derived effluent release targets.
Administrative and action levels will be used to control and optimize water treatment plant
performance for key elements.

AREVA Resources Canada Inc. Tier 2 Volume 5

Kiggavik Project FEIS
September 2014

Page 2-1 Aquatic Environment
Section 2: Project Overview




Site o Power will be supplied by on-site diesel generators.

Infrastructure e The operation will be fly-in/fly-out on a 7 to 14 day schedule with on-site employees housed in a

permanent accommodations complex.

Access e Access to the site will be provided by a winter road between Baker Lake and Kiggavik. An all-season
road is assessed as an option should the winter road be unable to adequately support the Project.
Supplies will be shipped to a dock facility at Baker Lake during the summer barge season and
trucked to Kiggavik via the road.

e An airstrip will be constructed and operated at site for transportation of personnel and yellowcake.

Environment * Site-specific environmental studies have been on-going since 2007

e Public engagement and collection of Inuit Qaujimajatugangit has been on-going since 2006; this
information is integrated into the environmental effects assessment reports

o AREVA's approach has been to integrate environmental assessment and decommissioning
requirements into the Project design cycle to enhance mitigation of effects by design and to support
the development of management, mitigation, and contingency plans to protect the environment

Benefits e AREVA is negotiating an Inuit Impact Benefit Agreement with the Kivalliq Inuit Association

e The total taxes and royalties to be paid on the Kiggavik project would be approximately $1 billion,
payable to Nunavut Tunngavik Inc., Government of Nunavut, and Government of Canada.

e The Project is expected to employ up to 750 people during construction and 400 to 600 people
during operation.

Notes:
km = kilometres; Ibs = pounds; % = percent; AREVA = AREVA Resources Canada Inc.; $ = dollars.

The economic feasibility of the Kiggavik Project depends on 1) the production cost for the uranium
concentrate including construction, operation and decommissioning costs and 2) the market value of
the final product. The latest feasibility study completed for the Kiggavik Project was in November
2011. The study assessed the technical and economic viability of developing and operating a
uranium mine and mill site in the Kiggavik area and estimated the capital cost of the Project at $2.1
billion and the operating cost at $240 million per year. This initial feasibility study will be updated and
refined prior to a development decision. The market price for uranium concentrate over the last years
has been within the range needed for a reasonable return on investment to its owners, however at
the time of FEIS preparation was below the threshold needed for Project advancement. AREVA
believes future opportunities are strong enough to encourage Project advancement with the intent of
development that will coincide with viable future markets.

2.2 Assessment Basis

To ensure that the potential environmental and socioeconomic effects of the Kiggavik Project are
adequately considered in this environmental assessment, it was determined that it would be
advantageous to develop a clear “assessment basis” for the Project. The purpose of the assessment
basis is to clearly and consistently define how the design parameters detailed in Tier 2 Volume 2
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Project Description encompass the more conservative values for various design features and
options. It is consistent with the precautionary principle to assess potential environmental effects
conservatively to improve confidence that the Project can be realized within the predicted effects and
approved environmental assessment.

The assessment basis is summarized in Table 2.2-1 and presented with greater detail in Tier 2
Volume 2 Section 20. For biophysical and some socio-economic effects, the range value with the
greatest potential to result in an adverse effect is used. In the case of socio-economic benefits, the
range value resulting in the lowest benefit is used.

Table 2.2-1 Project Assessment Basis
Parameter / Assumption Values
Project
Activities/Physical Works Parameter Units Base Case (PD) Assessment Case
Overall Production Rate Tonnes U per year 3,200 - 3,800 3,200 - 4,000
Mill Feed Rate Kilotonnes per year 71-977 1,000
Project Operating Years 2 years pre- 25
Life production
12 years
production
Project Footprint Hectares (ha) 938 1,102
Access Road Route | Not Applicable Winter Road Winter Road
All-Season Road
Dock Site Location Not Applicable Site 1 Sites 1,2, Agnico
Eagle’s
Meadowbank Dock
Site
Milling Flowsheet Not Applicable Resin in Pulp Resin in Pulp (RIP),

(RIP)

possibly solvent
extraction (SX) and /
or calciner

Final Product

Not Applicable

Non-calcined

Non-calcined or

uranium calcined uranium
concentrate concentrate
Tailings Management Containment Million cubic metres 28.4 30.0
volume (Mm3)
Total tailings Million cubic metres 21 30.0
volume (un- (Mm?®)

consolidated)

Design

Natural surround,
no drain

Various design
contingencies
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Table 2.2-1

Project Assessment Basis

Parameter / Assumption Values
Project
Activities/Physical Works Parameter Units Base Case (PD) Assessment Case
Water Management Freshwater Cubic metres per day 7,910 8,000
requirements — no (m3/day)
permeate or site
drainage recycle
Freshwater Cubic metres per day 2,000 8,000
requirements — (m®/day)
permeate and site
drainage recycle
Freshwater Cubic metres per day 60 60
requirements - (m®/day)
Sissons
Treated effluent Cubic metres per day 2,707 3,000
discharge at base (m3/day)
quality — Kiggavik
Treated effluent Cubic metres per day 1,700 1,700
discharge — Sissons (m3/day)
Power Generation Kiggavik peak load megaWatt (MW) 13.0 13.0-16.8
Sissons peak load megaWatt (MW) 3.8 0-338
Logistics & Transportation Number of barge Barge trips / year 9-31 31
trips — 5000t & 250
containers
Number of barge Barge trips / year 7-22 22
trips — 7500t & 370
containers
Number of truck Truck trips / year 328 — 3,233 3,300
trips — 56,000L &
48t
Number of truck Truck trips / year 243 - 2,405 2,500
trips — 70,000L &
60t
Number of Flights / year 310 - 350 355
yellowcake flights
Decommissioning Period Years 10 10

Notes:

ha = hectares; N/A = Not Applicable; SX = solvent extraction; Mm?® = Million cubic metres; m3/day = cubic metres per day;

MW = megaWatt.
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3 Assessment Approach and Methods

3.1 Introduction

This section describes the methods used in the assessment of environmental and socio-economic
effects associated with the Kiggavik Project. The methods meet the applicable regulatory
requirements while focusing the assessment on the matters of greatest environmental, social,
cultural, economic and scientific importance. The methodological approach also recognizes the
iterative nature of project-level environmental assessment, considering the integration of engineering
design and mitigation and monitoring programs into comprehensive environmental management
planning for the life of the Project.

The environmental effects assessment method is based on a structured approach that:

e considers the factors that are required under Nunavut Land Claim Agreement (NLCA);

e focuses on issues of greatest concern;

e affords consideration of all territorial and federal regulatory requirements for the
assessment of environmental effects;

e considers issues raised by Inuit, regulators, government agencies and public
stakeholders; and

e integrates project design and programs for mitigation and monitoring into a
comprehensive environmental planning.

The environmental assessment focuses on specific environmental components called Valued
Environmental Components (VECs) or Valued Socio-economic Components (VSECs) that are of
particular value or interest to Inuit, regulators, government agencies and stakeholders. The term
Valued Components (VCs) refers collectively to VECs and VSECs. Valued Components are selected
based on regulatory issues and guidelines; consultation with Inuit, regulators, government agencies
and stakeholders; field studies, and professional judgment of the study team. Where a VC has
various sub-components that may interact with the Project in different manners, the environmental
assessment may consider the environmental effects on individual Key Indicators (KIs).

The term “environmental effect” is used throughout the application and broadly refers to the response
of the biophysical or human system, or a component of these systems, to a disturbance from a
Project action, activity or other regional actions (i.e., projects and activities).

The environmental assessment methods address Project-related and cumulative environmental
effects. Project-related environmental effects are changes to the biophysical or socio-economic
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environment that are caused by the Project or activity and arise solely because of the proposed
principal works and activities, as defined by the scope of the Project. This includes consideration of
the environmental effects of malfunctions or accidents that may occur in connection with the Project.
Cumulative environmental effects are changes to the biophysical or socio-economic environment that
are caused by an action of the Project in combination with other past, present and future projects and
activities.

In this assessment, Project-related environmental effects and cumulative environmental effects are
assessed sequentially. The mechanisms through which a Project-specific environmental effect may
occur are discussed first, taking into account Project design measures and mitigation that help to
reduce or avoid environmental effects. The residual environmental effect is then characterized taking
into account planned mitigation. At a minimum, all Project environmental effects are characterized
using specific criteria (e.g., magnitude, geographic extent, duration) that are defined for each VC.

A cumulative environmental effects screening is then conducted to determine if there is potential for
the Project residual environmental effect to act in a cumulative manner with similar environmental
effects from other projects and activities. If there is potential for the Kiggavik Project to contribute to
cumulative environmental effects, the environmental effect is assessed to determine if it has the
potential to shift a component of the natural or socio-economic environment to an unacceptable
state.

The environmental effects assessment approach used in this assessment involves the following
steps:

e Scoping: Scoping of the overall assessment, which includes: issues identification;
selection of VCs (and Kis, if required); description of measurable parameters; description
of temporal, spatial, administrative and technical boundaries; definition of the parameters
that will be used to characterize the Project-related environmental effects and cumulative
environmental effects; and identification of the standards or thresholds that will be used to
determine the significance of environmental effects.

e Assessment of Project-related environmental effects: The assessment of Project-
related environmental effects, which includes: description of the mechanism(s) by which
an environmental effect will occur; mitigation and environmental protection measures to
reduce or eliminate the environmental effect; and evaluation and characterization of the
residual environmental effects (i.e., environmental effects remaining after application of
mitigation measures) of the Project on the biophysical and socio-economic environment
for each development phase.
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e Evaluation of cumulative environmental effects: The evaluation of cumulative
environmental effects, which involves two tasks: screening for potential cumulative
environmental effects and, if there is potential for cumulative environmental effects,
assessment of cumulative environmental effects. Where an assessment of potential
cumulative environmental effects is required, the residual cumulative environmental
effects of the Project are evaluated in combination with other past, present and future
projects and activities.

o Determination of significance: The significance of Project-related and cumulative
residual environmental effects is determined using standards or thresholds that are
defined for each VC.

e Monitoring: Several different types of monitoring may be required to confirm compliance
with mitigation measures or Project design features, address uncertainties or verify
environmental effects predictions and/or assess the effectiveness of mitigation measures.

e Summary: The last step of the assessment of environmental effects on a VC is the
development of summaries on Project and cumulative environmental effects (including
combined Project environmental effects and combined cumulative environmental effects),
mitigation measures and Project design features, and monitoring.

3.2 Scope of the Assessment

Scoping is a widely accepted best management practice (BMP) in environmental assessment, and is
used to determine the appropriate content and extent of issues to be addressed in detail in an
Environmental Impact Statement (EIS). The approach is also consistent with the Nunavut Impact
Review Board (NIRB) guideline Section 1.3: Preparation and Review of the EIS, in which the NIRB
states the “... expectation that the Proponent will focus its discussions on key issues, and will provide
a level of detail appropriately weighted to the importance of the issue being analyzed” (NIRB 2011).
Scoping lays the foundation for the assessment stage (i.e., effects prediction and evaluation) by
providing a structured approach for identifying and prioritizing issues of importance.

Key elements of a comprehensive scoping process include:

o identification of the range of regulator, community and scientific concerns about the
Project and its actions;

e evaluation of these concerns to identify potentially significant issues (and elimination of
those issues that are not); and

e organization and prioritization of those issues to focus the information that is critical for
decision making, and that will be studied in detail in the environmental assessment.
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One of the key objectives of scoping is to ensure that the environmental assessment is focused on
important issues and potentially significant effects that need to be assessed in detail. A commonly
used tool to assist in the scoping process is an interaction matrix that links Project activities and key
environmental components. Specifically, the interaction matrix is used to guide the following steps:

e identifying where interactions are likely to occur between the Project and the VC during
each Project phase (construction, operation and maintenance, final closure and
decommissioning, post-closure) based on potential overlap in space and time;

e prioritizing each interaction according to the potential for an activity to cause an
environmental effect; and

e justifying the rankings for those interactions that will not be assessed in detail in the
assessment.

For the Kiggavik Project EIS, the rankings of Project-environment interactions were based on the
following considerations to support a precautionary approach during the issues scoping process. The
following criteria were considered important in determining which project effects warranted a detailed
evaluation in the assessment.

e Legal and Policy Criteria — Are there relevant policies stated in legislation, regulations and
policy statements that need to be considered?

e Functional Criteria — How much an environment component or system is likely to change
as a result of Project actions?

e Normative Criteria — What are the societal values placed on certain environmental
features and qualities?

e Controversy — Is there any meaningful controversy surrounding the issue?

e Uncertainty — Is there a meaningful degree of uncertainty with respect to the
environmental effect or the effectiveness of planned mitigation?

To address each of these criteria, and identify where potential interactions could occur based on
likely spatial and temporal overlap during each Project phase, the assessor relied on the Project
Description and Assessment Basis, as well as available information regarding the VC (published and
unpublished information sources, as well as field baseline studies), the effects literature, experience
with similar northern mining projects and best professional judgment related to each VC . This was
undertaken based on a thorough consideration of all issues identified through regulatory and
stakeholder engagement. Consideration was also given to the expected effectiveness of planned
mitigation, including both BMPs and mitigation by Project design. Where there was a meaningful
degree of uncertainty related to the potential interactions, potential effects, or the effectiveness of
planned mitigation, a precautionary approach was taken in assigning rankings to the Project-
environment interaction to best support a detailed analysis of the potential environmental effect.
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Through the scoping process, a number of potential interactions, potential effects and VCs were
removed from further consideration, either because there is likely to be no interaction under normal
operating conditions or no potential for substantive interaction between a Project activity and the VC
that would cause a potential environmental effect. For consideration of events outside of normal
operations such as spills or accidents, refer to Tier 2, Volume 10 (Accidents, Malfunctions and
Effects of the Environment on the Project). In some cases, there is likely to be a potential interaction
between a Project activity and a VC, but that interaction is not likely to be substantive in light of
planned mitigation. In the latter case, such interactions are considered to be well understood, and
mitigable with a high degree of certainty given proven technology and practices.

