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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.

¢ 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 Ltd. (AREVA) prepared this volume of the Environmental Impact Statement (EIS) to assess
the potential environmental effects of the Kiggavik Project (the Project) on the terrestrial
environment. Volume 6 focuses on the potential Project environmental effects on terrain, soil,
vegetation, and wildlife and wildlife habitat.

The primary Project components considered in the terrestrial assessment include all land-based
construction, operation, final closure and post closure infrastructure and activities. Two access road
options were considered in the assessment; a Winter Road and an All-Season Road. Three siting
options for the Baker Lake dock and storage facility were also included in the assessment.

Scope of the Assessment for the Terrestrial Environment

The NIRB developed the scope of the terrestrial assessment for the Project based on input from
Inuit, government, and other interested stakeholders. Inuit stakeholders have played a fundamental
role in raising awareness of potential Project interactions with the terrestrial environment.

Through Inuit Qaujimajatugangit (IQ) interviews and engagement activities, AREVA has learned
about the importance of the terrestrial environment to Kivalliq community members. This includes
the value of terrestrial resources to the Inuit way of life (IQ-BLH 2009", IQ-CIHT 2009?), concerns
and questions about potential contamination of the plants and animals (EN-BL HS Nov 2010°, IQ-
BLE 2009, EN-BL EL Oct 2012°), and the importance of protecting the terrestrial environment (EN-
BL NIRB April 2010°, EN-BL OH Oct 20127, EN-CH OH Nov 2010°). The value of the terrestrial

' 1Q-BLH 2009: Hunters emphasized that most people in Baker Lake still depend on caribou for food.

2 |Q-CIHT 2009: The people of Chesterfield continue to primarily depend on caribou, fish and seal.
Consuming country food is not considered ‘ritual food’ but the daily way of life.

3 EN-BL HS Nov 2010: What effect will mining have on the land?
* 1Q-BLE 2009: Elders are concerned that uranium may escape and contaminate the ground
® EN-BL EL Oct 2012: There will be lots of dust and animals like rabbits and wolves will be affected.

® EN-BL NIRB April 2010: Important that the company respect and protect the land, water and
animals.

" EN-BL OH Oct 2012: Will the berries and animals be protected if your mine goes ahead?
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environment and the scope of this assessment exemplify the IQ guiding principle of Avatimik
Kamattiarni (the concept of environmental stewardship).

Terrain, soils, vegetation, and wildlife were selected as valued environmental components (VECs)
for the terrestrial assessment because they have the potential to be affected by Project activities and
are of cultural and ecological importance in the Kivallig region.

For wildlife, key indicators were selected to focus the assessment on key species or species groups
that represent components of the broader resource. Wildlife species selected as indicators were:

e ungulates — caribou (Rangifer tarandus) and muskox (Ovibos moschatus)

e predators — wolf (Canis lupus)

e migratory birds — lapland longspur (Calcarius lapponicus), long-tailed duck (Clangula
hyemalis), and shorebirds

e raptors — peregrine falcon (Falco peregrinus)

e species at risk — short-eared owl (Asio flammeus), grizzly bear (Ursus arctos horribilis),
and wolverine (Gulo gulo)

No key indicators were selected for assessing Project effects on terrain, soils and vegetation.

Regulatory considerations pertaining to the terrestrial assessment include the Nunavut Land Claims
Agreement Act, Keewatin Regional Land Use Plan, Nunavut Wildlife Act, Species at Risk Act
(SARA), Migratory Birds Convention Act, and the Federal Policy on Wetland Conservation.

The terrestrial environment assessment is spatially bound by three assessment areas: the Project
footprint, the local assessment area (LAA), and the regional assessment area (RAA). The Project
footprint is the area of direct physical disturbance by the Project. The LAA is the maximum area
within which Project effects can be predicted or measured with reasonable accuracy and confidence.
The LAA consists of two different areas, the mine LAA and the road LAAs. The mine LAA was
represented by a 5 km buffer that encompassed the proposed facilities and the access road between
the mine sites. The LAAs for the two different road options are represented by a 5 km wide buffer
centered over the proposed road alignments. The RAA is a broader area within which cumulative
effects may potentially occur, or a VEC is broader ranging. The dock facility options are included

8 EN-CH OH Nov 2010: | am worried about the wildlife, will you protect it, make sure you don't harm
it?
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within the All-Season Road and Winter Road LAA boundaries. The RAA includes all of Judge
Sissons Lake and the southern portion of Aberdeen and Schultz lakes. It encompasses a minimum
buffer of 22 km around the Project footprint.

The temporal boundaries for the terrestrial assessments are generally based on the timing and
duration of effects over all phases of the Project (construction, operation, final closure and post-
closure). The total life span of the Project is expected to be 25 years, with post-closure extending
beyond the final closure phase.

A residual environmental effect caused by the Project is considered significant if it adversely affects
the long-term viability of the VEC. The significance of a residual environmental effect was determined
based on thresholds or standards identified for each VEC. In the absence of known thresholds or
standards, professional judgment was used to determine significance. A residual effect is considered
to be not significant if the effect causes a change in the VEC that is within the range of natural
variability, or does not affect the integrity of the VEC in a measurable or meaningful way.

Scope of the Assessment for Terrain

Existing Environment — Terrain

Surficial deposits consist mainly of glacial till and small local deltaic deposits in the RAA. Periglacial
geomorphic processes in the RAA are associated with the ground that is permanently affected by the
cold climate, consisting of an active layer (also known as thaw depth), excess ground-ice and a layer
of perennially frozen ground. Periglacial processes observed within the Mine LAA and RAA include
frost wedging and frost shattering, thaw subsidence and solifluction, which shaped various
landforms.

A typical top layer of surficial material profile in the Mine LAA consists of a thin organic soil layer
underlain by glacial till varying in thickness from less than one meter on ridges to several meters in
depressions, overlying moderately jointed bedrock with good rock quality. The surficial materials
have been historically grouped into six major deposits: glacial till or morainal, glaciofluvial;
glaciolacustrine, glaciomarine deposits, organic, and bedrock.

Major landforms are subdivided into four different types: common depositional, glacial, permafrost
sensitive and uncommon landforms. Common landforms are further subdivided into six types within
the Mine LAA: undifferentiated alluvial, glaciofluvial, glacial till or morainal, glaciomarine, organic and
bedrock landforms. The most common landform within the LAA is morainal. Alluvial, glaciofluvial,
morainal (glacial till), glaciomarine and bedrock landforms cover approximately 10.5% (3,786 ha),
less than 1% (200 ha), 84% (30,356), 0.3% (108 ha), and 5% (1,790 ha) of the Mine LAA,
respectively. Glacial landforms are dominated by hummocky, bouldery glacial till and scattered
boulder till moraines with frequent bedrock outcrops and shattered bedrock features in isolated
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exposures, elevated plateaus and elongated ridges (drumlins, and other glaciofluvial outwash
features) within the LAA. Permafrost sensitive landforms may be determined based on potential high
water and ground-ice content, high frozen bulk density of soil, fine-grained strata with high silt
content, position in the landscape, and slope types. Eskers are considered to be the most prominent
uncommon landforms within the LAA. They are isolated topographic features, but three esker-related
landforms have been identified within the LAA.

The Project site is located within the zone of continuous permafrost. Thickness of the active layer is
highly variable from 1 m in surficial sediments to 5 m in bedrock outcrops. The ground-ice content of
permafrost soil and rock is expected to be less than 10%.

Environmental Effects Assessment for Terrain

Issues related to Project effects on terrain identified through AREVA’s public engagement activities
and IQ interviews included potential changes in permafrost conditions, terrain stability and landforms.
Key concerns focused primarily on potential melting of permafrost due to uranium (EN-RI RLC Feb
2009°) and Project-related mining activities, and the cultural importance and use of landforms such
as hills (IQ-BL0O1 2008, IQ-BL09 2008"", IQ-BL11 2008").

Terrain was considered as a VEC for the assessment as it has the potential to be affected by Project
activities through changes in permafrost conditions, terrain stability and changes in landforms, and
has direct and indirect linkages with other VECs.

® EN-RI RLC Feb 2009: Does uranium melt the permafrost?

' |Q-BLO1 2008: People camped at the Kazan River in the spring, pitching tents on a hill so that they
could see all around

" 1Q-BL09 2008: There’s a hill that gets very foggy, | heard of it as Kinnga'tuag. | have heard that
you cannot go there or pass through. Thick fog starts to form on it when you go through there, you
cannot see anything.

'21Q-BL11 2008: There’s a nice big hill there that you can see way from a distance. The lower part is
very smooth, with a lake. That’s where my name sake is buried.
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A qualitative and quantitative approach was adopted for the terrain assessment based on the
previous experiences with similar projects in Nunavut and other parts of the Canadian Arctic, and
best professional judgment. Federal and territorial guidelines, regulations standards and/or
thresholds applicable to assess the effects of changes in terrain are not available. The terrain
assessment focuses on:

e changes in permafrost conditions and terrain stability due to vegetation clearing, changes
in terrain slope, redirection of surface drainage patterns, changes in sub-surface water
flow, excavation and blasting

e changes in landforms due to disturbance of eskers and other significant and sensitive
landforms

As climate change has the potential to change permafrost conditions, terrain stability, and landforms,
effects of climate change on Project effects to terrain has been taken into account in the assessment.

Thresholds are defined using the proportion of lost terrain surface or landform relative to the total
area of the Mine LAA and selected based on the general knowledge of the Arctic terrestrial
environment, professional judgment and the thresholds chosen for similar projects in Nunavut. A
residual environmental effect caused by the Project is considered to be significant if the Project
disturbance exceeds the threshold values of 30% loss of the terrain surface, 30% loss of common
depositional landforms, 15% loss of permafrost sensitive landforms or 15% loss of uncommon
landforms in the LAA.

Change in Permafrost Conditions and Terrain Stability

Two factors that determine change in permafrost are ground temperature and the volume of ground-
ice within the permafrost overburden. Ground temperature, in turn, is determined by several factors
including: air temperature, type and thickness of vegetation cover, organic soils insulation, rock type,
snow cover, and terrain slope. Site and vegetation clearing, potential change in terrain slope,
modification of surface water and drainage patterns, changes in subsurface water flow and any
destructive activities such as blasting may result in changes in permafrost conditions and terrain
stability.

Project activities that cause surface and subsurface disturbance can affect vegetation cover, organic
soil insulation and frozen overburden materials, which can change the overall permafrost conditions
and its distribution, and terrain stability. In turn, this can lead to a change in the abundance and
distribution of various landforms within the Project area.

Surface disturbances from construction and operation related activities will affect about 803 ha (or
2.2%) of the total 36,240 ha within the Mine LAA. This will be caused by the loss of vegetation and
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organic soil due to removal (645 ha; 1.8% of the LAA) and burial (158 ha; 0.4% of the Mine LAA).
Any changes in permafrost conditions and terrain stability as a result of the loss of vegetation cover
and organic soil will be confined to the Project footprint and will occur primarily during the
construction phase, although effects are expected to continue through the life of the Project until site
reclamation is complete.

The proposed All-Season Road alignment, if required, is expected to be 114 km long and
approximately 24 m wide and will extend from the Kiggavik mine site to the Baker Lake dock site
facility. The road will be built with rock material placed on top of the existing terrain (fill method),
which will protect permafrost and prevent terrain stability issues. The proposed road is designed and
routed on higher ground as these areas tend to contain less ground-ice, fewer drainage areas to
cross, are less prone to snow drifts, and generally contain more bedrock, as well as suitable quarry
locations. Routing the proposed road on higher ground will reduce geotechnical issues and road fill
required during construction. This will also reduce potential maintenance issues (e.g., snow drifts)
throughout the life of the Project.

Overburden materials at the dock site facility will be removed and stored. Following removal of the
overburden, a site pad will be constructed to provide thermal protection to the underlying permafrost
layer. Construction of the preferred dock site facility is estimated to disturb an area of approximately
25 ha.

Mitigation measures will be implemented in two ways: mitigation by design and discipline-specific
mitigation. Project design measures include minimizing the Project disturbance footprint and the
number of drainage areas affected by the Project components and activities, and avoiding surface
disturbance in high ground-ice areas to reduce potential for deepening the thaw depth and
associated thaw settlement and terrain stability. Discipline-specific mitigation include the
consideration of scheduling Project activities such as construction in permafrost sensitive areas
during the winter time where feasible, controlling vehicular traffic along roads, planning of proper
culvert locations, and construction and maintenance of roads susceptible to excessive groundwater
seepage. Other mitigation measures include sustaining safe construction and operation practices
within and adjacent to the Project footprint, management of drainage system around infrastructure,
insulation of infrastructure, and use of coarser materials for road construction.

With implementation of the mitigation measures, residual environmental effects of the Project on
permafrost conditions and terrain stability are expected to be low in magnitude, site specific, long
term and reversible. The level of confidence in this prediction is considered high as these mitigation
measures are widely used and well accepted practices for construction and operation of mining
projects in areas of continuous permafrost in the Canadian Arctic. The potential environmental
effects of changes in permafrost and terrain stability are predicted to be below the threshold for loss
in terrain and, therefore, are predicted to be not significant.
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Change in Landforms

Construction and operation activities, including excavation, placement of structural foundations, road
construction, airstrip construction, pads and quarrying, will cause surface disturbances that can lead
to a change or direct loss of surface materials due to stripping or burial of surficial deposits
associated with landforms. This can lead to a change in the quantity of common landforms and the
loss or change in uncommon landforms such as eskers. Project activities can also lead to changes in
permafrost conditions, which can cause a loss or change in permafrost sensitive landforms.

Mitigation measures to reduce and/or eliminate Project effects on landforms will take place during the
Project design and include minimizing the Project disturbance footprint, avoidance of uncommon
landforms, and reduction of the use of glaciofluvial landforms. Project design features to prevent
landforms susceptible to excessive surface and subsurface water seepage will be implemented,
which includes the planning and design of proper culverts, where necessary.

Any changes in landforms as a result of the Project will be confined to the Project footprint within the
Mine LAA, and will occur primarily during construction and, to a lesser extent, during operations and
closure of the Project. Of the total surface areas covered by alluvial, glaciomarine, bedrock and
glacial (till and moraine) landforms within the Mine LAA, about 0.6% (22 ha), 0.4% (less than 1 ha),
3.8% (68 ha) and 2.4% (720 ha) will be lost as a result of surface disturbances, respectively.
Approximately 2.2% of the total surface area covered by common depositional landforms within the
Mine LAA will be disturbed by Project activities.

Residual effects on landforms will be confined to within the All-Season Road LAA, and will occur
primarily during construction. The construction of the road will involve the burial of common
landforms. The total surface area of the All-Season Road LAA encompasses approximately
52,032 ha. The estimated surface areas covered by alluvial, glaciofluvial, glaciomarine, bedrock and
morainal (glacial till) landforms that are expected to be buried by the proposed road will comprise
6.65 ha (0.01%), 0.35 ha (less than 0.01%), 6.60 ha (0.01%), 65.76 ha (0.13%), and 148.02 ha
(0.28%) of the total area of the All-Season Road LAA, respectively.

No changes or loss of permafrost sensitive and uncommon landforms are expected to occur, as
glaciofluvial landforms will not be affected by the Project. With implementation of mitigation
measures, residual environmental effects on landforms are predicted to be low in magnitude,
spatially limited (site specific), permanent, will likely occur once, and are irreversible. The level of
confidence in this prediction is high as these predictions are based on experiences with similar
projects in the Canadian Arctic, and the mitigation measures are widely used and well accepted
practices for the construction and operation of mining projects in areas of continuous permafrost in
the Canadian Arctic. Changes in common depositional landforms as a result of the Project are
predicted to be below the threshold and, therefore, are expected to be not significant.
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Given the limited spatial extent of surface disturbance caused by the Project, residual effects on
terrain are expected to be low and considered to be not significant. Effects on terrain stability,
permafrost conditions and landforms due to construction and operation activities are not expected to
contribute to cumulative effects on terrain in the RAA.

A monitoring system of terrain will be established during all phases of the Project and include thaw-
depth monitoring within the mine, mine affected areas and roads, soil sampling and laboratory
analysis, and routine visual field inspection of terrain slope conditions and landforms within the mine
development and adjacent areas. Slope stability monitoring devices will be installed, if necessary.

Effects of Climate Change on Terrain

Climate change is expected to cause long-term effects on permafrost conditions and the stability of
terrain in the Canadian Arctic. However, the magnitude and extent of these effects will depend on the
degree and rate of warming. Thermal modeling results for long-term (2000 years) climate scenario
for the Project area indicate that if the mean annual ground surface temperature rises, a change in
permafrost depth will be evident at the base but not at the surface. Undisturbed ground surfaces
(natural ground) will likely retain permafrost after an assumed climate warming trend of 5°C in the
mean annual ground surface temperature. With implementation of permafrost design features with
due consideration of predicted long-term climate change in the Arctic, changes to terrain are
anticipated to be minor relative to the baseline condition and the residual effects are predicted to be
not significant.

Scope of the Assessment for Soils and Vegetation

Existing Environment — Soils

Soils near the Project are influenced by continuous permafrost within the top 2 m of the soil surface.
Twelve soil types for the Turbic Cryosol, Static Cryosol and Organic Cryosol classification subgroups
have been documented in the RAA.

The soils consist predominantly of a shallow organic veneer overlying fine to coarse textured glacial
till blankets, which vary in thickness from less than 1 m on bedrock ridges to more than 4 m in
depressions. The average depth of topsoil available for reclamation salvage (organic layers plus
organic enriched mineral soil, or A horizon) is approximately 11 cm, with a minimum of 3 cm in
upland lichen tundra, heath upland and heath tundra areas (Regosolic Turbic Cryosols), and a
maximum of 31 cm in low-lying wet graminoid and graminoid tundra areas with thick peats (Organic
Cryosols). Approximately 54% of the topsoil depth in any given area is peat organic material. The till-
derived mineral fraction of the soils is medium textured, with coarse fragment size typically ranging
from gravel to cobble. Coarse fragment content is typically low at the surface, and increases with
depth.
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Three of the baseline soil samples from the Kiggavik lease area had elevated trace element
concentrations per the Canadian Council of Ministers of the Environment (CCME) Industrial soll
guidelines (CCME 2009): one soil sample had an elevated arsenic concentration, and two samples
had elevated molybdenum concentrations. Four out of the five peat baseline samples collected in the
Kiggavik lease area had elevated concentrations of boron relative to the Industrial soil guidelines. No
samples from the Sissons lease area had elevated trace element concentrations. No sample
locations had elevated radionuclide concentrations.

Environmental Effects Assessment for Soils

Key issues identified for soil were changes in soil quality and changes in soil quantity. Potential
changes in soil quality may result from onland construction, mining, and milling activities. Changes
in soil quantity may occur during construction activities and on-land decommissioning work during
final closure. The importance of soil as part of the whole environment was identified in comments
received during IQ interviews and engagement activities (EN-Kiggavik Project Blog 2009", IQ-BLE
2009™).

Change in Soil Quality

Changes in soil quality were assessed based on air quality modeling to estimate potential acid inputs
(PAI) generated by the Project at the proposed mine sites, as well as dust deposition (metals and
radionuclides) generated by Project activities. Adverse effects on soil quality due to changes in
Constituents of Potential Concern (COPC) concentration were also evaluated based on comparisons
to CCME criteria and changes relative to baseline conditions. Potential changes in soil quality due to
admixing, compaction, and erosion were assessed qualitatively based on the nature and extent of
construction activities during Project development.

Mitigation measures for changes in soil quality will focus on reducing and/or preventing air
emissions, soil contamination from radiation, soil admixing due to construction activities, and soil
compaction and erosion throughout the duration of the Project. Mitigation measures to suppress dust
and reduce the amount of dust created by Project activities will also be implemented.

Air quality modeling predicted that changes in COPC concentrations in soils will be below the CCME
(2009) Soil Quality Guidelines. Approximately 81 ha outside of the Kiggavik mine site may be
exposed to PAI values above the critical threshold value. Project residual effects on soil quality due

'3 EN-Kiggavik Project Blog 2009: all the animals we eat rely on good soil

¥ 1Q-BLE 2009: Elders are concerned that uranium may escape and contaminate the grounds
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to air emissions and dust deposition are expected to be low in magnitude and localized in geographic
extent, and will likely be continuous in frequency and long term in duration but reversible.

Soil compaction will be kept within the confines of the Project footprint, and will be low in magnitude
as the majority of soil types identified within the Project footprint are less prone to compaction due to
their sandy texture and amount of coarse fragments. With implementation of the mitigation
measures, any residual effects caused by soil admixing and soil erosion are predicted to be
negligible. Residual effects of soil compaction are predicted to be low in magnitude, site specific in
geographic extent, medium term in duration, continuous in frequency, and reversible. Potential
residual effects on soil quality due to soil admixing and soil erosion are anticipated to be negligible.
Overall, changes in soil quality caused by the Project are predicted to be not significant.

Monitoring of soil quality through chemical analysis of soil samples, air emissions and dust
deposition will occur throughout the duration of the Project. Comparisons will be made between
chemical analyses results from soil samples to both air emissions and dust deposition results, as well
as to baseline values and CCME guidelines to identify and reduce adverse effects on soil quality
caused by the Project.

Change in Soil Quantity

Changes in soil quantity were assessed based on the maximum predicted area to be disturbed by
the Project. Effect mechanisms that can contribute to changes in soil quantity during Project
development include topsoil stripping, soil erosion, soil movement, and soil burial.

Mitigation measures identified to reduce and/or prevent Project-related effects on soil quantity
include construction and storage plans, as well as soil movement for preserving stripped topsoil for
reclamation purposes. Project design features, erosion control structures, and measures to limit the
amount of soil buried during construction will also be incorporated into the Project to reduce soil loss.

Depending on the Project development option selected, the Project will disturb an area ranging
between 931 ha and 1,205 ha, which represents less than 1 % of the combined LAAs. Of this area,
approximately 645 ha will be lost due to topsoil stripping, and between 286 ha and 560 ha will be lost
due to soil burial.

Project residual effects on soil quantity are expected to be low in magnitude, site specific in
geographic extent and reversible. The duration of time over which effects on soil quantity will be
detectable will vary depending on the effect mechanism, ranging between short term (i.e., soll
movement), medium term (i.e., soil erosion, topsoil stripping) and long term (i.e., soil burial). Effects
on soil quantity are expected to predominately occur during the construction phase, although soil
erosion may occur sporadically throughout the duration of the Project as a result of weather events
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interacting with the Project. With a high degree of confidence, it is predicted that residual effects of
the Project on soil quantity will be not significant.

An environmental monitor will be on-site during the construction phase to assist AREVA personnel
and contractors with implementing mitigation strategies to reduce the effects of the Project on soil
guantity, such as topsoil stripping and soil storage activities. Dust deposition monitoring will occur
throughout the duration of the Project to identify and mitigate potential effects on soils.

Effects of Climate Change on Soils

Climate change will likely have the most pronounced effect on soil quantity as a result of increased
soil erosion due to changes in temperature, precipitation, and wind. Soil susceptibility to erosion
would likely increase with increases in temperature, increases in precipitation and resulting runoff
and erosionand increases in duration and magnitude of wind events. Soils exposed by the Project
(e.g., overburden pile) would likely be most susceptible to soil loss.

Existing Environment — Vegetation

The Project region is dominated by tundra vegetation interspersed with lichen-dominated bedrock
outcroppings and boulder fields. Tundra vegetation is continuously underlain by permafrost and
characterized by short shrubs such as dwarf birch, willows and heath species, as well as sedges and
grasses, herbs, mosses and lichens. Fifteen ecological land classifications (ELC) map units have
been identified within the LAAs and RAA.

Wetlands (including all water bodies and watercourses) were identified within the RAA. The Wet
Graminoid ELC map unit was used to identify areas containing wetland vegetation that was assumed
to be waterlogged throughout the year. Approximately 20.5% (9,205 ha) of the mine LAA consists of
wetlands, compared to 32.8% (322,287 ha) of the RAA.

Inuit Qaujimajatugangit (IQ) studies indicated that certain plant species are of particular value to Inuit
for food, medicine, shelter and other human uses (IQ-Mannik 1998, IQ-RIHT 2009, IQ-CIE
2009", 1Q-Bennett and Rowley 2004'®). The most commonly mentioned plant species valued by

> |Q-Mannik 1998: In the past, other plants such as kanguuyat (cotton grass) were used as wicks for
lanterns and brown mosses were used in lanterns, as a match to start fires, and to create smoke to
ward off mosquitos. Lichen was also collected for fire.

'® |Q-RIHT 2009: Elders depend on cloudberries and other plants for making teas.

71Q-CIYA 2009: Tundra moss can be boiled to make a tea, and other plants were used to make
medicinal tea.
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Inuit during the public engagement sessions include black berries (Empetrum nigrum), cloudberries
(Rubus chamaemorus), blueberries (Vaccinium uliginosum), and cowberries (Vaccinium vitis-idaea).
Eleven of the 15 ELC map units identified contain these species.

Plant samples were collected and analyzed to determine baseline analyte concentrations that will be
used for comparison during environmental monitoring programs.

Environmental Effects Assessment for Vegetation

Key issues identified for terrestrial vegetation were changes in vegetation abundance and community
diversity and changes in vegetation quality. Changes in vegetation abundance and community
diversity may occur during construction activities and on-land decommissioning work during final
closure. Potential changes in vegetation quality may result from onland construction, mining, and
milling activities through to final closure.

The importance role of vegetation as part of the whole environment was identified in IQ interviews
and engagement activities (IQ-BLH 2009, 1Q- ARHT 2009%°, IQ-RBH 20112, ?%),

Change in Vegetation Abundance and Community Diversity

Vegetation abundance and community diversity could be adversely affected by the Project as a
result of site clearing, vegetation burial due to placement of infrastructure, and the introduction of
invasive species.

'® |Q-Bennett and Rowley 2004: Dwarf willows were used to make ‘avaalagiat’, the waterproof
bottom for bedding.

'91Q-BLH 2009: But even if we don't live traditionally, (because we live in town), and hunt and gather
as many different animals and plants as we used to, it is important to protect all wildlife, protect the
whole environmental system.

20 1Q- ARHT 2009: Hunters and elders expressed concerns about the potential for airborne
contamination settling on vegetation and being consumed by caribou.

21 1Q-RBH 2011: blackberries and blueberries are harvested.

22 |Q-RHB 2011: Broadleaf willow, fireweed, dwarf fireweed (leaves and flowers), and Labrador
lousewort (roots) are all eaten,
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Mitigation to reduce and/or prevent Project-related effects on vegetation abundance and community
diversity include measures to prevent destruction of sensitive species during Project development, as
well as efforts to limit the amount of vegetated areas affected by site clearing and vegetation burial.
The preservation of the vegetation seedbank within the stripped topsoil will facilitate natural
regeneration of native vegetation to reclaimed areas, with progressive reclamation occurring
throughout the life of the Project. The use of waterbodies and watercourses in selecting routing for
the winter road routing was an important consideration in limiting the amount of vegetation disturbed
by the proposed access roads. Prevention measures for introduction of invasive and/or non-native
vegetation will also be employed through the Project.

Depending on the Project development options selected, between 1,449 ha and 1,708 ha of upland
area that supports vegetation will be disturbed by the Project. Of this disturbed area, between 168 ha
and 175 ha (0.4 % to 0.5 %) of the wetland area within the LAA boundaries that supports vegetation
is predicted to be affected by the Project. Heath tundra is the ELC map unit likely to be most affected
by the Project, with a total disturbed area ranging between 685 ha and 813 ha (1.9% and 2.8 % of
the total area affected).

Regardless of the development options selected, the predicted residual effects of the Project on
vegetation abundance and community diversity are anticipated to be low in magnitude, site specific
in geographic extent, and occur primarily during the construction phase. Residual effects will be long
term in duration but will be reversible with reclamation. As such, the change in vegetation abundance
and community diversity is predicted to be not significant.

Monitoring for changes in vegetation abundance and community diversity will occur throughout the
duration of the Project. An environmental monitor will be on-site during all phases of the Project to
work with AREVA personnel and contractors to meet and comply with environmental regulations
associated with vegetation. Permanent sampling plots will be established around the Project
Footprint and adjacent to the proposed access roads. These sampling plots will be routinely
surveyed and assessed to measure potential changes in vegetation abundance and community
diversity. Monitoring for invasive species will be completed throughout the duration of the Project,
and, if identified, attempts will be made to remove any invasive species within or adjacent to the
Project footprint.

Change in Vegetation Quality

Construction and operation activities of the Project will affect the quality of vegetation within the LAA
as a result of air emissions from fossil fuel combustion and dust deposition. Air quality modeling was
undertaken to predict the effects of potential acid inputs (PAl), nitrogen oxides (NO,), and sulphur
dioxides (SO,) on vegetation quality. Dust deposition was also modeled to determine changes in the
concentrations of COPC within different classes of vegetation (i.e., berries, browse [e.g., willow,
birch], forage [e.g., sedges, grasses], and lichen) to determine whether these changes will be within
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phytotoxicity limits. People have raised concerns about the potential f or Project activities to
contaminate plants, including berries (EN-BL CLC Jul 2010%).

To reduce the effects of air emissions on vegetation, all industrial machinery and equipment, and
diesel-powered generators will meet the federal air emission standards. Low sulphur diesel fuel will
be used to reduce SO, fumigation. The acid plant will be the largest producing unit of SO, associated
with the Project. As such, a scrubber will be installed on the exhaust stack to remove particulates,
acid mist and excess SO..

During the detailed design of the roads, efforts will be made to use non-calcareous materials from
quarry sites to minimize dust-prone aggregate from being used during road construction. During
open pit mining, blasting patterns will be used to control the dispersion of materials as well as dust.
Where possible, blasting may also be avoided on days where dust dispersion outside of the Project
footprint is anticipated to be excessive due to the prevailing winds speeds. Dust suppression will
involve spraying water from a tanker truck affixed with either a spray nozzle or spray bar onto dust-
prone areas. If water spraying is not effective in preventing dust occurrence, additional dust
suppression techniques will be investigated and implemented. Speed limits around the mine site and
along all roads will be imposed to reduce airborne dust from vehicular and other equipment traffic.

About 81 ha of vegetation adjacent to the Kiggavik mine site, representing about 0.2% of the total
mine LAA, will likely be exposed to PAIl above the threshold value of 0.25 keg/halyear. Dust
deposition (measured as Total Suspended Particle [TSP]) above the threshold of 0.25 g/m2/year will
affect about 20 ha and 16 ha at the Kiggavik and Sissons mine sites, respectively. The proportion of
ELC map units potentially exposed to dust above this threshold value represents about 0.08 % of the
mine LAA. No effects on vegetation quality are expected as a result of exposure to NO, or SO, from
the Project, as the incremental annual maximum concentrations are below benchmark guidelines.

Predicted concentrations of COPC in browse and forage are predicted to be below the minimum
available phytotoxic concentrations, with the exception of zinc in browse and forage and cobalt and
copper in browse. It is important to note that baseline levels of zinc, cobalt, and copper were found to
naturally occur at the upper critical level for pytotoxicity concentrations. A change in the COPC
concentration relative to baseline is not expected and predicted concentrations do not exceed upper
thresholds. Consequently, no adverse effects on vegetation quality are expected to occur. There is
the potential for a measureable change in the concentrations of several COPC in lichen at the
Kiggavik mine site. The effect that the measurable change in COPC will have on lichen is unknown,
as appropriate thresholds for effects on lichen are not known. Concentrations of COPCs in terrestrial
vegetation will be monitored periodically during operations and decommissioning to confirm
vegetation quality predictions.

2 EN-BL CLC Jul 2010: would the berries and cloudberries have radiation on them?
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Project residual effects on vegetation quality are expected to be low in magnitude, except for dust
created during mining operations when effects are likely to be moderate. While changes in
vegetation quality due to dust deposition are expected to be local in geographic extent, effects from
air emissions will likely be more regional in extent. The residual effects are anticipated to occur
continuously throughout the duration of the Project and the effects will be long term in duration but
reversible. As such, changes in vegetation quality as a result of the Project are predicted to be not
significant.

Effects of Climate Change on Vegetation

Climate change can influence Project effects on vegetation. An earlier snowmelt that extends the
growing season due to temperature increases can accelerate any potential changes in vegetation
abundance and community diversity caused by the Project. Changes in vegetation composition from
a tundra sedge community to either a graminoid or shrub community in areas adjacent to human
development have been documented, and climate change has the potential to facilitate and
accelerate this change.

Climate change may also provide more favourable growing conditions for non-indigenous species,
especially in areas disturbed by the Project. To prevent the introduction of non-indigenous vegetation
to the Project area, all equipment and machinery will be cleaned of foreign particles (e.g., soil,
thatch) prior to initial transport to the Project (i.e., prior to loading onto the barge, or shipping by air).