3.2.1 Valued Components, Indicators and Measurable Parameters

Valued Components (VCs) are defined as broad components of the biophysical and socio-economic
environments that, if altered by the Project, would be of concern to regulators, Inuit, resource
managers, scientists, and public stakeholders.

VECs for the biophysical environment typically represent major components or aspects of the
physical and biological environment that might be altered by the Project and are widely recognized
as important for ecological reasons.

Criteria for selection of VCs include:

e Do they represent a broad environmental, ecological or human environment component
that may be altered by the Project?

e Are they vulnerable to the environmental effects of the Project and other activities in the
region?

e Have they been identified as important issues of concerns of Inuit or stakeholders, or in
other assessments in the region?

o Were they identified by the NIRB, Inuit organizations or departments within the territorial
or federal government?

Key indicators (KIs) are species, species groups, resources or ecosystem functions that represent
components of the broader VCs. They are selected using the same criteria as described above for
VCs. For practical reasons, Kls are often selected where sufficient information is available to assess
the potential Project residual environmental effects and cumulative environmental effects.

For each VC or Kl, one or more measurable parameters are selected to quantitatively or qualitatively
measure the Project environmental effects and cumulative environmental effects. Measurable
parameters provide the means of determining the level or amount of change to a VC or KI. The
degree of change in the measurable parameter is used to characterize project-related and
cumulative environmental effects, and evaluate the significance of these effects. Thresholds or
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standards are identified for each measurable parameter, where possible, to assist in determining
significance of the residual environmental effect.

3.2.2 Key lIssues

Issues identification focuses the assessment on matters of greatest importance related to the
Project, and assists in determining which factors and the scope of those factors that will be
considered in the assessment.

Issues and concern about the possible biophysical or socio-economic effects of the Project have
been identified from a variety of sources, including:

o the regulatory requirements applicable to the Project;

e discussions with technical experts from various territorial and federal government
agencies;

e input from Inuit and public stakeholders during engagement activities in relation to the
Project;

e existing regional information and documentation regarding environmental components
found near the Project;

e baseline and assessment studies conducted in the area of the Project; and

o the professional judgment of the assessment team, based on experience with similar
projects and activities in Nunavut and other regions.

Key Project-related issues are summarized in the scoping section for each discipline considered in
the assessment.

3.2.3 Project — Environment Interactions and Environmental Effects

Key Project-related activities that could result in environmental effects are considered for each VC. A
matrix of Project activities and environmental components is provided in the scoping section for each
discipline to identify where interactions are likely to occur based on the spatial and temporal overlap
between Project activities and the VC. Each potential interaction is evaluated based on scientific
knowledge, logic, experience with similar developments, and the predicted effectiveness of proposed
mitigation to focus residual effects analyses on interactions that have potential to lead to residual
effects on VCs. For a residual effect to occur, there must be a source (Project activity), an
interaction, and a measureable environmental change.
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Each Project interaction is ranked according to the potential for a given activity to cause an
environmental effect. The interactions are ranked according to the following:

o If the interaction is removed by environmental design features and mitigation so that the
Project results in no detectable (i.e., measureable) change and no residual effect on a VC
relative to baseline or guideline values, the interaction is given a 0 (zero) classification.
Because these interactions are removed through design and mitigation, an assessment of
the environmental effect is not required, and the interaction is not considered further in
the EA. The environmental effects of these activities are thus, by definition, rated not
significant.

e If there is likely to be an interaction between a Project activity and a VC that will result in a
minor environmental change, but a negligible residual effect on a VC relative to baseline
or guideline values in light of planned mitigation, the interaction is categorized as a 1
(one). Category 1 interactions are not expected to contribute to effects of other existing or
reasonably foreseeable projects. These interactions are subject to a less detailed
environmental effects assessment and are rated as not significant. Justification is
provided and the mitigation is described for such categorizations. Such interactions can
be mitigated with a high degree of certainty with proven technology and practices.

o If a potential interaction between a Project activity and a VC could result in a measurable
environmental change that could contribute to significant residual effects on a VC relative
to baseline or guideline values, despite the planned mitigation, the interaction is
categorized as a 2 (two). Interactions may be given a 2 classification if there is less
certainty regarding the effectiveness of mitigation, or if there is high concern from
regulatory agencies, Inuit or stakeholders. These potential interactions are subject to
more detailed analysis and consideration in the environmental assessment in order to
predict, mitigate and evaluate the potential environmental effects.

The ranking takes a precautionary approach, whereby interactions with a meaningful degree of
uncertainty are assigned a rank of 2 so that a detailed analysis of the potential environmental effect
is undertaken.

Justification for ranking the Project-environmental interactions considered for each VC is provided in
the scoping section for each discipline.

3.2.4 Assessment Boundaries

Boundaries of the assessment are defined for each VC to allow for a meaningful analysis of the
significance of environmental effects. The assessment boundaries are described in terms of
temporal, spatial and administrative and technical boundaries.
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3.2.4.1 Spatial Boundaries

Spatial boundaries are established for assessing the potential Project-related environmental effects
and cumulative environmental effects on each VC. The primary consideration in establishing these
boundaries is the probable geographical extent of the environmental effects (i.e., the zone of
influence) on the VC.

Spatial boundaries represent the geographic extent of the VC, as they pertain to potential Project-
environment interactions. Spatial boundaries are selected for each VC to reflect the geographic
extent over which Project activities will or are likely to occur, and as such, they may be different from
one VC to another depending on the characteristics of the VC. For this assessment, the spatial
boundaries are referred to as ‘assessment areas’ to differentiate the areas from the local and
regional study areas referred to in many baseline studies. Spatial boundaries are also identified in
response to specific Inuit Qaujimajatugangit and engagement (EN-BL HTO 2009, EN-AR NIRB
2010%, EN-OH 2012%).

Three assessment areas are defined for each VC. These include:

e The Project Footprint. This is the most immediate area of the Project. The Project
Footprint includes the area of direct physical disturbance associated with the construction
or operation of the Project.

e The Local Assessment Area (LAA). This is the maximum area within which Project-
related environmental effects can be predicted or measured with a reasonable degree of
accuracy and confidence. The LAA includes the Project Footprint and any adjacent areas
where Project-related environmental effects may be reasonably expected to occur.

e The Regional Assessment Area (RAA). This is a broader area within which cumulative
environmental effects on the VC may potentially occur. This will depend on physical and
biological conditions (e.g., air sheds, watersheds, seasonal range of movements,
population unit), and the type and location of other past, present or reasonably
foreseeable projects or activities. For the socio-economic environment, the RAA may be
much broader (planning areas, regions, territories etc.) based on the potential geographic
extent over which socio-economic effects are likely to occur. It is also the area where,
depending on conditions (e.g., seasonal conditions, habitat use, more intermittent and
dispersed Project activities), Project environmental effects may be more wide reaching.

“L EN-BL HTO 2009: I'm concerned about how far the buildings and the pits are from each other. | think you should have had a legend. |
see a lot of creeks here and we don’t know where they run to, how are we going to protect them? There is a slope to the deposits and what
if wastes flow into the water surrounding the area

“2 EN-AR NIRB 2010: Would like to know what wildlife are in the area and if there are any waterbodies (lakes or rivers) near the mine.

3 EN-OH 2012: Are there lots of lakes near the site?
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3.2.4.2 Temporal Boundaries

The temporal boundaries for the assessment are defined based on the timing and duration of Project
activities and the nature of the interactions with each VC. Temporal boundaries encompass those
periods during which the VCs and Kils are likely to be affected by Project activities.

For the Kiggavik Project, temporal boundaries include the following Project phases:

e construction;

e Operations;

« final closure; and
e post-closure.

The operations phase includes consideration of maintenance, planned exploration and temporary
closure (care & maintenance) of the Project. The final closure phase considers decommissioning and
reclamation, and post-closure phase includes management of restored sites.

In some cases, temporal boundaries are refined to a specific period of time beyond simply limiting
them to a specific phase of the Project. This is carried out as necessary within each environmental
effects analysis section. Temporal boundaries for the assessment may reflect seasonal variations or
life cycle requirements of biological VCs, long-term population cycles for some biological VECs, or
forecasted trends for socio-economic VSECs. McDonald et al. (1997)* highlight the need for
consideration of long-term effects from developments to fish and lakes.

3.2.4.3 Administrative and Technical Boundaries

Administrative and technical boundaries are identified and justified for each VC or Kl, as appropriate.
Administrative boundaries include specific aspects of provincial, territorial and federal regulatory
requirements, standards, objectives, or guidelines, as well as regional planning initiatives that are
relevant to the assessment of the Project's environmental effects on the VC. Administrative
boundaries may be selected to establish spatial boundaries.

Technical boundaries reflect technical limitations in evaluating potential environmental effects of the
Project, and may include limitations in scientific and social information, data analyses, and data
interpretation.

* 1Q-McDonald et al. (1997): In any development the fish and lakes need to be considered for the long-term
effects.
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3.2.5 Environmental Effects Criteria

Where possible, the following characteristics are described quantitatively for each VC to assist in the
assessment of residual environmental effects. Where these residual environmental effects cannot be
defined quantitatively, they are described using qualitative terms. If qualitative descriptions are used,
definitions are provided for each VC or Kl, as appropriate, in the scoping section of the
environmental assessment for that VC or KI.

e Direction: the ultimate long-term trend of the environmental effect (e.g., positive, neutral
or adverse)

e Magnitude: the amount of change in a measurable parameter or variable relative to the
baseline case (i.e., low, moderate, high)

e Geographical Extent: the geographic area within which an environmental effect of a
defined magnitude occurs (site-specific, local, regional, territorial, national, international)

e Frequency: the number of times during the Project or a specific Project phase that an
environmental effect may occur (i.e., once, sporadically, regular, continuous)

e Duration: this is typically defined in terms of the period of time that is required until the
VC returns to its baseline condition or the environmental effect can no longer be
measured or otherwise perceived (i.e., short term, medium term, long term, permanent)

o Reversibility: the likelihood that a measurable parameter for the VC will recover from an
environmental effect (i.e., reversible, irreversible)

o Ecological or socio-economic context: the general characteristics of the area in which
the Kiggavik Project is located (i.e., undisturbed, disturbed, urban setting)

3.2.6 Standards or Thresholds for Determining Significance

Where possible, threshold criteria or standards for determining the significance of environmental
effects are defined for each VC or Kl to represent that limit beyond which a residual environmental
effect would be considered significant. In some cases, standards or thresholds are also defined for
specific environmental effects on a VC or KI.

Standards are recognized federal and territorial regulatory requirements or industry objectives that
are applicable to the VC, and that reflect the limits of an acceptable state for that component. Where
standards, guidelines or regulatory requirements do not specifically exist, thresholds are defined for
the measurable parameters for an environmental effect on a VC based on resource management
objectives, community standards, scientific literature, or ecological processes (e.g., desired states for
fish or wildlife habitats or populations).

Potential changes in a measurable parameter or VC resulting from residual Project or cumulative
environmental effects are evaluated against these standards or thresholds. Environmental effects are
rated as either significant or not significant.
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3.2.7 Influence of Inuit Qaujimajatugangit and Engagement on the Assessment

Engagement undertaken to date with regulators, Inuit and public stakeholders in relation to the
Project is described in Volume 3. Issues raised during these engagement activities and Inuit
Qaujimajatugangit (IQ) sessions were documented and reviewed for consideration in each discipline-
specific assessment, including scoping of baseline data collection, selection of VCs and Kis,
describing Project-environment interactions, use of traditional ecological knowledge (TEK) and 1Q in
the environmental effects assessment, mitigation measures and monitoring plans.

3.3 Assessment of Project Environmental Effects
3.3.1 Existing Conditions

The existing conditions for each VC are described according to the status and characteristics of the
VC within its defined spatial and temporal assessment boundaries. This is based on a variety of
sources, including:

e information from past research conducted in the region;

e 1Q; and

e knowledge gained from baseline data gathered from literature review, qualitative and
guantitative analyses, and field programs carried out as part of the environmental
assessment.

In general, the description of existing conditions is limited to information directly relevant to the
potential VC interactions with the Project to support the environmental effects analysis.

3.3.2 Project Effect Linkages

The mechanisms or linkages through which the Project components and activities could result in an
environmental effect on a VC, and the spatial and temporal extent of this interaction is described
based on the existing conditions of the VC. Because the assessment focuses on residual
environmental effects, effects prior to mitigation are not characterized or quantified and the
significance of the effect is not determined.

3.3.3 Mitigation Measures and Project Design

Where Project activities are likely to cause an environmental effect on a VC, mitigation measures are
identified to minimize or avoid environmental effects of the Project. This includes measures or
strategies that are technically and economically feasible and that would reduce the extent, duration
or magnitude of the environmental effect.
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Mitigation includes Project design features to change the spatial or temporal aspect of the Project,
specialized mitigation, environmental protection measures and protocols and, in some cases,
offsetting (i.e., fisheries offsetting).

Where mitigation is identified, a brief discussion of how the measure(s) will help to minimize or avoid
the residual environmental effect on the VC is provided. Where possible, this includes a description
of how effective the measure is expected to be in minimizing the change in the measurable
parameters for the environmental effect.

3.3.4 Residual Project Effects Assessment

Taking into account the mitigation and expected effectiveness of the measure(s), the residual
environmental effects of the Project are described according to their probable magnitude, geographic
scope, duration, frequency, reversibility and ecological context, where appropriate. The residual
effect is characterized in the context of the existing condition for the measureable parameter(s) and
how it is likely to change as a result of the Project environmental effect. For some residual
environmental effects, the change in the measurable parameter is described relative to each Project
phase.

Where possible, the magnitude, geographic extent and duration of the residual environmental effect
are quantified. If a residual effect cannot be quantified, qualitative terms are used to describe the
attributes of the effect.

3.3.5 Significance of Residual Project Environmental Effects

Significance of a residual Project environmental effect is determined based on standards or
thresholds that are specific to the VEC, Kl and/or the measurable parameters used to assess the
environmental effect. Determination of whether a residual environmental effect is considered to be
significant or not significant is based on a comparison of the predicted change in the VC or
measurable parameter to the defined threshold or standard. This includes an indication of the
likelihood that a residual environmental effect on a VC will occur based on probability of occurrence
(i.e., based on past experience) and level of scientific uncertainty.

Determination of significance also includes a discussion of the confidence of the prediction with
respect to:

o the characterization of environmental effects; and
e the success of Project design features, mitigation measures, and environmental
protection measures in effectively reducing the environmental effect.
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Prediction confidence for the environmental effect and the success of mitigation measures is ranked
as low, moderate or high.

3.3.6  Monitoring of Residual Project Environmental Effects

Based on analysis of the residual Project environmental effect, it may be necessary to conduct a
monitoring program. Monitoring is recommended in cases where there is a need to address Project-
related issues of public concern, test the accuracy of the assessment predictions, verify the success
of the mitigation measures, or gain additional scientific knowledge related to prediction of the Project
environmental effect.

Two types of monitoring are considered: compliance and follow-up environmental monitoring.

Compliance monitoring is undertaken to confirm that Project design features, mitigation measures,
environmental protection measures, or benefit agreements are being effectively implemented.

Biophysical and socio-economic monitoring programs are used to:

o verify predictions of environmental effects;

e determine the effectiveness of mitigation measures, environmental protection measures
or benefits agreements in order to modify or implement new measures where required;

e support the implementation of adaptive management measures to address previously
unanticipated adverse environmental effects; and

e support environmental management systems used to manage the environmental effects
of projects.

Where a monitoring program for a specific VC or Kl is identified, the following aspects of the program
are defined:

e parameters to be measured,;

e methods and equipment to be used;

e location and timing of surveys; and

e« wow the results of the monitoring will be applied, including consideration of an adaptive
management approach.
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34 Assessment of Cumulative Environmental Effects
3.4.1 Screening for Potential Cumulative Effects

Cumulative environmental effects are only assessed if the following criteria are met for the residual
Project effect under consideration:

o the Project will result in a measurable, demonstrable or reasonably-expected residual
environmental effect on a component of the biophysical or socio-economic environment;

e the Project-specific residual environmental effect on the component will likely act in a
cumulative fashion with the environmental effects of other past or future projects or
activities that are likely to occur (i.e., Is there overlap of environmental effects?); and

e there is a reasonable expectation that the Project's contribution to cumulative
environmental effects will be substantive, measurable or discernible such as that it will
affect the viability or sustainability of the resource.

If, based on these criteria, there is potential for cumulative environmental effects, the effect is
assessed further to determine if it is likely to shift the component to an unacceptable state. Where
there is no potential for the environmental effect of the Project to spatially or temporally overlap with
similar effects of other project and activities, justification for not carrying these environmental effects
forward to the assessment of cumulative environmental effects is provided.

3.4.2 Project Inclusion List

The project inclusion list includes all past, present and reasonable foreseeable projects, activities
and actions in the region of the Kiggavik Project. Only projects, activities and actions that overlap
with the Project residual environmental effects both spatially and temporally are considered in the
assessment of potential cumulative environmental effects.

The specific projects, activities and action considered for each environmental effect are described in
the assessment for each VC or KiI.

3.4.3 Description of Cumulative Environmental Effects

The first step in the assessment of cumulative environmental effects involves describing the
environmental effect, the mechanisms by which the Project environmental effect may interact
cumulatively with other projects and activities in the RAA (from the Project Inclusion List), and the
geographic and temporal scope of the cumulative environmental effect.
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For this assessment, cumulative environmental effects are described for four cases. A more detailed
description of the assessment cases is provided within the Project Inclusion List (Tier 1, Volume 1,
Appendix 2).

3.4.3.1 Base Case

Base Case is the current baseline status (i.e., prior to the Project) of the measurable parameters for
the environmental effects. Baseline includes all past and present projects and activities in the RAA
that may result in similar environmental effects as the Project environmental effect, including ongoing
mineral exploration. Existing projects include projects that have received environmental approval and
are in some form of planning, construction and/or commissioning.

3.4.3.2 Project Case

The Project Case represents the status of the measurable parameters for the environmental effect
with the Project in place, over and above the Base Case. This is usually assessed using the peak
environmental effect of the Project or maximum active footprint for the Project.

3.4.3.3 Future Case

Future Case is the status of the measurable parameters for the environmental effect due to the
Project Case, in combination with all reasonable foreseeable projects, activities and actions.
Reasonably foreseeable projects are defined as future projects, activities and actions that will occur
with certainty, including projects that are in some form of regulatory approval or have made a public
announcement to seek regulatory approval.

For this assessment, future projects include proposed mines that are currently under NIRB review.
These include the following mines:

e Meadowbank;

e Doris North 1;

e Doris North 2;

¢ Meliadine;

e Mary River;

o Hackett River;

e Back River; and

o High Lake.
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The combination of the Project Case with the Future Case allows determination of the Project’s
contribution to cumulative effects of all past, present and reasonably-foreseeable projects and
activities.

3.4.3.4 Far Future Case

The Far Future Case represents the status of the measurable parameters for the environmental
effect resulting from the Future Case, in combination with possible far future developments in the
Kiggavik region.

It is recognized that exploration activities will continue in the vicinity of the Kiggavik Project, and that
there is the potential for additional resources to be discovered during the life of the Project. To
address such a possibility, a potential far future development scenario was developed. This scenario
assumes additional deposits within a 200 kilometre (km) radius of the Kiggavik site, and the
development of a non-uranium operation located within the Kiggavik RAA. The Meadowbank gold
operation is used as the model for this. It assumes additional resources are found in the
Meadowbank area, and that operation of Meadowbank continues. The following projects and
activities are included in the development scenario.

Component Locations
Uranium mines 3 mines within 200 km of Kiggavik
Uranium mills Kiggavik mill
Gold mines Meadowbank region

1 mine within Kiggavik RAA

Gold mills Meadowbank region
Additional mill within Kiggavik RAA

Access Roads Meadowbank region
Additional mill within Kiggavik RAA

Exploration Induced exploration near the access road(s) and in the Kiggavik area

Notes:
km = kilometres; RAA = Regional Assessment Area.
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Due to the lack of information regarding the specific details of potential future developments (i.e.,
footprint of projects and activities), the assessment of cumulative environmental effects under this
Case is, by definition, qualitative and is limited to a description of how these projects, activities and
actions might affect the magnitude, duration and extent of cumulative environmental effects.

3.4.4 Mitigation of Cumulative Environmental Effects

Mitigation measures that would reduce the Project’'s environmental effects are described for
cumulative environmental effects, with emphasis on measures that should limit the interaction of
environmental effects of the Project with similar environmental effects from other projects. Three
types of mitigation measures are considered, where appropriate. These include:

e measures that can be implemented solely by AREVA Resources Canada Inc. (AREVA);

e measures that can be implemented by AREVA, in cooperation with other project
proponents, government, Aboriginal organizations and/or public stakeholders; and

e measures that can be implemented independently by other project proponents,
government, Aboriginal Organizations and/or public stakeholders.

For the latter two types of mitigation, the degree to which AREVA can or cannot influence the
implementation of these measures is noted.

Mitigation measures that could assist in reducing potential cumulative environmental effects are
identified for each environmental effect, including a discussion of how these measures may
potentially modify the characteristics of an environmental effect.

3.45 Residual Cumulative Environmental Effects Assessment

Residual cumulative environmental effects are described, taking into account how the mitigation will
change the environmental effect. Where possible, cumulative environmental effects are
characterized quantitatively or qualitatively in terms of the direction, magnitude, duration, geographic
extent, frequency and reversibility. This includes characterization of:

o the total residual cumulative environmental effects based on the Future Case (i.e., the
environmental effects of all past, present and reasonably foreseeable project and
activities), in combination with the environmental effects of the Project; and

e the contribution of the Project to the total residual cumulative effects (i.e., how much of
the total residual cumulative effects can be attributed to the Project).
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3.4.6 Significance of Residual Cumulative Environmental Effects

The significance of cumulative environmental effects is determined using standards or thresholds
that are specific to the VC, KI and/or measurable parameters used to assess the Project
environmental effect. Determinations of significance are made for:

o the significance of the total residual cumulative environmental effect, and
o the significance of the contribution of the Project to the total residual cumulative
environmental effect.

The determination of residual cumulative environmental effects includes a discussion of the
confidence of the prediction based on scientific certainty relative to:

e quantifying or estimating the environmental effect (i.e., quality and/or quantity of data,
understanding of the effects mechanisms), and
o the effectiveness of the proposed mitigation measures.

As for residual Project environmental effects, prediction confidence for the cumulative environmental
effect and the success of mitigation measures is ranked as low, moderate or high.

3.4.7 Monitoring of Cumulative Environmental Effects

Based on the evaluation of residual cumulative environmental effects, it may be necessary to
conduct monitoring programs. Monitoring programs are designed to:

e confirm the effectiveness of a broad range of approved mitigation techniques;

e determine whether different or an increased level of mitigation is required to achieve the
mitigation or reclamation goals; and

e identify and address any cumulative effects that occur but were not predicted.

Two types of monitoring are considered:

e Compliance Monitoring: to confirm that Project design features, mitigation measures,
environmental protection measures, or benefit agreements are being effectively
implemented.

o Biophysical or Socio-economic Monitoring: to confirm the environmental effect
prediction and/or effectiveness of a Project design feature, mitigation measure,
environmental protection measure, or benefit agreement.
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3.5 Summary of Residual Environmental Effects

Residual Project and cumulative environmental effects are briefly summarized for each VC. This
includes a discussion of the overall combined environmental effect of the Project on the VC and its
significance, as well as a discussion of the overall combined effect of all cumulative effects on the VC
and its significance. For biophysical VECs, this relates to the sustainability of the resource or
populations being considered. For socio-economic VSECs, this relates to the ability of the
community, the Kivalliq region and/or Nunavut to adapt to or manage the environmental effect. A
discussion of the Project’s contribution to the combined cumulative effect is also provided.

In addition, this summary section presents an assessment of the effects of climate change on
residual Project and cumulative effects. Where possible, the effects are described quantitatively, and
include a description of how likely climate changes in the region will likely influence Project and
cumulative residual effects.

3.6 Assessment of Transboundary Effects

As required by the NIRB EIS Guidelines, the assessment includes consideration of transboundary
effects, where residual environmental effects are likely to extend beyond the Nunavut into federal
waters and/or other provincial or territorial jurisdictions. As this is based largely on the cumulative
effects assessment, the transboundary effects are characterized qualitatively or semi-quantitatively.

3.7  Summary of Mitigation

A detailed description of the mitigation measures proposed to minimize or avoid Project-related and
cumulative effects on VCs is provided based on the scoping and effects analyses. This includes:

e relevant Project design features to reduce environmental effects;

e project policies (e.g., Inuit hiring policy);

e specialized mitigation measures to minimize environmental effects on VECs;
e social or community programs to minimize environmental effects on VSECs;
e Environmental Protection Plans;

o broader agreements (e.g., benefits agreements); and

e compensation or offsetting.
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3.8  Summary of Monitoring

Monitoring programs to address uncertainties associated with the environmental effects predictions
and environmental design features and mitigation proposed for residual Project effects and
cumulative effects are described in detail. This includes all compliance monitoring and environmental
monitoring that may be applied during the life of the Project, and that will form the:

e Compliance Monitoring Program Framework;

e Environmental Monitoring Program Framework;

e Socio-Economic Monitoring Program Framework;
o Post-Project Analysis Program Framework; and
e Follow-up Monitoring Programs.
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4 Scope of the Assessment

The Kiggavik Project Environmental Impact Assessment (EIA) was developed in accordance with the
Nunavut Impact Review Board’s (NIRB) “Guidelines for the Preparation of an Environmental Impact
Statement (EIS) for AREVA Resources Canada Inc.’s (AREVA) Kiggavik Project” (the Project) (NIRB
File No. 09MNO0O03) (NIRB 2011). The Project-specific EIS guidelines from the NIRB were developed
based on information contained within the Kiggavik Project Proposal (AREVA 2008), and on the
public scoping process carried out by NIRB. Public scoping sessions were conducted in a number of
potentially affected Nunavut communities, to solicit input and advice on Valued Environmental
Components (VECS) that should be addressed in the development of the EIS.

This Section describes the scope of the assessment for the aquatic environment. Construction,
operation, and decommissioning of the Kiggavik mine has the potential to result in environmental
effects on the aquatic environment. The environmental effects of routine operations on the aquatic
environment are addressed in Sections 6 through 11. The environmental effects of accidents and
malfunctions are addressed in Volume 10.

4.1 Issues and Concerns ldentified During Inuit Qaujimajatugangit
Interviews and Inuit, Government, and Stakeholder Engagement

The NIRB EIS guidelines for the Kiggavik Project (the Project) (NIRB 2011) incorporated a number of
issues and concerns identified during Inuit, government and stakeholder engagement related to
Project effects on the aquatic environment.