Scope of the Assessment for Wildlife

Caribou and muskox were chosen as the indicators for the assessment of effects on terrestrial
wildlife and habitat based on comments from engagement activities and 1Q interviews describing the
importance of these species to Kivalliq community members (IQ- BL0O2 2008%*, EN-RI KWB Oct
2009%, EN-CH OH Nov 2010%, IQ-BL04 20087, IQ-ARVJ 20112%, EN-CH OH Nov 2010%).

4 1Q- BL02 2008: Our main food sources were caribou and fish.

% EN-RI KWB Oct 2009: We rely on country foods and these have to be protected.

% EN-CH OH Nov 2010: | am worried about the wildlife, will you protect it, make sure you don’t harm
it?

" 1Q-BL04 2008: We would be camping mostly around [caribou] crossings in the spring when they
are shedding and we could have enough meat to dry, and in the fall when the skins are good for
clothing.

2 1Q-ARVJ 2011: Muskoxen are hunted for their meat and skins.
9 EN-CH OH Nov 2010: Wildlife is the most important VEC group.
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Other terrestrial wildlife present in the RAA either exist at low densities where a change from
baseline condition would be undetectable, or effects would be linked to effects on caribou and
muskox (e.g., mortality risk, habitat loss, movement). An assessment of wolf denning habitat was
conducted at the request of the Government of Nunavut Department of Environment (GN DoE).
Lapland longspur and long-tailed duck were the indicators for Project effects on migratory bird habitat
and health because they represent an upland songbird and a waterbird. Shorebird habitat was also
included at the request of the GN DoE. Peregrine falcon was the indicator for raptors because they
habitually return to nest within the same territories for many generations. Short-eared owl, grizzly
bear and wolverine were included in the effects assessment because they are wildlife species at risk.

Caribou and Muskox

Key issues related to effects on caribou and muskox include

1. direct effects of increased mortality risk from potential vehicle collisions and indirect
effects from increased harvester access from the all-season access road (EN-BL NIRB
April 2010%);

2. reduced habitat availability from the Project footprint that results in a direct loss of
foraging habitat, and sensory disturbances that result in an indirect loss of functional
habitat (EN-RB NIRB April 2010%', EN-AR NIRB May 2010%);

3. change to seasonal movements from physical structures (e.g., road embankment, open
pits, buildings) and sensory disturbances that could directly affect seasonal movement
(EN-CH NIRB May 2010%, EN-BL NIRB April 2010°**); and

4. change in health as a result of ingestion of contaminants (e.g., consumption of forage
mixed with dust) (EN-CI KIA Apr 2007%, IQ-ARHT 2009%°).

% EN-BL NIRB April 2010: Concerned about wildlife and disruptions by environmental changes.
¥ EN-RB NIRB April 2010: Concerned with wildlife habitat

%2 EN-AR NIRB May 2010: Concerns over potential effects of noise on migrating animals and the
need to put in place mitigation measures.

% EN-CH NIRB May 2010: Have any studies been done in regards to the caribou migrating through
the area and on the caribou calving grounds?

% EN-BL NIRB April 2010: Caribou migration routes are very important in the region.

% EN-CI KIA Apr 2007: Caribou eat off the ground and then we eat the caribou. If they get sick, we
get sick. We'll get diseases.
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Only caribou are assessed for effects on movement because muskox do not make traditional
seasonal migrations from wintering to calving areas (IQ-CI03 2009%); consequently, changes to
muskox movement are covered in the assessment of habitat use.

Key Project components related to these potential effects include site clearing (habitat loss), mine
operation (reduced habitat effectiveness), road construction (habitat loss) and operation (mortality
and reduced habitat effectiveness), and milling (noise and dust and influence on habitat
effectiveness and dust effects on forage and ultimately wildlife health).

Increased mortality risk is considered significant if herd-specific mortality is increased beyond a level
of sustainable harvest. There is no known existing standard or threshold for determining a significant
loss of habitat for caribou or muskox. Based on professional opinion, experience from other northern
projects, and knowledge of caribou and muskox ecology, Project effects on habitat availability are
considered significant if greater than 5% of caribou growing or winter range becomes unsuitable for
use by caribou, or muskox wildlife management unit MX/21 becomes unsuitable for use by muskox.
In absence of published thresholds, effects on movement are considered significant if greater than
10% of the animals in a herd are diverted by Project activities such that the animals do not arrive at
calving grounds or wintering areas. For health, the estimated exposure to both non-radioactive
contaminants and radioactivity received by the biota, considering both baseline and Project
emissions, is compared to levels that are protective of mammals.

Mortality Risk — Increased mortality risk was quantified by determining the caribou and muskox
herds that are most likely going to be exposed to increased Project-related collisions (direct effect)
and hunter harvest (indirect effect) west of the Thelon River during the snow-free season (EN-BL OH
Oct 2012%®). Information used to assess these effects included population status of trends of herds,
current harvest levels, and identification of Total Allowable Harvest (TAH) limits. The all-weather road
option was the focus for assessing potential increased mortality risk on caribou because it was the

% 1Q-ARHT 2009: Hunters and Elders expressed concerns about the potential for airborne
contamination settling on vegetation and being consumed by caribou.

¥ 1Q-CI03 2009: Musk ox do not migrate and travel very slowly. If old tracks are seen in an area,
they will still be in the area. Musk ox stay in an area where there is vegetation, and only move when
it is gone

% EN-BL OH Oct 2012: There are at least 40 ATVs some days on the Meadowbank road. Likely
more (caribou) are taken because of the ease.
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option that would allow hunters access to a previously inaccessible area during the ice-free season,
and caribou harvest currently does not have a TAH.

The Qamanirjuaq herd is expected to interact with the Project during the post-calving aggregation
and summer dispersal periods, and the Baker Lake (Resident) herd is expected to interact with the
Project during the winter. Muskox within wildlife management unit MX21 are expected to be found in
the RAA year round. The RAA has been traditionally used for hunting year round. Based on harvest
location statistics collected as part of the Nunavut Wildlife Management Board Harvest Study,
relatively few caribou have been harvested recently in the RAA. There is no available information on
trends or proportions of mortality from natural causes such as disease or predation.

Mitigation for mortality is the combined responsibility of AREVA, other parties, and regulatory
agencies. AREVA can implement a number of control measures to limit harvest along the road.
These include controlled public access, no-hunting buffers, temporary shut downs, and reduced
speed limits. Other agencies may be interested in monitoring harvest and populations, and
establishing TAH limits. Ultimately, the potential cumulative additional harvest of caribou could
require mitigation and management intervention by management authorities.

Following mitigation, it is predicted that residual effects on caribou mortality risk from the mine and
access road options will be not significant. Effects of the mine and winter access road options on
Qamanirjuaq caribou are expected to be not significant because these caribou should be mostly
absent from the RAA during the winter season. The all-weather road has the potential to provide
access to the RAA during the snow-free season when Qamanirjuaq caribou are in the area, which
could increase the proportion of Qamanirjuaq animals taken only in the late July/August season.
However, application of mitigation measures (i.e. access control) will help to manage the potential for
increased mortality risk from harvest. There is a low potential for direct mortality risk from collisions
with caribou along the access roads. Collisions with vehicles along the winter road will be unlikely, as
reduced speed limits should allow vehicles to stop quickly if caribou are on the road. The all-weather
road has faster speed limits, but vehicles should still be able to avoid collisions with caribou,
particularly with communication among vehicles travelling the road.

The contribution of the Project to cumulative effects on mortality risk to caribou, and ultimately to the
sustainability of the Qamanirjuaq and Baker Lake caribou herd populations will be not significant.
While access options could have an indirect effect on caribou harvest, it is not clear if that harvest
will be additive or compensatory to what is already harvested by Baker Lake Hunters. The
Qamanirjuaq herd seems to be the herd at greatest risk of increased harvest as a result of harvester
access during the ice-free season. However, it appears that only a small portion of the herd is found
in the RAA when the road provides access, and they are only in the area for a brief time. It is
possible that tens of additional caribou could be harvested in the brief time that they are in the RAA.
However, the determination of this possible effect is based on broad estimates of both current
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harvest rates and current caribou population numbers. Better knowledge of both is necessary for all
parties to make a more informed decision.

Compliance and environmental monitoring for change in mortality to caribou and muskox can include
AREVA’s 1) support of a Hunter Harvest Study to help determine total harvest by herd; 2)
participation in the Government of Nunavut (GN)-led caribou collaring program to determine
seasonal distribution by herd; 3) support of a GN-led population estimate survey to determine
regional herd population trends; and 4) Project-specific caribou monitoring programs (ground-based
observations; EN-BL OH Oct 2012%).

AREVA considers it a high priority to work with interested parties on implementing effective and
consistent mitigation to manage the potential increased mortality risk as a result of the all-season
road access.

Habitat — A habitat unit index was developed to assess the overall loss of caribou and muskox
habitat availability within the RAA. The index is based on assigning a ranked value to each habitat
class (i.e. high=3, moderate=2, low=1, nil=0). The quality of all ELC units within the Project footprint
will be “nil” once the Project is constructed. The winter road option will remove habitat in winter, but
the majority of the habitat (minus the amount that is damaged from the footprint) will be available
again each summer when the road is decommissioned. Indirect loss of habitat was assessed by
reducing habitat quality for growing and winter seasons within the mine site and access road options.
Habitat quality within the mine site Zone of Influence (ZOl) was reduced by 2 classes to a minimum
of low within <7 km of the mine footprint, and by 1 class to a minimum of low between 7 and 14 km of
the mine footprint. Habitat quality within each access road option ZOIl was reduced by 2 classes to a
minimum of low within <1 km of the access road footprints, and by 1 class to a minimum of low
between 1 and 4 km of the access road footprints.

AREVA will mitigate potential adverse effects on caribou and muskox habitat by: 1) minimizing the
Project footprint, 2) minimizing Project activities outside of the footprint; 3) reducing road activity
during important migratory seasons and during post-calving; 4) progressively reclaiming disturbed
areas; 5) providing dust suppression along roads during dry summer periods (EN-BL OH Nov
2013%°); and 6) eliminating dust dispersal from the tailings management facility through subaqueous
deposition of tailings.

Following mitigation, the effect of the Project on caribou and muskox growing and winter season
habitat will be not significant. Habitat effects will be substantially less than the 5% in the seasonal

% EN-BL OH Oct 2012: Will you hire someone to ensure wildlife is not disturbed on the road?

9 EN-BL OH Nov 2013: Dust from road. What will AREVA do to suppress dust?
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ranges. For caribou, the mine and all road options will reduced habitat effectiveness in less than 1%
within the range of the focal caribou herd. For muskox, the mine and all road options will reduce
habitat effectiveness in less than 5% within muskox management unit MX/21.

Currently, there are few human activities in the region that affect wildlife. The Meadowbank mine and
regional communities are the greatest sources of wildlife habitat effects. The addition of the Kiggavik
Project to these disturbances is not expected to measurably reduce the amount of caribou and
muskox habitat within their ranges or management unit. Mineral exploration is currently not causing
substantive loss of habitat. Although there is the potential for future mine development in the region,
given the history of such developments, the likelihood of multiple future mines existing at the same
time as the Project is low. The cumulative change to habitat availability for caribou and muskox as a
result of the Project is therefore assessed as not significant.

AREVA will monitor the Project footprint on an annual basis to assess the footprint area for changes
in habitat availability. AREVA will continue to support the GN-led caribou collaring program; this
program will provide future information on the response of caribou to habitat disturbance in the
Kivallig region.

Movement — Caribou migration between calving grounds and winter range was the focus of the
assessment of Project effects on animal movement. Minimizing effects on caribou migration is an
important component for reducing Project effects on wildlife movement (IQ-BLHT 2011*"). Muskox
move at relatively small scales (i.e., no long distance migration) between available habitats within
their range and their movements are less directional and predictable than those of caribou.

The Project could affect caribou migration and localized movements through construction of
infrastructure and human activities that change, restrict or block caribou movement across the
landscape.

Information used to assess Project effects on caribou movement comes from caribou collar data, 1Q
studies, and baseline wildlife studies. The potential effect of the Project on caribou movement was
assessed by examining possible interactions with the Project during spring and fall migrations. Three
assumptions were made in the assessment regarding collar data: 1) the collar data are
representative of the entire herd; 2) caribou movement between collar relocations is a straight line;
and 3) caribou movement during the collaring period reflects movement in the future. Analyses
completed included: analyses of encounter and residency rates with the Project ZOIl to estimate
potential caribou interactions with the Project; and identification of all water crossings within 10 km of
the Project footprint.

*11Q-BLHT 2011: Caribou is a huge part of our diet. Caribou migration is very important.
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AREVA will mitigate effects on caribou movement by: 1) minimizing road embankment height of the
all-weather road; 2) snow management that avoids long continuous cuts or piles of snow that could
restrict spring migration across roadways; 3) reducing leg entrapment risk to caribou during fall
migration by constructing roads from finer material; 4) avoiding construction activities within 10 km of
designated water crossings from 15 May to 1 September, in accordance with the DIAND Caribou
Protection Measures (EN-BL NIRB April 2010%%); 5) minimizing the use of fencing and, where
required, minimize the lengths of fencing unless required for safety; and 6) implementing temporary
road shutdowns if large numbers of caribou are observed migrating through the area (IQ-BLHT
2011*%, EN-BL HTO Mar 2009*%).

Project residual effects on caribou movement will be not significant. Only small portions of the
Qamanirjuaq. Ahiak, Lorillard and Wager Bay herds are expected to interact with the Project during
various seasons. Water crossings are within 10 km of the road options, so disturbance at those sites
are readily mitigated by reducing or stopping traffic near those areas if they are being used in any
given year. Residual effects on movement are expected to be not detectable and therefore will not
contribute substantially to cumulative effects.

AREVA will conduct the following monitoring for change in movement of caribou and muskox: 1)
ongoing contributions by AREVA to a government-led caribou collaring program; 2) monitoring
caribou use of water crossing that are within 10 km of Project activities; and 3) seasonal monitoring
of caribou movement prior to caribou entering the RAA as a proactive way of providing information
that will advise temporary shutdown of traffic on roads.

Health — Emissions from the Project can affect the concentrations of COPC in the environment (e.g.
water, soil, vegetation) which, in turn, could affect the exposure of caribou and muskox as they
consume these items. The potential for these emissions to cause adverse effects in the populations
of caribou and muskox was evaluated (IQ-Nunavut Tunngavik Inc. 2005*°). The COPC used in the

“2 EN-BL NIRB April 2010: Importance of water crossings, annual migration routes (summer as well
as winter ranges) needs to be considered especially regarding the road option.

*31Q-BLHT 2011: According to traditional caribou hunting practices, the first group of themigrating
herd must be allowed to pass through an area undisturbed. After a few days, the hunting can
commence.

* EN-BL HTO Mar 2009: When there is a herd, the leader of the heard is followed quite closely by
the rest of the heard, and nobody tries to disturb the heard to not disrupt the migratory route.

*>1Q-Nunavut Tunngavik Inc. 2005: The contamination of wildlife is a concern in itself, not just
because of the potential repercussions on country foods; the focus of contaminants research should
therefore not focus exclusively on human health
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assessment include uranium and the uranium-238 decay series (thorium-230, lead-210, radium-226,
and polonium-210), arsenic, cadmium, cobalt, copper, lead, molybdenum, nickel, selenium, and zinc.
The exposure to COPC were estimated using the predicted environmental concentrations and
assumptions about how much the caribou and muskox consume. The amount of time that the wildlife
spend in the area is also an important factor. The results show that exposure to caribou or muskox is
not expected to exceed exposure levels associated with adverse health effects; therefore no adverse
effects on caribou or muskox health are expected.

Combined and Cumulative Effects - A conservative assessment based on the Qamanirjuaq herd of
combined effects (i.e, disturbances to mortality, habitat, movement and health are considered),
indicated that overall, the Project will have little effect on caribou energetics, and no measurable
effect on population projections through to 2040. The number of Qamanirjuaq caribou is predicted to
increase through that time period with or without the presence of the Project. The confidence in this
prediction is moderate because all data used in the modelling were not specific to the caribou herd,
because of possible errors in assumptions, and because predictive population models are subject to
errors that may be due to changing environmental features that may be beyond the capability of the
model to address.

The Project removes a very small amount of habitat (0.001%) from within the combined caribou
ranges. Within individual ranges, the loss ranges from 0.004% to 0.007%. The loss is so small within
each herd’'s range as to be not significant. Total cumulative loss due to all disturbances within the
cumulative effects assessment area amounts to, at most, 0.4%, and is consider not significant. The
maximum loss of muskox habitat, using an assessment process that errs on the side of precaution, is
~3% of MX/21. These numbers likely represent an over-estimate of loss of habitat to footprints.
Mitigating cumulative loss of habitat, should it increase to be of concern, requires management
beyond the capabilities or responsibilities of AREVA. Mitigation of cumulative loss of habitat, and
cumulative effects in general lies in collaboration with government, management partners, and the
land use planning process.

Climate Change — Climate and ultimately, weather, directly influences the body condition of caribou
which, in turn, affects survival and mortality rates. Caribou survival is influenced by a number of
climate-related parameters at different times throughout the year. Climate variability can influence
factors that affect caribou mortality directly, such as summer insect harassment, or indirectly, such as
winter severity and spring snow free date. If a suite of negative climate conditions for caribou occurs
(i.e., deep winter snow, hard snow crust, late spring snow free date, and extreme summer insect
harassment), survival rates will undoubtedly decrease from baseline conditions. However, these
effects will likely not be detectable within the 20 to 30 year life of the Project.

Effects of climate change on caribou and muskox populations may occur gradually throughout the life
of the Project. Due to the relatively short life of the Project and the predicted changes in climate
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conditions during this period, it is unlikely that climate change will increase Project effects on
terrestrial wildlife or habitat.

Wolf

The Arctic wolf is listed as ‘Secure’ and has not been identified as a species at risk or of concern by
COSEWIC or SARA. Wolves are important to Kivallig community members and are particularly
valued for their pelts (IQ-RBJ 2011, IQ-RBYA 2009*"). Based on available information, wolves
appear to be widespread and range across the entire RSA. No particular area, other than possible
den sites, appears to be of critical importance. Wolf populations are likely stable or increasing within
their Nunavut range, but regional population trends remain poorly understood. Very little
demographic information is available for wolf, although they are more common and generally seen
singly or in small packs ranging from three to seven animals.

Habitat — Ground disturbance and sensory disturbances can affect wolf den sites. The magnitude of
the Project effects is predicted to be moderate during construction, operation, and final closure
phases. While the size of the Project footprint is very small at the scale of the affected wolves’
ranges, mine associated activities will reduce the suitability of habitat up to 2 km from the Project
footprint resulting in a moderate loss of habitat. After final closure, the Project footprint may become
useable as denning habitat, consequently the magnitude of the predicted effect remains low beyond
the life of the Project. There is general consensus that human disturbance causes large wildlife to
avoid areas at the scale of kilometres. The extent of avoidance can vary according to local
environmental and topographic conditions, consequently, the confidence in the predicted effect of the
Kiggavik Project on wolves is moderate.

The All-Season Road will have the largest footprint and disturbance of the two road options. This will
cause the greatest reduction in denning habitat compared to the other road option because of the
larger footprint and greater time (eight months) of disturbance. The winter road will be active roughly
three winter months each year.

Raptors

Peregrine falcon was the focus for the effects assessment on raptors. Other raptors that occur in the
RAA either exist at low densities and a change from baseline condition would be undetectable, or
effects would be similar to effects on the indicator species. Activities during construction, operation
and closure have the potential to affect the habitat, nest productivity and health of raptors in the RAA.

% 1Q-RBJ 2011: Wolves are hunted and wildlife hunter bought the skins and some sold to Arctic
college for clothmaking

*"1Q-RBYA 2009: people continue to hunt wolf deliberately, not for food, but to sell the pelts.
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Key issues related to effects on peregrine falcons include: 1) reduced habitat availability from the
Project infrastructure footprint that results in a direct loss of foraging habitat, and sensory
disturbances that result in an indirect loss of functional habitat; 2) indirect effects of reduced nest site
productivity from sensory disturbances from mine operations and road traffic at nests close to these
activities; and 3) change in health due to radionuclide and metal content transfer through the food
chain.

Based on professional opinion, experience from other northern projects, and knowledge of raptor
ecology, Project effects on habitat availability are considered significant if greater than 10% of the
habitat units in the RAA are directly affected by Project activities. A Project effect on productivity is
considered significant if average productivity for the nests located to date in the RAA drops below
1.25 chicks/territorial pair/year. For health, the estimated exposure to both non-radioactive
contaminants and radioactivity received by the biota, considering both baseline and Project
emissions, is compared to levels that are protective of birds.

Habitat — The Project footprint will result in a direct loss of raptor foraging habitat. The footprint is
expected to provide no usable habitat for raptors once the Project is constructed. The Project will
also result in an indirect loss of raptor forage habitat because of human disturbance (presence,
noise, and movement) in proximal habitats. No nest sites are known to occur within the Project
footprint; hence development of the site will not result in loss of nests (IQ-BL05 2008®).

To assess the overall loss of peregrine falcon habitat availability within the RAA, habitat types were
ranked as nil, low, moderate and high quality habitat. Most of the RAA is considered high to
moderate quality foraging habitat. Nine peregrine falcon nest sites were found, all located on the
rocky cliffs within or adjacent to the All-Season Road access route.

AREVA will mitigate potential adverse effects on raptor habitat through: 1) minimizing the Project
footprint; 2) minimizing Project activities outside of the footprint; 3) progressively reclaiming disturbed
areas; 4) providing dust suppression along roads during dry summer periods; and 5) eliminating dust
dispersal from the tailings management facility through subaqueous deposition of tailings. The
Project footprint is reduced with the winter road option, thus habitat loss and the likelihood of the
Project acting cumulatively with other projects in the Kivalliq region is reduced.

After mitigation, the mine site and all-weather road will result in a direct loss of 1,780 ha of previously
usable foraging habitat. The Project is anticipated to reduce the availability of foraging habitat by
5.8% of the habitat units within the RAA. Given the size of the expected ZOlI, all effects are expected
to be confined within the LAA. The loss of habitat is reversible as prey species will use previously

8 1Q-BL05 2008: Because the Kiggavik area is mostly tundra, | don’t know if it would be a place for
nesting because birds mostly have their nests along a river or where there is an island.
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disturbed areas as the mine site is reclaimed actively and naturally. The road option that will have the
greatest effect on raptor habitat is the all-weather road because of the larger footprint and larger ZOl.
The extent of the Project footprint will be monitored on an annual basis to confirm habitat loss
predictions.

The Project is not anticipated to act cumulatively with other projects to cause a biologically relevant
reduction of habitat availability in the region. The losses of habitat are minor and will not add
substantially to cumulative losses of habitat in the region. Other projects have not had a substantial
effect on raptor habitat. Therefore the existing cumulative effect (base case) is not significant and the
project contribution to existing cumulative effects is not significant.

Nest Productivity — Nest productivity is considered stable if productivity remains at an average of
1.25 chicks/territory/year. The mine site (Project footprint) and the winter road option do not interact
with breeding peregrine falcons. All known nesting sites are within or proximal to the All-Season
Road LAA. Because falcons annually return to cliff nest sites over many generations, the limited
number of sites (9) proximal to the All-Season Road, and the relative ease of follow-up monitoring,
effects are assessed on a territory by territory basis for the All-Season Road option.

Continued exploration activities, construction, and operations have the potential to interact negatively
with peregrine falcons. Continued aircraft use at the site has the potential to disturb peregrine
falcons. The degree of response to disturbance is associated with the stage of the breeding season.
Key mitigation for ensuring continued productive nesting in the RAA includes no-disturbance around
nest sites when activities must occur during the breeding season, construction outside of the
breeding season when disturbance must occur near nest sites, and a no-fly zone around active nest
sites for regularly occurring ferrying flights.

The effect of the Project on raptor nest productivity will be not significant. The footprint of the mine
and the winter road option do not interact with known raptor nest sites. Mitigation measures for nest
sites near the all-weather road during the breeding season are expected to reduce the potential for
adverse effects on raptor nest productivity. During operation, no or very few raptors will be exposed
to disturbance sufficient to affect the productivity of their nest.

Monitoring for change in raptor nest productivity will include individual nest site monitoring during
construction to determine when territorial pairs are attempting to establish a territory and begin
nesting (and thus establish a no disturbance buffer), and annual monitoring of territory occupancy,
egg laying, egg hatching, and chick fledging (i.e., productivity) of the nests identified in the baseline
study.

Health — Emissions from the Project can affect the concentrations of COPC in the environment
(e.g., water, soil, small mammals) which, in turn, will affect the exposure of raptors as they consume
these items. The potential for these emissions to cause adverse effects in the populations of
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peregrine falcon was evaluated. The COPC included in the assessment were uranium and the
uranium-238 decay series (thorium-230, lead-210, radium-226, and polonium-210), arsenic,
cadmium, cobalt, copper, lead, molybdenum, nickel, selenium, and zinc. The exposure to COPC can
be estimated using the predicted environmental concentrations and assumptions about how much
the peregrine falcon consume. The amount of time that falcon spend in the area is also an important
factor. The results indicate that exposure of peregrine falcons to COPC will not exceed exposure
levels associated with adverse health effects in birds; therefore no adverse health effects on raptors
are expected to occur.

Climate Change — Cumulative effects of climate change on raptors and habitat are expected to be
negligible over the 20 to 30 year life of the mine. If peregrine falcons are affected by climate change,
it will occur via indirect effects. A study in nearby Rankin Inlet, Nunavut, found a strong correlation
between the highly variable breeding success of peregrine falcons and weather, especially summer
rainfall and spring snowstorms. With increased variability in seasonal weather conditions, the long-
term reproductive success of peregrine falcons could be compromised. However, this mechanism is
expected to occur independently of effects associated with developments and human activities in the
region. Given the measures committed to by AREVA, Project-specific effects on raptor abundance
and health are not expected to exacerbate changes in reproductive success associated with climate
change.

Migratory Birds

Lapland longspur and long-tailed duck were the focus of the assessment. Other migratory birds
occur in the RAA and the expected Project effects will be similar to effects on lapland longspur and
long-tailed duck. Key concerns include Project-related effects on habitat availability and health.
Migratory birds are hunted and their eggs are collected by Kivalliq community members (IQ-CHW
2009*°, IQ-RBH 2011%°). Migratory birds are also valued as important animals within the local
environment (IQ-RBE 2009°"). Key Project activities related to these effects include site clearing
(habitat loss), mine operation (reduced habitat effectiveness), road construction (habitat loss) and
operation (reduced habitat effectiveness), milling (noise affecting habitat effectiveness and dust
affecting forage and ultimately bird health).

9 1Q-CHW 2009: The women'’s focus group discussions indicated that each of the women hunt
goose. In mid June goose, duck, and gull eggs are collected

% 1Q-RBH 2011: Several types of birds and eggs continue to be harvested in the Coral Harbour and
repulse Bay area.

*11Q-RBE 2009: Everyone is concerned about birds that migrate past Baker Lake.
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Based on professional opinion, experience from other northern projects, and knowledge of migratory
bird ecology, Project effects on habitat availability are considered significant if greater than 10% of
the habitat units in the RAA are affected. For health, the estimated exposure to both non-radioactive
contaminants and radioactivity received by the biota, considering both baseline and Project
emissions, is compared to levels that are protective of birds.

Habitat — The Project will result in a loss of migratory bird growing season habitat (e.g. nesting and
post-fledging habitat). The Project footprint will make some habitat unavailable for migratory birds,
while human activity associated with the Project could cause a functional loss of adjacent habitat.
Effects on habitat from the Project could act cumulatively with similar effects from other human
activity in the area.

A habitat unit index was developed to assess the overall loss of lapland longspur and long-tailed
duck habitat availability within the RAA. The index is based on assigning a ranked value to each
habitat class (i.e. high=3, moderate=2, low=1, nil=0). The quality of all ELC units within the Project
footprint will be “nil” once the Project is constructed. The winter road option will not affect breeding
bird habitat because most of the habitat will be available again each summer when the road is
decommissioned. Habitat quality within the mine site and road ZOlIs were reduced by two classes to
a minimum of low within 2 km of the mine footprint, and by one class to a minimum of low within 3 km
of the mine footprint.

AREVA will mitigate potential adverse effects on migratory bird habitat by 1) minimizing the Project
footprint, 2) minimizing Project activities outside of the footprint, 3) progressively reclaiming disturbed
areas, 4) providing dust suppression along roads during dry periods, and 5) eliminating dust
dispersal from the tailings management facility through subaqueous deposition of tailings.

The effect of the Project on migratory bird habitat within the RAA is assessed as not significant.
Predicted loss of available habitat for migratory birds due to the Project is less than 5% of the habitat
units for both indicators and all road options. The magnitude of adverse effects of the Project on
migratory bird habitat availability is rated as low during all Project phases and for all road options.
The Project is expected to result in a detectable loss of habitat within the LAA. The loss of habitat will
be not significant as all migratory birds in the RAA will continue to have abundant suitable habitat
available for foraging. The extent of the Project footprint will be monitored on an annual basis to
confirm habitat loss predictions.

The Project is not anticipated to result in significant adverse effects on migratory bird habitat within
the RAA. Although the residual effects of the Project on changes in habitat availability are not
significant, the effects could act cumulatively with similar effects from other human activity in the
region that affects migratory bird habitat..
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Health — Emissions from the Project can affect the concentrations of COPC in the environment
(e.g., water, soil, aquatic vegetation, insects) which, in turn, will affect the exposure of migratory birds
as they consume these items. The potential for these emissions to cause adverse effects in the
populations of migratory birds, represented by the lapland longspur and the long-tailed duck, was
evaluated. The COPC included in the assessment were uranium and the uranium-238 decay series
(thorium-230, lead-210, radium-226, and polonium-210), arsenic, cadmium, cobalt, copper, lead,
molybdenum, nickel, selenium, and zinc. The exposure to COPC can be estimated using the
predicted environmental concentrations and assumptions about how much the lapland longspur and
the long-tailed duck consume. The amount of time that birds spend in the area is also an important
factor. The results indicate that exposure of lapland longspur or the long-tailed duck to COPC is not
expected to exceed exposure levels associated with adverse health effects in birds; therefore no
adverse health effects on migratory birds are expected to occur.

Climate Change — Determining the effects of climate change is complicated due to seasonal
habitat use. Winter ranges are often in southern North America to South America, introducing an
entirely different suite of climate-related effects that are beyond the scope of this assessment. Effects
of climate change on migratory birds that seasonally occur within the RAA would likely be related to
the occurrence of local weather conditions above or below normal (e.g., extreme frost or snow
events in spring or summer). Indirectly, temporal deviations in environmental conditions (e.g., late
snowmelt) could result in increased mortality due to a lack of available forage food. An example of
this is the diet of the lapland longspur, which consists of the previous season’s berries and catkins
when they first arrive in the early spring, and arthropods during summer. Climate change may alter
the tundra vegetation from low-lying shrubs (e.g., berries) to taller deciduous shrubs, benefiting
arthropod production and resulting in abundant summer forage, but decreasing the production of
berries and catkins that are needed when the birds first arrive in the spring. These mechanisms are
expected to occur independently of developments and human activities in the region. Given the
mitigation measures committed to by AREVA, project effects are not expected to exacerbate effects
of climate change on the health and reproductive success of migratory birds.

Species at Risk

The species at risk effects assessment focuses on short-eared owl habitat and the health of short-
eared owl, grizzly bear and wolverine. Key Project components related to these potential effects
include site clearing (habitat loss), mine operation (reduced habitat effectiveness), road construction
(habitat loss), operation (reduced habitat effectiveness), and milling (noise and dust and influence on
habitat effectiveness and dust effects on forage and ultimately health). Although no nest or dens
sites have been observed in the RAA, all three species are expected to occur infrequently and at low
numbers in the area.

Based on professional opinion, experience from other northern projects, knowledge of short-eared
Owl ecology in arctic Canada, and the relatively low number of occurrences of the species in the
region, Project effects on habitat availability are considered significant if greater than 10% of habitat
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units in the RAA are affected. For the assessment of health of the three special status species, the
estimated exposure to both non-radioactive contaminants and radioactivity received by the biota,
considering both baseline and Project emissions, is compared to levels that are protective of
mammals and birds.

Habitat — The Project will result in a loss of short-eared owl habitat. A habitat unit index was
developed to assess the overall loss of habitat availability within the RAA. The index is based on
assigning a ranked value to each habitat class (i.e. high=3, moderate=2, low=1, nil=0).

Mitigation measures that will be implemented to minimize effects on habitat availability for short-
eared owl include: 1) all areas within the clearing footprint will be searched for nests prior to clearing
activities that occur during the breeding bird season, active nests will be identified and for short-
eared owl, and an 800 m radius no-disturbance buffer will be applied until nesting is complete and
chicks have fledged; 2) all on-site observations of short-eared owl will be investigated to determine
presence of nests sites, and active nests will be marked as described above with an 800 m radius
no-disturbance buffer; and 3) reclamation will include the establishment of shrub cover, which will
provide small mammal (prey) habitat and potential nesting habitat.

The Project will result in the long-term loss of some nesting and foraging habitat for short-eared
Owls. The change in habitat will be measureable, but will be limited to the footprint (complete loss)
and within the LAA (indirect loss). Reduced habitat effectiveness is reversible once operations
cease. Overall, Project effects on short-eared owl nesting and foraging habitat will be not significant.

Health — Emissions from the Project can affect the concentrations of COPC in the environment
(e.g.,. water, soil, fish, berries) which, in turn, will affect the exposure of Species At Risk as they
consume these items. The potential for these emissions to cause adverse effects in the populations
of grizzly bear and wolverine was evaluated; the assessment of raptors was conducted in a manner
that encompasses the potential exposure of the short-eared owl. The COPC included in the
assessment include uranium and the uranium-238 decay series (thorium-230, lead-210, radium-226,
and polonium-210), arsenic, cadmium, cobalt, copper, lead, molybdenum, nickel, selenium, and zinc.
The exposure to COPC can be estimated using the predicted environmental concentrations and
assumptions about how much the grizzly bear and wolverine consume. The amount of time that the
wildlife will spend in the area is also an important factor. The results show that it is not expected that
the exposure of grizzly bear and wolverine to COPC will not exceed exposure levels associated with
adverse health effects in mammals. In addition, no adverse effects are expected on the short-eared
owl. Therefore, no adverse health effects are expected on Species at Risk.

Climate Change — Climate change occurs continuously at a global scale, and will likely have long-
term effects on wildlife and habitats. Climate change could exacerbate effects on Species at Risk,
especially if they are already subject to current environmental pressures. Effects of climate change
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on Project and cumulative effects on Species at Risk are expected to occur independently and are
not expected to act in combination with any other Project-specific effects.
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Drasq rPegbeLot SboAYLCSo DY I/<UPTNNELE VEC-T I8 obSa Do o d%<¢,
D>RHGC b oA LC®NNT << ADAINLSa*La® VEC BPIGPC>ard DR HG<
JPSsbeIede,

P 5J BLAYACT L5

Leapv 49N - LoG®

oa P> brLaDo¢ AcPNC glacial till <L MPOC local deltic RAA-TC. Periglacial geomorphic
AR <K RAA-TC D<o °b®D¢ Lo GIc <eI®°CP>ALAQDY%D%® glca D1, Abc b
A>T bA*aQ POt (Sb>pL7D> Y IPo< <o bsé\®), Laal® /dA® dLo

Sdd®/LAQ D>%D%® oa. Periglacial ARTc<N® bPryP>R% DYGraAD>< LAA-*Lo ¢ Lo
RAA-TC AcPN¢ frost wedging Lo frost shattering, [KDcn<¢] AP>*<“c<do <L thaw
subsidence <L solifluction, b oA*LceNN<C LoGP>< boA*Lon7*Lo®.

LoGD< sbrlLae DYGra<sdD>< LAA-*Lo¢ ADcsb®D% KO A ACo oo glacial till
AR PP Sh® oNe IC>I® [[C Do >Do5aC bYW o¢ ['Co¢ ADDoS oS,
DYeHAC CAL><ONE AcSb® oNe DLSNIR/>Ya, Sh+LaD¢ bNSLIHeC®/ L
<SéocP<oNe: glacial till DROGC morainal, glaciofluvial; glaciolacustrine, glaciomarine
deposits, organic, <L bedrock.

QPP 0a AC b oA L LSoC JAPCDALLC YCLD>C*L<oNg: PSTC IDAADC Lo

B OoA*LC®IC oa. BOA*LC®IC oa JACPHb*TPoNe Lo O0*L<od PrGraTAD><
LAA-*LoC undifferentiated alluvial, glaciofluvial, glacial till >R 55¢ morainal, glaciomarine,
organic <L bedrock landforms. b oA*Lc®I¢ oa LAA-TC Dd<®J<C morainal. Alluvial,
glaciofluvial, morainal (glacial till), glaciomarine <L bedrock landforms AL*a A_><%Ds®
10.5% (3,786 ha), MPa® 1% (200 ha), 84% (30,356), 0.3% (108 ha), dL> 5% (1,790
ha) DYS*a<1sé>< LAA-*Lo S /T 0 oal® boA*LcSo P> D> CP>s hummocky,
bouldery glacial till JL> /<L*’L<.0o¢ boulder till moraines--o¢ bedrock outcrops-C*bP>S<® oo
<L shattered bedrock features Ac_d*L<a® Cd*S\D>aC, SdNPDoC L5 CPYo¢ >*DgSge
(drumlins, </*M<> glaciofluvial <o<dadA®) LAA-TC <ID>AADCH™®IC oa A sbD>pyD><%q D¢
D500 AL®Cc™o ¢ ALy LoGlrc /dsbeD®eCc™o ¢, /dlLNo¢ ANo¢ /PGo€ Lo

P LRC, SIN T D> CALDLE®DE <AL Ogb oa P> ShoA*Lony*Ma® LAA-TC
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Acnds Acg™L I>AADNMb oI AKo™L <l[>Lo"‘b“bf)€q.b APPSO g Im-Te
Do IbBPoo aNdo® dLo Sm-T* PGSPo®. Lo Glc /d< dB>AAD® AP dLo B7SAS
onD>ry>LC 10% JD*LoDC

IS IO CPoPYo? bLANAT ™ oa /€

DD/ APRNB®IC Acndlc <eO®CP>G¢ oalt AcCn7P~¢ 4R Ao™ro®

A BN b®N“ONe Lo AoAC bD>rLYIB™ (Mo JA®AATTC AcP>RC
I/ gD D¢ ID>AADS b oA Lof, oa < SboAcP>an Y Lot AFLSCHRC
I>r<cda® I>AAD® o0%AADIC (EN-RI RLC 62<n 2009°) <L Acn<i*L<.of
DYGradedn g, AL A®IDoSIC ALLAMYD>YC IDC>o 5 o0a D< SboAY Lo ™M A5 >
SbebAC (IQ-BLO1 2008, IQ-BLO9 2008, IQ-BL11 2008).

Lo G%™ AALMZD>cDSTR® VEC-*Jo ¢ SB>rNACTC <eD%°CD>/Lo"bIAandDL Acndl™®
<LI*CP>ob®I 0¢ /<M< cdo®*d¢ I>AADAC boA*an?* ¢, LoaG>< “b.oAD*a ‘oL
Lo /LYo Prot oa lf dLo CAb™LE I/AJ D <°Idob® oo I/ o¢ VEC-oF

BoA“ o N NI BYPo NI D 100 II®°CPHPI%® Laqs® b>rNAC T 1D0% oo
<DO®CPodo® 47r<oM 0 Acndot 0a 2 I* ot ba CP< DPP*C®I*Lo¢, dLo
B>rLoB®I 0 AFLMD>INJS baClc dLo 0a 2 ¢ LCPRPNAS, L LA 1D%C>RC
ALo/PRHEC bWDo™Nt DI SHh>PRNACLC IPIeCP>ob®NNoP>Io® IXD>YSo PN o¢
oal® LoL{"b™MO" oal® “b>rhAc ™ CP>IOLbB™®I® Ddo™L

o LYo IPAADAC boA*o 7M1 Lo oa < BoAD*a o™l APTIAC
AeCD>o P 0f, oa < PA*Lo™L, d* D¢ I/<AJc®eNC>a™M* 0, oa>< SbrLe D¢ dro e
QYT M 0f 0al® ADDPNNcSIC Lo SbeNASbCsas e

o WIUTMC oa P LI®CHo 0t dNToC IV P ™I oa AC

e /LYol I/<KYPNN*a®N“Dd IDAADAC SboA*ony* o, oal<
BoAD*a g*Lo®, dLo oalb< boA*Lo*Lo®, ICI®CHaPC /b I/ 'o*Lo¢
Al Sb oA Lc®NNo >R oal® AALMP>BCHILIC SbD>rNAC T

9 EN-RI RLC &2<dn. 2009: 0%JAADS IDPNNHCHS I>AADMM?

10 AOAS Sb>ALYDHP-BLO1 2008: AoAS C*L®D¢ Kazan d*¢ DA LbdS, DA®I® 5Ne P S
>LPeD ¢ CPOJ*aSodSLC

1 AOAC SbP>ALYDHNE-BLO9 2008: P+L®CbeDse CoYcbbtLndoMe, PLO™-[C CAYD>IS®,

DN D®D*, CAD™LD>a® <I8%®DJC AbSAN HJ DG CoYc o< d58dbC®I® CAJArAS, Cdo e
AaDA%al™ I oNe

12 AoAC SH>ALYDH¥P-BLI1 2008: <*MLNARE P eCsh®I (Ra Cdehbys Clo. <N*o™L
LoGtLndo, C/b%oo. CAbo ANG ADAT®CHILN®.
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B> @ D A®CHIC D oNe A /DYDY oo b< b Sbo*LoLoge
<PIdobeD% CLAOC PYyS* oo D> LAA-*Lo ¢ AL o Pd®CPKC <D%od “bbrL7D>o PR
D>PD>®C®I< pa *LC dRN*La®, Sb>ALob®IC AALN,* N 0¢ ALy Sb<?Da ™Mt gP<C >N
LM AR oa 2 C PLENO 0 <PI®CPHo ™ Acndle AXC AALMZ DR

4 PNo*Lo® Acndse DALCPNo®<LE so<?Dalos APD>Yo® 30%-T° IXD>ro oa D><
brLo€, 30%-T° IXD>ros oa < GPeYLaLa®, 15%-T° I/>rose I>AADSIC

BoA* ™I o PRSTC 5% IDro® I>AADIC SboA*Lc®D ot LAA-TC

<Y T <IPAADAC boA* o0 oa <>

LSPe APSCDNC Sb>pos e IP<dSalot I>AAD® LoSh< oltcaony*L dLo SboNr>o™L
LoGST Zd< <B>AADIMD®. 0a P< olca o™, SbbryD>cn<oo Sber<dsv™ ot ANCH>YoC
Ac><oNe: Joeh®D®eC<C >*a 5L, b.oAIT*L Lo ANG™L AP®IAC Sb*Lo*, ANAS,
SboADTMC DYSAS, <I>N Lo, AL LaGb< PI%b*Lo*L.ot Ao AP®Iot >
AYAGSe, A/<Sa DI D% LgG>< YI%brLoL, 4Prde/ase ALD< b Lo Lo deDAS
SboAcCD>ST N o®, 1 ST drotLo¢ ALP< AL AadA*QAS ASAS*Q ®DC A
SN A/l bPva D¢ I>AADC SboA*on M a? oab<o.

A SboAcP>SaP>YC oa > oot <UANATHICHIC LeI*PC>abPva I AP,
ANo® Lo sdd®/Lia®, /<SSt e I>ADD< SboA*an Y Lo®

a I*LP>BCio*Lots, oalts. /eIt D% ACHo " *o® al™*UP>bC'o™* ol
LALAPOC S o LoD oal™ Acn<lo®.

bIre <YANAT® Na Do Lot A>c So*L.o“s SboAc>SaD>Yot ANt
<LeD®Ygbod®I?® 803 ha (PRHGC 2.2%)-5<o ¢ bNoMe 36,240 ha DYySro<dioP>< LAA-
Lol CAL*Q Ao %% IDrosic APS®Io® ANol s A®C>o™M® o (645 ha; 1.8% LAA-
M) dLo APAT® (158 ha; 0.4% PYS*o <o P> LAA-*Lo9). I/<Uso D> <IP>AADAC
SboA*T NS>0 pa s IPPASIC ARSI ShrLot ANA“ D Acn <

Ao 7*LoPod®I%® JL5 CALPDBC Ho PP<Ko ha?PN“HJIA%a ™, (ePI*°C>o ¢

o nD>PYDLHLPN O CALD oSN 0¢ I>¢Sony 5 CHLo Acn<d< DNPNNRc<lg®
Ao

D>PD>_5oC SN Acn<ULLE®, AXn<sb<e o DNy 114 P Cr
CPobodg*Lo¢ AL 24m-Hd® /o b oo NPDNoOo O PULAS DYSrosoD<

Ao Lo bLoOKC APKNA Lo Ao DI <55dN Na s Do Dt BLsohagt AcPDbASN> Lo
SH*L.0¢ oa < (AL CPNATSIC IIBCPHIP®), [dodag<®Ise I>AADM™ Lo oal™
SboACD>* NN, ASdYPPCHELL® GSPeC>YLE® L5 AcyDPL< o SIN*oSehI¢ oal©
CLbd< 0al¢ /b Mg ohD>SheCSLC, dbDeCsbNegeh>< 5Ne, JARC* N egSeh>< 5N,
DSGeCSHD>So N> N, Lo Ap<™®Ia® AcPSbBAD>NCK®CbD>® 5Ne, J<d/D>PCP>ILL®
dN*o PN I1odod oa d¢ oal® A'SNc*o® MeNdeNNo eI L5 <<dN
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Na YD>NHd. PN NadsTI® AcndndyndSbsaD>Ia® (A5 AL > Son*La®
Acn<<.

DALCD>NILSS APNSAD>< Ag*Lo ¢ ACD>o<I5eDC J%edeCPoNto. APCDP<C, AgP><Ie
I*ULAMC Naod®I¢ otca®I® [don?Poslt d>AAD SdCat ha7Do™L APKSAD><
Ac®N\*U ac DPCPCPR® <UYANATo*L.o AoP<® 25 ha-odT™.

L O PPLRNN TSI IDPNCHo®IC LPACHULS®: <% O PPN o0
oA Lo <sa*Lot AL DG LN 0t IO PPN *g D> Acn << b.oADo<Sa*L_HLRC
ACDRC TPEIPNNTT Acnde <UONAT Lo Sb<?Do™M¢ deNCH>C eI/ g5ba >N
A< APy 0¢ Sb.oAcP>Son Y 0, Lo <*ONACACLo™ oa < sbrLo<c
d‘N*o ot AoPxot P N*c ¢ ANtcNNo® I>*a DRI AL CL*do™L
<PIKRo® oalc O INNNL T AcPR® AALPZDR® b* Lo <sa™L Acndl®
b OACDPL T Ay Na Dol A>AAD®RCraC BPDIC AKSELE, A Na® <<SdNa
AMPSGYDa®, <Sa Aot dU4¢ AcMeo®, dLo Na Dot Acn<dnsbiCioss <I<SdNe ALSIC
APCPCeDC, ¢ I O MI®*NNoPYNo® AP~ PoOnda™ MOl hao e

I>E Sl AD%CP>SHC®IC Acn<< Ag<C No <o, >N deNNos.o*Ls o
ASANM7>Ro®, otca®NN* o1 ID%CPHRE, Lo PYSN<ddo i ot I<d/D>so <

<AIceNNTse 4P O PPN NG S LYo®, SPLYND 0¢ <eD®C>G<¢ Acndlre I>AADC
Sb.oA*T N 0¢ oa P> on DYDY LN aSoL ot <* oL, /\C_n_<”'_°_)O‘, CP~T®
ddoPNRo®L dLo PN®NO*a oo, aona ™M g P><P® Q. c DCOCDITS ALLPY DS
SINLDT*La® 4 O P<IPNNG>LE IDeCHLYLC AL ALLPyD><oNe IDeC>ShbeCSos ¢
Lha R dN“HONC AP ceNHN D DYoo s1t Acn<C ID>AADCChbD>SgD>Yo ¢

ba C> DPPseCseI*LoC. boA*Lc NN DY D¢ /<% g ¢ ID>AD>D o oaltls

o D>PYD>YC NPDa<Sa*L Sb/Da M 0 IXDro® oal™ <L, CAL*a IS, a.c PCseC>se
QPP g Lo,

YT 0ab< bOANCHo Y T

Na R NN AP NN, AcP<HONe ADD®NNo, AcPbAT™® I*ULANT™®,
Q<sgdPDsase, TACD>Sae, D*LAC <ALy AW shIe JeDse/gShsSg<seDC
AP<YBNNLQ I YDA TbPNNON ST AYATSIC PR ST N\DNNLoSIC oalt CL*a
LY ®YabPra®I® o0a Af boA o7 o Lo AYPro® IX/<MeYa Tl H0¢

0a < b oA Loy g A5 SHINPIAC A<t SboAcDSTt X< NNL QST
A>AADS ShoALo Ny o, YP>oSbeNNLrq eI® /< UPeNNONLDHGC DA oa <
oA Loy o,

PO PPN N TSR TPV NG ST <UL/ D>RHGC ANNGST®
AChPr*g N NTTT? <PI®CCP>GC oa < “b_oA""lJO'n_%""f‘“_of NAcn<Jod®IC Acn<<
SdOoAYLo<on7*Lo® Acnc®<C Lo Ac PN Hd MNP d*c®N*og® Acnd< Ao<do*¢
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<UANAT P, oal™® <PIC/CAcT, AL MeMdsod <Dsgse glaciofluvial-qb“bDo_'b 0Q.o®.
Acn<< boA*Lodog™L oal® qb_oA"“LJc—“o"‘bquACLo"‘JC DQP<J ALD<> qb"“F“TO'c
<D PNCPob®I®, Ac PNDb® oo <‘aAcg® boPIodg* Mo d"dc<’, ArnbG*LE

LYo eCb®e<E 0a A boA*Lon 70t Acnd® A'<NMN<oHd Acn<<

Ao 7*Lo*od®D¢ DYSraoSaP< LAA-*Lo ¢, dLo Sa?PNHJdIA*aP>od®oo Lo,
[Po e Do % oo, AD>C®N“Hd Dedd®N“Hdo Acnd®. bNoMe SHaNC ShecSeC>ILC
alluvial, glaciomarine, dL> DY%bo® ¢STal (till and moraine) oaP>< SboA*Lon 7 ¢
DYSradsoP< LAA-*Lo €, 0.6% (22 ha), 0.4% (TPashse 1 ha-T'c), 3.8% (68 ha) Lo 2.4%
(720 ha)-o<TC AP d9eD Acn<Jos e sbaNe, 2.2%-5<C bNore SHeNC ShecSeC>PLC
Ac7D><oNe oa P boA*Lon7*LcP>®eDC DYoo P>< LAA-*Lo ¢ <UANPCD>o D¢
A< SboAcPon 7N ot

SPLEND 0¢ IeCP>GC oaP>< Sb.oA*La Ny M0t DPP>_HCS SN o< RAA-TC, LS
NayP>NHJDAa D S0 Na Dol <IN SDPoCibso < pa o bNoNe she
Shec®CDILLC AcYD><oNe oa >< DPD>HCS 1<5dNIC LAA-TC AcShI% 52,032 ha- <o
a.c DCECPHY® Sh_I¢ sbeceCP>ILC alluvial, glaciomarine, AL> DYSba® /STots oal®

b oA LCTNNIT® o AINyD>Y \>ILo SN of I<5dYDPCHILIC Do Lsbia < 6.65
ha (0.01%), 0.35 ha (MPa®,% 0.01%), 6.60 ha (0.01%), 65.76 ha (0.13%), <L> 148.02 ha
(0.28%) bNPC SN AgDNse P> _5Cse J<SdNIc LAA-TC,

LYo DYt Do DIt S ADAAD®RCro? 0alC onDPyD>YC ACSh o™ of,
glaciofluvial-T¢ oa ™ Sb.oA*LC®NNLC PIPCH>abrL LS Acn<lC. <Dc®NiNo®

L PPN TSI, SPLEND 08 PDCCD>E¢ oal™ ac PCRCHIC INDadsol o
Lo PRIS Ao oM oo (AoPIMDA*a ), CALD* a oo,
ICB>ASHTP>IeND>I®, Lo DN®N2g ILSa<dP oo, a s ™Mo >%® a.c PCHC>IC
SgiNeIN o PCPCHILLC AD%s0 AcnodMyD>Io® 4a<H M 0¢ Acn<o ba C><
>PPeC®I Lo, dLo I* O ML®N N>R ID%CCHLIMLC dLo atLrzD><one
<LO®CPBC o NaRdINDONC P> c®N oMo PrSrod®dceno 'l Acnd©
<I>AAD®CBDSoPYNoC baCP< DPP®C®I* Lot /Yo PN Acy7Dosl¢ oa <

b oA LT Lot Acnd® ANNM<OJ acPCPCHI® INeda Lo o<’>o™MC Lo,
CAL*a I, ondryD>eNOc g PErreglLo®,

AcD>a %% ¥ 5NN bt <eI%/g ¢ Acnd® ARNM<J, PLYND of
<LEI®RCDGC oa ¢ onDNy>< INedo<io™Lot Lo AALPYD< o <*PEH ol ot
BOoA* LN NT PR oa l, I>AADIC dLo oa < boA*LonY*Lot Na7?DRcdo®
I>®N“HOJI D0 an PPN AbJAcbio'c** 0¢ bN<cdo lC

BoA* LN NoPYo¢ oa ¢ RAA-TC

0al® B>ANLHCosIe IDSad®Ia® NPP NG eI Acn s a>deN5JoeCs
AcPN“DOJdo PN ANST® oAb CPNI® DYSra SO\ S, DYQ o\ ¢
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LIBCDILNC I<SdN“D, ANKAC DPIGRCDa N L SbD>AYC>oNC, AL > oal®
BB C o™ oA Won7*Lot PYrSr o\ ARTcdNoOd dLo NodoIo®. /I%bAC
oA o N* 0 BPr]BC oI ID%0d%D¢ AcyDo D¢, A7n.b<E

LICPoC A b <YYo UWot oal’

oa P LY a* L ondPyDIse CPo*L-dda Pl <PIeCPobsaodso*La® AI>AADAS
o0a <O boA*anY N0 baCP< DPPeC®I Lot P/do, <*Non?*L boNMbo™*Lo
CLbdd SboA*LcPC>C ShoA*L®NNoD>Ya® Sb.oNPP>o*L.ot AL D>ea SeYRe—<lgs_IC
ADSgdseDC, Peq Sg PPIGATSIC ShoA*Lo D> CPLMe-dda>NPLIC (2000 BPD>O) Jc <
SboA*T<5o*L.0¢ Acn<< Ac™L.ot asaAse/L® SGJCLE oaP>< b*LC Paso™l
SgeNePee, QPxJSose <A>AADS AN Lo ara L PO Pl PY<da ShrLa D> NS,
<LEI®OCPIL 2O o P>< SbrL (Lo D5hse) <I>AADPCSHA>Q Sa-seIbL > J ><

> /Rl P> gbe<C 5°C-I¢ <SGJCLS oa < b*LC PaSo*lLoC. dDcsNn<e
<A>AAD ¢ DSLNC ALLPNSe/D>SadC o ¢ DCCPYa® CPo*L-ddaDalL Jc P>< I/<Usa Lot
D>PDseCseOc /< JSo PN oa ¢ onDNyPRC [POo*Lo® PPy Sb.oA*on*L.o¢
AL SPLPND0C SboA*LPNS on<PyD> O 4 PE g, _of,

CPOb 5 bPrYAT® A>0¢ Lo NP o¢

Lo DV JIPV? - ANAC

ANAS Acen<< SboCrLo € CHLBRC bd<T* IB>AAD®CTbSo 1 2m-T*° b cD>x¢ NN
brLoC 12-UNo® ARAC Sb.oADa ™ Turbic Cryolol-¢, Static Cryosol <L Organic
Cryosol @b A®CP>A/La™ M bNLbCPYa ¢ NNGD>ID>c P> RAA-TC

ASAC ADHHIC APSIG® Shsbse 5N KO AP®Ig® ZdlL<< sbrLae, <A ANg e
Im-T DYSSHAC shePegC 4m DYLC.o¢ ADDoSoC. ANTDRC Sbec< 0t AN 0¢ CALPC
>N®NNNTSIC (AP®IC Shc D> Ac b oHNe dd<cc™o® ANo®, PR HGC A horizon) 11cm-
o<, TPE_d*L<oo 3cm-T° o o</ ¢ ARSI, (Regosolic Turbic Cryosols), AL

¥ EbdC 31 cm-UJN® INeDNMc Po<<lt oaPYo¢ ANo® peats (Organic Cryosols)-

b oNe. 54%--¢ b*LC ANT*L a0 DA% ® peat organic-Js®. Till ASC>Yse AKo¢
SPNPSG D%, PD>GCbD>® 5Ne, CAL*Q ADC NI b, 2P Rec<<HNe

AN N IQ®e< o Lcbod.

A*LAAC PL>RC A 08 PPIGAGE PLLAMC SdiNeY/LaSbec >®DC [P Canadian Council
of Ministers of the Environment (CCME) Industrial A<<.0¢ LceCP><eN*MNJ¢ (CCME 2009):
ACDP BPIN SgCNPDI® arsenic-® bNPLYo® ASbc D®I%® L5 LSPe PeDNe sgineddLe
bN/L<Jo® molybdenum-sb®5Ne. /CLAS C=cLP><o® Plc ¢ D>eIG>NC bNCH>C PLLATC
SJSNeY/L® boron-Sbc P> AR o¢ LcbCeehg, BPDNo® Sissons-T¢

SgcNeY/LaeCibc DA% bN/LYoC. DPINa® AoDYo® SdNel/LaeCibe >N s
radionuclide bN/LJo ™
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IS IO%BCPoC bPAYAT® Ao

AcCn7PRC AN 0 /LYo PR ANAC SboA*on7 "0t SboNMPa™M* oo,

A/ QYSa DY D¢ ANAC Sb oA TN Y 0¢ 0al Na Q<o iDA>a n b,
>7Gro1®*Dcno TS, dLo PbcNno TS /LoD ARAC Sb</Don 7 *o¢

ha R <o IDA*a N b®I%® JL 5 o0alC o%be<c<oslt PJec<edt Pbdsas e,
ALLADT*L AN AcPyD>oL ADDITC 4RQNM AcCnlyD>c D>®D%® DShD>YD>Ya® A pAS
Sb>rLYDDY N 0¢ IAPAAT TS AL AcPBCPPOY o PRo® (EN-PLLA® A<l DsbP>/D>RC
2009%, 1Q-BLE 2009'%).

YT ANAC boA®on>%0°

APQYSTC ARAC Sb oA NS> 0¢ SH>NMN®CD> >PDC D% 5Ne JgiehyseIeC<C
SboA*TNY*Lo¢ ID®eC>YeNSe o ¢ PCSoSIC acid <PCse<cc<dat (PA) Acn<re

DLGra 5ot Ao cDeC>ILITe, dLo >¥bCo¢ (W L5 radionuclides) Acn<Ic
SboACDSTDYTC. PIe/gbc P>YC ANAC ShoA*T A 0 XYoo Ac PyD>YoC
AALSC>Yo® (COPC) bNALSS Sb>AN®CDc PSTRE D% 5Ne SboA*g 8> CCME-I¢ <L
AYQYST DR PLeDRIC Sh oA Lo DEC, AY<USa D> a D¢ ARAC Sha Ao n 7N o
dd<cNALoSIE, PNeNALaSIS, L AGEIC ShD>AKNC> D>®IC Sh oA gy N D% H5Ne I [
AL NavyPYenos It Acnds ARQT<IN“ .

QP OLPPLPNNG TN AP<LUSaPYo¢ ANAC SboA*on M o C>ILSHso<eIe

e NNo T ALo/PRHGC P I <cdNNCACLTIC > %, ARAC AD* Do
radiation-I'¢, ASI™® Jdd<c®*NnoT® haRcdo™ ARNM<Hd, dLo AKo® /NeNnod¢
AP®D 05 Acnd< D¢ SolLat, <% O N<PNNG I L >¥b oL+ PNNSC Lo
FecNN<oNe >XTC Acndd <D NCP>o eI,

Qo seh®I®C<C SboAon7*L ac PCPC>I® IY<YPNNS®e COPC-a® bN/LYa® Ao
LN*oehP>o<®I¢ CCME (2009)-T¢ ANRAC SboA*on 7 0¢ LceCPPho®. 81 ha-oH<¢
PLLAD< DYSraseD>< P Cat <PI%/IA>Q N b®DI® PAl-g® SgiN*aehse a \>N>Yo.
Acndl® PLPNOD 0 eI®CPGC ANAC b oA*on7 0t cdt >XDHOAC Jdodo™*o¢
Lo >¥bCo® ondNy>LC NS o¢ P> AL SboDM>o<d®oo oa b<
Pl CPDPoJ, AL bido Do deIeD>< 5o Sb</eCbCia*l CPa*Lo dPad oo PY<a
>N®ND*a® oo

A<a® /NeNo® Acnd< Acg™LC Abdgeo<ded%®, ALy ANPD oo o< CLSTbRAS
ASAC SboADTMC AcCnyP>YC Acn << Ao Lo PNeNLEN>SHC>MLLC /DG Jo ™ ot
AL PBSENOH>ST Lot DN NT® I+ O PN NI Lo, SPLYND of
LIBCHEC ANAC Ad<c®IPCH>aM*0¢ APT51¢ andMyD><C [POT*L ot PLND o¢

B EN-PLLA® Acn<de 5bcP>FC 2009: CLAG™® o5¥NE ornSheC®C D AT AT 4D5bCeIC,
14 AOAC Sb>ALYDHN-BLE 2009: A*a DBAC AFLSNH®IC 0WAAD® LoGldn<eN Lo ASA ST .
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b oA LCPNS AKa® /NPNNYNTSIC a.c PCRCH>YC NI Neg® oL,
Acndlod® oo, PNAac ddaPa™l, bi/oa b</eCbCio™l, Lo
>N Sod%® o0, PLYND 0¢ SboA* PN ANAS SboA*Lon Y M 0¢ AKAC

< ®D*RCPHCSa M 0¢ AGra S D anPMyD>LC [POT S *lL.o. CLAOS, IX/<Sa><C
ASRAC SboA*an M 0¢ Acndl A a.c PCPC>Y® 4 N<* g™ LoC,

SE>AHCST® ANAC SboA*an Y g Sb>RNACPIE ANa® DPISDNG®, Y I¢ > HAC
dodo™M®0¢ AL >¥bCP® CALP>HCiad®d® Acnd® > Sony Lo~

B OATPN>TP>IC SB>AATDYT® SboA* Lo DYoo d®I® ANg® BPISPNo® CLAOS Y It
>YOAC o<d¥ot >¥bC o 5 boA*LaP>YoS, AL PLc>Yo¢ CCME LcbCH<eh e ot
AcC®/o ¢ Lo MM NNo ¢ <CI%®lob e PRI AKRAC b oA*on7** 0t Acndl¢
VA Wel

LY T ANAC 60N Po*of

AP<QYSo DR ARAC SboNPDoLo¢ SH>N®CDc BRI D% 5N v drLee a.c DCPCH>C
LIBCPTHN ¢ Al <PBI®CH>oIC D% AbYATSbP*a P I/ 0t AKAC
SboNPP>T*Lo¢ Acnds® AQCdNLHJ A ARg® bl Dg® AYAgSe, AL APseDC
ASRAC 6CPo™NC AL ASKAC NDYDC

L OLPPLRNNT MU AcCAY>RC NN NGS I AL /D>RIOHGC LeI*eC> <
Acndre ASAC SooNP>oLot AP hasPalLot Lo D%dsel W\* ¢ <Sa >N, Lo
ASRAS HCHTNC <LDvgs e ACDRC shrLot DPN®NNNoSI. Acnds
boAIT LT HOMRE, AP®Dg? D> NoSIC DD, Lo ANAC \DYDIo®
<OoOLNNML o PR Na 7PN od AcPc®NCPodTRC AcnddC PN *oed©
IDroe.