Issues identified for the aquatic environment by the NIRB were included in NIRB (2011), Sections
8.1.7 through 8.1.10. These issues focused on the effects of the Project to surface and groundwater
guantity and quality, and on sediment quality through water extraction, surface runoff and waste
disposal. Issues also included Project effects on aquatic organisms, fish, and fish habitat that would
be associated with changes to water and sediment quality and waterbody disturbance. Specific
issues related to routine project components and activities, as identified by NIRB include:

o the effect of water supply, storage and discharge locations, and water quantities on the
downstream environment;

o the alteration of drainage patterns and channels by Project facilities;

e erosion, sedimentation, and runoff during construction and operation;

o effects on navigability of watercourses from proposed water crossings;

e dewatering of the Andrew Lake open pit;

o effects of ice damming;

AREVA Resources Canada Inc. Tier 2 Volume 5
Kiggavik Project FEIS Page 4-1 Aquatic Environment
September 2014 Section 4: Scope of the Assessment



o effects of permafrost and the active layer on surface water;

e increases in contaminants and radionuclides in groundwater and surface water;

e water quality degradation due to runoff from mine rock stockpiles, ore stockpiles,
construction fills, road embankments, and open quarry sites;

e water quality degradation associated with open pit dewatering;

e contaminant transport due to faults in the bedrock;

o effects of discharges from Project wastewater treatment plants;

o effects from other waste management activities, including storage and handling of waste;

o effects of nutrient input from blasting activities;

o effects from the deposition of particulate matter resulting from the incomplete combustion
of wastes from incineration;

o effects on riparian environments due to in-water or near-water activities;

e effects on aquatic invertebrates and habitat from planned containment structures (e.g.,
sediment control structures and fuel containment structures);

o effects on fish from changes to the aquatic or riparian environment;

e effects on fish due to blasting in or near water bodies; and

o fish passage impediments at water crossings along access roads.

As part of AREVA's efforts to gather input and feedback from Kivallig community members on the
Project, a number of public engagement events (Tier 2, Volume 3, Part 1 Public Engagement) and 1Q
interviews (Tier 2, Volume 3, Part 2 Inuit Qaujimajatugangit) were conducted. AREVA efforts to
engage various groups (e.g. Elders, youth, hunters, women) within communities demonstrates the
commitment to 1Q guiding principles (GN 2009) of Tunnganarniq (fostering good spirit by being open,
welcoming, and inclusive), Aajiiqatigiingniqg (consensus decision-making) and Inuugatigiitsiarniq
(respecting others, relationships, and caring for people) and as all groups are recognized as valued
contributors. The term Inuit Qaujimajatugangit is used to describe Inuit epistemology or the
Indigenous knowledge of the Inuit (Tagalik 2012). Inuit Qaujimajatugangit translates into English as
“that which Inuit have always known to be true.”  Throughout the assessment, Inuit
Qaujimajatugangit and engagement comments are differentiated by prefix of either ‘1Q’ for Inuit
Qaujimajatugangit or ‘EN’ for engagement.

Many of the issues and concerns raised about the potential effects of the Project on the aquatic
environment highlight the understanding that the health of Inuit, of wildlife and of the environment are
interconnected (IQ-Nunavut Tunngavik Inc. 2005) and the IQ guiding principle of Avatimik
Kamattiarniqg, the concept of environmental stewardship (GN 2009).
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Project-specific issues and concerns identified during engagement and 1Q interviews broadly include:

« potential changes in water quality, including drinking water quality (EN-BL CLC 2009*;
EN-AR NIRB 2010%; EN-RB OH 2010*"; EN-WC KIA 2007%);

« fish health and suitability of fish for consumption (EN-BL NIRB 2010*°; EN-BL OH Nov
2013, 1Q-BL06 2008°Y);

« changes in the aquatic environment from dust and contaminants in air (EN-RI OH 2009°;
IQ-RIE 2009°%, EN-RI KWB Oct 2009>%;

 site water management (EN-BL OH 2010%°, EN-RI OH 2010%°, EN-RB KIA 2007°", EN-BL
OH Nov 2010%),

 interaction of site infrastructure (e.g. waste rock piles EN-WC OH 2012, tailings EN-CI
NIRB 2010%° and roads EN-CI KIA 2010%) with the aquatic environment;

« environmental effects from spills, leaks and accidents (EN-KIV OH 2009°; EN-CI OH
2012%; EN-CI NIRB2010%;

« importance of environmental protection (EN-RI KWB 2008%),

« questions about environmental monitoring (EN-BL CLC 2007°%; EN-BL OH Nov 2013°");
and

e concern that decommissioning and reclamation needs to be done properly so that the
public can use aquatic resources without incidents or concerns (EN-RB NIRB 2010°; EN-
WC OH 2012%; EN-CI OH Nov 20129).

45 EN-BL CLC 2009: What about uranium? This is our drinking water.

“6 EN-AR NIRB 2010: Question about the possibility of the uranium/radiation/contaminants travelling downstream to Baker Lake.

“” EN-RB OH 2010: Worried about the area where they get fresh water.

“8 EN-WC KIA 2007: The reason | asked there are a lot of rivers in that area. Will contaminants flow in the rivers or lakes?

9 EN-BL NIRB 2010: Concerns regarding the environment and impacts from industrial activities, human activities, and radiation. Impacts
already being seen from exploration/drilling already on the fish in the area. They have become very poor, have white spots, are skinny and
are not good to eat effects on water.

EN-BL OH Nov 2013: Are there fish in the lakes? Will they be safe?

IQ-BLO6 2008: One Elder said that their diet was fish only, as caribou were scare after moving to Baker Lake.
%2 EN-RI OH 2009: When uranium is crushed it is far more radioactive because of the surface area so | am glad to see you have the
tailings under water. | am still concerned about very fine particles and the downwind and downstream areas.
%3 |Q-RIE 2009: Elders expressed concern about the potential effects of uranium dust travelling and affecting many people
* EN-RI KWB Oct 2009: How does dust affect the environment?
** EN-BL OH 2010: Will you divert water? Are you going to treat all of the water and manage all that waste?
% EN-RI OH 2010: What will you do with all the water during the high spring melt? Rock piles and tailings pit. North is different from south
and there will be more snow piling up and spring runoff will create more contamination.
" EN-RB KIA 2007: Would water flow through the tailings?
8 EN-BL OH Nov 2010: Are you going to treat all of the water?
% EN-WC OH 2012: Are there lakes under the waste rock?
 EN-CI NIRB 2010: Concerns over the potential impacts from the tailings (leaching/spills) to Baker Lake and eventually to Chesterfield
Inlet.
> EN-CI KIA 2010: There are calving areas, rivers, migratory birds along the proposed access road. Make sure you understand the Elder’s
Eoint of view when you get to Baker Lake.
2 EN-KIV OH 2009: What if there is a spill by the river? Do you have plans to fix this and communicate with the people?
% EN-CI OH 2012: What would happen if you had a spill of uranium in the water? How much damage would be done?
% EN-CI NIRB2010: Concerns over spillage from fuel transfer.
® EN-RI KWB 2008: ...how do you ensure that waterways are protected from contaminants?
6866 EN-BL CLC 2007: How long will you be monitoring?
7 EN-BL OH Nov 2013: What about the environment? How do you know what is in the air and water and lichen that caribou eat?
% EN-RB NIRB 2010: Concerns over cleanup and restoration of the land. Cleanups and restoration of the land were suppose to happen at
the old DEW line sites but has not happened.
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AREVA has endeavoured to address each of these issues either within this assessment document,
or where required, directed the reader to the appropriate document, as outlined in Table 4.1-1.

Table 4.1-1

Stakeholder Concerns Relating to the Aquatic Environment

Issue or Concern

Document

Potential changes in water quality

Volume 5, Sections 7 and 8

Fish health

Volume 5, Sections 10 and 11.

Drinking water quality and suitability of fish for
consumption

Volume 5, Sections 8, 10 and 11 plus Volume 8 and Technical
Appendix 8A (ecological and human health risk assessments)

Changes in the aquatic environment from dust and
contaminants in air

Volume 5, Sections 8 and 9

Site water management

Described in Volume 2 and Technical Appendix 2l and influence
of design of site water management on the aquatic environment is
assessed in Volume 5, Sections 6, 7, 8, 9, 10, 11

Interaction of site infrastructure with the aquatic
environment

Volume 5, Sections 6, 7, 8, 9, 10, 11

Environmental effects from spills, leaks and accidents

Volume 10

Importance of environmental protection

Mitigation measures outlined in Volume 5, Sections 6, 7, 8, 9, 10
and 11 and summarized in Section 13

Questions about environmental monitoring

Environmental monitoring for the aquatic environment is outlined
in Volume 5, Sections 6, 7, 8,9, 10 and 11 and summarized in
Section 14 and Technical Appendix 5M

Concern that decommissioning and reclamation needs
to be done properly so that the public can use aquatic
resources without incidents or concerns

Volume 5, Sections 6, 7, 8, 9, 10, 11 and Technical Appendix 2R

% EN-WC OH 2012: What would happen if a lake goes into the pit?
" EN-CI OH Nov 2012: Will the uranium go into the water and be dangerous for our kids and grandkids?
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4.1.1 Influence of Inuit Qaujimajatugangit and Stakeholder Engagement on the
Assessment

Issues and concerns identified during the stakeholder engagement sessions and 1Q interviews
informed the list of Project-environment interactions, were incorporated into the aquatic assessment,
and informed the associated mitigation and monitoring plans. Through Inuit Qaujimajatugangit (1Q)
interviews and engagement activities, AREVA has learned about the importance of the aquatic
environment to Kivalliq community members. This includes the value of aquatic resources to the
Inuit way of life (IQ-RBO1 2009, 1Q-BL06 20087%), concerns and questions about potential for
contamination of aquatic environment (EN-BL HTO Mar 2009”%, EN-BL HS Nov 2010%), and the
importance of environmental protection (EN-BL OH Nov 20107°, EN-BL OH Nov 2013"%, EN-AR
NIRB May 20107").

The importance of the aquatic environment and influence of IQ and engagement on the assessment
is further demonstrated through the selection and validation of aquatic Valued Environmental
Components Refer to Section 4.3 below for a discussion on the selection and validation of VECs.

Baseline data collection was greatly enhanced and informed by local Inuit staff hired to assist with
field work (Tier 2, Volume 3, Part 1, Section 3.4.9). Their knowledge of the land and insight into
historical and current land use patterns of local Inuit helped define the scope of the aquatic baseline
program and demonstrates the 1Q principle of Qaujimanilik/lhumatuyuk (e.g. a person who is
recognized by the community as having in-depth knowledge of a subject).

Many of the mitigation, monitoring, and management plans associated with aquatic assessments
incorporate 1Q guiding principles (GN 2009), including Qanugtuurnunnarniq (being resourceful to
solve problems), Avatimik Kamattiarnig (environmental stewardship), Pilimmaksarniq (skills and
knowledge acquisition) and Pilirigatigiingniq (collaborative relationships or working together for a
common purpose). The importance of environmental monitoring was highlighted through 1Q
interviews and engagement feedback (e.g. EN-BL OH Nov 2013"®).

Results of the aquatic assessment and aquatic effects monitoring programs (Tier 3, Technical
Appendix 5M) will be communicated to local stakeholders through implementation of the Community
Involvement Plan (Tier 3, Technical Appendix 3C). AREVA’'s commitment to engagement and

" IQ-RB01 2009: People drink water and get ice from the rivers. Many people won't drink tap water.
IQ-BLO6 2008: One Elder said that their diet was fish only, as caribou were scare after moving to Baker Lake.
EN-BL HTO Mar 2009: What if wastes flow into the water surrounding the mine?
4 EN-BL HS Nov 2010: What happens if uranium gets into the groundwater?
> EN-BL OH Nov 2010: Are you going to treat all of the water?
® EN-BL OH Nov 2013: Are there fish in the lakes? Will they be safe?
" EN-AR NIRB May 2010: Would like to see aquatic life in the lakes and rivers monitored.
EN-BL OH Nov 2013: What about the environment? How do you know what is in the air and water and lichen that caribou eat?
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community involvement is throughout the life of the Project and continues throughout construction,
operations, decommissioning and reclamation. Knowledge and understanding of IQ and Inuit culture
influences the way in which AREVA conducts business in Nunavut. Many IQ principles are evident in
AREVA's efforts to:

e engage various groups (e.g. Elders, youth, hunters, local businesses and others) within
communities as all groups are recognized as valued contributors.
o Tunnganarniq, Aajiigatigiingniqg, Inuuqgatigiitsiarniq

e remove language barriers through use of translated material and availability of translators
at meetings
o Pilimmaksarniq, Tunnganarniq

e prioritize face-to-face meetings to create relationships and use of various other
communication mediums to provide information and obtain feedback
o Inuuqatigiitsiarniq, Tunnganarniq, Piliriqatigiingniq.

The following is a summary of how IQ and engagement data influenced specific sections of the
aguatic assessment.

4.1.1.1 Groundwater

Inuit and other stakeholder engagement were used to design Project components associated with
potential groundwater-related issues. Concerns related to groundwater and surface water quality
were raised in the context of mine rock and tailings management. Specifically, the current cold
weather conditions, as well as the potential for climate change and its impact on permafrost, were
identified as uncertainties associated with the performance of the proposed in-pit disposal of tailings
(EN-CI NIRB 20107).

As a result, the thermal behaviour of the tailings and the rock mass surrounding the Tailings
Management Facility (TMF) was simulated for several climate change scenarios and the long-term
performance of the TMFs was estimated for an ultimate no-permafrost case. This approach was
used to confirm that the performance of the tailings management approach during operation will not
be impeded by the cold weather conditions, and the long-term performance of the TMFs does not
rely upon the current permafrost conditions.