A< ARcdo™L dD550d o P]®CPR%®, Acnd® eI%/gd®I® oal® 931 ha dLo
1,205 ha <dd*c™*L*c€, TP ®ND>R® 1 %- bN/LIo® LAA-o¢ C'Rao oa Pl 645 ha-Hd¢
P> oeI® hre AYAcSIS, Lo 286 ha Lo 560 ha <d*c Mg I/D>rg<eIC
ND>YDo Lot AKX,

Acndre SPLEND 08 IRCH>GC ANAC b oNP>o*Lot on PPy N o s Lot
<4 PoL, AoD<l oo dLo PN®ND*aSHo. bo® IdoPNNo™L SboA* LN NGSIC
ASRAC SboNPD>o Lot o>y Sod®DC PO g®D% S oA LN NG I LINJS,
Q ADIC SboNP>o*Lot (A5 AN HCPo*L), PNt SboNP>a*Lot (A5 AN AGEDs,
Sbre AYAc) Lo CPoo SboNPP>a™L (A AN NDBYD>I®), Sb oA LC®NNG®  AKAC
ooNrPo*Lot onbMybr® CALDPod‘c*Lot Na 7PN od, AKX APD% CALDCiod" oo
SbdNedt P> son7*Lo® Acnd< Y ANNMod. S0Pl aba ™Mo b oo,

. DCHCP>I® PLYND 0¢ b oA LPCHYC Acndle AKAC SboNP>o*L .o

R AT Ao el
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RN Sb>ANAGS® ARl a<d®d%® NaYDNeHd AbYATSIC AR AN a® Lo
beDGsbeIat IDPNNGTSIC IO PP<L®NNTSIC Sbo®IPNG® M NP<eNNgsIC
ISP P>Ia® A<t ARAC sboNPP>o*Lof, A5 brLat AYAc® <AL ASRAS
DSed®C >N B >IbCa® Sb>ANLShiCiaose CALDSHCSo<d®I® A

> Son Lot AcCYas ] ALy 4O P<I®NNTSIC A oS
SboA*Lc®N N D>Y*a eDa®.

IOBCPo € A b Y oot A DS

7P LYo <PI®*CPo b Jo IR DR™ ANAC SboNMP>o*Lot CAL*a I
QPO ARAC AGDC QYYSa e o DaSoE®, sh>YeIbiae, Lo don ¢ AKAS
AP <o SbPra ®I¢ L+ LSRN B So S, Mec<.o¢ b>rsae, <AL
LPLP<ST N S oNPDo AL <*Mon N <oAC ASAS <PD®eCDILLC Acn<de (Ao
bNC>ILRY) AVDroD>UNva G7I¢ AR oS

Lea v <I<C - AP®IC

Acn® Ac™L o >ID% API®CMC DLG®Ch>® o0, APTeIS dCo A>AADHNE
APPSR 5N, PPAUAC DLob®IA S, Lo AAS 15-UXC oal aba ACHALLC (ELC)
AcCn7Dc PO LAA-TC AL RAA-TS

>/ (AcP>YC AL 5PCE AL dLc) AcCnlyP>c DD RAA-TS  Wet Graminoid ELC
AD®C>< o AcCP®/aS1¢ oaa® Sb>PPIDa® AP®IbH®Ia? ALT HIGANyD><oNe
D>PD>_50C, 20.5%-5<C (9,205 ha) P>YSra<se\ ¢ LAA-TC ALcb®DC Sb>PeDa®, RAA-M“c
AL*a AN“HJ 32.8% (322,287 ha).

AOAC BP>pL7IBM 0t BPAPNAGE ana AT/ PP A M APTPIAC

NALADP7D O™ 0¢ Ao* ot o Pr7Da™ M 0f AoI®ND>NMyDRE Deddc PNy D>RC
Lo P 0¢ Ao 0¢ ID®CH>ShbeC®IC (IQ-L*o® 1998%, IQ-RIHT 2009, 1Q-CIE 2009Y, 1Q-
Bennett <IL> Rowley 2004). DSbD>/D>ULY 5®D® AP®IGC ALLADPYD>Y® A o% o AOAC
bNLNC>N=oNe AR <DSHUAS SAC PE AS, Lo PICH QAL 11-U<¢ 15-%U<a
ELC-0¢ AcCn7Dc P>%*D¢ CLbdo™Lb o™ * o¢.

15 AAS SO>ALY DB C-Leg? 1998: CASLo, </ APIAC A5 bYUsC IIUCPbLC e >eIC
AL NP/ <> NSPEAC AL CdNN<o51S APNIC Ad<IC. 0IcDa 1S >VeNNo /<
PEINICCbSIENN Y oI Lichen bNCHCc.DTE Ad<IC. €I o /¢

16 AOAC SO>ALYDSHANCRIHT 2009: A %@ IBAC IIBBCHIC JEAC /4> NPBIAC NPT /S
17 AAS Sb>ALYIHC-CIYA 2009: NSPEAC b NCHYa I NI T<Iod, <l </ ¢ NPEIAC
A SIS

18 AAS SbP>ALYDb Y -Bennett L_> Rowley 2004: <I<Cc. PIC <IICLbL %I IC P<E,
DL O L,
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APD 0 BPIG>NC bNCHC DI L SH>ANC>< 5N Sb>rg ¢ PlcP>Yo® analyte-o®
bNALIo® IO%CPa I b oAT®N>o* ' 0¢ “bPr<Lo "l IR B> Coo T®
JS*~o®.

I IBICCLEC BPAYAT® AP Iob

AcCn7P>RC oal€ AP®I ot /Mg PN AP®IAC boNMP>o™M Lo /L Lo™ ¢

LY TP APT®IAC boA*on 7 0f /LYo P> AP®IC SboNM>o™ M o¢
J<Le/LaM > CALDSHCSad%DC Na s DNHd dLo oalC 0P g <<l Pyoce<ege
Dedq®ehoTC /Yo PI*Q®DC AP®IAC b oA*on7* "0t oal* NaRcdo TS,
DYGradedn o T, Lo ¢S cNnab®N=HNt CAJ™L PJce<edt Ded<®ehags e,

ALLADYTENC APSBIAC AcMyDo M 0¢ ADAINTC AcCnyD>c D>®I%® A pAC
SO>ALYD BN 0¢ JAPAATTC Lo AcP>SbCP>P 5o >a® (IQ-BLH 2009%, IQ- ARHT
2009%, 1Q-RBH 2011%,%),

I T NPTIAC b o) Po ¢ ALY Lo >

APIAC So.oNr>o M YLe/Lo™M o <1b3qt_’C[>o-"'bq€<lDA‘LC)_r1<1q|:)quc Acndl ¢ AgD<se
N7PCPce<LE APPIAC NDYDo ™ 0¢ Ac/*LSao51¢ ASdNoS, AL AcCsa ™ Do
AcPoe S

L POLYPPLPNN o <IN No I AL /PDRHGC PIeCP>obeCAcLo™ Acndle
AP®D 06 AP S oAcCPPNE ASACACLoSIC BPLYo® Acnd®™ AR c<IN“Lod, Lo

QP OLPPLLPNNT ShoNPD>T* N 08 APSPIAC PI®CHALI AL ALeC>NHJ Lo
AP®IC KADLDNE SN KLKDvg e APSPIAC AP e gb ShrLgC AYATSTC A g
Ao P "o AP®Io® DN®NNoI AoP~<o®, PNPNNIcdo®Cb®NHd Acnd<
A>E SooPCHLoC. ID%CHT N ALAS <I<SdNPy >Rt DP>JC <I<sdNITe ALLAD>PYD>c >eDse
QP OLMPNNTT® APPIAC PIPCHa N of I<SdNc<IULLY .0 ANNCCACLos I Le
oCao® NPNNTST® AL/P>RHGC CLoST>CIHBANDg® AP®Ig? CALPoST<C Acn<s
Acn<JN“od.

19 AAC SB>ALYDH*N-BLH 2009: CALo/1I¢ AD G o< >C (oo PCHSC), <L
LBAGHBCH b >C oo NPTt > <IILI<IYG85C, NPV [Joe/o T o~/NoCo?,
[<lon_>d <I<N>C®

20 A DAC SBPALYDHY - ARHT 2009: LBANC A%an DY AAL_3NB%IC <Joh 8I6C<) o€

AP O NP oInIA Y %0b D50 > on b ore

2L ALOAC SbD>PLYDH*MN-RBH 2011: <P A PY *a A > bCHbLC®IC

22 AoAC SbD>pLYDb*N-RHB 2011: Broadleaf willow, fireweed, dwarf fireweed (leaves <IL_> _oa GA9,
JL_> Labrador lousewort (roots) on.xP>bC®I_>4C¢
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Acnd® ARcdo™*LNJC oPL®CP>RC dd*c* o ¢ 1,449 ha dLo 1,708 ha o </ ¢
ABRYARC AP®Dg® PD®°CP>obod™®It AcndlC <PD%®CP>No€, dd*c™* o 168 ha dLo>
175 ha (04 % to 0.5 %) SoD>/Soc D¢ LAA-TC Pl Do ABSAYS AP®DIAC o c PCeCH>Y®
<EI*RCDILo5oLo¢ AcndlS oa Dy ELC-TC <eD%C>g o< gD Acn<C,
bNoNt EDPCH>C Id*c*M*o¢ 685 ha <L 813 ha (1.9% Lo 2.8 % bN*CPoJ oa
<LED®CP>R®),

ARco1¢ gPLeC>ILOL®N D, a.c PCRCHIC SPLEND o eI®PCH>GC Acndle
APS®IAC SboNPD>o M @ PCRCHI® (NeIo <ol < Mo ><<, Aol oo, dLo
CALDSBbC" b0 Na?PNTod. PLPNOD0C SboA*Lc®NNa P CPo*L ddoP oo PPY<o
D>NP*Q oo PN®NNAcPdS. CAL*a IS, IX<Sas AP®IC SboNP>aMC ac PCeC>I®
AR AT o el

SO bCSoslC AY<¥Ja PRt AP®I 0¢ CALPSBCiagdsedse D¢ Sag*Lo® Acnds,
<ARNIC ShP>APShCSase APl a5 I>¢ Sa_°Cny*Lo® Acn<ds AcnSbNsbsHNe
AALRPIE Acnr Mo L b*DSsbiC®Iae NPPNoSIC Lo Lo st QN oS¢
Lcbo® ANNShSeD g APSeD g, BPIGASHICSoS_INLYC KePCPo<D¢ Acn<< Ao*L.o¢ <L
Yo Do <SdYDeC>ILLTC, CLdd< DBYIGAGE Sh>ANSeC >N q SheCSa<IC sboNP>a ™M _of
APl g D>ErQ I APPIAC SboNPD>o*M® 0f. Sb>APLbCSa® oC o DLY.oC

Ao PCPo D% P> ‘oY Lot Acnd®, <L, AcCnYP>e<€, ArAa AP<Ssg<seDNC
oCo® DPLYo® Acn<< AaPy Lot PRHFE Nodo®.

YT APIAC b.0A%0Nn 5 % 0°

ha Dot Ly <D Sos LY A< eI /g<%DC Sh oA*an Y Lo APSPIAC LAA-TC
> 52gd Jo<deot Lo >Y¥bCaot. doseh®IeC<C b oA*an7*L Acn<ic >seDse

a.c PCPLo S <pDeC>G¢ acid <Pa¢ (PAI), nitrogen oxides (NOx), <L_> sulphur dioxides
(SO,) AP®IAC SboA*cn7*"*oF. >IHCC GsPeCP>aSbe PR Sh>ALLoS I A/<SoDYa®
bN/LYo® COPC-g® <"mNDa¢ AP®ITC (A5 <DS*LAC DPAUAS, AAY) Sb>ALosIC
CLbdd <AP<*JSoPNC phytotoxicity PLPyDYGLLC. AOAS APLSNPSST2g® D>She >eDC

A n<< SboAcPSon 7N o¢ <eICCPI/LLY 0¢ AD* D 0¢ AP®IC Ac D<oHNe <PS*LA (EN-
BL CLC ~cA 2010%).

FecP<seN g J¢ DPCHGC de ¢ >YHAC da<dvo¢ AP®I 0¢, AdL.O®D HC D®eC>Y),
Lo DALY D> ®D¢ NPPNILo %D ba C>< I SIS HAC o ot ID%eC* M o,
ENPDE D®AL M or<se DPCH>o D¢ Mo <®eNNos I SO, fumigation-T®. /S 6\
<o D% SO, - Ya R ol Acndd® <8Ddo b D%, CAL*a ¢ “NOL™RASNI™
Ac?o D¢ Jo<ODNIC AYAGSIC ADAOg®, 4/ o< AL 4*+M<¢ SO,

2 EN-BL CLC Sc A 2010: <PSLA> <A radiation -6°0<I%<?
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Sb.oADT<So Mgt <I<5dNS Acn<®WJNNE calcareous -5b* N Dag® DG g <D¢
ADODPNILIGC TPE_d®NNTSIC >IbCbcPra®IaC IDCHo*L.ot <I<5sd/P>eN_5NC.
DPD>YLC PYrGra<ddn N oM SbeNAGC SboA* Loy IDeC>a eI <[> (NgsIC
Z<LPNMLoSIC IDeCPYa® >YhCE Ac P> oNb, <I9S+ NeCGLE, SbeNnose
AIBCPCACad®I® Acn<< Aoy Lo <on Do seCib <<, >IbCb®CAcLasIC
AI®CPa<I%IC ALST® <ID55NP 0a bdPNoC >YbCshHd®NNLat. CALY Q. <, QP g
AIBCPIrQ ®ITt SHE>NNAT®IC ID®PCP> HNLD. aPPNSGC 0a dPN.of BYSra <S¢
ISdNots AD®CHo e MeANN/Loste >IbCa® oabdPNa® XM egl s <ID%eCHIa®
A*SG <Na®.

81 ha-odo® AP®Ig® Na ot PLLAD DYSra<Sasl AaD<TC, ACh®I% 0.2%- >
bNoNe PYGra<saD< LAA-*Lo, <D<asbia<®IeN>Ys PA-¢ @ \NDNDNC Sdé o«

SH<’Da M0t AN>NMYD>Y 0 0.25 keg/ha/D>PD>CLE >NsbCe (BEPDGBC>L® bN 5N ><sbCe
[TSP]) Sdc_gD% Sb<’Da*M* ot aN>N>Ya® 0.25 g/m2/D>PD>® eI Yghsa<eIs 20 ha
dL> 16 ha PLATC <L Sissons-IC. AcMyD><S ELC-1¢ <*DD>obIA*an <sbeI® ><sbC ¢
SH<Da M 0¢ ANPNNYD>NS sdé ot ACSHI® 0.08%-5<0® DYGra<saD>< LAA-*La~.
<eI®CHT AP 0¢ o APyD>ANO% eI%// g 1¢ NO2 DRHGC SO, I¢ Acndle,

AT A< gt QSGJCLS 4*Né gt bNALIC IN*g o> C Pl LbCDyn ™ot

a.c DC®C>Y bNALYC COPC-I'¢ browse <L forage a.c P>CSCH>YC CNeDg<sbIC
[PE_d*LSTe CALDYo® phytotoxic bN/L<a®, AcD>*" >0 zinc browse-I¢ <L_> forage-I¢
<L cobalt AL copper browse-T¢. AtLAD><% SbD>pL7Do™L PLcMyDNC oo ™M¢ zinc-J€,
cobalt-1¢, L5 copper-I¢ A% g® N®PSHeCSLC SN oL ¢ pytotoxicity bNZLYa.
4P ®eCibadG ANy > N® COPC bNZLSC PN AL ac PCPCHNC bNALLe
DALCPBN™ oNe SdN*oPh ot b</Dr ot CAL*a IS, <*D%°/ob“c PXa® AP®IAC

b oA*T N7 0t ACHTLo** 0 onPryDA %, J/<1U®IDbIA*a N Lb®eI®
bNPLYoC Sb</<Is88a® COPC-o0°¢ lichen-1¢ PLLAC. SboA*Lc®NNo® /<P a So ¢
COPC-T¢ lichen-1¢ SbD>pLYD*MO%®, sb<?D>o*MC boA*Lc®NNo 0o lichen-¢
SO>rLYDAMLLC. bNPLYC COPC-0¢ oal€ AP®IoC sbDr®CP>bCioeI%® SbdMede
<> ®N“Hd dLo 0%b®e<cdN“Od ana A®/oIC AP®IAC boA*on 7 " o¢

a.c_ >CCH>C,

Acndre SPLYND 08 ICCHo > AP®IAC SboA*an Y 0t o DMy N Do Lo
4 Ponbrl, PP<o >¥bCdeI® DLGrgdio D> eNHd oA LN NG >C
SgdiNePPLSNDA QN D, AP YST DI AP®IAC SboA*any* " o¢ >¥bC

oo OIM>o®N=oNe, boA*L®NNo PN /cId®Do® >N H*a®
DALPvo 5o DPhDRE SPLPNO 0 b oA LN NT PR onD>M7D>RC
CALD**ab‘Cod'c™*M* 0t A>Conb* Lo Acn<d< dLo ddoPoo boNrPo™L PY<o
>N®ND*a®I%, CAL*a S, I/<YaPNC APPIAC b oA*an 7 M0 Acndl Ax¢

Q. DCHRCPIC g Pdrbepegpe of,
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LEIRCPEE A< YT 06 AP%I.0

D QP YSaL Acndle eD®eC>Na %D AP®D) of IDbthcg® Ida>NNb*osbeCsLe
AP Dea Sa®hD>cSa P> AP®NNY QLS I/<USa>Ira Do AP®IAC

B oNMP>o*M* 0¢ Acndl e AJo¢ /<o PRt AP®I0¢ oal‘ acIdA*a** o graminoid
>RSGC shrub hodo® AoA® ARINC Lot NNGB/DALI®, Lo AP XYoL
APPENNPh*gP*a D% CLOI™L /<o PC

JCD>< YUl AbYAT bR TY% CLoSTD>COHB>*N g APPNNR<a®,
ADL®IC LeI®C>I/LYa? Acn<ls. CLoST>COH>*Dg® CLB>*LPNNCAcLoSI
Acn<< Ao Lof, CLAG® <DC>Y5eCE AdLSD®D= 5 N oHL®R®eC>ShCsa<sDe
CLoSTDCD Do AYATSIC (455 ASASL, ANSCAY) NPNNo<hoNe Acn<de (A5,
DY cSeDseha N ZbD>IC, N A< 5).

CPO°OJ bLrYAT® o~/ o¢

DDA DPILA S o P<]L®CPP®I a ba AJCPo I BP>rNACT® 10D CPo PN o¢
oalPCot o<"Not Aol * 0> D% o0 PBP>I/P>RC AcP>bCPo®de Lo AoAC
SE>ALY DB NS (IQ) AA®AAG?dS DSHB>PSh®IC ALLA DTN o¢ CLed< DL PR of
(IQ- BLO2 2008%, EN-RI KWB D>*DAn. 2009%, EN-CH OH o&An. 2010%, 1Q-BL04 20087,
IQ-ARVJ 2011%, EN-CH OH o&An. 2010%).

4PN 0 M>CAC oSN CALDYC RAA-TC CALDRC <NED<oNe Sh/Da™ Mt /< sase
PLPYDRC SboA*T Lot Sb>r*a Gy NO%®, DR HFC PI®C>E¢ (D<o bGy e
<LED®RCP>a>Y ot DD o DIl o s (A5, DINNDA*andbiabds, Aay>Yab I/Drase,
> o). Sb>ANATPCb >®D% JL%dt YN*C Ao o 0a D¢ LRLed* <C
dRNcred* e ASdRaLJS. PSaeCC AL CnP>TDCAC <[D>SgeILe N«

Q. 5a AJCP DI Acn << SboA*LC®NNo*Lo® HHC®I 0 N Ag ™ of

e dsb®CACLo ™ 05 PULPIAYC d<odo® Lo ALTD>Ca®. YT D>CAC N*C
Ao ACPNC>CPSIC ASIroLNJS RN NAES PLLASYAS a sa AdC>c P>®I¢
CLbd 0L AG DM 0t D<A\ D>PC*N* 0 PNHCAQ DY HCST* M ot PPAKE,
e, AC AL B\ A PNC>CPPIC ShoAYL®NNT DYt SB>AMATTS o SN>*LC
>_5n<a Dl oNe.

24 AOAC Sb>ALYDSH - BLO2 2008: o Po<dn DCHCDE I8IAC Ab oA,

25 EN-RI KWB DP*DAN 2009: AnAC o P %0t <IIN<IISC CLoI<I> [<on xbn <% %S

26 EN-CH OH o&An 2010: AY 5t oIS [<lono<dBArS <Teoe) 4 <552

27 AOAC SH>ALYDSHHN-BLO4 2008: CL /L LIS D0DAC AbCCA Y C bo s %0 PAIC
[dAL N5 TPOYIIC D [<dcDolS PPIAI > < NI oS C 05T /<

28 A OAC SOD>ALYDSHNC-ARVI 2011: B/ ULAC LBACHBCHIC o P 0 <Y %0,

2 EN-CH OH oA 2010: o=71¢ AtLn o< VEC-o¢ b Lo
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DOAC PILA D
NARCD> D¢ PI*CPo ¢ 22D 0¢ DML o> AcPx¢

1) <DCH>EC Qv Mol I5dSSos I D> on<da Il o oa *dPN .ot Do CP>oONE Lo
D OAMLC®NNTERE P MIo™M* 0 LIBATHC™®IC NP®b>Lan 7 0¢ DPD> 5CT
D> ®IPdC <sdNede (EN-BL NIRB A>n. 2010°%);

2) ArA*g SNt Ag®\bsoslt Acnd< AaMy Lot AP<ra DI g yehsed DG, o
APAPTSIC <PANAT® CAB™LD O™ AYDrod¢ CALPRo® AoyP><Xo® (EN-RB NIRB A>n
2010, EN-AR NIRB LA 2010%);
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Active Layer

Affinity

Albedo

Alluvial

Analyte

Biomass

Brunisolic

Calcareous

Cobble

Committee on the Status of
Endangered Wildlife in Canada

Constituents of Potential
Concern (COPC)

Contouring

Critical load

Glossary

A shallow zone above the permafrost table that thaws in the
summer and refreezes each year.

A natural liking or attraction.

The ratio of the intensity of light reflected from an object to that of
the light it receives from the sun.

Unconsolidated accumulation of stream-deposited sediments
including sands, silts, clays or gravel.

A chemical substance that is the subject of a chemical analysis.
The amount of living matter in a given habitat.

A type of soil that usually formed under forests.

Containing or resembling calcium carbonate; chalky.

Coarse soil particles with size range from 75 mm to 300 mm
according to the Unified Soil Classification System.

This committee uses the best available information on wildlife
species (including scientific, community, Aboriginal Traditional
Knowledge) to assess whether that species is at risk of extinction
or extirpation in Canada.

Metals and radionuclides that have the potential to adversely affect
human health or the environment.

To build in conformity with the landscape.

A value used to protect ecosystems from acid deposition.
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Crustal rebound

Cryosol

Cryoturbation

Decommissioning

Endangered

Equilibrium

Esker

Felsenmeer

Frost wedging

Fugitive dust

Fumigation

Geomorphological process

Geotechnical Conditions

Geotextile

A post glacial process of rising of land masses that were
depressed by the huge ice sheets during the last glacial period.

A type of soil that has permafrost within one metre of the surface.

Movement of surficial materials by heaving or churning as a result
of frost action.

To remove or retire from active service.
A wildlife species facing imminent extirpation or extinction.
A state of rest or balance between opposing influences.

A well- defined, long, narrow topographic ridge of sandy gravel to
gravel material and other sediments deposited resulting from
glacial deposition created by streams flowing beneath a glacier.

A type of morainal or glacial deposit characterized by low, gentle
tomography and very bouldery surface. From the Danish “fjoeld-
mark” or rock desert.

Weathering of soil and rock due to repeated freeze-thaw cycle of
water.

Particulate matter which becomes airborne and has the potential to
adversely affect human health or the environment.

To expose an area to fumes.

Natural mechanisms of weathering, erosion and deposition that
result in the modification of the surficial materials and landforms at
the earth’s surface.

Properties, behaviour and use of soil and rock.

A strong synthetic fabric used to retain an embankment.
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Glacial till

Glaciofluvial

Glaciolacustrine

Glaciomarine

Great Groups

Ground-ice

Harrowing

Histic

Hummocky

Hydrophytic

Ice-wedge

Igneous rock

Intrusive

Unsorted materials that have been deposited directly by the ice
(glacier).

Relating to materials moved by glaciers and subsequently sorted
and deposited by streams of glacial meltwater.

Relating to materials released from the glacial ice deposited in
layers when flowing glacial meltwater comes to rest, as in lakes
and deltas.

Relating to materials released from the glacial ice come in contact
with marine water and deposits.

Different kinds of soil that are developed under the same soil-
forming processes.

Any body of pure ice that forms in the soil.

Agricultural equipment with spike-like teeth or upright discs that is
pulled across the land to loosen compacted soils.

A type of soil horizon that occurs at shallow depths and consists of
poorly aerated organic soil material.

Formed from organic residues, either separate from or intermixed
with mineral materials.

A plant that grows in water or very moist ground.
Ground-ice that forms vertically, tapering down to a point.

One of the three main rock types according to their origin, which is
formed as a result of the cooling and solidification of magma and
lava at the depth of the earth’s crust or on the Earth’s surface.

Pertaining to the process of emplacement of magma in pre-existing
rock.

AREVA Resources Canada Inc.

Kiggavik Project FEIS
September 2014

Tier 2 Volume 6: Terrestrial Environment
Page xix Glossary



Isopleth

Isostatic (rebound)

Kame

Laurentide Ice Sheet

Metamorphic rock

Microtopography

Mitigation

Moraine

Negligible

Organic

Outwash

A line drawn on a map through all points having the same
numerical value, as of a population figure or geographic
measurement.

A post glacial process of upward movement of land masses. Post
glacial crustal rebound is gradually being replaced by the term
isoistatic rebound or isoistatic adjustment.

Isolated and irregular mounds of stratified ice-contact sediments,
generally composed of sand, sometimes with gravel, pebbles and
fine clays.

A massive ice sheet in northern Canada formed due to fall in
temperature at the beginning of the last glacial stage. It is one of
the main three continental ice sheets, the others being the glacial
complex in the High Arctic and the Cordilleran glacial complex.

Rocks formed as a result of transformation of existing rocks (which
may be of igneous, sedimentary or metamorphic origin) by partial
or complete recrystallization under the action of heat and/or
pressure.

The surface features of the Earth on a small scale.

The act of making a condition or consequence less severe;
methods employed to reduce, offset, or eliminate adverse effects
of an activity on the environment.

Glacial till deposited at the end, sides, or beneath the ice (glacier).

So small or unimportant that it may safely be neglected or
disregarded.

Composed of material that originates from living organisms.

Coarse soil material, mainly sand and gravel, removed or “washed
out” from glacier by melt-water streams and deposited near the
ground.
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Overburden

Particulates

Passerine

Periglacial

Permafrost

Physiology

Phytotoxicity

Plasticity

Pore pressure

Potential Acid Input (PAl)

Precambrian

Proliferation

Propagule

The amount of soil materials lying above the bedrock in the area of
interest.

Solid or liquid particles suspended in the atmosphere.

A bird of the order Passeriformes, which includes more than half of
all bird species; also known as perching birds

Near-glacial in the sense of either location or conditions.

Ground (soil or rock) that stays below 0 degrees Celsius for at
least two years (continuous permafrost- a region where over 90%
of the ground surface is underlain by permafrost).

The branch of science concerned with the functioning of
organisms.

Inhibits plant growth or is poisonous to plants.

Ability of a soil to change shape continuously under an applied
stress, and retain the new shape on removal of the stress.

Pressure of water held in pores within a soil or rock.

A unit of measurement used to assess the level of acid introduced
to a given area by deposition.

Geological time period, the earliest of the geologic ages, that
covers the vast bulk of geologic time (approximately 88%), starting
from the formation of Earth around 4.5 billion years ago to the
beginning of the emergence of life-forms almost 600 million years
ago.

Rapid growth or production of cells.

Any form of various structures that can act as an agent of
reproduction in vegetation (e.g., seeds, spores).
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Quartzite

Radionuclide

Relative biological
effectiveness

Riprap

Scarified

Schist

Shear strength

Slump

Soil admixing

Soil compaction

Soil erosion

Solifluction

A hard metamorphic rock formed from sandstone under the action
of heat and pressure.

An atomic species in which the atoms all have the same atomic
number and mass number, and are radioactive.

A relative measure of the effectiveness of different radiation types
at inducing a specified health effect. It is expressed as the inverse
ratio of the absorbed doses of two different radiation types that
would produce the same degree of a defined biological end point.

Rock or other materials used to stabilize shorelines, streambanks,
and/or streambeds to prevent erosion.

To loosen soils using equipment.

A metamorphic rock formed by metamorphism at high temperature
and high pressures.

An engineering term, which is used to describe the strength of the
material (soli) against the structural failure or deformation.

Scoop-like scar slides as result of thaw flows in unconsolidated
sediments developed by pereglacial processes in soil-ice mixtures.

Involves the mixing of materials between soil horizons.

The process by which a stress applied to a soil causes the soil to
become denser as air is displaced from the pores between the soil
grains.

Involves the wearing of exposed soils due to climatic events, such
as wind, precipitation, or water flow over a surface.

A type of mass movement whereby a layer of permafrost melts and
moves down a slope.
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Special Concern

Species at risk

Tailings

Thaw subsidence

Surficial deposit

Tackifier

Thaw seftlement

Thermistor

Thermokarst

Threshold

Tundra

A wildlife species that may become threatened or endangered
because of a combination of biological characteristics and
identified threats.

Those species identified by the Committee on the Status of
Endangered Wildlife in Canada, or under the Species at Risk Act
(SARA) as Special Concern, Threatened, Endangered, or
Extirpated. The species are usually considered at risk because of
declining populations, loss of habitat, and continued threats to their
recovery.

Crushed rock, water and chemicals remaining after the removal of
the uranium from the rock.

Subsidence resulting from the thaw behaviour of permafrost.
Loose deposits covering bedrock.

Chemical compounds used to formulate used to increase the
stickiness of a surface.

An engineering term, which is used to describe the change in
volume of thawing soil from both phase change (ice to water) and
flow of excess water out of the soil.

A temperature sensing device used for the measurement of ground
temperatures.

A process of the thawing of subsurface ice confined to the upper
part of the permafrost and related to subsidence of the earth’s
surface with the formation of the negative forms of hummocky,
irregular relief.

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

A treeless landscape with a cold climate that exists in the polar
regions and at high altitudes.
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Tussock

Ungulate

Valued environmental
component

Veneer

Zone of Influence (ZOI)

A tuft or clump of growing grass.
A hoofed mammal. (e.g., caribou, muskox).

Attributes that are of cultural or ecological importance that interact
with the Project.

A thin cover of some material that is more desirable as a surface
material that the underlying material.

An area surrounding an activity that is indirectly affected by that
activity (e.g., noise, dust, visual disturbances).
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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 terrestrial environment and result in a potential environmental effect to
the terrain, soil, vegetation and wildlife and their habitat. The overall objective of the terrestrial
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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The EIS has been prepared in fulfilment of the requirements of the NIRB Guidelines.
1.4 Report Content

This volume is organized to focus on the key Project activities that have the potential to interact with
the terrestrial environment that are recognized as a particular interest of regulatory agencies or the
public. The terrestrial environment is broken down into four components: terrain, soils, vegetation,
and wildlife.

This volume consists of the following sections:
Part 1 — Introduction and Methods

¢ Section 1: A general introduction to AREVA, the Kiggavik Project, and the terrestrial
environment assessment

e Section 2: A description of the Kiggavik Project

e Section 3: A description of the approach and methodology employed in the environmental
assessment

e Section 4: A list of references cited in Part 1

Part 2 — Terrain, Soils and Vegetation Assessments

e Section 5: A description of the scope of the terrain, soils and vegetation assessments
e Section 6: A brief description of the existing environment for terrain, soils, vegetation

e Section 7: An assessment of the Project effects and cumulative effects on terrain

e Section 8: An assessment of the Project effects and cumulative effects on soils

e Section 9: An assessment of the Project effects and cumulative effects on vegetation
e Section 10: A list of references cited in Part 2

Part 3 — Wildlife Assessment

e Section 11: A description of the scope of the wildlife assessment
e Section 12: A brief description of the existing environment for wildlife and wildlife habitat
e Sections 13 through 16: An assessment of the Project effects and cumulative effects on
the selected wildlife key indicators, specifically:
e ungulates
e raptors
e migratory birds
e species at risk
e Section 17: A list of references cited in Part 3
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Part 4 — Summary of Terrestrial Effects, Mitigation and Monitoring

e Section 18: A summary of the overall Project effects and cumulative effects on the
terrestrial environment

e Section 19: A summary of the mitigation measures for the terrestrial environment

e Section 20: A summary of the monitoring programs recommended for the terrestrial
environment

e Section 21: A list of references cited in Part 4

Tier 3 documents are appended to this volume to provide further details and supporting information.
The Technical Appendices pertaining to this volume are as follows:

e 6A — Surficial Geology, Terrain and Shallow Geotechnical Conditions
e 6B — Vegetation and Soils Baseline

e 6C — Wildlife Baseline

e 6D — Wildlife Mitigation and Monitoring Plan
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2 Project Overview

2.1  Project Fact Sheet

Location ¢ Kivallig Region of Nunavut, approximately 80 km west of Baker Lake.
e The Project includes two sites: Kiggavik and Sissons (collectively called the Kiggavik Project).
e The Kiggavik site is located at approximately 64°26°'36.14”N and 97°38'16.27"W.