™ EN-CI NIRB 2010: Concerns over the safety of storing tailings underground. How do we know the models/technology (southern models)
that will be used will work in the arctic and in the permafrost? How do they know the tailings will be safe underground and there will not be
any spills? Concerns over the potential impacts from the tailings (leaching/spills) to Baker Lake and eventually to Chesterfield Inlet.
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4.1.1.2 Surface Hydrology

Inuit stakeholders identified concerns relating to potential Project effects on water quantity
(hydrology) and subsequent effects to other environmental components such as water quality,
sediment quality, aquatic organisms, fish habitat, fish, and species at risk. Specific hydrological
concerns referenced water quanitity, (EN-CI KIA 2007%°, EN-RI COC 2013%"), snow (EN-WC KIA
2007%), rain and runoff (EN-RB OH 2013%, EN-KIV OH 2009%, rivers and lakes (EN-KIV OH
2009%, EN-CI KIA 2010%, EN-RI SEMC 2010%), ice (IQ-CI 1Q 2011%) and general environmental
protection (EN-CH NIRB 2010%°, EN-AR OH 2012%). Reductions in water quantity (water levels and
flows) have been described (IQ-McDonald et al. 1997°"). Concerns were also raised regarding
specific Project activities, such as water withdrawal, wastewater discharge, water crossings, and the
Andrew Lake Pit.

Baseline data were collected to support accurate and confident assessments of potential Project
effects and address concerns raised during stakeholder consultation. Specifically, hydrological data
were collected at each major stream and lake in the Local Assessment Area (LAA) in which Project
activities may affect water flows, including Andrew Lake, Siamese Lake, Pointer Lake, Mushroom
Lake, Judge Sissons Lake, Jaegar Lake and their respective outflows. Several other lakes and
streams were monitored to capture a variety of flow conditions that can be used to better estimate
hydrological characteristics at unmonitored locations in the region in the future.

4.1.1.3 Water and Sediment Quality and Aquatic Organisms

Inuit and stakeholder engagement has consistently identified water and sediment quality, as well as
aguatic organisms, as indicators of environmental quality. Water quality, sediment quality and
aguatic organisms have been identified as VECs based on their direct value, their value as a
prerequisite for healthy aquatic ecosystems and healthy fish populations, and because the Project
has the potential to affect these components. Refer to Section 4.3 for more information on VEC
selection.

8 EN-CI KIA 2007: How much water will they use?

81 EN-RI COC 2013: Will there be affects on water?

8 EN-WC KIA 2007: 1) Are they doing studies from now until the future on snow conditions? 2) Snow conditions are important to mining.
8 EN-RB OH 2013: What about spring water. How will water run?

8 EN-KIV OH 2009: Will there be a dam for the settling ponds?

 EN-KIV OH 2009: 1) Mines in Saskatchewan touch a lot of rivers and lakes; if there is a spill what plans do you have to fix the problem?
We should start the process of training and community consultations for our youth. Discuss lakes, caribou migration, rivers and dust
control. There are other issues not only in uranium mining but other kinds of mines as well.

% EN-CI KIA 2010: Has the impact on lakes been considered? Will fish populations be affected?

8 EN-RI SEMC 2010: There are some concerns over low water levels and how that might impact the ferry option

8 |Q-CI'1Q 2011: | would not like the ice disturbed.

8 EN-CH NIRB 2010: Would like fellow Inuit to be employed and earning a living, as well as the environment should be taken care of at the
same time.

% EN-AR OH 2012: Will the impacts be big on the environment during operation?

1 |Q-McDonald et al. 1997: Changes to rivers (pre-1940-1990s) include seasonal changes in water levels and flow, and a decline in water
quality.
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Safety of drinking water for humans and animals was also an issue identified in engagement and 1Q
comments (EN-AR OH 2010°*%; |Q-RIHT 2009%, EN-BL EL 2009%; EN-BL NIRB 2010%; EN-BL
OH 2013%).

Baseline data collection surveys for water and sediment quality, as well as aquatic organisms, were
completed over a number of seasons and years to provide information related to the existing
environmental quality characteristics in the LAA (IQ-RIYA 2009%). With regard to baseline or existing
water quality condition, during 1Q interviews conducted by AREVA, Elders indicated that water quality
in area lakes and streams does not appear to have changed (IQ-BL12 2008%). However, declines in
water quality (from pre-1940s to 1990s) have also been described (IQ-McDonald et al. 1997)'®.
Baseline data on water and sediment quality and aquatic organisms were collected at all major lakes
and streams in the LAA where Project activities might affect these environmental components.

People were concerned that water and sediment could become contaminated from Project activities
and that changes in water and sediment quality could affect aquatic organisms and fish populations.
A number of design and management mitigation measures will be employed to reduce potential
effects of air emissions (e.g. Tier 2, Volume 6, Section 9.6.2 and Tier 3, Technical Appendix 4C),
treated effluent discharge (e.g. Tier 2, Volume 2, Section 9 and Tier 3, Technical Appendic 2I),
activities in and near water, (Tier 3, Technical Appendix 50) and blasting (e.g. Tier 3, Technical
Appenices 2B and 2C) on the aquatic environment.

Project-related effects associated with constituents of potential concern (COPCs) in water, sediment
and aquatic organisms and their potential effects on animals and humans is described in the
Ecological and Human Health Risk Assessment report (Tier 3, Technical Technical Appendix 8A).
The Ecological and Human Health Risk Assessment process which examines all inputs (e.g. from
water, air, soil, plants, animals to humans) shows respect for all living things by acknowledging and
embracing the interconnectedness of non-living (soil, water, air) and living things (plants, animals,
humans) in a food web or ecosystem.

2 EN-AR OH 2010: If AREVA opens, my concern is that the water released will travel to Baker Lake and the dust in the air will affect the

animals and the people.

% EN-AR OH 2010: There is concern about drinking water. People in Baker Lake not being able to use the water from their usual source

because of pollution.

% |Q-RIHT 2009: Participants in the Rankin Inlet focus groups were also concerned about the potential for contaminants to be spread

through the water.

® EN-BL EL 2009: | support the mine because | am concerned about the young people being unemployed. | am also concerned about the

environmental assessment and how it is going to be completed, especially with the water testing. The animals drink the water, and it would

be best to have all things safe for the animals.

% EN-BL NIRB 2010: Need to think of the future well being of our children. Concerns over not being able to hunt caribou or drinking water

might be impacted from the project.

7 EN-BL OH 2013: Are there fish in the lakes? Will they be safe? Can you drink the water?

% |Q-RIYA 2009: Young adults have heard about damage to the environment that has been caused by mines, and believe the impact

assessment should consider the potential effects of the Project during all seasons, and that a priority should be given to considering the
otential effects of the Project on caribou migration routes.

° 1Q-BL12 2008: Some Elders said that while the quality of the water hasn't changed, the fish are skinnier and are not very good.

190 13-McDonald et al. 1997: Changes to rivers (pre-1940-1990s) include seasonal changes in water levels and flow, and a decline in water

quality.
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Potential effects on wildlife that consume water (and sediment, depending on ecological
characteristics) are evaluated in Tier 3, Technical Appendix 8A and include the following ecological
receptors: barren ground caribou (Rangifer tarandus), brown lemming (Lemmus sibiricus), muskox
(Ovibos moschatus), Arctic ground squirrel (Sper mophilus parryii), grizzly bear (Ursus arctos),
masked shrew (Sorex cinereus), Acrtic fox (Alopex lagopus), gray wolf (Canis lupus), wolverine
(Gulo gulo), peregrine falcon (Falco peregrines ssp. Tundrius), Lapland longspur (Calcarius
lapponicus), red-breasted merganser (Mergus serrator), long-tailed duck (Clangula hyemalis),
northern pintail (Anus acuta), semipalmated sandpiper (Calidris pusilla) and rock ptarmigan (Lagopus
muta). The health of terrestrial biota is further assessed in Tier 2, Volume 6, Section 13 (caribou and
muskox), Section 14 (wolves), Section 15 (raptors), Section 16 (migratory birds) and Section 17
(species at risk).

Potential effects on humans that consume water and aquatic biota, including fish, are presented in
the human health risk assessment in Tier 2, Volume 8 and Tier 3, Technical Appendix 8A.

Water and sediment quality and aquatic organisms will be monitored during operations and
decommissioning to address community concerns about potential contamination of or changes to the
aguatic environment resulting from Project activities. This includes sampling and analyzing water
and sediment (water quality and sediment quality monitoring) as well as monitoring aquatic
organisms communities (e.g. bethic invertebrate diversity, density). The Aquatic Effects Monitoring
Plan is provided in Tier 3, Technical Appendix 5M. Monitoring results will be compared to baseline
values and compared to predictions from this environmental assessment (Section 8 for water quality,
Section 9 for sediment, Section 10 for aquatic organisms). Water and sediment quality monitoring
results will also be used to update the ecological and human health risk assessment as required
(Tier 3, Technical Appendix 8A).

4.1.1.4 Fish and Fish Habitat

Numerous Inuit and other stakeholders in all surveyed communities identified healthy fish
populations as an important component of environmental quality. The importance of fish is
highlighted in an 1Q comment from a Baker Lake Elder: As long as there have been lakes, it has
been a tradition to fish (IQ-BL16 2008). Concerns identified ranged from the general safety of fish in
the Project area (EN-BL OH 2013'%") to the maintenance of healthy fish and fish populations (EN-CI
KIA 2010*%), maintenance of regional and local fish populations for domestic and commercial use by
local residents (IQ-WCE 2009'%), and concerns related to the protection of fish habitat, including

101 EN-BL OH 2013: Are there fish in the lakes? Will they be safe? Can you drink the water?

102 EN-CI KIA 2010: You may not have an answer for this. That's OK. Birds use waterfow! as food. Has the impact on lakes been
considered? Will fish populations be affected?

103 |Q-WCE 2009: One of the Elders said there are not many fish anymore, and she hardly gets enough for her own use. Others said that
they no longer make much money selling fish to the fish processing plant.
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continued access to spawning areas where Project activities might affect streams and lakes in the
mine site or mine access LAA.

To address these concerns, baseline fish and fish habitat data were collected at all major lakes and
streams in the LAA that could be affected by the Project; LAA watercourses and waterbodies
identified as traditional fishing areas based on Inuit Qaujimajatugangit (IQ) surveys were included.
Fishing areas identified from 1Q are presented in Figure 4.1-1 (A and B). Baseline data and 1Q
information were used together to describe the existing environment within the LAA; 1Q incorporated
into the existing environment summary includes information on fish species distributions, timing of
spawning and fish movements, and observations related to fish health and tissue quality. Note that
not all fishing areas identified from IQ were included in the assessment because some of these areas
were outside of the LAA. Inuit Qaujimajatugangit was also used to help identify VECs to be included
in the assessment (Section 4.3). Baseline fish health and fish tissue chemistry data were gathered
and examined to address concerns relating to fish health and the quality of fish flesh. Inuit
Qaujimajatugangit (IQ) indicates there is concern that fish condition has declined (IQ-BL02 2008
IQ-BL12 2008'%).

Fish habitat and fish populations have been identified as VECs based on their direct value, their
value as a prerequisite for healthy aquatic ecosystems, the importance of fish in Inuit diets, and
because the Project has the potential to affect these environmental components. Refer to Section
4.3 for more information on VEC selection.

People were concerned that fish could become contaminated from Project activities and that the
Project could affect fish habitat and fish populations. A number of design and management mitigation
measures will be employed to reduce potential effects of air emissions (e.g. Tier 2, Volume 6,
Section 9.6.2 and Tier 3, Technical Appendix 4C), treated effluent discharge (e.g. Tier 2, Volume 2,
Section 9 and Tier 3, Technical Appendic 2I), activities in and near water, (Tier 3, Technical
Appendix 50), and blasting (e.g. Tier 3, Technical Appenices 2B and 2C) on the aquatic
environment.

Potential effects on wildlife that consume fish are evaluated in Tier 3, Technical Appendix 8A and
include the following ecological receptors: grizzly bear, red-breasted merganser and long-tailed duck.
Potential effects on humans that consume fish as part of their diet are presented in the human health
risk assessment in Tier 2, Volume 8 and Tier 3, Technical Appendix 8A.

104 1Q-BL0O2 2008: One of the Elders said that the rivers flowing into Pointer Lake have caused the fish there to die, and that the same will

happen to Judge Sissons Lake when mining operations start to get close to the lake.
105'1Q-BL12 2008: Some Elders said that while the quality of the water hasn't changed, the fish are skinnier and are not very good.
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Fish will be monitored during operations and decommissioning to address community concerns
about potential contamination of or changes to the aquatic environment resulting from Project
activities. This includes sampling and analyzing fish (fish tissue chemistry monitoring) as well as
monitoring fish populations. The Aquatic Effects Monitoring Plan is provided in Tier 3, Technical
Appendix 5M. Monitoring results will be compared to baseline values and compared to predictions
from this environmental assessment. Fish tissue monitoring results will also be used to update the
ecological and human health risk assessment as required (Tier 3, Technical Appendix 8A).

Potential effects of Project activities on fish habitat is assessed in Section 10 (and Tier 3, Technical
Appendix 5L) while fish abundance, distribution and health is assessed in Section 11.

4.1.1.5 Climate Change

Information gathered from Inuit Stakeholders has also played a central role in inclusion of climate
change issues in the aquatic assessment. Inuit Stakeholders identified the presence of climate
change through various observations, suggesting that the rate of change is relevant to the timeframe
of the Project and therefore should be incorporated in the assessment. A variety of climatic variables
were modeled in detail to quantify the rates and magnitude of the change and the information
gathered from Inuit Stakeholders was used to validate results. For example, climate models for the
area typically predict warmer and shorter winters over the next several decades; these predictions
are supported by Inuit Stakeholders who have observed a warming trend in recent years.

4.2 Regulatory Setting
4.2.1 Metal Mining Effluent Regulations (Canada)

Environment Canada administers the Metal Mining Effluent Regulations (MMER). The MMER were
developed under Section 36 of the Canadian, federal Fisheries Act (2012) to regulate the depostion
of mine tailings and other waste matter produced during mining operations into natural fish bearing
water bodies. These regulations apply to both existing and new mines, and are among the most
comprehensive and stringent standards for mining effluents in the world. The MMER stipulates
discharge limits for deleterious substances in effluent and requires routine monitoring of effluent
guality (physio-chemical parameters as well as acute toxicity). The MMER also require metal mines
to undertake environmental effects monitoring (EEM) to ensure the adequate protection of all
receiving aquatic environments by assessing effects on fish, fish habitat, and the usability of fisheries
resources.
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4.2.2 Fisheries Act (2012)

Fisheries and Oceans Canada (DFO) administers the federal Fisheries Act (2012), which regulates
activities that may affect the sustainability and ongoing productivity of commercial, recreational or
Aboriginal (CRA) fisheries. A number of sections of the Fisheries Act (2012) apply to activities and
developments associated with the proposed Kiggavik Project. Section 35 of the Act states that “no
person shall carry on any work, undertaking or activity that results in serious harm to fish that are
part of a commercial, recreational or Aboriginal fishery, or to fish that support such a fishery”
(Government of Canada 2012). The “Applications for Authorization under Paragraph 35(2)(b) of the
Fisheries Act Regulations” (Government of Canada 2013) and “Science Advice on Offsetting
Techniques for Managing the Productivity of Freshwater Fishes” (DFO 2014) documents also apply
to the Project.

Section 36 of the Fisheries Act (2012) prohibits the deposit of deleterious substances of any type in
waters frequented by fish, or in waters flowing into fish-bearing waters. Sections 20 and 21 of the Act
provide provisions for sufficient water flow and fish passage. The Act requires that fish passage
(upstream and downstream) be unobstructed by works, undertakings or activities, and that sufficient
water flows be maintained to allow for fish passage. In addition to the Fisheries Protection Provisions
in the Act, water intakes and outlet pipes should be screened to prevent the entrainment or
impingment of fish and to support compliance with DFO’s “Measures to Avoid Causing Harm to Fish
and Fish Habitat” (DFO 2013; internet site) and Freshwater End-of-Pipe Fish Screen Guidelines
(DFO 1995). Water withdrawals must comply with conditions specified by DFO’s “Protocol for Winter
Water Withdrawal from Ice-covered Waterbodies in the Northwest Territories and Nunavut” (DFO
2010). This Policy specifies the maximum quantities of water allowed to be withdrawn from individual
ice-covered lakes.

4.2.3 Species at Risk Act (Canada)

The Species at Risk Act (SARA) provides federal legislation to prevent Canada’s wildlife species
(including birds, mammals, reptiles, amphibians, fishes, arthropods, molluscs, vascular plants,
mosses, and lichens) from becoming extinct, and provide for the recovery of endangered and
threatened species. The SARA establishes an official list of wildlife species, sub-species, or
populations at risk, and categorizes them as being extirpated, endangered, threatened, or of special
concern. Once listed, measures to protect the species at risk and assist with its recovery can be
instituted. These measures can include protection of critical habitats. Fisheries and Oceans Canada
(DFO) is responsible for the protection of any listed fish species, as well as any listed aquatic
arthropods and molluscs.
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4.2.4 Groundwater and Surface Water Administration

Federal agencies that are involved in groundwater and surface water related issues include:

e Environment Canada, which is mandated to preserve and enhance the quality of the
natural environment;

o Natural Resources Canada, which is mandated todescribe the geological structure of
Canada,including the delineation of aquifers and the study of ground and surface water
quantity;

e Health Canada; and

e Aboriginal Affairs and Northern Development Canada.

Groundwater and surface water are governed by Nunavut's territorial government under the
Nunavut Waters and Nunavut Surface Rights Tribunal Act. The Nunavut Department of Environment
applies the Nunavut Water Board By-Laws.

Although there are currently no Canadian Environmental Quality Guidelines for groundwater, the
following sets of guidelines may be relevant for groundwater and surface water related issues:

o the Guidelines for Canadian Drinking Water Quality (Health Canada, 2012) that apply for
potable water sources;

e the Canadian Water Quality Guidelines for the Protection of Aquatic Life that are
summarized in the Canadian Environmental Quality Guidelines (Canadian Council of
Ministers of the Environment [CCME] 1999c¢ with updates to 2014);

e the Canadian Sediment Quality Guidelines for the Protection of Aquatic Life that are
summarized in the Canadian Environmental Quality Guidelines (CCME 1999a with
updates to 2001) and may be relevant for sediments in the groundwater-surface water
transition zone; and

e The Canadian Water Quality Guidelines for the Protection of Agricultural Water Uses
(CCME 1999b with updates to 2006) that may be relevant for groundwater that could be
used as a source of irrigation.
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4.3 Valued Environmental Components, Indicators and Measurable
Parameters

Valued environmental components (VECs) are major physical and biological components of the
environment that are of cultural or ecological importance and may interact with the Project. Aquatic
VECs are selected based on criteria identified in the NIRB guidelines, scientific input, as well as
concerns identified through public engagement activities and IQ interviews. The VECs chosen for the
aguatic environment represent major, well recognized divisions that are ecologically distinct, and
may be affected by different aspects of the Kiggavik Project development.

The aquatic environment VECs identified for this assessment are:

e groundwater;

o surface hydrology;

e water quality;

e sediment quality,

e aquatic organisms and fish habitat; and
e fish populations.

To better understand the importance and value of VECs to people in the Kivallig, AREVA undertook
specific engagement activites. During AREVA'’s 2009 Kivallig open house tour (Tier 2, Volume 3,
Part 1 Public Engagement), an interactive display was set up for participants to identify broad
ecological and socio-economic areas they valued highly and/or had concerns about in relation to the
Kiggavik Project. Each participant was given four stickers that they used to select areas of concern.
All four stickers could be used to select a particular area or they could be spread to four separate
areas. The eight broad VEC categories and the percent of responses were as follows:

Air quality and noise: 7%

Fresh water: 31%

Freshwater fish and fish habitat: 17%
Marine environment: 5%

Permafrost and groundwater: 2%
Soils, landforms and vegetation: 3%
Wildlife: 25%

Birds: 10%

©ONogarLNE

These results provide an example of the importance and knowledge of aquatic VECs, such as fresh
water and freshwater fish and fish habitat, to Kivallig community members.
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The following year, in 2010, AREVA endeavoured to validate VEC selection by using interactive
posters at the open house tour to learn more about why VECSs, including the aquatic VECs, are
important to Kivallig community members (Tier 2, Volume 3, Part 1 Public Engagement). Interactive
posters included a list of 28 VECs and open house attendees were invited to place an unlimited
number of stickers with descriptive words (i.e., Beautiful, Comfort, Peaceful, Happy, Money, Food,
Clothing, Health, Respect, Spiritual, Tradition, Culture, 1Q, Survival, Pride, Fun, Future, Safe/Secure)
beside any and all VECs. The two most frequently used values associated with aguatic components
were:

e Beautiful and Comfort/Peaceful/Health/Survival for water flow;

o Survival and Respect for water quality;

o Beautiful/Money/Culture/Fun for sediment quality,

e Comfort and Respect for aquatic organisms and fish habitat; and
e Food and Fun for fish populations.

As evidenced by these engagement results, the selected aquatic VECs are valued for a wide range
of reasons, from culture to well-being to basic needs. Selection of groundwater, surface hydrology,
water quality, sediment quality, aquatic organisms and fish habitat and fish populations as VECs was
further validated by considering feedback received (importance, concern, issues, influence) through
public engagement events and 1Q interviews as described in Sections 4.1 and 4.1.1 above. Overall,
the issues and concerns raised by Kivallig community members supported the selection of aquatic
VECs; the assessment of effects on these VECs is an important component of the Kiggavik Project
environmental assessment.

Assessment indicators represent the key aspects of the VEC that should be protected to maintain the
continued health of all aspects of the aquatic environment and protect its value for use by future
generations. Measurable parameters refer to quantifiable and measurable aspects of each
assessment indicator that can be used to identify the environmental changes to a VEC that could
occur as a result of the Project activities. Changes to the measureable parameters will be assessed
to determine the significance of Project activities on assessment indicators and ultimately, on VECs.
Indicators and measurable parameters are discussed for each VEC in the individual VEC sections.
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4.4  Project-Environment Interactions

Interactions are expected to occur between Project components and the aquatic environment during
the construction, operations, and decommissioning phases of the Project. Table 4.4-1 presents a
summary table of interactions between the Project and the aquatic VECs. These activities and
physical works have been ranked according to their potential to interact with one or more of the
aquatic environment VECs. Interactions were assigned a ranking as follows:

e Category 0 activities have no interaction with the aquatic environment; interactions are
removed by environmental design features and mitigation so that the Project results in no
detectable (i.e., measureable) environmental change and no residual effect on a VEC
relative to baseline or guideline values.

e Category 1 activities are likely to interact with the aquatic environment and result in a
minor environmental change, but a negligible residual effect relative to baseline or
guideline values in light of planned mitigation. These interactions are not expected to
contribute to effects of other existing or reasonably foreseeable projects. Because these
interactions are considered insignificant, no further assessment is required.

e Category 2 activities are those activities that are likely to interact with the aquatic
environment and result in a measureable environmental change that could contribute to
significant residual effects relative to baseline or guideline values, despite planned
mitigation. Further assessment of the effects of these interactions on the aquatic
environment is warranted and is presented in this environmental assessment report.

The Project-environment interactions for each VEC are discussed in more detail in the VEC sections
and the rationale for ranking the interactions is presented there.

AREVA Resources Canada Inc. Tier 2 Volume 5
Kiggavik Project FEIS Page 4-18 Aquatic Environment
September 2014 Section 4: Scope of the Assessment



Table 4.4-1 Identification of Project - Environment Interactions: Aquatic Valued Environmental Components (VECS)

Aquatic Organisms and

Project Activities/Physical Works Groundwater Surface Hydrology Water Quality Sediment Quality Fish Habitat Fish Populations
Construction:
Economic Activities Construction workforce management; contracts and 0 0 0 0 0 0
taxes; advance training of operations workforce
In-Water Construction Construct freshwater diversions and site drainage 0 1 1 1 2 1
containment systems (dykes, berms, collection ponds)
Construct/install in-water/shoreline structures (water 0 1 1 1 2 1
intake and effluent diffuser structures and lines, spud
barge dock, culverts)
Water transfers and discharge 0 0 1 1 2 1
Freshwater withdrawal 0 2 0 0 1 0
On-Land Construction Site clearing and pad construction (blasting, earth 0 2 1 1 2 1
moving, loading, hauling, dumping, crushing)
Construct foundations 1 0 0 0 0 0
Construct buildings 0 0 0 0 0 0
Install equipment 0 0 0 0 0 0
Install and commission fuel tanks 0 0 0 0 0 0
Mill dry commissioning (water only) 0 0 0 0 0 0
Supporting Activities Transport fuel and construction materials 0 0 0 0 1 0
Air transport of personnel and supplies 0 0 0 0 1 0
Hazardous materials storage and use 0 0 0 0 0 0
Explosives storage and use 0 0 0 0 0 0
Waste incineration and disposal 0 0 0 0 0 0
Industrial machinery operation 0 0 0 0 0 0
Power generation 0 0 0 0 0 0
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Table 4.4-1

Identification of Project - Environment Interactions: Aquatic Valued Environmental Components (VECS)

Project Activities/Physical Works

Groundwater

Surface Hydrology

Water Quality

Sediment Quality

Aquatic Organisms and
Fish Habitat

Fish Populations

Operation:

Economic Activities

Workforce management; employment; contracts and
taxes

Mining

Mining ore (blasting, loading, hauling)

Ore stockpiling

o |

Mining special waste (blasting, loading, hauling)

Special waste stockpiling

o |

Mining clean waste (blasting, loading, hauling)

Clean rock stockpiling

oOo|lo|o|]o|o| o

oON]|O|DN|[O|DN

Mine dewatering

Underground ventilation

Backfill production and underground placement

Milling

Transfer ore to mill

Crushing and grinding

Leaching and U recovery

U purification

Yellowcake drying and packaging

Tailings neutralization

Reagents preparation and use

Tailings Management

Pumping and placement of tailings slurry

Consolidation of tailings

Pumping of TMF supernatant

Water Management

Create and maintain water levels

O/ N|INMN|I M/ O|J]O|lO|J]O|J]O|J]O|J]O|lOC|J]O[(NMN|INM/IO|DNM|]O |+ |O

oOj]lo|lo|jlojlo|j]ojl]ojlojlo|lo|j]o|lo|]o|]o|l]o|]o|o|]o| o ]| oo

Freshwater withdrawal

A

Potable water treatment

O | olojlojlo|j]ojlo|j]o|]o|]o|]o|o|]o|oO]|O |

o

Collection of site and stockpile drainage

A
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Table 4.4-1

Identification of Project - Environment Interactions: Aquatic Valued Environmental Components (VECS)

Project Activities/Physical Works

Groundwater

Surface Hydrology

Water Quality

Sediment Quality

Aquatic Organisms and
Fish Habitat

Fish Populations

Waste Management

Disposal of industrial waste

o

0

0

0

o

0

Management of hazardous waste

Management of radiologically contaminated waste

Disposal of domestic waste

Incineration and handling of burnables

Disposal of sewage sludge

General Services

Generation of power

Operate accommodations complex

Recreational activities

Maintain vehicles and equipment

Maintain infrastructure

Operate airstrip

Hazardous materials storage and handling (reagents, fuel
and hydrocarbons)
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Explosives storage and handling

o

o

Transportation

Marine transportation

o | ©

Truck transportation

General traffic (Project-related)

Controlled public traffic

Air transportation of personnel, goods and supplies

Air transportation of yellowcake

General air transportation support

Ongoing exploration

Aerial surveys

Ground surveys
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Drilling
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Table 4.4-1 Identification of Project - Environment Interactions: Aquatic Valued Environmental Components (VECS)