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

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

Resources e 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 o 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.

o 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 e 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.

o 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).

e Type 1, Type 2 and Type 3 rock will be managed in surface stockpiles during operation.

e Upon completion of mining, Type 3 mine rock will be backfilled into mined-out pits.

Mill e 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.

o 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.

o 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.

o Administrative and action levels will be used to control and optimize water treatment plant
performance for key elements.

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.
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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.

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

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

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

e 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 o 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.

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

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
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.
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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 284 30.0
volume (Mm3)
Total tailings Million cubic metres 21 30.0
volume (un- (Mms)

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 — (m3/day)
permeate and site
drainage recycle
Freshwater Cubic metres per day 60 60
requirements - (m3/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 0-3.8
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
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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

o focuses on issues of greatest concern

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

o considers issues raised by the Inuit, regulators, government agencies and public
stakeholders

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 in different manners with the Project, 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 or 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
environment that are caused by the Project or activity arising solely because of the proposed
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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.

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
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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.

o 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
3.21 Valued Components, Indicators and Measurable Parameters

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

Valued Environmental Components (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:

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

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

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

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

Key indicators (Kls) 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
VECs. For practical reasons, Kls are often selected where sufficient information is available to
assess the potential Project residual environmental effects and cumulative environmental effects.
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For each VC or Kl, one or more measurable parameters are selected to measure quantitatively or
qualitatively 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 Kl. 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
standards are identified for each measurable parameter, where possible, to assist in determining
significance of the residual environmental effect.

3.2.2 Key Issues

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:

e 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

e professional judgment of the assessment team, based on experience with similar projects
elsewhere and other mining project and activities in Nunavut

Key Project-related issues are summarized in the scoping section for each discipline considered in
the assessment.
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3.2.3 Project-Environment Interactions and Environmental Effects

Key Project-related activities that are likely to 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 interaction is ranked according to the potential
for an activity to cause an environmental effect. The interactions are ranked according to the
following:

e If there is no interaction or no potential for substantive interaction between a Project
activity and the VC to cause a potential environmental effect, an assessment of that
environmental effect is not required. These interactions are categorized as 0, and are not
considered further in the EA. The environmental effects of these activities are thus, by
definition, rated not significant.

o If there is likely to be a potential interaction between a Project activity and a VC but not
likely to be substantive in light of planned mitigation, the interaction is categorized as 1.
Such interactions are well understood and are subject to prescribed mitigation or codified
practices. 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 more
substantive environmental effects despite the planned mitigation, if there is less certainty
regarding the effectiveness of mitigation, or if there is high concern from regulatory
agencies, Inuit or stakeholders, the interaction is categorized as 2. These potential
interactions are subject to a 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 to ensure 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.

3.24 Assessment Boundaries

Boundaries of the assessment are defined for each VEC 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 VEC 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.

Three assessment areas are defined for each VC.

The Project Footprint 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.

The Local Assessment Area (LAA) 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.

The Regional Assessment Area (RAA) 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.

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 Kis are likely to be affected by Project activities.
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For the Kiggavik Project, temporal boundaries include the following Project phases.

e construction
e operation

e final closure
e post closure

The operation phase includes consideration of maintenance, planned exploration and temporary
closure (care and 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.

3.2.4.3 Administrative and Technical Boundaries

Administrative and technical boundaries are identified and justified for each VC or KI, 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.

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

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

o 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)

o 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)

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

e 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.

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 were reviewed for consideration in each
discipline-specific assessment, including scoping of baseline data collection, selection of VC and Kis,
use of TEK and IQ in the environmental effects assessment, mitigation and monitoring.
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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:

¢ information from past research conducted in the region

¢ Inuit Qaujimajatugangit

e knowledge gained from the collection of baseline data through literature review,
qualitative and quantitative 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.

Mitigation includes Project design features to change the spatial or temporal aspect of the Project,
specialized mitigation, environmental protection measures and protocols, and compensation (habitat
compensation, replacement or financial compensation).

Where mitigation is identified, a brief discussion of how the measure(s) will help to minimize 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.
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3.3.4 Project Residual Environmental 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 Project Residual Environmental Effects

Significance of a Project residual environmental effect is determined based on standards or
thresholds that are specific to the VEC, Kl 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
o the success of Project design features, mitigation measures, and environmental
protection measures in effectively reducing the environmental effect

Prediction confidence for the environmental effect and the success of mitigation measures is ranked
as low, moderate or high.

3.3.6 Monitoring of Project Residual 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
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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

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

¢ |ocation and timing of surveys

¢ how the results of the monitoring will be applied, including consideration of an adaptive
management approach

3.4 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:

e The Project will result in a measurable, demonstrable or reasonably expected residual
environmental effect on a component of the biophysical or socio-economic environment.
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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?).

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 and activities 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 the VC or KI.

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.

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 (Volume 1,
Appendix xx).

o Base Case: the current status of the measurable parameters for the environmental
effects at baseline (i.e., prior to the Project). Baseline includes all past and present
projects and activities in the RAA that may result in similar environmental effects to 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 or commissioning.
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e Project Case: 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.

e Future Case: the status of the measurable parameters for the environmental effect
because of 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:

— Meadowbank
— Doris North 1
— Doris North 2
— Meliadine

— Mary River

— Hackett River
— Back River

— Hackett River
— High Lake

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.

e Far Future Case: the status of the measurable parameters for the environmental effect
because of the Future Case, in combination with possible far future developments in the
Kiggavik region.

It is recognized that exploration activities will continue near 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 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.
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Component Locations

Uranium mines 3 mines within 200 km of Kiggavik
Uranium mills Kiggavik mill
Gold mines 1 mine within Kiggavik RAA

Meadowbank region

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

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 could 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:

e measures that can be implemented solely by AREVA

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

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.
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3.4.5 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:

¢ 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

¢ 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)

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, Kl and/or measurable parameters used to assess the Project
environmental effect. Determinations of significance are made for:

¢ the significance of the total residual cumulative environmental effect
e 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)
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:

o confirm the effectiveness of a broad range of approved mitigation techniques
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o determine whether different or an increased level of mitigation is required to achieve the
mitigation or reclamation goals
¢ 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

e 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

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 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.
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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:

¢ relevant Project design features to reduce environmental effects

Project policies (e.g., Inuit hiring policy)

specialized mitigation measures to minimize environmental effects on VECs
social or community programs to minimize environmental effects on VSECs
environmental protection plans

broader agreements (e.g., benefits agreements)

e compensation

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:

¢ Compliance Monitoring Program Framework

e Environmental Monitoring Program Framework

e Socio-Economic Monitoring Program Framework
e Post-Project Analysis Program Framework

e Follow-up Monitoring Programs
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5 Scope of Assessment for Terrain, Soils and Vegetation

5.1 Issues and Concerns ldentified During 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 terrestrial environment. These issues focused on the effect of the Project on
landforms and terrain features, as well as soil quantity and quality (Section 8.1.4). Issues also
included Project effects on vegetation abundance and diversity, vegetation quality, and the potential
for invasive vegetative species (Section 8.1.11). Specific issues related to routine Project
components and activities include:

¢ the effects on landforms during Project construction and operation

¢ soil erosion from surface disturbances

e changes in soil quality from compaction, air emissions and dust deposition

e changes to radiation levels to the surrounding environment as a result of the Project

e dewatering of the Andrew Lake Pit

o effects on vegetation abundance and diversity

o effects on vegetation quality from air emissions and dust deposition

o effects of the potential introduction of invasive or exotic species via Project equipment,
vehicles, aircraft, and marine vessels

As part of AREVA’s efforts to gather input and feedback from KivalliQ 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 Qaujimajatuqangit) 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), Aaijiigatigiingniq (consensus decision-making) and Inuugatigiitsiarniq
(respecting others, relationships, and caring for people) and as all groups are recognized as valued
contributors. The term Inuit Qaujimajatuqangit is used to describe Inuit epistemology or the
Indigenous knowledge of the Inuit (Tagalik 2012). Inuit Qaujimajatuqangit translates into English as
“that which Inuit have always known to be true.” Inuit Qaujimajatugangit and engagement comments
are differentiated by prefix of either ‘IQ’ for Inuit Qaujimajatugangit or ‘EN’ for engagement.

Many of the issues and concerns raised about the potential effects of the Project on terrain, soil and
vegetation highlight the understanding that the health of Inuit, of wildlife and of the environment are
interconnected (IQ-Nunavut Tunngavik Inc. 2005) and the 1Q guiding principle of Avatimik
Kamattiarniqg, the concept of environmental stewardship (GN 2009).
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Vegetation, including Berries and Lichen

Comments were received about the importance of plants including berries in traditional diets. The
following plants were described as being edible in IQ interviews: broadleaf willow seed pods,
fireweed, dwarf fireweed leaves and flowers, lousewort roots, bearberries, blackberries or
crowberries, blueberries, and purple mountain saxafrage flowers and roots (IQ-RBH 2011'%, IQ-BLE
2009', 1Q-CIYA 2009', EN-CI OH Nov 2010'%). Plants such as cloudberries and tundra moss
were also important because they were used to make teas (IQ-Mannik 1998'%, IQ-RIHT 2009'%, 1Q-
CIE 2009, IQ-BLE 2009""°). Plants were traditionally used for a variety of purposes around camps

1% 1Q-RBH 2011: The following plants and berries are consumed: broadleaf willow (seed pods),
fireweed, dwarf fireweed (leaves and flowers), lousewort (roots), bearberries, blackberries
(crowberries), blueberries, purple mountain saxafrage (flowers).

194 |Q-BLE 2009: Elders said that traditional cures were no longer used, adding that crowberries,

blueberries, blackberries, and ‘red’ berries were harvested for food.

% 1Q CIYA 2009: People mentioned that certain purple flowers, possibly saxifrage, were edible,

and that there were white roots that tasted like carrots.

1% EN-CI OH Nov 2010: Everyone comes to Chesterfield in August to pick cloud berries. Berries are
really important to Chesterfield.

197 1Q-Mannik 1998: People started using dried ground plants and leaves such as those from the

cloudberry bush, after the introduction of tea by Europeans.

1% |Q-RIHT 2009: Elders depend on cloudberries and other plants for making teas

199 |Q-CIE 2009: Tundra moss can be boiled to make a tea, and other plants were used to make

medicinal tea.

"%1Q BLE 2009: Cloudberries were also named as one of the types of berries picked by the people

of the Baker Lake area and were used to make tea.
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including bedding (IQ-Bennett and Rowley 2004'""), fuel (IQ-Bennett and Rowley 2004 '"?), wicks and
mosquito repellent (IQ-Mannik 1998"").

Plants are also important because they provide habitat for wildlife and are a food source for
important species such as caribou and muskoxen, as well as for small mammals and birds (IQ-CI03
2009""* EN-BL OH Nov 2013'").

Lichen in particular was identified as an important food source for caribou, which is a valued species
for Inuit traditional and cultural ways. Concerns about protecting plants including lichen from potential
contamination were receieved, such as will lichen become contaminated from prevailing winds (1Q-
WCCR 2011)?

Dust

Specific concerns were expressed by participants regarding dust generation as a result of Project
activities. Representative comments regarding dust included:

e If AREVA builds a road, there will be dust from the road in the summer time. This dust will
collect on the grass on which the caribou feed, and may impact caribou health. This
should be minimized (BLHT 2011).

e Hunters and Elders expressed concerns about the potential for airborne contamination
settling on vegetation and being consumed by caribou (IQ-ARHT 2009).

e Wind travels from Baker Lake towards Rankin Inlet, and that any airborne contaminants,
such as dust, would find their way to Rankin Inlet (IQ-RIHT 2009).

e There are concerns about air pollutants travelling by way of dust particles. As well, there
are dangers associated with the dust to human health and wildlife (EN-RB NIRB 2010).

" 1Q-Bennett and Rowley 2004: Dwarf willows were used to make ‘avaalagqiat’, the waterproof

bottom for bedding.

"2 1Q-Bennett and Rowley 2004: Heather moss and ‘urju’ (sphagnum moss) were used as fuel and

to keep food moist during cooking.

"% 1Q-Mannik 1998: In the past, other plants such as kanguuyat (cotton grass) were used as wicks
for lanterns and brown mosses were used in lanterns, as a match to start fires, and to create smoke
to ward off mosquitos. Lichen was also collected for fire.

"% 1Q-CI03 2009: Musk ox stay in an area where there is vegetation, and only move when it is gone.

"% 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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Participants in the stakeholder engagement sessions wanted to see effective dust control measures
implemented to prevent dust-related effects on the environment.

Soil

Issues were raised about Project effects on soilsspecifically, concerns were noted on potential
contamination of soil and its effect on food sources (EN-CI KIA Apr 2007 '"® EN-Kiggavik Project Blog
2009"7).

Landforms

A comment posted on the Kiggavik Project Blog website described the importance of landforms for
Inuit: /landforms are very important because we use the land everyday (EN-Kiggavik Project Blog
2009).

Hills were important areas for camping (IQ-BL01 2008'"®) and graves are sometimes located on hills
(IQ-BL11 2008'®). Certain hills are described as being spiritual or mystical place where unusual
things happened to people (IQ-BL02 1008'%'#' 1Q-BL09 2008'%, 1Q-BL13 2008"'%).

"8 EN-CI KIA Apr 2007: Caribou eat off the ground and then we eat the caribou. If they get sick, we
get sick. Will we get diseases?

"7 EN-Kiggavik Project Blog 2009: all the animals we eat rely on good soil
"8 1Q-BL0O1 2008: People camped at the Kazan River in the spring, pitching tents on a hill so that
they could see all around

"9 1Q-BL11 2008: There’s a nice big hill there that you can see way from a distance. The lower part
is very smooth, with a lake. That’s where my name sake is buried. That much | know about his or her
grave.

120 1Q-BL02 2008: It is said that a thick fog forms as you go on top of that hill, and you start to get

really happy, and start playing while you are getting lost. [Someone] was there and started jumping
up and down all by himself, and when he realized what was happening, he quickly turned around and
started to run as fast as he could. If you go there, you can start playing, even though you are alone

12 |Q-BLO5 2008: At Kangiluarjuk, there is a house that we call “ljiraq house” (caribou which turns

into a human). My father use to tell us to be very careful about thatarea. The place is a hill and part
of it is slanted towards the lake. These Kangiqluarjuk hills, the south side ones, are connected to this
hill where this ljiraq house is. | myself have never seen it, but especially the children were not
allowed to get close to it.
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The importance of land in general, concern about the Project contaminating the land, and the need to
protect the land were noted (IQ-BLE 2009'**, EN-BL HS Nov 2010"°, EN-CI OH Nov 2012'%).

Permafrost

During the stakeholder engagement sessions, concerns were expressed regarding the potential for
Project-related mining activities to expose permafrost and for uranium to melt the permafrost layer
(EN-RB OH Nov 2010"™", EN-RI RLC Feb 2009'%). People were aware that AREVA has experience
operating mines in Saskatchewan and wanted to know that AREVA has considered operating in
Nunavut where permafrost is present (EN-WC KIA Jan 2010'%).

122 |Q-BL0O9 2008: There’s a hill that gets very foggy, | heard of it as Kinnga'tuaq. | have heard that
you cannot go there or pass through. Thick fog starts to form on it when you go through there, you
cannot see anything

123 |Q-BL13 2008: The area | talked about, where there are caribou that are not real (near Shultz

Lake), is a place you cannot go alone. If you climb there on a beautiful clear sunny day, as you walk
half way up that hill, you will suddenly be in the middle of a thick fog all around you. There was even
an incident that happened to Iglurjuaq. He wounded a caribou there and the caribou climbed that hill.
At that moment it got really foggy. He lost his caribou, and almost got lost himself. He turned back
and almost didn’t make it. And when he died, it got really clear and sunny again. That hill is a big
problem in every way.

124 1Q-BLE 2009: Elders are concerned that uranium may escape and contaminate the grounds

125 EN-BL HS Nov 2010: What effect will mining have on the land?
126 EN-CI OH Nov 2012: What are the effects when a barrel breaks, to the land and animals?

127 EN-RB OH Nov 2010: Worried about the underground mine caving in when the permafrost
comes.

128 EN-RI RLC Feb 2009: Does uranium melt the permafrost?

129 EN-WC KIA Jan 2010: Saskatchewan doesn't have permafrost and they have fewer storms than
we do here. Has this been looked into?
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5.2 Influence of Inuit Qaujimajatugangit and Stakeholder Engagement
on the Terrain, Soils and Vegetation Assessment

Issues and concerns identified during the stakeholder engagement sessions and 1Q interviews were
incorporated into the terrestrial assessment and informed the associated mitigation and monitoring
plans. Many comments relating to vegetation and the land were received including concern about
potential effects on traditional use of plants such as berries, effects on vegetation and animals from
dust and uranium, and the need for mitigation and monitoring.

AREVA'’s experience in uranium mining in northern Saskatchewan has been used as a benchmark
for Project design and planning. Kivalliq residents expressed uncertainty as to whether or not the
comparison to northern Saskatchewan is relevant, since there are some important differences
between the boreal and tundra environments. People have expressed the need for assurance that
AREVA is designing specifically for the unique environmental conditions at Kiggavik (EN-WC KIA
Jan 2010%, EN-KV OH 09'%),

The importance of terrain, soil and vegetation is further demonstrated through the selection and
validation of Valued Environmental Components (Section 5.4). 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
terrestrial baseline program (Tier 3, Technical Appendices 6A, B and C).

Many of the mitigation, monitoring, and management plans associated with terrain, soil and
vegetation assessments incorporate 1Q guiding principles (GN 2009), including Qanuqtuurnunnarniq
(being resourceful to solve problems), Avatimik Kamattiarniq (environmental stewardship),
Pilimmaksarniq (skills and knowledge acquisition) and Piliriqatigiingniq (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 terrestrial assessment and terrestrial monitoring programs will be communicated to
local stakeholders through implementation of the Community Involvement Plan (Tier 3,
Appendix 3C). AREVA’s commitment to engagement and community involvement is throughout the
life of the Project and continues throughout construction, operations, decommissioning and

130 EN-KV OH 2009: No trees up here but the trees stop the wind blowing the ore in Saskatchewan.
What will be used to manage dust?

31 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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reclamation. Knowledge and understanding of 1Q 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, Aajiiqatigiingniq, Inuuqatigiitsiarniq
¢ 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 1Q and engagement data influenced the terrestrial assessment.
Vegetation

As outlined in Section 5.1, berry-producing plants were identified as an important traditional food
source. Efforts were made to identify the Ecological Land Classification (ELC) map units that contain
berry-producing plants, and Project effects to these map units are addressed in Section 9.

Project-related effects associated with constituents of potential concern (COPCs) in vegetation such
as berries and lichen 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).
Berries and medicinal teas were specifically included in human receptor dietary characteristics for
the Kiggavik Project (Tier 3, Technical Appendix 8A) based on community feedback through 1Q and
engagement activities.

The importance of vegetation, including berries and lichen, in the Arctic foodweb was noted during 1Q
interviews and engagement feedback. The assessment of potential Project-related effects on
vegetation are presented in Section 9. The Ecological and Human Health Risk Assessment (Tier 3,
Technical Appendix 8A) examines how potential COPCs may move through the food web to animals
and humans. Modelling the uptake of radionuclides and metals by terrestrial biota can be quite
involved and requires consideration of several interactions. For example, direct deposition from air to
soil and terrestrial vegetation, direct uptake from soil to terrestrial vegetation, and ingestion of diet
components by terrestrial animals and birds are considered in the modelling. Potential effects on
wildlife that consume vegetation (e.g. browse, forage, lichen, and/or berries) directly or indirectly via
the foodweb are presented in Tier 3, Technical Appendix 8A and include the following terrestrial
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),
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wolverine (Gulo gulo), peregrine falcon (Falco peregrines ssp. Tundrius), Lapland longspur
(Calcarius lapponicus), 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). The human health risk
assessment results are detailed in Tier 2, Volume 8 and Tier 3, Technical Appendix 8A.

People were concerned that vegetation could become contaminated from Project activities. A
number of design and management mitigation measures will be employed to reduce potential effects
of air emissions on vegetation (Tier 2, Volume 6, Section 9.6.2 and Tier 3, Technical Appendix 4C).
In addition, vegetation will be monitored during operations and decommissioning to address
community concerns about potential contamination of or changes to vegetation communities
resulting from Project activities. This includes sampling and analyzing plants (vegetation quality
monitoring) as well as monitoring vegetation communities (e.g. diversity, density). Vegetation quality
monitoring results will be compared to baseline values and compared to predictions from this
environmental assessment (Section 9). Vegetation quality monitoring results will also be used to
update the ecological and human health risk assessment as required (Tier 3, Technical
Appendix 8A). Vegetation monitoring results will be considered along with air emissions and dust
deposition to verify predictions for vegetation quality.

Dust

People described experiences with dust from existing roads and asked AREVA to minimize dust as
much as possible (IQ-BLHT 2011™2 EN-BL EL Oct 2012'%). Air dispersion modelling was
completed to predict the dispersal patterns of dust created at the mine sites (Tier 3, Technical
Appendix 4B) and results of modelling were carried forward into Tier 2, Volume 6, Sections 8 and 9
to examine potential changes in soil and vegetation quality, respectively.

Mitigation measures are important for controlling dust from mining activities and infrastructure such
as roads. During open pit mining, blasting patterns will be used to control the dispersion of materials
as well as dust. Where possible, blasting may also be avoided on days where dust dispersion
outside of the Project footprint is anticipated to be excessive due to the prevailing winds speeds.
Dust suppression will involve spraying water from a tanker truck affixed with either a spray nozzle or
spray bar onto dust-prone mine site areas. If water spraying is not effective in preventing dust
occurrence, an adaptive management strategy focussing on addition dust suppression techniques

32 1Q-BLHT 2011: be aware that the road to Meadowbank produces a lot of dust in the summertime.

Caribou feed on grass close to the road; this grass is full of dust. If you are going to build a road, try
to minimize dust.

'3 EN-BL EL Oct 2012: Near my house there is lots of dust on the plants from traffic on the roads.
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will be investigated, such as using a dust suppressant identified in the GN (2002) guidelines. Speed
limits around the mine site and along all roads will be strictly adhered to, for safety and to reduce
airborne dust from vehicular and other equipment traffic (Tier 3, Technical Appendix 2M). Aspects of
these mitigation measures are included in Tier 3, Technical Appendices: 2M Road Management
Plan, 2R Preliminary Decommissioning Plan, 4C Air Monitoring and Mitigation Plan, 6D Wildlife
Mitigation and Monitoring Plan

Dust monitoring (Tier 3, Technical Appendix 4C) will be undertaken to determine the amount and
dispersal of dust generated by the Project and results will be compared to baseline and assessment
predictions.

Concerns about COPCs entering the food web through dust (IQ-ARHT 2009'**) were addressed in
the pathways of exposure in the Ecological and Human Health Risk Assessment (Tier 3, Technical
Appendix 8A).

Soil

Potential for soil contamination is addressed as part of the assessment of Project effects on soil
quality (Section 8). To reduce the potential for soil acidification and changes in COPC
concentrations, emissions from all industrial machinery and equipment, including the diesel-powered
generators will meet the federal air emission standards. Low sulphur diesel fuel will be used to
reduce emissions associated with diesel fuel combustion. In addition, scrubbers will be installed on
any mill stacks that emit particulates and contaminants (e.g., acid plant exhaust stack) to remove
these items from the air stream before discharge (Tier 3, Technical Appendix 4C).

Soil quality will be monitored during operations and decommissioning (Tier 3, Technical Appendix
4C) to address community concerns about potential contamination of soil resulting from Project
activities. This includes sampling and analyzing soil for metals and radionuclides. Soil quality
monitoring results will be compared to baseline values and compared to predictions from this
environmental assessment (Section 8). Soil quality monitoring results will also be used to update the
ecological and human health risk assessment as required (Tier 3, Technical Appendix 8A).

Concerns about potential contamination of soil resulting from spills or accidents are addressed in
Accidents and Malfunctions ( Tier 2, Volume 10).

3 |Q-ARHT 2009: Hunters and elders expressed concerns about the potential for airborne

contamination settling on vegetation and being consumed by caribou.
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The role of soil in the ecosystem and the potential for COPCs to enter the food web is addressed in
Tier 3, Technical Appendix 8A. Modelling the uptake of radionuclides and metals by terrestrial biota
can be quite involved and requires consideration of several interactions. For example, direct
deposition from air to soil and terrestrial vegetation, direct uptake from soil to terrestrial vegetation,
and ingestion of diet components by terrestrial animals and birds are considered in the modelling.
Soil ingestion is included as a pathway for terrestrial ecological receptors and human receptors
(Tier 3, Technical Appendix 8A).

Terrain — Landforms and Permafrost

Landforms and permafrost were identified as key components in the terrain assessment. The
importance of hills was discussed by Elders in stories about traditional land use and life on the land
(Section 5.1) and questions permafrost were also noted (Section 5.1). Project effects on landforms
and permafrost are addressed in Section 7 of this report. Best construction and project management
practices coupled with engineering techniques, especially in permafrost engineering, will be
implemented to address any issues with changes in permafrost conditions, and terrain stability (e.g.
Tier 3, Technical Appendices 2D, 2G,2N). Visual monitoring will be conducted to check for changes
to land and ground temperature will be measured at key locations.

Public input and IQ on potential risks to logistical infrastructure and benchmarking against existing
projects in Nunavut and the Northwest Territories has been used to provide confidence in logistical
and operational plans. Foundations, pads, and road design have been based on existing designs in
northern areas of continuous permafrost. Other sections of this environmental assessment examine
aspects of Project operations related to permafrost. For instance, the effects assessment for
hydrogeology (Tier 2, Volume 5, Section 7 and associated appendices) considers operations such as
tailings management in permafrost and non-permafrost conditions. Over the long-term, the tailings
management and mine rock facilities have been planned to ensure a robust design for protecting the
environment in either the presence or the absence of permafrost. Long-term stability of the tailings
and mine rock facilities do not require permafrost encapsulation (Tier 2, Volume 2).

Potential Project-environment interactions with archaeological sites on hills, such as camps and
gravesites, are assessed in Tier 2, Volume 9, Part 2 Heritage Resources.
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5.3 Regulatory Setting
5.3.1 Terrain

Although there are no federal or territorial guidelines and regulations that are applicable to assess
the effect of changes in terrain, precedence for the inclusion of terrain as a valued environmental
component (VEC) is found in a number of existing environmental assessments for porjects in the
Arctic under the Canadian Environmental Assessment Agency (CEAA). Consequently, the terrain
assessment was largely conducted qualitatively. However, a quantitative approach was adopted
based on the previous experiences with similar projects in Nunavut and other parts of the Canadian
Arctic and best professional judgment to determine the significance of the Project effects on terrain.

Some of existing EARPs in the Arctic were extracted from the CEAA website (CEAA 2009) including:

e lzok Lake EARP where sediments, geomorphology, and permafrost were included in the
assessment

o Ekati Diamond Mine EARP where permafrost and eskers were brought forward

e Jericho Diamond Mine where project impacts were considered for permafrost

o Doris North Project where landscape, terrain and regional geology were identified as VECs

5.3.2 Soils
5.3.2.1 Federal Policy on Wetland Conservation

The objective of the 1991 Federal Policy on Wetland Conservation is to “promote the conservation of
Canada’s wetlands to sustain their ecological and socio-economic functions, now and in the future”
(Government of Canada 1991). One of the goals of this policy is a no net loss of wetland functions on
federal lands and waters (Government of Canada 1991). Therefore, any loss of soils associated with
wetlands is considered an effect, as soil is a critical component and indicator of wetland function
(e.g., a change in soil type due to a change in site hydrology would indicate a change in wetland
function). Environment Canada administers this policy. Part of the Project occurs in federal lands,
where the policy is directly applicable.

5.3.3 Vegetation
5.3.3.1 Species at Risk Act

The Species at Risk Act (SARA) is a key federal government commitment to protect species from
becoming extinct, providing legal protection to species at risk on federal lands. Environment Canada
(i.e., Canadian Wildlife Service), Fisheries and Oceans Canada, as well as the Parks Canada
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Agency, depending on the area of responsibility, administer SARA. SARA aims to secure the actions
necessary for the recovery of species identified as at risk. Species are assessed for designation as
species at risk by the Committee on the Status of Endangered Wildlife in Canada (COSEWIC), and
given protection through a jurisdictional commitment to action by the appropriate Minister. Schedule
1 of SARA is the official list of species at risk in Canada. Two vegetation species listed on Schedule
1 occur in Nunavut. These include a willow of Special Concern (Felt-leaf willow, Salix silicicola), and
a moss with Threatened status (Porsild’s Bryum, Mielichhoferia macrocarpa).

5.3.3.2 Nunavut Wildlife Act

The Nunavut Wildlife Act is territorial legislation under the NLCA. Its purpose is the management of
wildlife and habitat in Nunavut, including the conservation, protection and recovery of species at risk.
It provides legislative responsibility to implement the commitments of SARA on Nunavut lands. The
Nunavut Wildlife Act is administered by Nunavut’'s Department of Environment.

5.3.3.3 Nunavut Land Claims Agreement Act

The Nunavut Land Claims Agreement Act is the 1993 agreement between the Inuit of the Nunavut
Settlement Area and the Government of Canada that allowed for the creation of the territory and the
Government of Nunavut (GN). The Nunavut Land Claims Agreement Act gave jurisdiction to the GN
for wildlife management, land use planning, and natural resource management. The Nunavut
Planning Commission (NPC) was established under this Act. The NPC developed the Keewatin
Regional Land Use Plan. The study areas for this Project occur within the Keewatin planning region.

5.3.3.4 Keewatin Regional Land Use Plan

The Keewatin Regional Land Use Plan was developed by the NPC. It has the objective that non-
renewable resource development should have no significant effects on the environment, wildlife or
wildlife habitat.

5.3.3.5 Federal Policy on Wetland Conservation

The Federal Policy on Wetland Conservation (Section 5.3.2.1) applies to vegetation as well as soil..
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5.4 Valued Environmental Components, Indicators and Measurable
Parameters

5.4.1 Valued Environmental Components

VECs are attributes that are of cultural or ecological importance that interact with the Project. VECs
are selected based on criteria identified in the NIRB guidelines, scientific input, as well as concerns
identified through public engagement activities and 1Q interviews.

VECs selected for this assessment include terrain, soils and vegetation. Plant and soil resources
provide habitat for wildlife. Geological history, lay of the land, and weather patterns support the
development of different soil types, and together all of these physical features create different plant
communities. Terrain was selected as a VEC because of its importance as a basic component of the
terrestrial environment. Soil was identified as a VEC because they support ecosystems that provide
biological and cultural values. Vegetation was selected as a VEC because of their contribution to
biodiversity, their role as wildlife habitat, and their importance for traditional Inuit activities such as
berry collection. The terrestrial habitat upon which wildlife populations and local communities depend
must be well understood and documented because of its important role in the human and
environmental setting.

AREVA'’s efforts to validate VEC selection included use of interactive posters at AREVA’s 2010 Open
House tour to learn more about why these VECs are important to Kivalliq 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 stickers with descriptive words (i.e., Beautiful, Comfort,
Peaceful, Happy, Money, Food, Clothing, Health, Respect, Spiritual, Tradition, Culture, IQ, Survival,
Pride, Fun, Future, Safe /Secure) beside any/all VECs. The two most frequently used values
associated with terrestrial components were:

e food and Beautiful for berries;

e Survival and Tradition for lichen;

e Respect and IQ for soil; and

e Beautiful and Peaceful for landforms.

As evidenced by these engagement results, these terrestrial VECs are valued for a wide range of
reasons, from culture to well being to basic needs. Selection of terrain, soil and vegetation as VECs
was further validated by considering feedback received (importance, concern, issues) through public
engagement and 1Q interviews as described in Sections 5.1 and 5.2 above.
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Overall, the issues and concerns raised by Kivalliq community members supported the selection of
terrain, soil and vegetation as VECs; the assessment of effects on these VECs is an important
component of the Kiggavik Project environmental assessment.

5.4.2 Indicators

Assessment indicators are often used to represent key aspects of a VEC, particularly species of
concern to local stakeholders. For the terrestrial assessment, use of key indicators was not
necessary for assessing Project effects on terrain, soils and vegetation.

5.4.3 Measurable Parameters

Measurable parameters refer to quantifiable and measurable aspects of the VEC that are used to
determine the magnitude and direction of environmental change associated with Project activities.
Changes to the measurable parameters will be assessed to determine the significance of Project
activities on the VECs. Some environmental effects cannot be quantitatively predicted prior to the
environmental effect occurring. As such, predictions based on knowledge and literature from
research and monitoring projects can be made to qualitatively characterize the environmental effects.
Measurable parameters used to assess environmental effects on terrain, soils and vegetation are
discussed in Sections 7, 8 and 9, respectively.