Aquatic Organisms and
Project Activities/Physical Works Groundwater Surface Hydrology Water Quality Sediment Quality Fish Habitat Fish Populations

Final Closure:

Economic Activities Decommissioning; workforce management; employment; 0 0 0 0 0 0
contracts, and taxes

General Hazardous materials storage 0 0 0 0 0 0
Industrial machinery operation 0 0 0 0 0 0
Ongoing withdrawal, treatment and release of water, 0 2 2 2 2 2
including domestic wastewater

In-water Decommissioning Remove freshwater diversions; re-establish natural 1 1 1 1 2 0
drainage
Remove surface drainage containment 1 0 1 1 2 0
Remove in-water/shoreline structures 1 1 1 1 2 0
Water transfers and discharge 1 0 1 1 0 1
Fisheries Offsetting as per Fisheries Offsetting Plan 0 0 0 0 0
(FOP)*

On-land Decommissioning Remove site pads (blasting, earth moving, loading, 1 0 1 1 2 0

hauling, dumping)

Backfilling 0 0 0 0 0 0
Contouring 0 0 0 0 0 0
Covering 0 0 0 0 0 0
Revegetation 0 0 0 0 0 0
Remove foundations 0 0 0 0 0 0
Remove buildings 0 0 0 0 0 0
Remove equipment 0 0 0 0 0 0
Remove fuel tanks 0 0 0 0 0 0
Post Closure:
Management of restored site 0 0 0 0 0 0
*Note: This Project activity is ranked as a Category 0 because it is anticipated that no Fisheries Offsetting will be required for the Project (Tier 3, Technical Appendix 5L).
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4.5 Assessment Boundaries
45.1 Spatial Boundaries

The environmental effects of the Kiggavik Project were assessed for three local assessment areas
(LAAS), one that encompasses the surficial environment at the Kiggavik and Sissons areas, one that
encompasses the hydrogeological component of the Kiggavik and Sissons areas, and one that
includes the proposed winter access road corridor (and alternate all-season access road corridor).
The assessment area for all agquatic components, with the exception of hydrogeology, was based on
watershed boundaries because fish can access all lakes within a watershed unless a permanent
obstacle (e.g., fall or cascade) impedes the fish migration. Figures 4.5-1 and 4.5-2 present the spatial
boundaries for the aquatic assessment.

4.5.1.1 Project Footprint

For the purposes of this EIA, the Project footprint is the physical area covered by the Kiggavik mine
and mill complex, the Sissons Mine Site, the Kiggavik-Sissons haul road, the airstrip and its
associated access road, the water intakes, pipelines, and water intake access roads, and the treated
effluent discharge pipeline and diffuser in Judge Sissons Lake and its associated access road.

The majority of the Project footprint (Figure 4.5-3) is located in the Judge Sissons Lake watershed
which includes the Willow Lake, Lower Lake, Boulder Lake, and Caribou Lake sub-basins. A smaller
portion of the Project footprint affects the Siamese Lake, Skinny Lake, and Kavisilik Lake sub-basins
which flow into the Aniguq River, as does the Judge Sissons Lake watershed. The proposed site
access road crosses a number of watersheds including the Anigug River, Thelon River, and Baker
Lake. Judge Sissons Lake and Siamese Lake are part of the Aniguq River watershed.

The Project footprint for the mine access road consists of the corridor for the proposed winter access
road, as well as the alternate all-season access road.
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45.1.2 Local Assessment Area

The mine site LAA for the surface water environment includes lakes and their tributary streams that
may potentially be directly affected by Project activities or infrastructure. The mine site LAA includes
the main basin of Judge Sissons Lake, as well as the Willow Lake, Lower Lake, Boulder Lake, and
Caribou Lake sub-basins. The LAA also includes the Siamese Lake watershed sub-basin that flows
into the Aniguq River.

The site access LAA includes the corridor for the proposed winter access road from Baker Lake to
the Kiggavik mine site, as well as the Baker Lake dock site. The site access LAA overlaps portions of
the Baker Lake, Anigug River and Thelon River watersheds. Additionally, the environmental effects
of an optional all-season access road were assessed relative to the winter access road option. The
optional all-season access road overlaps portions of the Baker Lake, Thelon River, and Aniguq River
watersheds. The extent of the LAA for the various access roads assessed consists of a 200 m wide
corridor, extending 100 m on each side of the proposed access road route. It is expected that any
Project related effects would originate and be measurable within this corridor.

The LAA and RAA for the hydrogeology component of the aquatic environment are presented in
Figure 4.5-2. The LAA covers an area of approximately 740 square kilometres (km?). The extent of
the LAA was selected based on observed topography, location of surface waterbodies, predicted
patterns of any potential groundwater flow, and Project activities. The LAA includes the following key
features:

o the Lower Lake, Boulder Lake, Caribou Lake and Willow Lake surface drainage basins,
where most of the Project development will occur;

e a portion of the Kavisillik Lake and Siamese Lake sub-basins; and

e a portion of the largest lakes (i.e., Aberdeen Lake, Gerhard Lake, and Judge Sissons
Lake) in the area of Andrew Lake and End Grid Lake.

The depth of the Hydrogeology LAA is also relevant because of the depth of the proposed mining
activities and the depth of the permafrost below which most of the groundwater flow takes place. A
maximum LAA depth of 1,000 m below ground surface was selected to account for the maximum
depth of the proposed underground mine (approximately 500 m) and the maximum depth to which
potential change in groundwater flow conditions are expected to occur.

4.5.1.3 Regional Assessment Area

The Regional Assessment Area (RAA) for most of the aquatic VECs coincides with the LAA because
all effects are contained within the LAA watersheds. The Hydrogeology VEC also has a specific RAA
that is equivalent to its LAA. This is because deep groundwater migration is limited in spatial and
temporal extent as a result of permafrost and low conductivities of the rock mass.
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45.2 Temporal Boundaries

The temporal boundaries for the assessment of effects on the aquatic environment are related to
Project activities associated with the construction, operation, final closure, and post closure phases
of the Project. The Project construction period is expected to take three years and the mine is
expected to be in operation for up to 25 years. The final closure phase of the Project is expected to
require up to ten years. Most Project related effects to the aquatic environment are expected to occur
during the construction and operation phases. Water quality, sediment quality, aquatic organisms,
and fish habitat are expected to have residual effects in the post-closure period, associated with
water treatment plant (WTP) effluent release as the system recovers.

Temporal boundaries for hydrogeological assessments are expected to extend beyond the
operations, decommissioning and post-decommissioning phases of the Project (i.e., into post-
closure). The potential effects on groundwater quantity are anticipated to last throughout the active
mining period, following which dewatering activities will cease, and the groundwater system will
recover to conditions similar to the natural pre-mining conditions.

During the post-decommissioning period, groundwater will be the pathway for potential interactions
between dissolved constituents of potential concern (COPC) in the water within the pore spaces of
the tailings, within the pore spaces of the mine rock, and in the surface water where the groundwater
discharges. As a result, the assessment of the long-term effects of the Project focuses on the post-
decommissioning groundwater flow regime, the long-term behaviour of the constituents of both the
tailings and the mine rock, and the migration of the constituents to the receiving surface water
bodies. Because the Project area is located in the zone of continuous permafrost, the assessment of
the long-term effects of the Project is dependent on climate change scenarios and their impact on
permafrost.

4.6 Residual Environmental Effects Criteria

The NIRB has outlined specific terms to describe environmental effects. Whenever possible, the
magnitude, geographic extent, frequency, and duration of an environmental effect were described
guantitatively. If quantitative measures were not available to describe an environmental effect,
gualitative terms (e.g., low, moderate, and high) were used. When qualitative descriptions were
used, specific definitions were provided for the pertinent VEC.

e Direction: the ultimate long-term trend of the environmental effect (e.g., positive, neutral,
or adverse).

e Magnitude: the amount of change in a measureable parameter or variable relative to the
baseline case.
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e Geographical Extent: the geographic area within which an environmental effect of a
defined magnitude occurs (e.g. stream segment, lake, local watershed, regional
watershed).
e Frequency: the number of times during a project or a specific project phase that an
environmental effect may occur. Frequency is described as isolated, periodic, or
continuous. An environmental effect has an isolated frequency if the effect is confined to a
specific discrete period; an environmental effect has a periodic frequency if the effect
occurs intermittently or may repeat over the assessment period; an environmental effect
is continuous if the effect occurs continually over the assessment period.
o Duration: the period of time that is required until the VEC returns to its baseline condition
or the environmental effect can no longer be measured or otherwise perceived
(construction phase, operations phase, final closure phase, post-closure phase).
o Reversibility: the likelihood that a measurable parameter for the VEC will recover from
an environmental effect
0 Reversible: the VEC is able to recover from an environmental effect to a state similar
to that existing before the VEC was affected. Depending on the effect considered,
reversibility may be assessed on both an individual (immediate) and population (long-
term) level; or

o Irreversible: the VEC is unable to recover from the effect).

o Likelihood: the probability that a significant effect will occur during the lifetime of the
Kiggavik Project (i.e., unlikely, moderately likely, or very likely).

These criteria apply to all the aquatic VECs. Definitions specific to individual VECs are presented in
the VEC sections.

4.7  Standards or Thresholds for Determining Significance

Under the NIRB Project Specific Guidelines the environmental assessment must include a
determination of the significance of environmental effects. Threshold criteria or standards for
determining the significance of environmental effects were identified for each VEC, beyond which a
residual environmental effect would be considered significant. Where available, these were selected
in consideration of federal and territorial regulatory requirements, standards, objectives, or guidelines
applicable to the VEC. Thresholds are discussed for each VEC in the following sections.

Potential changes in a measurable parameter or VC resulting from Project or cumulative effects were
evaluated against these standards or thresholds, and were rated as either significant or not
significant.
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5 Summary of Existing Environment

The following sections provide an overview of the existing aquatic environmental conditions of the
Kiggavik Project (i.e., the Project) area. This overview sets the basis for the assessment of the
Project effects on the aquatic Valued Environmental Components (VECS) that follows. The reader is
referred to the following reports for additional information on baseline data:

e Surface Hydrology Tier 3, Technical Appendix 5A
e Geology and Hydrogeology Tier 3, Technical Appendix 5B
o Surface Water Aquatic Environment Tier 3, Technical Appendix 5C

Baseline data collection was greatly enhanced and informed by local Inuit staff hired to assist with
field work. Their knowledge of the land and insight into historical and current land use patterns of
local Inuit helped define the scope of the aquatic baseline program. Between 2007 and 2013, 11
Inuit were hired to participate in the collection of Aquatics Baseline data carried out by Golder
Associates. Some individuals worked more than one season and one worked for parts of 5
years. The Inuit workers are listed in Tier 2, Volume 3, Part 1, Section 3.4.9, Table 3.4-16 along
with their activities and years when they worked.

5.1 Surface Hydrology

Surface water provides the link between the atmosphere, soil, and groundwater. Streams, lakes, and
wetlands provide habitat for aquatic and terrestrial plants and animals. Surface water systems
receive inputs of precipitation from the atmosphere and also inputs of runoff from upstream and
upland areas. Losses of surface water typically occur through drainage, evapotranspiration from the
watershed (including soils and vegetation), evaporation from waterbodies, the sublimation of snow,
and infiltration. Shallow infiltration provides soil moisture and can return to the surface water
environment while deep infiltration or percolation recharges groundwater.

Surface hydrology includes the spatial and temporal distribution of surface water, and is typically
described as water quantity. Pre-1940 to 1990 changes to water levels and flows in rivers within the
Project area are reported by McDonald et al. (1997)'®. Lakes and streams in the vicinity of the
Project were investigated and regional hydrological data were compiled during baseline studies in
2007 through 2010. The hydrological data obtained during the baseline hydrology program describe

1% |Q-McDonald et al. (1997): Changes to rivers (pre-1940-1990s) include seasonal changes in water levels and flow, and a decline in
water quality.
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the local and regional hydrological conditions and include streamflow records, lake level and volume
measurements, drainage basin boundaries, and flood magnitude and frequency estimates.

Stream discharges were monitored at a total of 16 locations during 2007 to 2010 (Table 5.1-1). At
each stream, a continuous water level sensor was installed, and/or instantaneous discharge and

water level measurements were taken according to the following methods:

e Instantaneous stream discharge: instantaneous stream discharge was determined by
measuring velocity at 5 percent (%) intervals along a stream cross section at 60% of the
total depth, or 80% and 20% if the total depth was greater than 0.70 metres (m).

e Water level: water level was measured using an engineer’s rod and level relative to an
arbitrary benchmark. Typically, large, stable boulders were selected as benchmarks near

each cross section or lake.

o Continuous water level sensors: Pressure transducers and datalogger systems were
installed at monitoring stations and were set to record water level at 30 minute intervals.
These data were compensated using data from a similar transducer that was set to record

local barometric pressure.