5.5 Project-Environment Interactions

Interactions will occur between Project activities and the terrestrial VECs during all phases (i.e.,
construction, operation, final closure, and post closure) of the Project. A detailed matrix showing
potential interactions between all Project activities and the VECs is provided in Table 5.5-1.

The rationale for ranking Project interactions with the terrain, soils and vegetation VECs as 1
is presented below.

All interactions ranked as 2 are carried forward into the effects assessment for each
particular VEC: Section 7 for terrain, Section 8 for soil, and Section 9 for vegetation.

Construct In-water/Shoreline Structures

Site preparation, excavation, contouring and construction of in-water and shoreline structures (i.e.,
Andrew Lake dewatering structure and dock site) could have potential effects on slope stability,
shoreline erosion, slides, rock falls and slumping in surficial deposits and bedrock. These effects
could also potentially induce changes in the permafrost regime and terrain instability. Engineering
measures have been incorporated to ensure that built structures are geotechnically and hydraulically
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stable. The following measures will be taken into consideration to mitigate these potential adverse
effects during the construction phase of the Project.

e The key design criteria for the Andrew Lake dewatering structure will be based on the
Canadian Dam Association Dam Safety Guidelines (CDA 2007), which considers the
minimum factor of safety against slope stability failure for static and pseudostatic loading
using the Earthquake Design Ground Motion (see Tier 3, Technical Appendix 2F).

o Rockfill and till construction methods will be implemented. Till will be placed as trench
backfill through the excavated rockfill under water in the excavation to act as a low
hydraulic conductivity core of the structure. Selected crushed rockfills will be placed as a
thermal cap over the till to promote consolidation of the till core and to reduce the thermal
variation in the till zone.

e Slope stability analyses will further be taken as part of the detailed designed stage.

In the presence of above mitigation measures, the residual effects from in-water and shoreline
construction activities on terrain are anticipated to be minor and hence the level of interaction
between Project activities and the VEC is ranked as 1 and not carried forward for further
assessment.

Table 5.5-1 Project-Environment Interactions: Terrain, Soils and Vegetation

Project Component Project Activities Terrain Soils Vegetation

Construction

Economic Activities Construction workforce management; contracts and 0 0 0
taxes; advance training of operation workforce

In-Water Construction | Construct freshwater diversions and site drainage 2 2 2
containment systems (dykes, berms, collection ponds)

Construct in-water/shoreline structures 1 2 2

Water transfers and discharge 1 0 0

Freshwater withdrawal 0 0 0
On-Land Construction | Site clearing and pad construction (blasting, earth 2 2 2

moving, loading, hauling, dumping, crushing)

Road and airstrip construction 2 2 2

Aggregate Sourcing 2 2 2

Construct foundations 2 0 0

Construct buildings 0 0 0

Install equipment 0 0 0

Install and commission fuel tanks 0 0 0

Mill dry commissioning (water only) 0 0 0
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Table 5.5-1 Project-Environment Interactions: Terrain, Soils and Vegetation

Project Component Project Activities Terrain Soils Vegetation

Supporting Activities Transport fuel and construction materials 0 2 2

Air transport of personnel and supplies

Hazardous materials storage and use

0
0
0

o | ©

Waste incineration and disposal

Industrial machinery operation

0
0
Explosives storage and use 0
0
0
0

Power generation

Operation

Economic Activities Workforce management; employment; contracts and 0 0 0
taxes

Mining Mining ore (blasting, loading, hauling) 2

Ore stockpiling 1

Mining special waste (blasting, loading, hauling) 2

Special waste stockpiling 1

Mining clean waste (blasting, loading, hauling) 2

NIN|IN|IN|IN|IN

—_

Clean rock stockpiling

—_

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

O|lo|J]o|J]lo|lo|]o|oo|OoO | NM|INMN]|JO|O|O|IN[IN[INMNINMNINM|DN

o|jlo|NM|O|lO]JlO]j]Oj OO |O|O|O|O
oO|jlo|]o|lo|o|j]o|]o|Oo(NMN|IN|JO|DN

Pumping of Tailings Management Facility supernatant
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Table 5.5-1 Project-Environment Interactions: Terrain, Soils and Vegetation

Project Component Project Activities Terrain Soils Vegetation
Water Management Create and maintain water levels 0 0 0
Freshwater withdrawal 0 0 0
Potable water treatment 0 0 0
Collection of site and stockpile drainage 0 0 1
Water and sewage treatment 0 0 0
Discharge of treated effluents (including greywater) 0 0 0
Waste Management Disposal of industrial waste 0 1 1
Management of hazardous waste 0 1 1
Management of radiologically contaminated waste 0 1 1
Disposal of domestic waste 0 0 0
Incineration and handling of burnables 0 1 1
Disposal of sewage sludge 0 0 0
General Services Generation of power 0 2 2
Operate accommodations complex 0 0 0
Recreational activities 0 1 1
Maintain vehicles and equipment 0 0 0
Maintain infrastructure 0 0 0
Operate airstrip 0 1 1
Hazardous materials storage and handling (reagents, 0 0 0
fuel and hydrocarbons)
Explosives storage and handling 0 0 0
Transportation Marine transportation 0 0 0
Truck transportation 0 2 2
General traffic (Project-related) 0 1 1
Controlled public traffic 0 1 1
Air transportation of personnel, goods and supplies 0 1 1
Air transportation of yellowcake 0 1 1
General air transportation support 0 1 1
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Table 5.5-1 Project-Environment Interactions: Terrain, Soils and Vegetation

Project Component Project Activities Terrain Soils Vegetation
Ongoing exploration Aerial surveys 0 1 1
Ground surveys 0 0 0
Drilling 1 1 1

Final Closure

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

General Hazardous materials storage 0 1 1
Industrial machinery operation 0 2 2
Ongoing withdrawal, treatment and release of water, 0 0 0
including domestic wastewater

In-water Remove freshwater diversions; re-establish natural 1 1 1

Decommissioning drainage
Remove surface drainage containment 1 1 1
Remove in-water/shoreline structures 0 1 1
Water transfers and discharge 2 0 0
Construct fish habitat as per the Fish Habitat 0 0 1
Compensation Plan (FHCP)

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

Decommissioning hauling, dumping)
Backfilling 2 0 0
Contouring 2 1 0
Covering 1 1 0
Revegetation 1 0 0
Remove foundations 1 0 0
Remove buildings 0 0 0
Remove equipment 0 0 0
Remove fuel tanks 0 0 0
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Table 5.5-1 Project-Environment Interactions: Terrain, Soils and Vegetation

Project Component Project Activities Terrain Soils Vegetation

Post Closure

General Management of restored site 0 0 0

NOTES:

0 = If there is no interaction or no potential for substantive interaction between a Project activity and the VC to cause a
potential environmental effect, an assessment of that environmental effect is not required. These interactions are
categorized as 0, and are not considered further in the EA. The environmental effects of these activities are thus, by
definition, rated not significant.

1 = If there is likely to be a potential interaction between a Project activity and a VC but not likely to be substantive in light
of planned mitigation, the interaction is categorized as 1. Such interactions are well understood and are subject to
prescribed mitigation or codified practices. These interactions are subject to a less detailed environmental effects
assessment and are rated as not significant. Justification is provided and the proposed mitigation is described for such
categorizations. Such interactions can be mitigated with a high degree of certainty with proven technology and
practices.

2 = If a potential interaction between a Project activity and a VC could result in more substantive environmental effects
despite the planned mitigation, if there is less certainty regarding the effectiveness of mitigation, or if there is high
concern from regulatory agencies, Inuit or stakeholders, the interaction is categorized as 2. These potential
interactions are subject to a more detailed analysis and consideration in the environmental assessment in order to
predict, mitigate and evaluate the potential environmental effects

Water Transfers and Discharge

Interaction was ranked as 1 for terrain and 0 for soil and vegetation (Table 5.5-1). For terrain, there is
potential for erosion within the constructed diversion channels, and the degree to which this occurs
depends on the type of overburden material, channel gradient, channel geometry and flow
magnitude. The potential for erosion is greatest where the excavation occurs in overburden till
materials and it is much less where the excavation occurs in bedrock. As the channels are
constructed in a permafrost environment, there is also potential for deformation in the constructed
channel, which may influence erosion potential. The proposed channels will be constructed based on
the available geotechnical data and information on shallow permafrost conditions, including thickness
of the active layer. General mitigation measures by design for the channel alignments and
construction in ice-poor and ice-rich till will be implemented, and the design and channel alignments
may be further refined based on the additional information on ground conditions and material types
(see Tier 3, Technical Appendix 2E for details). Water transfer and discharge activities are
anticipated to have a minor effect on terrain with implementation of the mitigation measures
identified; therefore, the interaction was ranked as a 1, and was not carried forward for further
assessment.
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Ore, Special Waste, Clean Rock and Overburden Stockpiling

Development of ore stockpiles, special waste stockpiles, clean waste stockpiles and overburden
stockpiles will result in a net increase in anthropogenic materials in the Mine LAA. In the Kiggavik
mine site, approximately 7 ha, 13 ha, 135 ha and 14 ha will be disturbed by ore, special waste, clean
waste and overburden stockpiles, respectively. This represents a total of 169 ha (0.47%) of common
landforms (till overburden materials) within the Mine LAA (36,240 ha) that will be disturbed due to the
Project footprint of the Kiggavik mine. In the Sissons mine site, approximately 1 ha, 12 ha, 132 and
15 ha will be disturbed by ore, special waste, clean waste and overburden stockpiles, respectively.
This represents a total of 160 ha (0.44%) of common landforms (till overburden materials) within the
Mine LAA that will be disturbed due to the Project footprint of the Sissons mine. A total of 329 ha
(i.e., 0.91% of the total Mine LAA) of common landforms will be disturbed by the Project footprint due
to the establishment of mine stockpiles within the Mine LAA, which is considered to be not
significant. As overburden materials will be salvaged and used for the reclamation purpose, the
residual effects from mine stockpiling on terrain are anticipated to be minor and hence the level of
interaction is ranked as 1 and not carried forward for further assessment.

Air Emissions

A number of Project activities generate air emissions from fuel combustion; however, the amount of
air emissions and their rate of occurrence vary. Project activities expected to generate small amounts
or transient sources of air emissions that were subsequently ranked as 1 for potential interactions
with soil and vegetation include: waste incineration, incineration of burnables, air transport of
personnel and supplies, operation of the airstrip, general traffic (Project-related), controlled public
traffic, air transportation of personnel, goods, and supplies, air transportation of yellowcake, general
air transportation support, aerial surveys, and drilling.

Truck transportation associated with ore haul traffic, as well as semi-trailer truck traffic from Baker
Lake to the Kiggavik and Sissons mine sites along the proposed access roads are anticipated to
produce large quantities of air emissions. As well, power generation, the acid plant, and the
operation of heavy equipment are anticipated to produce air emissions, and will likely operate for
extended periods of time during the operation phase of the Project. Therefore, these Project activities
were ranked as 2 and carried forward into the effects assessment.

Mine Dewatering

Mine dewatering involves the removal of water that has seeped into an excavated area. During mine
dewatering, the pumping of a well could influence groundwater flow. Changes in groundwater levels
may influence soil moisture content, which may then alter the vegetative community in the area.
However, the presence of continuous permafrost at the Kiggavik site likely acts as a barrier between
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groundwater and vegetation. As such, this interaction was ranked as 1 and not carried forward for
further assessment.

Collection of Site and Stockpile Drainage

Freshwater diversion channels will be created around the Project footprint area, as well as
surrounding the rock stockpiles. Diversion channels created around the Project footprint will transport
surface run-off around the site, where it will be released into the natural drainage system downslope
of the Project footprint. Diversion channels around the rock stockpiles will transport surface run-off
into a sedimentation pond located immediately adjacent to the rock stockpiles. The freshwater
diversion channels will likely create new habitat for vegetation, allowing species adapted to mesic
environments to establish and proliferate. The vegetation species anticipated to occur will likely be
native to the area, as non-native species are likely unable to establish and proliferate due to the
harsh climate conditions and nutrient deficient soils. As such, the diversion channels and
sedimentation ponds are anticipated to have a minor effect on vegetation; thus, the interaction was
ranked as 1 and not carried forward for further assessment.

Waste Management

Waste products (i.e., domestic, industrial, hazardous, radiological, and sewage) will be handled and
disposed of in accordance with the GN’s environmental guidelines. Recyclable materials will be
collected and shipped to appropriate recycling facilities, non-combustible and non-contaminated
wastes will be landfilled in a designated area of the clean waste rock piles, hazardous wastes will be
collected in designated containers and transported to an appropriate off-site recycling or disposal
facility, and radiological waste will be stored on-site for eventual burial in the Kiggavik Tailings
Management Facility (TMF). Burnable wastes will be incinerated to meet the GN (2011)
environmental guidelines. A sewage treatment plant located on-site will meet Nunavut public health
regulations and any requirements stipulated by the Nunavut Water Board and the Canadian Council
of Ministers of the Environment (CCME) municipal effluent guidelines for sewage. Treated sewage
effluent will be discharged into Judge Sissons Lake.

By following GN’s environmental guidelines, waste products will be handled and disposed of
properly. As such, the residual effects from these waste management practices on soils and
vegetation are anticipated to be negligible. As such, this interaction was ranked as 1 and not carried
forward for further assessment.
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Recreational Activities

Recreational activities by people working at the mine could disturb soils and vegetation. For
example, hiking at a specific location repeatedly can create a trail, thereby causing trampling and
destruction of vegetation, as well as soils compaction. However, these types of activities will be
localized. As such, the residual effects of recreational activities on soils and vegetation are
anticipated to be negligible. The interaction was ranked as 1 and not carried forward for further
assessment.

Dirilling

Additional exploration drilling will occur over the life of the Project. Monitoring records from current
exploration activities identified an area of approximately 8.5 m by 8.5 m (i.e., 72.25 m? or 0.007 ha)
that may be disturbed by drilling activities. Drilling activities predominately occur from May to
September during the spring thaw and snow-free periods on the landscape. Disturbances to terrain
may include short-term and localized change in permafrost conditions and aesthetic visual intrusion
in landforms within the drill rig set-up and its adjacent areas. Heat generated by generator, drilling
and heating system may provisionally warm the active layer and deepening of thaw depth may occur.
Heat generated from drilling activities would be temporary and localized. Disturbances to soils
include soil compaction where the drill rig is situated, minor scalping of the soil surface during drill
placement and removal, as well as digging of a small pit (i.e., usually 0.5 m by 0.5 m) that is used to
collect non-radioactive drill cuttings.

Disturbance to vegetation at drill sites is predominately due to trampling. The majority of the soil
growth medium, as well as the rooting structure of the vegetation remains intact at drilling sites,
allowing for vegetation regeneration.

Best management practices associated with drilling activities, the short duration during which a drill is
at a particular location, and the small footprint associated with drilling activities will minimize any
residual effects. The residual effects from drilling on soils and vegetation are anticipated to be
negligible. As such, this interaction was ranked as 1 and is not carried forward for further
assessment.

In-water Decommissioning

Removal of the freshwater diversion channels, surface drainage containment systems, and in-
water/shoreline structures during final closure of the Project will likely affect terrain, soils and
vegetation. Detailed engineering plans will be developed and include best management practices to
conduct in-water decommissioning with minimal effects on permafrost. For terrain, a new shallow
permafrost regime and terrain slope may be re-established at these locations. Shallow permafrost
condition and the stability of terrain can likely be affected due to disturbances during final closure of
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the Project. To minimize the effects induced by decommissioning activities, compaction of materials
will be allowed under gravity only. However, loose and unstable surficial materials will be reasonably
removed to support the stability of adjacent terrain. Natural drainage and surficial materials will be re-
established in such way that the residual effects on permafrost and terrain stability are expected to
be mitigable as well as stable compared with the baseline condition.

Soil compaction may occur during structure removal, and vegetation that may have re-established at
these locations could be lost due to decommissioning-related disturbances. To mitigate soil
compaction during decommissioning activities, the disturbed area will be harrowed or scarified to
loosen compacted soils. Decommissioning activities will promote re-establishment of native
vegetation to these disturbed areas that is suitable for traditional uses. As such, the residual effects
from in-water decommissioning activities on terrain, soils, and vegetation are anticipated to be
beneficial at these locations; thus, the interaction was ranked as 1 and not carried forward for further
assessment.

Contouring

Contouring of the waste rock piles to maintain slope stability may be required during the final closure
phase. During this time, the area contoured by the heavy equipment will likely result in soil
compaction, which could prevent vegetation establishment and proliferation. Harrowing during
decommissioning activities will mitigate soil compaction issues while providing micro-sites for
vegetation establishment and proliferation. As such, this interaction was ranked as 1 and not carried
forward for further assessment.

Covering

Covering of the mine site footprints will occur during the final closure phase using stored overburden
materials during reclamation. Covering is anticipated to occur at the mine pits (following completion
of mine pit backfill) as well as the rest of the mine site footprint (excluding the waste rock piles and
access roads). For the mine pits used as TMFs, the consolidated tailings materials will be backfilled
with waste rock materials. Following placement of waste rock materials, two different scenarios exist
for final covering of the pits: 1) the placement of overburden materials on top of waste rock; or 2) the
development of a pond on top of the waste rock. Covering of the mine pits via either scenario will
cause a change in terrain features prior to baseline conditions. However, covering of the mine pits
will re-establish the natural shallow permafrost condition and promote terrain stability. For soils, soil
compaction could potentially occur during the placement and spreading of soils over these pits.
Harrowing during decommissioning activities will mitigate soil compaction issues while providing
micro-sites for vegetation establishment and proliferation. As such, the residual effects that covering
will have on terrain and soils are anticipated to be not significant; thus, the interaction was ranked as
1 and not carried forward for further assessment.
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Revegetation

Revegetation of the mine pits and mine waste stockpiles will be required during final closure phase of
the Project. After covering is placed at the mine pits (following completion of mine pit backfill) as well
as the rest of the mine site footprint (excluding the waste rock piles and access roads), a top layer of
the dry cover will then be revegetated to establish a vegetation medium. Revegetation will help re-
establish the natural shallow permafrost condition and terrain stability. The residual effects that
revegetation will have on terrain are anticipated to be not significant the level of interaction and thus
the level of interaction between revegetation and the VEC is given as 1 and not carried forward for
further assessment.

Remove Foundations

Removal of the foundations during final closure of the Project will likely affect terrain. Compaction of
backfill materials can occur during and after the removal of foundation structures and a new shallow
permafrost regime and terrain condition may be re-established at these locations. To minimize the
effects induced by decommissioning activities, compaction of materials will be allowed under gravity
only. However, loose and unstable surficial materials will be reasonably removed in order to support
the stability of adjacent terrain. Natural drainage and surficial materials will be re-established in such
way that the residual effects on terrain are expected to be mitigated and stable compared with the
baseline condition. Hence, the level of interaction between this Project activity and the VEC is given
as 1 and not carried forward for further assessment.

5.6 Assessment Boundaries
5.6.1 Spatial Boundaries
5.6.1.1 Project Footprint

The Project footprint is the area of direct physical disturbance by the Project, as described in the
Project description. For the purposes of this assessment, the potential for variation in design and
alignment of roads was taken into account by using a 12 m buffer on both sides of the proposed road
centre line (24 m wide) for the All-Season Road. The Winter Road incorporated a 6 m buffer on both
sides of the proposed road centre line (12 m wide). The footprint of other mining facilities used the
geographic limits provided by the Project’s design team.

AREVA Resources Canada Inc. Tier 2 Volume 6: Terrestrial Environment
Kiggavik Project FEIS Page 5-24 Section 5: Scope of Assessment for Terrain, Soils
September 2014 and Vegetation



5.6.1.2 Local Assessment Area

The LAA is the maximum area within which Project effects can be predicted or measured with
reasonable accuracy and confidence. The LAA was broken-down into two different areas consisting
of the Mine LAA and the road LAAs.

The Mine LAA is centered on the Kiggavik and Sissons deposits with an approximate 5 km buffer
around all proposed Project facilities, including the proposed airstrip and access road between the
Kiggavik and Sissons mine sites (Figure 5.6-1). The Mine LAA for soils, vegetation, and wildlife is
approximately 29 km by 20 km, for a total area of approximately 450.09 km? (45,009 ha). Information
on surficial geology does not exist for the southwest portion of the Mine LAA. As a result, the Mine
LAA boundary for terrain was adjusted to contain only the area where surficial geology information
existed. The upland area within the Mine LAA for terrain (excluding water) is 36,240 ha
(Figure 5.6-1).

The road LAAs include a 5 km wide buffer centered on the proposed road alignments (Figure 5.6-1).
The All-Season Road LAA is approximately 520.32 km? (52,032 ha), whereas the Winter Road LAA
is approximately 560.9 km? (56,090 ha). The dock facility options are included within the All-Season
Road and Winter Road LAA boundaries.

5.6.1.3 Regional Assessment Area

The regional assessment area (RAA) is a broader area within which cumulative effects may
potentially occur. The terrain, soil and vegetation RAA is consistent with the wildlife RAA
(Figure 11.6-1); the consistent use in these RAAs demonstrates the importance of terrain, soil and
vegetation in providing wildlife habitat. The RAA covers an area 150 km long and 70 km wide, for a
total of 9,828 km? (982,800 ha; Figure 5.6-1). The RAA includes all of Judge Sissons Lake and
southern portions of Aberdeen and Schultz lakes. The RAA has a minimum buffer of approximately
22 km from the Project footprint.

The RAA incorporates all Project features and associated LAA buffers, as well as areas identified by
IQ studies. The RAA also includes areas with similar conditions to those found in the LAA and
access road LAAs, which will allow the RAA to be used as a comparable reference area for
monitoring potential changes as the Project proceeds.
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5.6.2 Temporal Boundaries

The temporal boundaries for the terrestrial assessments are based on the timing and duration of
effects over all phases of the Project (construction, operation, final closure and post closure). The
total life of the Project is expected to be 25 years.

5.6.3 Technical Boundaries

The technical boundaries for the terrain, soil and vegetation assessments are related to significance
standards and thresholds. Details on technical boundaries are provided in the terrain (Section 7), soil
(Section 8) and vegetation (Section 9) effects assessment sections and examples of technical
boundaries are provided here:

Terrain: No federal or territorial regulations or guidelines exist regarding the effect of changes to
terrain. As such, previous experiences from other projects in Nunavut and other parts of the
Canadian Arctic that have undergone the environmental assessment and review process were
referred to, as well as professional judgment to determine threshold values for determining the
significance of project effects on terrain. Other projects reviewed included the Ekati Diamond Mine,
Jericho Diamond Mine, as well as the Doris North Project and the lzok Lake/High Lake Project.
Further details can be found in Sections 5.3.1 Regulatory Setting - Terrain, 7.1.3 Residual
Environmental Effects Criteria for Terrain and Section 7.1.4 Standards or Thresholds for Determining
Significance.

Soil: Effects on soil quality are determined by the extent of changes in chemical levels in soil
compared to CCME soil quality guidelines (CCME 2009). These values are used to evaluate
changes in soil concentrations from emissions of metals; however, no standards exist for
radionuclides. To overcome this technical boundary (lack of soil quality guideline for radionuclides),
predicted changes in radionuclide concentrations were compared to baseline data. Results indicate
there would be no measurable change in soil radionuclide concentrations, relative to baseline, as a
result of the Project. Further details can be found in Sections 8.1.3 Residual Environmental Effects
Criteria for Soils and 8.1.4 Standards or Thresholds for Determining Significance.

Vegetation: Although the effects of air emissions on most vegetation types is relatively well
understood, and the effectiveness of mitigation measures is well documented, there are no
established thresholds exist for determining the effects of dust deposition on vegetation quality.
Because of this technical boundary, confidence in assessment predictions will be improved through
specific monitoring programs that will occur throughout the Project (dust and air emissions,
vegetation sampling for analyte concentrations from permanent sampling plots). Further details can
be found in Sections 9.1.3 Residual Environmental Effects Criteria for Vegetation and 9.1.4
Standards or Thresholds for Determining Significance.
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5.7 Residual Environmental Effects Criteria for terrain, soils and
vegetation

The NIRB has outlined specific terms to characterize residual environmental effects of the Project.
Whenever possible, the magnitude, geographic extent, frequency and duration of an environmental
effect were described quantitatively. Where quantitative measures were not available to describe the
environmental effect, qualitative terms (e.g., low, moderate, and high) were used. Definitions specific
to individual VECs are presented in the effects assessment Sections for terrain, soils and vegetation.

5.8 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.

Potential changes in a measurable parameter or VEC resulting from Project or cumulative effects
were evaluated against these standards or thresholds, and were rated as either significant or not
significant. Definitions specific to individual VECs are presented in the effects assessment sections
for terrain, soils and vegetation.
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6 Summary of Existing Environment Terrain,
Soils and Vegetation

6.1 Terrain
6.1.1 Introduction

This section summarizes surficial geology, terrain and shallow geotechnical conditions in the
Kiggavik Project area. Additional details on the terrain baseline can be found in the Surficial Geology,
Terrain and Shallow Geotechnical Conditions (Tier 3, Technical Appendix 6A).

6.1.2 Surficial Geology

Surficial deposits consist mainly of glacial till and small local deltaic deposits. The glacial till varies in
texture and composition from well-graded silty sand with some gravel and trace of clay to well-
graded gravelly sand with some silt and a trace of clay. The till also contains boulders and cobbles,
but only minor amounts of fine particles. The clay fraction of the glacial till exhibits little to no
plasticity. Thin deposits of poorly graded sand and gravel, which occur locally on the till surface, are
considered to have been produced by glacial melt-water and post-glacial erosion. Fields of large,
angular boulders occur where the glacial till is relatively thin or absent, and also where the finer
constituents of the till have been removed by erosion. Thin organic layers have been developed on
the till surface in poorly drained depressions. Thin soil profiles have been developed on well-drained
glacial till.

6.1.3 General Geomorphology

The periglacial geomorphic processes in the RAA are associated with the ground that is permanently
affected by the cold climate, consisting of an active layer, excess ground-ice and a layer of
perennially frozen ground. Periglacial processes observed within the Mine LAA and RAA include
frost wedging and frost shattering, thaw subsidence, and solifluction, which shaped various
landforms. The characteristic relief-forming permafrost features are typically subdued in areas of thin
overburden and dry conditions. Generally wet conditions exist locally associated with low-lying
ground.

The surficial deposits at the proposed mine site and along most of the potential road corridors
between the mine/mill site and Baker Lake comprise mainly glacial till overlying Precambrian
intrusive igneous and metamorphic rocks that are typically quartzite, schist or granite. The eastern
portions of the potential road alignments toward Baker Lake are below the most recent glacial marine
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transgression; consequently the lower elevations near Baker Lake are partly covered by marine and
glaciomarine materials.

6.1.4 Surficial Materials

A typical top layer of surficial material profile in the Mine LAA consists of a thin organic soil layer
underlain by glacial till varying in thickness from less than a metre on ridges to several meters in
depressions, overlying moderately jointed bedrock with good rock quality. Large areas of boulders
(boulder fields) exist on the ground surface where the finer fraction of the glacial till has been
removed by erosion or where the boulders have been frost-jacked to surface by the repetitive freeze-
thaw action of the active layer.

Surficial materials in the RAA originated as a result of glaciations by the Laurentide ice sheet, and
marine offlap following its retreat (EBA 2010). These changes included:

e glacial deposition and erosion, which prevailed during expansion and subsequent retreat
of the Laurentide ice sheet, including localized re-advances

¢ marine submergence, which occurred when much of the terrain near Baker Lake was
temporarily inundated by an ancient sea (Tyrrel Sea)

e more recent periglacial conditions established when isostatic rebound of the earth’s crust
resulted in exposure of the land surface as the margin of the Hudson Bay retreated
eastward

The surficial materials in the Project area have been historically grouped into six major deposits
(BEAK Consultants Ltd. 1987; Wickware & Associates Inc. 1989): glacial till or morainal; glaciofluvial;
glaciolacustrine; glaciomarine deposits; organic and bedrock.

Minor deposits of lacustrine materials occur in the Squiggly Lake area and along shorelines of larger
lakes where ice-pushed sandy materials may occur. Their occurrence is of limited areal extent.
Immediately to the east of these areas, the landscape is dominated by reworked marine deposits.
These deposits mask bedrock and glacial deposits, and mute the lowland topography. The primary
materials associated with this marine transgression are foreshore and beach deposits of sand and
gravel. Such deposits are found on the flanks of hills and bedrock knobs, often with associated
terraces marking the stages of the gradual recession of waters from the area (BEAK 1987). These
deposits are characterized by a network of high centred ice-wedge polygons and by patterned peat
deposits in the low poorly drained areas.
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6.1.5 Landforms

The normal deposition and erosion processes associated with the various preglacial, glacial, marine,
and the present day periglacial environments have resulted in the evolution of a variety of common
landforms in the Project area. Major landforms are subdivided into four different types: depositional,
glacial, permafrost sensitive and uncommon landforms.

6.1.5.1 Depositional Landforms

Common depositional landforms are further classified into six different types within the Mine LAA as
described below (Figure 6.1-1).

Undifferentiated Alluvium or Outwash Sediments

With the exception of the Kiggavik mine site and its north-northeast areas, undifferentiated alluvium
or outwash sediments occur in all directions. However, these sediments occur in the Sissons mine
site and adjacent areas. This type of landform covers 3,786 ha of the Mine LAA, which represents
10.45% of this area.

Glaciofluvial

The material typically comprises unsorted and unstratified, moderately to well sorted and stratified
gravel and sand. Ground-ice content in glaciofluvial deposits is typically low. Glaciofluvial outwash
materials occur randomly throughout the LAA and are generally composed of granular soils.
Percentage coverage of glaciofluvial landform is less than 1% of the LAA, or 200 ha.
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Glacial Till or Moraine

Till ground moraine is the most common and widespread depositional landform in the Kiggavik
Project area. The till is generally unsorted, medium brown, silty, sandy and stony, with locally derived
volcanic, sedimentary, and lesser granitic clasts. Clast sizes range from granule to boulder with a
high proportion in the gravel-sized range. It consists mainly of till blanket, till veneer and hummocky
till. The coarse-grained materials common in most of the channels between lakes and ponds are
evidence of the finer sediments having been removed by water flow. This type of landform occupies
most (approximately 83.76% or 30,356 ha) of the LAA.

Due to the fine texture of the morainal soils and poor drainage conditions, they typically have high
ground-ice content. These ice-rich deposits are sensitive to changes in the thermal regime following
the removal of surface vegetation, inundation, or tundra fires. These deposits may be susceptible to
frost heaving, surface subsidence (consolidation settlement), gullying and drainage network
disruption and slope stability. Also, active layer detachment slides and retrogressive thaw flows
slides or slumps can occur.

Glaciomarine

Glaciomarine landforms deposited during postglacial emergence due to crustal rebound are minor
topographic features in the mine site areas (approximately 0.3% of the Mine LAA or 108 ha), but
these landforms are widespread near Baker Lake. Wave action resulted in extensive reworking of the
local ground moraine creating subdued raised beach ridges and depositing fine-grained, nearshore
marine sediments. The beach ridges comprise granular, sand-sized materials, which are generally
well drained. The fine-grained marine sediments are confined to low-lying areas and are often ice
rich.

Organic

Organic deposits are composed predominantly of organic materials resulting from accumulation of
vegetative matter and contain at least 30% organic matter by weight. Organic deposits form a
dominant terrain either as a veneer or blanket overlying the predominantly fine-grained soils of
moraine and glaciolacustrine plains. They are highly compressible and have low strength when
thawed. When frozen, they may contain up to 100% ice by volume.

Thick organic landforms represent a relatively minor portion of the total Mine LAA, but small localized
materials are widespread. Thick peat accumulations occur in low-lying areas. The materials are wet
and ice rich.
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Bedrock

Bedrock forms prominent ridges, scarps and hills in the LAA. Typically, bedrock is generally freely
drained with some poorly drained depressions. There are no records of segregated ice within the
bedrock, but the presence of ice is possible in joints and fracture zones. Segregated ice may be
present in silt-filled depressions within the region. Outcrops are widespread around the plant/mill site,
and are characterized by a jointed or frost shattered upper surface (felsenmeer) resulting in a jagged
micro-topography. Bedrock outcrops are also common around the Main Zone Pit, Centre Zone Pit
and water storage pit areas. It also occurs north of the proposed overburden and permanent
stockpiles. In the Sissons area, outcrops are common in the northeast of Mushroom Lake, east of
End Grid Lake and southwest of Lunch Lake. Bedrock outcrop covers approximately 5.0% of the
Mine LAA or 1,790 ha.

6.1.5.2 Glacial Landforms

Landforms around the proposed mill site are dominated by hummocky, bouldery glacial till and
scattered boulder till moraines with frequent bedrock outcrops and shattered bedrock features in
isolated exposures, elevated plateaus and elongated ridges (drumlins, and other glaciofluvial
outwash features). The localized north-northwest trending glacial drumlins preserve evidence of
regional ice flow. Glaciofluvial kames and eskers form rare, isolated topographic features. The lower
elevations near Baker Lake are partly covered by marine, glaciomarine and lacustrine materials.

6.1.5.3 Permafrost Sensitive Landforms

Permafrost sensitive landforms may be determined based on potential high water and ground-ice
content, high frozen bulk density of soil, fine-grained strata with high silt content, position in the
landscape, and slope types. This type of landform is assessed as sensitive to changes in the thermal
regime and surface conditions.

Permafrost is reflected in well-developed patterned ground and periglacial processes. Evidence of
active cryoturbation is found in several locations, where boulders and platy stones are thrust upward
to the tundra surface. Patterning is primarily sorted circles, sorted stripes, sorted nets, sorted steps
and sorted polygons depending on slope and materials. Sorted circles, nets and steps occur on the
glacial till material where there is enough fine material. Sorted polygons are confined to glaciofluvial
materials likely due to the high proportion of stone and cobble sized material (Geomatics
International 1991).

AREVA Resources Canada Inc. Tier 2 Volume 6: Terrestrial Environment
Kiggavik Project FEIS Page 6-6 Section 6: Summary of Existing Environment Terrain,
September 2014 Soils and Vegetation



6.1.5.4 Uncommon Landforms

Some of the landforms left behind by glaciation play a significant role in the lives of local
communities. Landforms that have a high value in terms of traditional and cultural importance,
potential wildlife habitat, rare plant species and human use are considered uncommon landforms.
The most prominent uncommon landforms in the Project area are eskers. Three esker-related
landforms have been identified within the Mine LAA (Figure 6.1-1). However, they occupy a
negligible portion of the area.

6.1.6 Overburden Characteristics

A typical overburden profile comprises a thin, dark brown to black organic topsoil layer, 0.1 m in
thickness, underlain by glacial till varying in thickness from approximately one to several metres. The
glacial till varies in texture and composition from well-graded silty sand with some gravel and a trace
of clay to well-graded gravelly sand with some silt and a trace of clay. Oversize material in the {ill
consists of boulders and cobbles, which tend to be larger and more frequent in proximity to bedrock.
In general, the thickness of the till ranges from 0.3 m to 5.0 m. Depth to bedrock generally ranges
from 0.3 m to 6.5 m.

6.1.6.1 Water Content and Plasticity

Water content in the permafrost terrain provides information on volumetric ground-ice content. In
general, the water content of the glacial till ranges from 7.7% to 50.6%. Sandy gravel till with some
silt and trace clay showed maximum water content of 54.2%. The water content of the overburden
soils in the proposed mill and End Grid underground mine areas also falls in the same range. The
water content of lakebed sediment samples varies from 19.9% to 44.8%.

A glacial till sample, characterized by well-graded silty sand with some gravel and a trace of clay to
well graded gravely sand with some silt and a trace of clay, exhibited little to no plasticity (Tier 3,
Technical Appendix 6A). Overburden soil in the area north of the Main Zone Pit and Centre Zone Pit
exhibit a liquid limit of 18 to 54, plastic limit of 14 to 31, and plasticity index of 3 to 23. In the same
area, the glacial till, characterized mainly by sand till with some clay and trace silt exhibit no
plasticity. The overburden soil in the proposed mill area and in the area of End Grid underground
mine exhibit plasticity index of 6 and 1, respectively. Lakebed sediment samples show no plasticity.

6.1.6.2 Shallow Thermal Conditions

The Kiggavik site is located within the zone of continuous permafrost. The shallow active layer is
generally characterized by its limited thickness and continuity. The active layer possesses a
seasonal nature as it melts during the summer period (June to September) and is frozen for the rest
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of the year. Hence, the active layer thickness, also known as the “thaw depth”, increases gradually
over the summer months and is believed to reach its maximum depth in August and September.
However, the thaw depth depends on various factors including the type and thickness of vegetation
cover, organic soils insulation, slope aspect and orientation, the nature of the underlying soil and
rock, weather, proximity to waterbodies and human disturbance. The thaw depths in the Kiggavik
Project area were estimated from temperature profiles recorded with shallow thermistors and the
maximum thaw depths measured with frost depth indicators. In general, the thaw depth ranged from
0.88 mto 3.10 m.

In the area north of the Main Zone Pit, ground-ice depth ranges from 0.60 m to 1.00 m below ground
surface. Ground-ice conditions in the glacial till are typically characterized by non-visible ice, well
bonded with no excess ice (Nbn) to excess ice (Nbe). In the area north of Centre Zone Pit, ground-
ice depth ranges between 0.30 and 0.75 m below ground surface. Ground-ice conditions in the
glacial till range from non-visible ice, well bonded with no excess ice (Nbn) to visible ice coatings on
soil particles (Vc) and random or irregularly oriented ice formations (Vr) and stratified or distinctly
oriented ice formations (Vs). In the south of the Centre Zone Pit, ground-ice occurs at depths of 0.50
and 1.00 m below ground surface. Ground-ice in the silty sand till is non-visible, well bonded with no
excess ice (Nbn), whereas ground-ice in the sand and gravel is non-visible, well bonded, excess ice
(Nbe).

In the proposed mill area, ground-ice conditions are characterized by non-visible, poorly bonded or
friable (Nf) to well bonded with no excess ice (Nbn). However, no ground-ice occurs below a depth of
1.0m.

The ground-ice content of permafrost soil and rock in the Project area is expected to be between 0%
and 10% (dry permafrost) based on regional scale compilation data (Brown et al. 1998). Localized
excess ground-ice is expected to be greater in areas such as lowlands that are characterized by
poorly drained conditions commonly expressed as patterned ground and other periglacial process
features.

The surficial landforms (deposits) along the All-Season Road between the Kiggavik mine site and the
north shore of Baker Lake is comprised mainly of glacial till overlying Precambrian intrusive igneous
and metamorphic bedrock. The periglacial geomorphic processes in the area are typical of
permafrost conditions associated with excess ground-ice. It is estimated that glacial landforms cover
approximately 63% of the All-Season Road LAA. Alluvial, Marine, Glaciofluvial and Bedrock
landforms cover 3.63%, 2.12%, 0.76% and 30.3% of this area, respectively. Organic deposits
compose a small percentage of the materials that will be encountered along the route.

Glacial deposit is the most common and widespread surficial deposits in the proposed dock site
area. Till veneer and till blanket appear to be the major glacial depositional units in the area. Marine
deposits (primarily littoral sediments or its combination with bedrock) are generally noted occur in the
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south and southeast part of the proposed dock area. Based on results of the geotechnical
investigation results, boreholes located on ice indicated that the overburden surface encountered at
depths ranging range from 4.20 m to 5.15 m below ice surface in the vicinity of proposed dock site
area. The ice thickness was is approximately 2.0 m. The overburden generally consists of medium
brown, very fine to coarse, sub-angular and loose to very loose sand with trace silt and trace fine
gravel underlain by sand and gravel with occasional cobble. Boreholes located on land revealed that
overburden thicknesses vary from 2.93 m to 8.81 m below ground surface. The overburden generally
consists of gravely sand underlain by glacial till. The glacial till is typically silty sand till with some fine
to coarse gravel and some non-plastic clay. Oversize material in the glacial till consists of cobbles
and boulders. Water content of samples of the till range from 7% to 14%.

6.2 Soils
6.2.1 Soil Classification

Three soil great groups from the Cryosolic Order containing 12 soil subgroups were documented
within the Kiggavik RAA during the 2007 to 2010 baseline studies (Table 6.2-1). Cryosols are formed
in either mineral or organic materials that have permafrost either within 1 m of the surface or within 2
m if the active layer of the soil profile has been strongly cryoturbated (CSSC 1998). The soil profiles
observed within the Kiggavik RAA consisted of a shallow organic soil layer underlain by glacial tills
varying in thickness from less than 1 m on ridges to more than 4 m in depressions (AREVA 2008).

The three Cryosolic Great Groups identified were Turbic Cryosols, Static Cryosols, and Organic
Cryosols. Turbic Cryosols have the permafrost layer located within 2 m of the mineral surface and
have marked cryoturbation (CSSC 1998). Static Cryosols have permafrost within 1 m of the surface,
but show little or no evidence of cryoturbation (CSSC 1998). Static Cryosols generally develop on
coarse-textured mineral parent material or thin soils over bedrock or in a wide textural range of
recently deposited or disturbed sediments where evidence of cryoturbation is still largely absent, and
may contain surface organic horizons less than 40 cm thick (CSSC 1998). Organic Cryosols have
permafrost within 1 m of the surface and contain an organic layer greater than 40 cm thick. They
develop principally from organic materials and have a surface layer composed of at least 30%
organic material (CSSC 1998). Details pertaining to the 12 soil subgroups can be found in the
Vegetation and Soils Baseline Report (Tier 3, Technical Appendix 6B.)
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Table 6.2-1 Soil Classes Observed within the Kiggavik RAA

Soil Order Soil Class Abbreviation

Static Cryosols Orthic Static Cryosol 0.sC
Brunisolic Static Cryosol BR.SC
Gleysolic Static Cryosol GL.SC
Histic Static Cryosol H.SC
Regosolic Static Cryosol R.SC
Histic Regosolic Static Cryosol HR.SC

Turbic Cryosols Orthic Turbic Cryosol O.TC
Brunisolic Turbic Cryosol BR.TC
Gleysolic Turbic Cryosol GL.TC
Regosolic Turbic Cryosol R.TC

Organic Cryosols Terric Fibric Organic Cryosols TFI.OC
Terric Humic Organic Cryosols THU.OC

6.2.2 Baseline Soil Quality

Soil samples were collected within the Mine LAA. These samples ranged in texture from sandy clay
to sandy loam, with the maijority of the soils in the sandy clay loam textural class (see Tier 3,
Technical Appendix 6B, Attachment G). The coarse fragment size and content of the soils varies
widely from only one or two percent gravels in surface horizons to 90% cobble-size materials at the
depth of permafrost. The average coarse fragment content (pebbles, gravel and cobbles) of the
developed soil layers (A and B horizons) is approximately 30%.

Soil pH was found to be weakly acid to neutral (average 6.1), ranging from moderately acid (4.8) to
slightly basic (7.8) (Table 6.2-2). Soils with low pH likely have low base saturation and relatively low
nutrient contents, while those with slightly basic pH likely have high base saturation and relatively
high nutrient contents. Neutral to basic soils likely occur where soils are frequently saturated and
there is lateral movement of soil water, such as in the wet graminoid and graminoid tundra
communities (Organic Cryosols).

Chemical analysis of soil samples revealed that, although mean concentrations for all analytes
measured were below the CCME industrial soil guidelines (CCME 2009), some samples contained
naturally elevated concentrations of some analytes (Table 6.2-2; see Tier 3, Technical Appendix 6B
for detailed data). Five soil samples had elevated trace element concentrations. One sample had
elevated arsenic concentration, two samples had elevated copper concentration, and one sample
had elevated selenium concentration relative to the CCME (2009) guidelines. One sample from the
RAA contained nickel concentrations that exceeded the guidelines.
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Table 6.2-2 Soil Chemistry Data for the LAA and RAA (2007-2009) Compared with CCME Guideline Levels'

Mine LSA RAA
Sample Number Range Sample Number Range CCME Guidelines
Parameter Units 2007@ 2008®™ Total Mean SD Min Max 2009 Mean SD Min Max (Industrial)

pH pH 6 50 56 6.1 0.76 4.8 7.8 ND ND ND ND ND N/A
Moisture (mineral % 6 0 6 16 4.8 14 22 10 11 1.8 9.3 14.3 N/A
soil)
Moisture (peat) % 5 0 5 78 3.6 74 84 ND ND ND ND ND N/A
Aluminum Mg/g 11 0 11 17,227 11,318 4,400 37,200 10 7,594 3,960 3,500 16,200 N/A
Antimony Mg/g 11 50 61 41 2 <0.1 5.0 10 <0.2 N/A <0.2 N/A 40
Arsenic Mg/g 11 50 61 3.7 2 1.2 13.6 10 3.1 1.4 1.4 5.8 12
Barium Mg/g 11 50 61 156 177 27 910 10 138 202 48 710 2,000
Beryllium Mg/g 11 50 61 0.38 0 <0.5 21 10 0.4 0.11 0.3 0.6 8
Boron Mg/g 11 0 11 16 20 <1 54 10 15 19 0.5 48 N/A
Cadmium Mg/g 11 50 61 0.26 0 <0.1 0.89 10 <0.1 N/A <0.1 N/A 22
Chromium Mg/g 11 50 61 20 7 4.6 44 10 15 14 6.8 54 87
Cobalt Mg/g 11 50 61 43 2 1.3 8.9 10 4.0 3.3 1.6 13 300
Copper Mg/g 11 50 61 14 19 2.2 96 10 6.3 6.1 2 23 91
Iron Mg/g 11 0 11 12,391 5,218 5,700 25,000 10 11,810 4,896 7,400 25,100 N/A
Lead Mg/g 11 50 61 15 10 0.74 85 10 11 6.5 4.1 23 600
Manganese Mg/g 11 0 11 150 77 11 280 10 115 53 61 230 N/A
Mercury Mg/g 11 50 61 0.012 0 <0.005 0.12 0 ND ND ND ND 50
Molybdenum Mg/g 11 50 61 2.0 1 0.2 6.9 10 0.2 0.067 0.1 0.3 40
Nickel Mg/g 11 50 61 13 6 <5 34 10 14 17 5.1 61 50
Selenium Mg/g 11 50 61 0.92 0 <0.1 <4.0 10 0.08 0.079 0.05 0.3 29
Silver Mg/g 11 50 61 0.84 0 <0.1 1.0 10 <0.1 N/A <0.1 N/A 40
Strontium Mg/g 11 0 11 73 18 47 110 10 115 102 66 400 N/A
Thallium Mg/g 11 50 61 0.44 0 <0.05 0.50 10 <0.2 N/A <0.2 N/A 1
Tin Mg/g 11 50 61 2.1 1 <0.05 2.5 10 0.08 0.049 0.05 0.2 300
Titanium Mg/g 11 0 11 303 96 54 410 10 608 419 210 1,600 N/A
Uranium Mg/g 11 0 11 25 2 0.65 6.0 10 1.3 0.56 0.8 24 300
Vanadium pa/g 11 50 61 19 7 4.3 47 10 22 13 13 59 130
Zinc Mg/g 11 50 61 19 8 6.2 50 10 20 13 9.1 56 360
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Table 6.2-2 Soil Chemistry Data for the LAA and RAA (2007-2009) Compared with CCME Guideline Levels'

Mine LSA RAA
Sample Number Range Sample Number Range CCME Guidelines
Parameter Units 2007@ 2008®™ Total Mean SD Min Max 2009 Mean SD Min Max (Industrial)

Lead-210 Ba/g 11 31® 42®) 0.020 0.024 <0.006 0.13 10 <0.04 N/A <0.04 N/A N/A
Polonium-210 Ba/g 11 310 42®) 0.036 0.070 0.004 0.47 10 0.022 0.010 0.005 0.03 N/A
Radium-226 Ba/g 11 31® 42®) 0.039 0.030 <0.01 0.14 10 0.035 0.020 0.005 0.08 N/A
Thorium-230 Ba/g 11 310 42®) 0.037 0.024 0.017 0.13 10 0.020 0.012 0.01 0.04 N/A
Thorium-232 Ba/g 0 31® 31® 0.028 0.012 <0.02 0.06 10 0.032 0.014 0.01 0.05 N/A

NOTES:

Shaded value indicates guideline level is exceeded

' Based on Table 5.2-3 in Tier 3, Technical Appendix 6B

@ Jncludes mineral soil samples collected from all six sampling locations and peat samples collected from five of the sampling locations (not SIS3)

® " Includes 20 individual samples (two from each sampling location) and 10 composite samples (one composite from each sampling location), plus an extra sample collected at KIG4
© Includes 10 samples collected from two sampling locations in 2009
ND = No data

N/A = Not applicable

SD = Standard deviation

CCME = Canadian Council of Ministers of the Environment Soil Quality Guideline (CCME 2009)
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The baseline soil trace element and radionuclide data were compared to CCME guidelines (CCME
2009). Radionuclides are frequently elevated in soils above uranium ore deposits, which may also
have elevated concentrations of other trace elements. Baseline radionuclide and trace element
concentrations are established so that naturally elevated concentrations are not attributed to mining
during operational and post closure monitoring. The guidelines are for general guidance only, and
site-specific conditions will be considered in the effects assessment for soil quality.

6.2.3 Baseline Soil Quantity

The soils predominantly consist of a shallow organic veneer overlying fine to coarse-textured glacial
till blankets, which vary in thickness from less than 1 m on bedrock ridges to more than 4 m in
depressions. The growth medium layer (i.e., the organic layers plus organic enriched mineral soil, or
topsoil depth) identified during the baseline studies varied from 3 to 31 cm, with an average depth of
approximately 11 cm. Vegetation roots were frequently observed in the B horizon. Rooting depth was
frequently restricted by frozen or strongly cryoturbated soil (see Tier 3, Technical Appendix 6B,
Attachment G). Approximately 54% of the topsoil depth in any given area is peat organic material.
The till-derived mineral fraction of the soils is medium textured, with coarse fragment size typically
ranging from gravel to cobble. Coarse fragment content is typically low at the surface, and increases
with depth.

6.3 Vegetation
6.3.1 Species

Field surveys completed between 1979 and 2009 within the Kiggavik area identified 170 vascular
plant species, 21 bryophyte species and 75 lichen species. During the 2008/2009 vegetation
baseline surveys, 88 vascular plants and 20 lichen species were identified within the RAA. No
vegetation species that have legislative protection (e.g. Species at Risk Act) or identified by the
Committee on the Status of Endangered Wildlife in Canada (COSEWIC), also provide information on
vegetation) were observed within the Mine LAA, road LAAs or RAA.

Two vegetation species listed on Schedule 1 of SARA occur in Nunavut: felt-leaf willow (Salix
silicicola) and Porsild’s Bryum (Mielichhoferia macrocarpa). Felt-leaf willow is listed as a species of
Special Concern and has been observed near Pelly Lake, Northwest Territories, which is located
outside of the RAA (SARPR 2011). Porsild’s Bryum is a moss species listed as Threatened. The only
recorded location for Porsild’s Bryum in Nunavut is on Ellesmere Island (SARPR 2011). Neither of
these species were observed during the baseline surveys.
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6.3.2 Communities

6.3.2.1

The RAA is dominated by tundra vegetation

Ecological Land Classification Units

interspersed with lichen-dominated bedrock

outcroppings and boulder fields. Short shrubs such as dwarf birch, willows and heath species, as
well as sedges and grasses, herbs, mosses and lichens characterize the tundra vegetation. An
ecological classification scheme containing 15 ELC units were identified within the LAAs and RAA,

and are summarized in Table 6.3-1.

Table 6.3-1

Ecological Land Classification Units

Category

ELC Unit

Description

Anthropogenic

Disturbance

Anthropogenic disturbance on the landscape, located primarily near the
community of Baker Lake

Unclassified Cloud/ Shadow Areas of cloud and associated shadows present within the source Landsat
image
Non Vegetated Sand Areas of exposed sand typically found in dry river or lake beds, or beach
ridge uplands
Gravel Areas of exposed gravel typically found in dry river or lake beds, eskers or

beach ridge uplands

Upland

Rock Association

Areas of bedrock outcrops and boulder fields

Graminoid Tundra

Sedge communities in mesic areas, including tussock/hummock formations.
Usually found on peat substrates. Dominant plant species include mesic
sedges (Carex spp.), with small amounts of water sedge, tall cottongrass,
shrubs and forbs

Graminoid/ Shrub
Tundra

A transition between Graminoid Tundra and Shrub Tundra communities;
occurs in mesic areas with 25 to 50% cover of shrubs that are less than 40
cm in height. Graminoids, mosses, and lichens are also present

Shrub Tundra

Mesic moisture regime communities with at least 50% cover of shrubs such
as dwarf birch (Betula glandulosa) and diamond leaf willow (Salix planifolia);
the understory consists of some lichens and herbs; moss may be present

Shrub/ Heath Tundra

A transitional unit between Shrub Tundra and Heath Tundra; occurs on well
to moderately drained soils (mesic-xeric moisture regime) with between 30
and 50% cover of erect shrubs that are less than 40 cm tall; graminoids,
mosses, and lichens may be present

Heath Tundra

Occurs on well to moderately drained soils (mesic-xeric moisture regime) and
is dominated by ericaceous shrubs, lichens and some graminoids; vegetative
cover typically exceeds 70% with less than 30% exposed rock; erect shrubs
are present but to a lesser degree than the shrub/heath tundra unit (less than
30%)
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Table 6.3-1 Ecological Land Classification Units

Category ELC Unit Description

Heath Upland Occurs on rocky substrate with xeric moisture regime; over 70% vegetation
cover including ericaceous shrubs, lichens and graminoids; typical species
include bog blueberry (Vaccinium uliginosum), white arctic mountain heather
(Cassiope tetragona), northern Labrador tea (Ledum decumbens), black
crowberry (Empetrum nigrum) and the lichen ballroom dervish (Cetraria
nivalis)

Heath Upland/ Rock | A transition between Heath Upland and Rock Association, this unit is
Complex dominated by ericaceous shrubs and lichens with rock or boulder substrate;
closely resembles both parent communities

Lichen Tundra Develops on well-drained and poorly developed soils (xeric moisture regime);
substrate is typically sand, gravel or cobble; unit is most often associated with
esker ridges and ridged moraine landforms; green witch’s hair lichen
(Alectoria ochroleuca), Bryoria nitidula, crinkled snow lichen (Cetraria
cucullata), Iceland moss (Cetraria islandica), ballroom dervish, and lesser
green reindeer lichen (Cladina mitis) are the dominant species

Wetland Water Water features identified in the imagery; waterbodies greater than 0.75 ha
and rivers wider than 75 m are distinguishable in Landsat imagery

Wet Graminoid Occurs in poorly drained areas (hygric moisture regime) and around water
features; water sedge (Carex aquatilis) and tall cottongrass (Eriophorum
angustifolium) are dominant species; moss is also present

6.3.2.2 Wetlands

Wetlands are areas saturated with water long enough to promote aquatic processes, as indicated by
poorly drained soils, hydrophytic vegetation and other biological activity adapted to a wet
environment (NWWG 1997). In the low arctic, wetland definitions have been refined to include only
areas waterlogged throughout the year (Zoltai and Pollett 1983; Boch 1974; Tarnocai and Zoltai
1988). Tarnocai and Zoltai (1988) note that, in the low arctic, “large expanses of tundra, covered with
tussock forming graminoid species such as Carex bigelowii and Eriophorum vaginatum are not
considered to be wetlands since they are not waterlogged throughout the year.” As such, the
Graminoid Tundra ELC unit is considered an upland ELC unit. Units with more permanent water
were considered wetland (i.e., the Water and Wet Graminoid ELC units).

6.3.3 Species of Value to Inuit

During the 1Q studies, interviews with Elders identified vegetation species that were harvested for
food. The majority of the responses from the Elders focussed on berry-producing vegetation species
such as black berries (Empetrum nigrum), cloudberries (Rubus chamaemorus), blueberries
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(Vaccinium uliginosum), and cowberries (Vaccinium vitis-idaea). During the baseline studies, 11 ELC
units were found to have moderate to high potential to support these species (Table 6.3-2).

Table 6.3-2 ELC Units Containing Species of Traditional Value to Inuit
Species of Traditional Value to Inuit
Black Berries Cloudberries Blueberries Cowberries
Rubus Vaccinium Vaccinium vitis-
ELC Unit Empetrum nigrum chamaemorus uliginosum idaea
Wet Graminoid X
Graminoid Tundra X X
Graminoid/ Shrub Tundra X
Shrub Tundra X X
Shrub/Heath Tundra X X X
Heath Tundra X X X
Heath Upland X X X X
Heath Upland/Rock Complex X X X
Lichen Tundra X X X
Gravel X
Rock Association X

NOTE:

x indicates that species occurs with over 10% cover in at least one ELC plot, indicating moderate to high potential to occur
within the ELC unit, while no symbol indicates that species occurs with less than 10% cover in all ELC plots, indicating low
potential to occur within the ELC unit.

6.3.4 Plant Tissue Chemistry

Analyte concentrations were analyzed from plant tissue samples collected between 2007 and 2009.
Sampled tissue included primarily sedge, lichen and berries, as well as some 2007 foliage samples
collected from birch, willow and blueberry bush. Mean concentrations for each tissue type are
summarized in Tables 6.3-3 to 6.3-6.
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Table 6.3-3 Plant Tissue Chemistry Data (Berries) for the Mine LAA and RAA (2007-2009)

Mine LAA (2007/2008) RAA (2009)
Range Range

Parameter Unit n Mean SD Min Max n Mean SD Min Max
Aluminum ug/g 50 7.2 14 <2 75.2 2 5.1 21 3.6 6.5
Antimony ug/g 50 0.010 0.015 <0.010 <0.10 2 0.050 0 <0.1 <0.1
Arsenic ug/g 50 0.0078 0.0071 <0.010 0.026 2 0.025 0 <0.05 <0.05
Barium ug/g 50 44 6.4 0.813 27 2 10 0.78 9.9 11
Beryllium ug/g 50 0.045 0.015 <0.01 <0.10 2 0.0050 0 <0.01 <0.01
Boron ug/g 6 27 17 14 60 2 5.0 0 5 5
Cadmium ug/g 50 0.037 0.078 <0.005 0.36 2 0.013 0.011 <0.01 0.02
Chromium ug/g 50 0.46 0.92 <0.10 4.94 2 0.25 0 <0.5 <0.5
Cobalt ug/g 50 0.017 0.016 <0.02 0.067 2 0.023 0.025 <0.01 0.04
Copper ug/g 50 1.2 1.4 0.537 7 2 4.4 0.14 4.3 4.5
Iron ug/g 6 17 6.6 12 30 2 10 0 10 10
Lead ug/g 50 0.012 0.0077 <0.01 0.05 2 0.030 0 0.03 0.03
Manganese ug/g 50 50 69 6.07 310 2 75 21 60 90
Mercury ug/g 50 0.0034 0.0080 <0.0010 <0.05 ND ND ND ND ND
Molybdenum ug/g 50 0.092 0.22 <0.010 15 2 0.075 0.035 <01 0.1
Nickel ug/g 50 0.51 0.65 <0.1 2.99 2 0.70 0.29 0.49 0.9
Selenium ug/g 50 0.091 0.025 <0.05 <0.20 2 0.025 0 <0.05 <0.05
Silver ug/g 6 0.0050 0 <0.01 <0.01 2 0.005 0 <0.1 <0.1
Strontium ug/g 50 0.92 1.4 0.179 7.2 2 11 7.4 5.6 16
Thallium ug/g 50 0.0074 0.0066 <0.010 <0.05 2 0.025 0 <0.05 <0.05
Tin ug/g 50 0.11 0.062 <0.05 0.336 2 0.025 0 <0.05 <0.05
Titanium ug/g 6 0.25 0.28 0.06 0.79 2 0.19 0.078 0.13 0.24
Uranium ug/g 50 0.0017 0.0015 <0.002 0.0059 2 0.0050 0 <0.01 <0.01
Vanadium ug/g 50 0.050 0 <01 <01 2 0.050 0 <01 0.1
Zinc ug/g 50 17 12 1.31 40.4 2 8.9 1.6 7.8 10
Bismuth ug/g 44 0.015 0 <0.03 <0.03 ND ND ND ND ND
Calcium ug/g 44 273 100 88.6 479 ND ND ND ND ND
Lithium ug/g 44 0.050 0 <0.10 <0.10 ND ND ND ND ND
Magnesium ug/g 44 84 11 51.2 108 ND ND ND ND ND
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Table 6.3-3

Plant Tissue Chemistry Data (Berries) for the Mine LAA and RAA (2007-2009)

Mine LAA (2007/2008) RAA (2009)
Range Range

Parameter Unit n Mean SD Min Max n Mean SD Min Max
Moisture % 50 87 1.2 84.7 89.8 2 82 25 80.65 84.19
Lead-210 Ba/g 16 0.0071 0.0044 <0.002 0.014 2 0.060 0.041 0.031 0.089
Polonium-210 Ba/g 16 0.0068 0.0039 0.002 0.014 2 0.0085 0.0035 0.006 0.011
Radium-226 Ba/g 16 0.0011 0.0009 <0.0005 0.004 2 0.0020 0 0.002 0.002
Thorium-230 Ba/g 16 0.0017 0.0010 <0.0004 <0.005 2 0.0010 0 <0.002 <0.002
Thorium-232 Ba/g 10 0.0025 0.0002 <0.004 <0.005 2 0.0010 0 <0.002 <0.002
NOTE:

Data are for samples collected at locations indicated in Tier 3, Technical Appendix 6B, Section 4.1.2.3, Figure 4.1-2.
All 2007 LSA samples run individually for both metals and radionuclide analysis.

All 2008 LSA samples run individually for metals analysis; 44 LSA berry samples were combined into 10 composite samples for radionuclide analysis; 100 LSA sedge/lichen samples from 2008 were combined into 35 composite samples and 20 discrete
samples for radionuclide analysis.

All 2009 RAA samples run individually for metals and radionuclide analysis.

ND = No data
n = Sample size
SD = Standard deviation
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Table 6.3-4 Plant Tissue Chemistry Data (Lichen) for the Mine LAA and RAA (2007-2009)
Mine LAA (2007/08) RAA (2009)
Range Range

Parameter Unit n Mean SD Min Max n Mean SD Min Max
Aluminum ug/g 56 178 276 16 1640 10 116 72 66 310
Antimony ug/g 56 0.021 0.011 <0.020 <0.10 10 0.050 0 <0.1 <0.1
Arsenic ug/g 56 0.091 0.069 <0.020 0.405 10 0.051 0.028 <0.05 0.09
Barium ug/g 56 47 33 10.1 243 10 55 34 19 130
Beryllium ug/g 56 0.16 0.061 <0.01 <0.40 10 0.015 0.015 <0.01 0.05
Boron ug/g 6 25 0.55 2 3 10 0.70 0.26 <1 1
Cadmium ug/g 56 0.11 0.059 0.019 0.296 10 0.10 0.055 0.03 0.21
Chromium ug/g 56 1.4 3.0 <0.2 17.9 10 0.25 0 <0.5 <0.5
Cobalt ug/g 56 0.25 0.55 <0.060 3.84 10 0.15 0.11 0.05 0.37
Copper ug/g 56 21 1.1 0.6 6.19 10 1.2 0.51 0.56 24
Iron ug/g 6 160 97 78 310 10 126 122 50 470
Lead ug/g 56 0.69 1.0 0.104 6.96 10 0.77 0.80 0.29 3
Manganese ug/g 56 199 119 27 652 10 202 73 90 350
Mercury ug/g 56 0.035 0.023 0.0041 0.1 ND ND ND ND ND
Molybdenum ug/g 56 0.28 0.52 <0.030 3.41 10 0.055 0.016 <0.1 0.1
Nickel ug/g 56 1.3 1.6 <0.30 9.09 10 0.49 0.25 0.21 0.94
Selenium ug/g 56 0.32 0.12 <0.05 <0.80 10 0.025 0 <0.05 <0.05
Silver ug/g 6 0.034 0.049 <0.01 0.13 10 0.0085 0.0078 <0.01 0.03
Strontium ug/g 56 13 6.8 417 44.5 10 33 32 6.8 100
Thallium ug/g 56 0.019 0.0078 <0.020 0.069 10 0.025 0 <0.05 <0.05
Tin ug/g 56 0.083 0.024 <0.05 <0.20 10 0.047 0.058 <0.05 0.21
Titanium ug/g 6 6.5 3.2 3.2 11 10 4.8 4.4 2.2 17
Uranium ug/g 56 0.37 24 <0.006 18.1 10 0.014 0.011 <0.01 0.04
Vanadium ug/g 56 0.36 0.66 <0.20 4.67 10 0.20 0.15 <01 0.6
Zinc ug/g 56 28 9.2 10.9 60 10 19 3.6 13 24
Bismuth ug/g 50 0.067 0.10 <0.060 0.726 ND ND ND ND ND
Calcium ug/g 50 3431 1663 933 10700 ND ND ND ND ND
Lithium ug/g 50 0.30 0.62 <0.20 4.34 ND ND ND ND ND
Magnesium ug/g 50 532 156 212 1080 ND ND ND ND ND
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Table 6.3-4 Plant Tissue Chemistry Data (Lichen) for the Mine LAA and RAA (2007-2009)

Mine LAA (2007/08) RAA (2009)
Range Range

Parameter Unit n Mean SD Min Max n Mean SD Min Max
Moisture % 56 34 20 9.98 68 ND ND ND ND ND
Lead-210 Ba/g 34 0.45 0.085 0.26 0.64 10 0.58 0.068 0.48 0.71
Polonium-210 Ba/g 34 0.40 0.079 0.15 0.58 10 0.53 0.11 0.36 0.65
Radium-226 Ba/g 34 0.010 0.030 <0.001 0.18 10 0.0045 0.0031 <0.001 0.011
Thorium-230 Ba/g 34 0.0095 0.041 <0.0005 0.24 10 0.0020 0.0014 <0.003 0.006
Thorium-232 Ba/g 28 0.0025 0 <0.005 <0.005 10 0.0015 0 <0.003 <0.003

NOTES:
Data are for samples collected at locations indicated Tier 3, Technical Appendix 6B, Section 4.1.2.3, Figure 4.1-2.
All 2007 LSA samples run individually for both metals and radionuclide analysis.