Table 5.1-1 Stream and Lake Monitoring Locations
Instantaneous
Discharge Number of
Continuous and/or Level Level-Discharge
Description Monitoring Measurements Measurements Stage — Discharge Equation
Outflow of Skinny Lake - 2007 to 2009 7 Q = (3.6219H — 355.4353)%2578
Outflow of Unnamed Lake 2007 to 2009 2007 to 2010 13 Q = (1.7812H — 175.3652)50864
Downstream of Cirque
Lake
Northeast Inflow of Pointer 2008 to 2009 2007 to 2010 12 Q = (2.0833H — 207.2244)%3256
Lake
Outflow of Sik Sik Lake 2007 to 2009 2007 to 2009 10 Q = (2.5800H — 256.3844)%0517
Outflow of Pointer Lake 2007 to 2010 2007 to 2010 9 Q = (3.8491H — 378.6436)%>1128
Outflow of Shack Lake 2007 to 2009 2007 to 2009 10 Q = (1.9091H — 188.9689)*0064
Outflow of Judge Sissons 2007 to 2010 2007 to 2010 12 Q = (5.3706H — 526.8786)26448
Lake
Outflow of Siamese Lake 2007 to 2010 2007 to 2010 10 Q = (3.7908H — 375.2070)%630°
Outflow of Squiggly Lake 2007 to 2008 2007 to 2008 5 Q =7.2622H — 718.5715

H 625
Q= (99.1467)
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Table 5.1-1

Stream and Lake Monitoring Locations

Instantaneous
Discharge Number of
Continuous and/or Level Level-Discharge
Description Monitoring Measurements Measurements Stage — Discharge Equation
Tributary to the Northeast - 2007 to 2010 12 Q = (1.2765H — 357.2286)3-5100
Inflow of Pointer Lake
Northwest Inflow of Pointer - 2007 to 2009 11 Q = (3.7383H — 371.7432)21381
Lake
Outflow of Jaeger Lake - 2007 to 2008 3 Q = 2.8794H — 285.4555
Aniguq River 2008 to 2010 to
Qinguqg Creek 2008 to 2010 2009
Outflow of Andrew Lake 2009 to 2010 2009 to 2010 5 Q = (1.7889H — 176.8673)35486
Outflow of Mushroom Lake - 2009 to 2010 5 Q = (0.2155H — 20.4858)34965
Pointer Lake - 2007 to 2010 10 Q = (3.5149H — 344.7986)%1218
Unnamed Lake - 2007 to 2010 14 Q = (2.5800H — 254.6963)214%
Downstream of Cirque
Lake
Judge Sissons Lake - 2007 to 2010 12 Q =104.1667H — 10,374.0938
Squiggly Lake - 2007 to 2008 5 Q = (12.9534H — 1248.5052)
Skinny Lake - 2007 to 2009 7 Q = (6.9541H — 689.7928)18695
Kavisilik Lake - 2007 to 2009 7
Siamese Lake - 2007 to 2010 8 Q = (2.5589H — 247.4094)%903¢
Andrew Lake - 2009 to 2010 6 Q = (1.6667H — 164.2823)3:6982
Mushroom Lake - 2009 to 2010 5

Q = (0.8956H — 88.3442)9-9108
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At each stream and lake where sufficient data were collected, a stage-discharge rating curve was
developed and the continuous water level record was applied to create a continuous discharge
record.

Historic data from regional hydrometric stations were analyzed to derive flood flow magnitude and
frequency values, flow durations, and the following general basin characteristics:

e Mean annual discharge and drainage area can be described by:
0 Q=0.0065A%9852 (Where Q = Mean annual discharge in cubic metres per second
(m®/s) and A is the area in square metres (m?)
e The unit area runoff values for nearby Qinguqg Creek and Aniguq River are 0.0060 cubic
metres per second per square kilometre (m*/s/km?) and 0.0062 m®/s/km?, respectively.
e Qinguq Creek and Anigug River have annual basin yields of 190 millimetres per year
(mml/year) and 197 mm/year, respectively.

The data obtained during baseline studies indicate that streams near the Project display arctic nival
characteristics; their hydrographs reflect a steep rising limb, peaking in approximately mid June due
to the onset of spring snowmelt, followed by receding flows for the remainder of the open water
period. Rainfall events throughout the summer may temporarily reactivate the channels or cause
secondary peaks. Streamflow typically ceases during winter months.

Lakes near the Project are typically ice covered from approximately October through June, with
mean maximum thickness near 2 m. Lake levels and volumes reflect inflow and outflow
characteristics and thus reach their peaks during the spring freshet in mid-June with levels and
volumes typically decreasing throughout the remainder of the open-water season.

5.2 Hydrogeology
5.2.1 Introduction

Both the Project site and the community of Baker Lake are located in the zone of continuous
permafrost. The uranium ore bodies occur in areas of deep permafrost.

In areas of continuous permafrost, unfrozen ground conditions can develop beneath lakes that do not
freeze to the bottom in winter. This unfrozen ground is referred to as “talik”. If a lake is large and
deep enough, the talik extends down to the deep sub-permafrost groundwater regime (“open talik”).
To support a talik, a lake must be deep enough to maintain an unfrozen bottom throughout the
winter. A 2 m thick ice coverage is assumed to develop in lakes at the Project site during the winter
months; therefore, lakes must be greater than two metres deep to support a talik.
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The depth of the talik formed beneath a lake is dependent on the size of the lake. When the size of a
lake is above a critical value, the talik beneath the lake will be an open talik that hydraulically
connects to the deep groundwater flow regime beneath the permafrost. Beneath smaller lakes that
do not freeze to the bottom during winter, a talik bulb that is not connected to the deep groundwater
flow system will form.

Most lakes in the Kiggavik Project area are relatively shallow and many freeze to the bottom in
winter. However several lakes near the Project site satisfy both the minimum dimensional and depth
requirements to support an open talik extending to the deep groundwater flow system. Figure 5.2-1
identifies lakes that satisfy these requirements. Taliks beneath larger lakes extend down to the deep
groundwater regime. The elevations of these lakes provide the principal driving force for deep
groundwater flow. Generally, groundwater will flow from higher elevation lakes to lower elevation
lakes.

5.2.2 Permafrost

Figure 5.2-2 shows examples of recent ground temperature profiles recorded in the Kiggavik Project
area. The data indicate that the depth of permafrost near the Main Zone, Centre Zone, and East
Zone deposits is shallower than in the area of the Andrew Lake and End Grid deposits. Permafrost
extends to a depth of about 210 m below ground surface in the area of the Main Zone, Centre Zone,
and East Zone deposits. Data collected at Sissons Mine Site indicate that permafrost extends to a
depth ranging from 240 m to 260 m below ground surface in the area of the Andrew Lake and End
Grid deposits. Stakeholder engagement indicates that even though it may not rain much, tundra
seems to have much water (EN-BL CLC 2007'%"); this is likely attributed to melting of permafrost
within the Project area.
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Location of lakes supporting
taliks within numerical flow
model domain
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5.2.3 Hydrostratigraphy

The deep groundwater flow regime was characterized during hydrogeological testing undertaken in
deep boreholes drilled through permafrost to the unfrozen ground below. A compilation of the
hydraulic conductivity values derived from the tests conducted during the 2008 to 2011 field program
is presented in Figure 5.2-3. Hydraulic tests conducted to date indicate that the hydraulic conductivity
(K) of the rock at the Project site is low.

Figure 5.2-3 also compares the Kiggavik Project results to hydraulic conductivity measurements from
the Meadowbank Project (Cumberland Resources Ltd. [Cumberland] 2005) and from a dataset
measured in metamorphic rock (Neretnieks 1990). The Neretnieks (1990) and Meadowbank Project
(Cumberland 2005) results are both considered to be reasonably representative of the Kiggavik deep
rock mass. The Neretnieks and Meadowbank data is not used within this assessment itself, but
rather presented for comparison to Kiggavik project data. The dashed line in Figure 5.2-3 indicates a
possible upper bound for the K values at depth. Hydraulic conductivities from the Neretnieks (1990)
and Meadowbank (Cumberland 2005) datasets range from 1x10-7 to 3x10-10 metres per second
(m/s) at 200 m depth and 2x10-8 to 7x10-11 m/s at 300 m depth. The tests at Kiggavik fall within this
range, with the exception of one test measurement completed in 2009; AND09-03 was tested at
1x10-6 m/s between 297 and 327 metres below ground level (mbgl). The results show that Kiggavik
data fits within other datasets collected in Canadian Shield rock.

Based on the review of site geology, hydraulic test results, and measurements of groundwater table
elevation, the following hydrostratigraphic units were identified for the Project area:

e Overburden: this unit does not substantially affect the deep groundwater flow system
because it has been shown to be discontinuous, limited to 5 m depth or less, and is only
active during the summer when the soil has temporarily thawed. The overburden was
modelled with a hydraulic conductivity of 5 x10-5 m/s and specific storage of 1x10-5 m-1.

e Permafrost: the permafrost was considered to be an effective aquitard, laterally
continuous, except under lakes that support open taliks. The permafrost was modelled
with a very low hydraulic conductivity (1x10-12 m/s). Specific storage was assumed to be
zero.

e Sub-permafrost units: the unfrozen rock “aquifers” were subdivided according to the
following sub-geological units: Metasediments, Granite, Orthoquartzite, Syenite, Gneiss,
and Barrensland Group. Hydraulic properties of each of the hydrostratigraphic units are
detailed in Figure 5.2-4.

AREVA Resources Canada Inc. Tier 2 Volume 5
Kiggavik Project FEIS Page 5-8 Aquatic Environment
September 2014 Section 5: Summary of Existing Environment



K(m/s) versus Depth (m)

50 -
T 100 1
8 150 1
5 s MZ-09-03
S 200 Ez1001 Gw-11.02 CW-1-01 I
o | -
2 e T I ANDW-08-04  Jczogor — T [MAO9
MZ-10-01
£ ol MZ-08-04 ANDW-08.01 TANDW-09-03
3 END-09-05 ANDW-09-01
S 350 {  END-09-01 END-09-11
$ 400 |
450 -
500
1.0E-11 1.0E-10 1.0E-09 1.0E-08 1.0E-07 1.0E-06 1.0E-05
Hydraulic Conductivity (m/s)
Tier 2 Volume 5 Figure 5.2-3
Aquatic Environment Compilation of single well Kiggavik
September 2014 pressure response tests result Project

Areva Resources Canada Inc.- P.O Box 9204 — 817 — 45" Street W — Saskatoon — S7K 3X5




Legend

Streams

Lakes and Ponds

Dyke

Major Fault

Major Fault with breccia

== = == Thelon Fault

o
9
N
2 / N
- o h
. / \\
- i \
KIGGAVIK = .

@ SITE R\

<A i ~ J

5 Km

Barrensland group _y“l
Gneiss (undiff) V-
Granite P
L
Metasediment y
Orthoquartzite ; g
Syenite I A L b
| \ o
\\’T',?— ;!
N
\
\\ /
\\
Y . SISSON
& SITE
W <"
/ iols ' N
f Pty
| -
|
|
\ y
\ /
\\
\\‘. 2 4
Depth (m)
5m- 100m- 215m- | 450m-
Unit 0-5m 100m 215m 450m 900m
Permafrost 1x10-12| 1x10-12 | 1x10-12 - -
Major Fault 1x10-7 | 1x10-7 1x10-7 1x10-7 | 1x10-7
Barrensland 5x10-5 | 3x10-7 | 3x10-8 [ 8x10-9 | 8x10-10
Gneiss 5x10-5 | 5x10-8 5x10-9 1x10-9 | 1x10-10
Granite 5x10-5 | 5x10-7 5x10-8 | 1x10-8 | 1x10-9
Meta-sediment | 5x10-5 | 5x10-9 5x10-10 |1x10-10| 1x10-11
Ortho-quartzite | 5x10-5 | 1x10-7 1x10-8 | 5x10-9 | 5x10-10
Syenite 5x10-5 | 8x10-8 8x10-9 3x10-9 | 3x10-10

Tier 2 Volume 5
Aquatic Environment
September 2014

Hydraulic conductivity (m/s)

Kx=Ky=10Kz

Figure 5.2-4
Geology units and hydraulic
conductivity distribution

Kiggavik
Project

Areva Resources Canada Inc.- P.O Box 9204 — 817 — 45" Street W — Saskatoon — S7K 3X5




5.2.4 Groundwater Flow Regime

Flow directions in the deep groundwater flow regime were first inferred from the elevations of the
lakes supporting taliks. The results indicate that the predominant groundwater flow in area of the
Main Zone, Centre Zone, and East Zone deposits is south towards Fox Lake, Pointer Lake, Jaeger
Lake, and Judge Sissons Lake. Groundwater in this area may also discharge to Sleek Lake, located
to the southwest, and Scotch Lake, located to the southeast. In the area of the Andrew Lake and End
Grid deposits, the predominant groundwater flow direction is inferred to be southeast towards
Boulder Lake and Judge Sissons Lake.

Figures 5.2-5 shows cross section views of the conceptual model of groundwater flow in the Kiggavk
and Sissons areas. Figure 5.2-6 shows the simulated steady-state hydraulic head distribution in the
sub-permafrost aquifer under pre-mining conditions. The figure also shows the areas where
groundwater is predicted to be artesian flowing.

5.2.5 Groundwater Quality

Groundwater sampling in a low hydraulic conductivity environment is challenging because of the
longer time required to obtain the volume of water necessary for sampling. In continuous permafrost
areas, the difficulties increase due to concerns regarding freezing of the drill hole. Only one hole was
successfully sampled for groundwater quality at Main Zone in 2009. Additional groundwater samples
were collected in 2010 and 2011 from artesian flowing exploration boreholes in the Bong area,
between Kiggavik and Sissons sites.

Cross-plots of major elements chloride versus (vs.) calcium and chloride vs. sodium were used to
compare the collected groundwater samples with other samples in the area over the previous 20
years. This analysis shows that there is a distinct chemical signature, indicated from the presence of
major ions (i.e., calcium, chloride and sodium), in the groundwater samples, compared to lake
samples, a rig circulation tank sample, and historic drill return samples, which all have very low major
element concentrations. TDS (total dissolved solids) for the groundwater sample and the historic
samples were calculated with the principal major element contributors to TDS (i.e., calcium,
magnesium, sodium, alkalinity, potassium, sulphate, and chloride). The TDS resulting from
laboratory analysis of the groundwater sample collected at about 250 m below ground surface is
3,500 milligrams per litre (mg/L). This TDS measurement is consistent with the compaosition of deep
groundwater in the Canadian Shield (Frape and Fritz 1987) at the depth that the sample was
collected.
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