All 2008 LSA samples run individually for metals analysis; 44 LSA berry samples were combined into 10 composite samples for radionuclide analysis; 100 LSA sedge/lichen samples from 2008 were combined into 35 composite samples and 20 discrete
samples for radionuclide analysis.

All 2009 RAA samples run individually for metals and radionuclide analysis.
ND = No data

n = Sample size

SD = Standard deviation
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Table 6.3-5 Plant Tissue Chemistry Data (Sedges) for the Mine LAA and RAA (2007-2009)

Mine LAA (2007/08) RAA (2009)
Range Range

Parameter Unit n Mean SD Min Max n Mean SD Min Max
Aluminum ug/g 56 65 116 3.4 839 10 59 40 1.4 140
Antimony ug/g 56 0.016 0.012 <0.02 <0.10 10 0.050 0 <0.1 <01
Arsenic ug/g 56 0.057 0.091 <0.02 0.51 10 0.034 0.019 <0.05 0.07
Barium ug/g 56 36 21 8.51 97 10 71 29 8.9 110
Beryllium ug/g 56 0.10 0.044 <0.01 <0.40 10 0.012 0.014 <0.01 0.05
Boron ug/g 6 9.0 3.3 5 15 10 3.3 22 <1 7
Cadmium ug/g 56 0.045 0.032 <0.01 0.171 10 0.066 0.050 <0.01 0.18
Chromium ug/g 56 1.1 3.2 <0.20 22.8 10 0.25 0 <0.5 <0.5
Cobalt ug/g 56 0.16 0.19 0.02 0.868 10 0.15 0.094 <0.01 0.29
Copper ug/g 56 2.2 0.91 0.602 4.4 10 24 1.1 0.37 43
Iron ug/g 6 112 101 16 300 10 87 53 4.8 220
Lead ug/g 56 0.19 0.20 0.02 0.947 10 0.41 0.20 0.02 0.71
Manganese ug/g 56 159 108 39.9 560 10 400 306 50 1100
Mercury ug/g 56 0.012 0.010 0.002 0.0445 ND ND ND ND ND
Molybdenum ug/g 56 0.57 0.89 <0.02 4.8 10 0.58 0.32 0.05 1.1
Nickel ug/g 56 1.1 1.7 0.24 12.5 10 0.81 0.43 0.06 1.6
Selenium ug/g 56 0.21 0.085 <0.05 <0.80 10 0.025 0 <0.05 <0.05
Silver ug/g 6 0.025 0.033 <0.01 0.09 10 0.0050 0 <0.01 <0.01
Strontium ug/g 56 8.4 5.0 1.99 251 10 35 35 1.6 110
Thallium ug/g 56 0.013 0.0050 <0.02 <0.05 10 0.025 0 <0.05 <0.05
Tin ug/g 56 0.068 0.10 <0.05 0.82 10 0.025 0 <0.05 <0.05
Titanium ug/g 6 0.68 1.0 0.1 2.7 10 1.7 1.8 0.06 6
Uranium ug/g 56 0.44 21 <0.004 13.9 10 0.016 0.013 <0.01 0.04
Vanadium ug/g 56 0.17 0.24 <0.10 1.73 10 0.080 0.079 <0.1 0.3
Zinc ug/g 56 19 14 6.89 100 10 42 23 3.6 70
Bismuth ug/g 50 0.035 0.0088 <0.06 <0.12 ND ND ND ND ND
Calcium ug/g 50 1767 963 542 5960 ND ND ND ND ND
Lithium ug/g 50 0.14 0.12 <0.20 0.89 ND ND ND ND ND
Magnesium ug/g 50 413 121 183 740 ND ND ND ND ND
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Table 6.3-5

Plant Tissue Chemistry Data (Sedges) for the Mine LAA and RAA (2007-2009)

Mine LAA (2007/08) RAA (2009)
Range Range

Parameter Unit n Mean SD Min Max n Mean SD Min Max
Moisture % 56 53 13 15.6 70.67 ND ND ND ND ND
Lead-210 Ba/g 33 0.18 0.12 0.007 0.46 10 0.32 0.092 0.14 0.43
Polonium-210 Ba/g 33 0.14 0.083 0.012 0.29 10 0.26 0.078 0.12 0.38
Radium-226 Ba/g 33 0.014 0.045 0.001 0.26 10 0.0047 0.0025 <0.001 0.008
Thorium-230 Ba/g 33 0.0075 0.021 <0.0005 0.12 10 0.0014 0.0009 <0.002 0.004
Thorium-232 Ba/g 27 0.0034 0.0036 <0.004 0.02 10 0.0011 0.0002 <0.002 <0.003
NOTES:

Data are for samples collected at locations indicated Tier 3, Technical Appendix 6B, Section 4.1.2.3, Figure 4.1-2.
All 2007 LSA samples run individually for both metals and radionuclide analysis.

All 2008 LSA samples run individually for metals analysis; 44 LSA berry samples were combined into 10 composite samples for radionuclide analysis; 100 LSA sedge/lichen samples from 2008 were combined into 35 composite samples and 20 discrete
samples for radionuclide analysis.

All 2009 RAA samples run individually for metals and radionuclide analysis.
ND = No data

n = Sample size

SD = Standard deviation
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Table 6.3-6 Plant Tissue Chemistry Data (Foliage) for the Mine LSA (2007)

Range

Parameter Unit n Mean SD Min Max
Aluminum ug/g 18 33 25 8.6 100
Antimony ug/g 18 0.050 0 <0.1 <0.1
Arsenic ug/g 18 0.031 0.025 <0.05 0.13
Barium ug/g 18 87 30 55 160
Beryllium ug/g 18 0.0050 0 <0.01 <0.01
Boron ug/g 18 12 3.6 9 21
Cadmium ug/g 18 1.2 15 0.08 5
Chromium ug/g 18 0.27 0.082 <0.5 0.6
Cobalt ug/g 18 0.42 0.30 0.05 1
Copper ug/g 18 6.8 21 4.3 12
Iron ug/g 18 28 5.2 22 37
Lead ug/g 18 0.11 0.058 0.04 0.21
Manganese ug/g 18 488 302 100 1300
Mercury ug/g 18 0.025 0 <0.05 <0.05
Molybdenum ug/g 18 0.12 0.16 <0.1 0.6
Nickel ug/g 18 1.8 1.0 0.57 4.1
Selenium ug/g 18 0.025 0 <0.05 <0.05
Silver ug/g 18 0.011 0.014 <0.01 0.05
Strontium ug/g 18 18 13 5 47
Thallium ug/g 18 0.025 0 <0.05 <0.05
Tin ug/g 18 0.027 0.0082 <0.05 0.06
Titanium ug/g 18 4.2 12 0.3 49
Uranium ug/g 18 0.0053 0.0012 <0.01 0.01
Vanadium ug/g 18 0.16 0.41 <01 1.8
Zinc ug/g 18 132 98 32 380
Bismuth ug/g ND ND ND ND ND
Calcium ug/g ND ND ND ND ND
Lithium ug/g ND ND ND ND ND
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Table 6.3-6

Plant Tissue Chemistry Data (Foliage) for the Mine LSA (2007)

Range

Parameter Unit n Mean SD Min Max
Magnesium ug/g ND ND ND ND ND
Moisture % 18 53 3.0 48.25 58.63
Lead-210 Ba/g 18 0.11 0.028 0.057 0.16
Polonium-210 Ba/g 18 0.089 0.025 0.045 0.13
Radium-226 Ba/g 18 0.0043 0.0029 0.0012 0.014
Thorium-230 Ba/g 18 0.00063 0.0004 <0.0004 0.002
Thorium-232 Ba/g ND ND ND ND ND
NOTES:

Data are for samples collected at locations indicated in Tier 3, Technical Appendix 6B, Section 4.1.2.3, Figure 4.1-2.

All samples run individually for both metals and radionuclide analysis.

Samples consisted of foliage collected from willow, birch and blueberry bush.

ND = No data ; n = Sample size ; SD = Standard deviation
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7 Effects Assessment for Terrain

7.1 Scope of the Assessment for Terrain
7.1.1  Project-Environment Interactions and Environment Effects

The Kiggavik Project has the potential to affect terrain through changes in permafrost conditions and
terrain stability, and changes in landforms. Protection of the existing permafrost conditions and
thermal regime is closely associated with stability of the terrain and landforms, including the stability
of Project elements.

Key issues related to Project effects on terrain include:

e change in terrain and landforms due to disturbance of eskers and other significant and
sensitive landforms

¢ change in permafrost conditions and terrain stability due to vegetation clearing, potential
changes in slope, redirection of surface drainage patterns, changes in sub-surface flow
and blasting

Refer to Table 5.5-1 for potential interactions between all Project activities and terrain along with
rationale for Project—terrain interactions ranked as 1. Interactions ranked as 2 in Table 5.5-1 are
examined further here.

Project activities that are the focus of the terrain assessment are summarized in Table 7.1-1.
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Table 7.1-1 Project-Environment Interactions and Effects on Terrain

Environmental Effect
Change in
Permafrost and Change in
Project Component Project Activities Terrain Stability Landforms
Construction
In-Water Construction Construct freshwater diversions and site drainage 2 1
containment systems (dykes, berms, collection
ponds)
On-Land Construction Site clearing and pad construction (blasting, earth- 2 2
moving, loading, hauling, dumping, crushing)
Road and airstrip construction 1 2
Aggregate sourcing 2 2
Construct foundations 2 2
Operation
Mining Mining ore (blasting, loading, hauling) 2 2
Special waste (blasting, loading, hauling) 2 2
Clean waste (blasting, loading, hauling) 2 2
Tailings Management Placement of tailings slurry, consolidation of 2 0
tailings and pumping of TMF supernatant
Final Closure
In-Water Water transfers and discharge 2 0
Decommissioning
On-Land Remove site pads (blasting, earth-moving, 2 2
Decommissioning loading, hauling, dumping)
Backfilling 2 0
Contouring 2 0
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Construct Freshwater Diversions and Site Drainage

Site preparation, excavation, and construction of freshwater diversions and site drainage channels
(such as dykes, berms and collection ponds) could have potential effects to slope stability, shoreline
erosion, slides, rock falls and slumping in surficial deposits and shallow bedrock. These effects could
further accelerate changes in landforms. However, the following measures will be taken into
consideration to mitigate these potential adverse effects during design and construction phases of
the Project (see details in Tier 3, Technical Appendix 2E).

o When a channel is transverse across a slope, natural ground elevation may be used as
one channel side and a berm constructed on the opposite side..

e The diversion channels will be constructed maintain the structural integrity of the channel,
depending on the terrain and geo-technical conditions.

e Erosion control structures will be incorporated into the design of the freshwater diversion
channels to reduce the potential for erosion and sediment transport.

e Freshwater diversion channels will be designed to prevent channel deformation caused
by melting of permafrost located adjacent to the channel.

e An ongoing monitoring and maintenance program focussing on the structural integrity of
the freshwater diversion channel will occur.

The engineered design of freshwater diversion channels is intended to address potential effects of
the Project on terrain. By maintaining terrain stability, Project effects on terrain are minimized. With
the implementation of these mitigation measures, the residual effects from the construction of
freshwater diversions and site drainage on landforms are anticipated to be minor; hence, the level of
interaction between Project activities and the VEC is ranked as 1 and not carried forward for further
assessment.

Road and Airstrip Construction

The road and airstrip will be built with granular materials (fill method) placed on top of the existing
terrain surface. The total embankment fills for the road construction will range from 0.5 m (exposed
rock area) to 1.8 m (wet terrain condition with medium to high ground-ice content). The total
embankment fill for the airstrip site will be a minimum of 2 m thick. By placing materials on top of the
existing terrain, the surface insulation layer that protects the shallow permafrost regime will not be
disturbed; therefore, the potential for thawing of the permafrost layer at the road location is reduced,
which also prevents any terrain stability issues. As well, any adverse environmental effect related to
erosion (influenced by thawing of the permafrost layer) is also reduced.

The proposed road and airstrip are designed and routed on higher ground as these areas tend to
contain less ground-ice, fewer drainage areas to cross, are less prone to snow drifts, and generally
contain more bedrock. Routing the proposed road on higher ground will reduce geotechnical issues
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and road fill required during construction. This will also reduce potential maintenance issues (e.g.,
snow drifts) throughout the life of the Project. Permafrost conditions and terrain stability are not
anticipated to be affected by development of the winter road option. Adding granular fill to create a
level travel surface, winter road will be an ice road.

The road construction will likely impede water courses and change the existing drainage pattern.
Appropriate culverts will be designed and placed in areas crossed by the road options where surface
drainage is apparent.

In the presence of appropriate mitigation measures, the residual effects from road and airstrip
construction on permafrost condition and terrain stability are anticipated to be not significant and
hence the level of interaction between Project activities and the VEC is ranked as 1 and not carried
forward for further assessment

Potential interactions ranked as 2 are subject to a more detailed analysis and carried forward in the
assessment in order to predict, mitigate and evaluate the potential environmental effects.

7.1.2 Measurable Parameters

Table 7.1-2 lists the measurable parameters used to assess Project effects on terrain and the
rationale for their selection.

Table 7.1-2 Measurable Parameters for Terrain
Environmental
VEC Effect Measurable Parameters Rationale
Terrain Change in Thaw depth, ground-ice content Vegetation clearing, potential change in slope,
Permafrost and redirection of surface drainage patterns, changes
Terrain Stability in sub-surface flow, and blasting may result in
changes to permafrost conditions and terrain
stability
Change in Direct loss of uncommon Disturbance to eskers may result in changes to
Landforms landforms from Project footprint culturally and traditionally significant landforms

7.1.3 Residual Environmental Effects Criteria for Terrain

Project residual environmental effects on terrain are characterized quantitatively and qualitatively
using the following attributes: direction, magnitude, geographic extent, duration, frequency, and
reversibility. Definitions of these attributes are presented in Table 7.1-3.
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Table 7.1-3 Residual Environmental Effects Criteria for Terrain
Attribute Rating Definition
Direction Positive Improvement in permafrost condition, terrain stability or change in landforms relative to
baseline conditions
Neutral No change in permafrost condition, terrain stability or change in sensitive landforms
relative to baseline conditions
Adverse Reduction in permafrost condition, terrain stability or change in sensitive landforms
relative to baseline conditions
Magnitude Negligible No measurable change from baseline conditions or natural variation on permafrost,
terrain stability or landforms
Low Effect on one or more of the measurable parameters is detectable, but within the range
of natural variation or baseline values; no change in permafrost condition, terrain
stability or landforms
Moderate Effect on one or more of the measurable parameters is detectable and outside the
range of natural variation or baseline values, but unlikely to change in permafrost
condition, terrain stability or landforms
High Effect on one or more of the measurable parameters is detectable and outside the
range of natural variation or baseline values, and hence a change in permafrost
condition, terrain stability or landforms is evident
Geographic Site Effect confined to specific features within the Project footprint
Extent
Local Effect confined to the LAA
Regional Effect extends beyond the LAA but within the RAA
Frequency Once Effect occurs once throughout the Project
Sporadic Effect occurs more than once, but at unpredictable intervals throughout the Project
Regular Effect occurs repeatedly at regular intervals throughout the Project
Continuous Effect occurs continuously throughout the Project
Duration Short term Changes in permafrost condition, terrain stability or landforms are no longer detectable
at the end of construction
Medium term Changes in permafrost condition, terrain stability and landforms are no longer
detectable at the end of final closure
Long term Changes in permafrost condition, terrain stability or landforms extend beyond the life of
the Project
Reversibility Reversible Effect on permafrost condition, terrain stability or landforms is reversible over human
lifetime
Irreversible Effect is not reversible, or will only reverse on geologic time line (i.e., thousands of

years for terrain formation)
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7.1.4 Standards or Thresholds for Determining Significance

A threshold is the level of change beyond which unacceptable adverse effects occur. In the case of
terrain, well defined or accepted thresholds do not exist for the Canadian Arctic. The role of terrain
within the terrestrial environment can be assessed either in terms of the area of coverage and its
distribution within an area, or in terms of a specific function or value, such as preferred habitat. It is
possible to measure the loss of surface and thus the loss of landforms, and its effect on habitat or
other VECs.

In the absence of federal or territorial guidelines, a quantitative approach has been adopted to
assess Project effects on terrain based on the best available information, previous experience with
similar projects in the Canadian Arctic and best professional judgement to determine the significance
of Project effects. Project effects on terrain are described quantitatively based on spatial coverage.
Thresholds are defined using the proportion of lost surface or landform relative to the total area of the
LAA. The following thresholds were selected based on the general knowledge of the Arctic terrestrial
environment, professional judgment and the thresholds chosen in similar projects in Nunavut (e.g.,
High Lake Project). Residual effects are considered to be significant if the Project results in:

more than 30% loss of the terrain surface

more than 30% loss of the surface covered by common depositional landforms
more than15% loss of the surface covered by any permafrost-sensitive landforms
more than 15% loss of any uncommon landforms

A confidence rating is applied to the significance determination for residual effects on terrain. The
rating considers the accuracy of the data used for baseline and application of analytical tools, an
understanding of the effectiveness of the mitigation measures, and an understanding of known
responses of the measurable parameters to potential Project effects. The confidence ratings are:

e Low — not confident in prediction, could vary considerably
¢ Moderate — confident in prediction, moderate variability
¢ High — confident in prediction, low variability

7.1.5 Influence of Inuit Qaujimajatuqangit and Stakeholder Engagement on the
Assessment

Inuit Qaujimajatuqangit and engagement activites influenced the assessment of effects for terrain
through identification of issues (Section 5.1), selection of VECs (Section 5.4), assessment approach
(landforms, terrain stability and permafrost conditions are considered here in Section 7), and scope
of mitigation and monitoring plans. Refer to Section 5.2 for additional discussion of the influence of
IQ and stakeholder engagement on the terrain assessment.
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Landforms and permafrost were identified as key components in the terrain assessment. The
importance of hills was discussed by Elders in stories about traditional land use and life on the land
(Section 5.1) and questions permafrost were also noted (Section 5.1). The importance of land in
general, concern about the Project contaminating the land, and the need to protect the land were
noted (IQ-BLE 2009'*, EN-BL HS Nov 2010"*, EN-CI OH Nov 2012™"). As such, the assessment
of potential Project effects on landforms and permafrost, along with associated mitigation and
monitoring plans are presented here in Section 7. Best construction and project management
practices coupled with engineering techniques, especially in permafrost engineering, will be
implemented to address any issues with changes in permafrost conditions, and terrain stability (e.g.
Tier 3, Technical Appendices 2D, 2G,2N). Visual monitoring will be conducted to check for changes
to land and ground temperature will be measured at key locations.

People were aware that AREVA has experience operating mines in Saskatchewan and wanted to
know that AREVA has considered operating in Nunavut where permafrost is present (EN-WC KIA
Jan 2010"®). Public input and IQ on potential risks to logistical infrastructure and benchmarking
against existing projects in Nunavut and the Northwest Territories has been used to provide
confidence in logistical and operational plans. Foundations, pads, and road design have been based
on existing designs in northern areas of continuous permafrost.

During the stakeholder engagement sessions, concerns were expressed regarding the potential for
Project-related mining activities to expose permafrost and for uranium to melt the permafrost layer
(EN-RB OH Nov 2010"™°, EN-RI RLC Feb 2009'°). Assessment of Project effects on permafrost
conditions and terrain stability are presented here in Section 7. Other sections of this environmental
assessment examine aspects of Project operations related to permafrost. For instance, the effects
assessment for hydrogeology (Tier 2, Volume 5, Section 7 and associated appendices) considers
operations such as tailings management in permafrost and non-permafrost conditions. Over the long-
term, the tailings management and mine rock facilities have been planned to ensure a robust design
for protecting the environment in either the presence or the absence of permafrost. Long-term

3% |Q-BLE 2009: Elders are concerned that uranium may escape and contaminate the grounds

1% EN-BL HS Nov 2010: What effect will mining have on the land?
137 EN-CI OH Nov 2012: What are the effects when a barrel breaks, to the land and animals?

138 En-WC KIA Jan 2010: Saskatchewan doesn't have permafrost and they have fewer storms than
we do here. Has this been looked into?

39 EN-RB OH Nov 2010: Worried about the underground mine caving in when the permafrost
comes.

40 EN-RI RLC Feb 2009: Does uranium melt the permafrost?
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stability of the tailings and mine rock facilities do not require permafrost encapsulation (Tier 2,
Volume 2).

Concerns were raised that archaeological sites not to be disturbed by the mine (EN-CI NIRB May
2010™") and that certain archaeological sites are located on terrain features such as hills. Potential
Project-environment interactions with archaeological sites on hills, such as camps and gravesites,
are assessed in Tier 2, Volume 9, Part 2 Heritage Resources.

7.2 Assessment of Change in Permafrost Conditions and Terrain
Stability

7.21 Analytical Methods for Change in Permafrost Conditions and Terrain Stability

Two factors that determine change in permafrost are the ground temperature and the volume of
ground-ice within the permafrost overburden. The ground temperature is, in turn, determined by
several factors including: air temperature, type or thickness of vegetation cover, organic soils
insulation, snow cover, and terrain slope. These factors control the thawing and freezing of the active
layer. The thickness of the active layer possesses a seasonal nature, which is influenced by
additional factors such as the nature of the underlying soil and rock and human disturbance.

Site and vegetation clearing, potential change in terrain slope, modification of surface water and
drainage patterns, changes in subsurface groundwater flow and any destructive activities such as
blasting will likely result in changes in permafrost conditions and terrain stability. A map of thaw
depth was developed in support of the effects assessment for permafrost conditions. This map
focussed on the Mine LAA. The map was developed based on thaw depth estimates from ground
temperature measurements, as well as measurements taken using frost depth indicators in 19
geotechnical boreholes. The potential area of high ground-ice with thaw depth ranging from 2 to 3 m
was delineated north of the Kiggavik mine and infrastructure area. Ground-ice conditions were
described in the majority of the boreholes. Approximately 99 tests were performed to determine soill
water (moisture) content. Details of the map, thaw depth analysis, grain size distribution analysis, soil
density determination, ground-ice descriptions and water content analysis results can be found in
Tier 3, Technical Appendix 6A.

T EN-CI NIRB May 2010: Concerns over potential impacts to archaeological and historical sites in
or near the community.
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Road alignments were identified and an assessment was qualitatively completed to determine
adverse effects to the permafrost layer as well as terrain stability associated with development of the
different road options. An assessment based on the area affected by development of the preferred
dock site facility was also completed.

7.2.2 Baseline Conditions for Change in Permafrost Conditions and Terrain Stability

The Kiggavik Project is located within the zone of continuous permafrost (NRCan 2007). Ground-ice
content is likely less than 10% over most of the area (Brown et al.1998). This low ground-ice content
occurs over most of the terrain, except for marine and localized fine-grained (high silt or clayey silt
content) materials, which may contain more than 10% ground-ice. The Mine LAA is characterized by
relatively stable terrain conditions as it is dominated by flat lying or gently sloping terrain, and a
rolling and hummocky topography with frequent bedrock outcrops.

The majority of the area near the Kiggavik mine site has a thaw depth of 1 to 2 m (see Tier 3,
Technical Appendix 6A). An area of potentially greater thaw depth (2 to 3 m) was delineated north of
the site. No drilling data exists for the Sissons mine site regarding thaw depth; however, it is
anticipated that the thaw depth at this location will be similar to the Kiggavik mine site given the close
proximity of these areas.

7.2.3 Effect Mechanism and Linkages for Change in Permafrost Conditions and
Terrain Stability

Construction and operation activities can cause surface and subsurface disturbance, which in turn
can affect vegetation cover, organic soil insulation and frozen overburden materials. Removal of
vegetation cover, organic soil insulation and snow cover generally leads to warming and thawing of
the active layer and changes the shallow thermal regime and drainage condition. In thawing, the ice
will disappear and, for existing overburden pressures, the soil skeleton must now adapt itself to a
new equilibrium void ratio (Andersland and Ladanyi 2004). This further causes the active layer to
deepen, and the new thaw zone may cause thaw settlement and eventually terrain instability.
Thawing at a slow rate allows generated water to flow from the soil at about the same rate as melting
occurs. Excess pore pressures will not be sustained, and settlement proceeds simultaneously with
thawing. For faster thawing rates, excess pore pressure will be generated. These excess pore
pressures will reduce shear strengths, creating potentially unstable terrain or slope conditions
(Andersland and Ladanyi 2004). This will likely change the overall permafrost conditions and its
distribution, and terrain stability, which can cause the loss or change in permafrost sensitive
landforms and eventually a change in the abundance and distribution of landforms within the Mine
LAA.
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Terrain instability associated with the disturbance of surficial material is generally confined to the
development of shallow depth. This effect is generally associated with the disturbance of the active
layer and subsequent thawing of ground-ice, and the over-steepening of existing slopes. Although
the majority of the Mine LAA is characterized by gentle slopes, there are localized areas of steeper
terrain.

During the construction and operation phases of the Project, there is a high potential for ground
disturbance of the permafrost, which may induce terrain instability in the higher relief areas. Terrain
stability is serious in terms of safety and effects on normal mine operations. However, in terms of
effects on the natural surficial materials and bedrock, only the mine component of the Project
footprint will be affected. The proposed mine area is characterized by relatively plain and stable
terrain conditions and an effect associated with relatively steep terrain is not expected.

Development of the proposed road options has the potential to impede surface water drainage. This
could potentially result in pooling of water in areas adjacent to the road options, which could
potentially destroy vegetation, as well as changing the properties of overburden materials which act
as the surface insulation layer that protects the permafrost layer. This could potentially result in an
increase in thaw depth into the permafrost layer.

7.2.4 Mitigation Measures and Project Design for Change in Permafrost Conditions
and Terrain Stability

As the greatest potential effects of the Project on permafrost condition and terrain stability will occur
in areas with low ground temperature, mitigation measures will be implemented to comply with
regulations and guidelines applicable to permafrost areas in the Canadian Arctic, which provide
objectives, principles and design criteria for planning, operation and remediation of projects.

Mitigation measures will be implemented in two ways: mitigation by design and discipline-specific
mitigation. Mitigation by design encompasses those aspects of the Project design that will reduce
effects to the permafrost and stability of terrain, and particularly to the surface area used by the
Project to minimize footprint disturbance and to avoid permafrost sensitive and uncommon
landforms. Some of the mitigation measures by design will include padding of surface horizons to
maintain existing permafrost conditions, use of platforms for equipment to reduce any heat transfer
into frozen ground and use of thermal stabilization methods (such as convection air embankment,
heat drains, grass-covered embankments, snow fences, and reflecting surfaces), where feasible.

Discipline-specific mitigation will include the consideration of Project activities such as construction in
permafrost-sensitive areas during the winter where feasible, ensuring Project-related vehicular traffic
is on designated roads only, maintenance of roads and monitoring of the All-Season Road.
Discipline-specific mitigation will minimize the exposure of permafrost to warmer temperatures,

AREVA Resources Canada Inc. Tier 2 Volume 6: Terrestrial Environment
Kiggavik Project FEIS Page 7-10 Section 7: Effects Assessment for Terrain
September 2014



maintain the permafrost conditions and ensure the identification of signs of possible permafrost
degradation.

Mitigation measures to reduce or eliminate Project effects on permafrost conditions and terrain
stability include the following:

Permafrost Conditions:

¢ limit the Project footprint disturbance area

e sustain safe construction and operation practices within and adjacent to the Project
footprint disturbance area

e use coarser materials for road construction to minimize frost effects

e manage drainage around infrastructure to reduce deep pools of water at the surface

o insulate infrastructure, where feasible

e implement proper construction and engineering design to consider the slope stabilization
methods; for example, build foundations on bedrock not susceptible to frost heave to
minimize thawing effect in permafrost sensitive areas

e avoid surface disturbance in high ground-ice areas to reduce potential for deepening the
thaw depth and associated thaw settlement

e conduct additional site-specific field investigations to assess specific poorly drained areas
and local variations in permafrost conditions (ground-ice content) prior to construction

e place culverts in areas crossed by the road options where surface drainage is apparent.

Terrain Stability:

e carry out a detailed geotechnical investigation before construction of mine infrastructure
to collect data on surficial materials, drainage, slope, and permafrost and ground
temperature (to aid in determining road alignment, along with facilitating post-construction
monitoring of Project effects on terrain stability)

¢ avoid or minimize the amount of problematic terrain types (e.g., ground- ice rich, fine- to
medium-textured materials on sloping topography) within the mine infrastructure area and
along major road alignments

e consider the criteria for the design of roads for varying terrain types based on the findings
and recommendations of the previous design work done on similar projects in the Arctic
environments (as suggested in Tier 3, Technical Appendix 2L)

The projected rate of climate warming and its effects will be taken into account in the design of all
Project elements based on the most up-to-date findings and predictions. Prior to initiation of the
construction phase, additional field investigations will be completed to assess specific poorly drained
areas and local variations in permafrost and terrain conditions.
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7.2.5 Project Residual Environmental Effects for Change in Permafrost Conditions
and Terrain Stability

Mine LAA

Residual effects of the Project on permafrost conditions and terrain stability will be confined to the
Kiggavik and Sissons mine sites. This effect will occur primarily during the construction phase,
although operational activities will continue to change permafrost conditions and terrain stability. Key
Project activities during operation include mining and stockpiling of ore, special waste and clean
waste that will involve destructive activities such as blasting, loading and hauling. These operational
activities can induce ground disturbance as well as cause changes in the shallow and deep thermal
regime, which can eventually change permafrost conditions. Residual effects on permafrost
conditions are minimized through consideration and implementation of effective engineering design
criteria and construction best practices; an example of how engineering designs will consider and
account for permafrost is provided in Tier 3, Technical Appendix 2D Technical Appendix Conceptual
Design for Ore and Special Waste Pads and Ponds.

Physical loss or change in permafrost from the Project footprint may cause changes to terrain and its
stability. Changes to the active layer and consequently the thaw depth can reduce terrain stability
through thaw settlement, decrease in shear strengths, frost heave and slope stability. The magnitude
of changes in the permafrost thermal regime and potential thaw settlement is directly related to the
nature and abundance of ground-ice and the type and severity of disturbance at the surface (Lawson
1986; Pullman et. al. 2007). The depth of the permafrost under climate change condition is expected
to decrease from -220 m to -100 m (see Tier 3, Technical Appendix 5J). Undisturbed ground
surfaces (natural ground) will likely retain permafrost after a warming of 5°C over 100 years
(see Tier 3, Technical Appendix 5G).

Surface disturbance related to the removal of overburden materials will cause a change in
permafrost conditions. About 803 ha (2.22%) of the Mine LAA is predicted to be disturbed as a result
of Project activities (Table 7.2-1). This includes about 645 ha (or 1.78% of the Mine LAA) due to site
clearing and topsoil stripping, and 158 ha (0.44% of the Mine LAA) due to soil and vegetation burial.

With implementation of mitigation, residual effects on changes to permafrost and terrain stability are
expected to be low in magnitude, site specific, long term, continuous, and reversible.
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Table 7.21 Areas Affected by Construction Activities within the Mine LAA

Vegetation, Organic Vegetation, Organic Soil and Vegetation and Organic Soil Vegetation, Organic Soil and
Soil and Overburden Vegetation and Area Area Overburden Stripping in the LAA Burial in the LAA Overburden in the LAA
Project Component Stripping Organic Soil Burial (ha) (%) (ha) (ha) (% of Total LAA)
Kiggavik Site
Site Camp, Mill and Infrastructure X 103 0.28 103 0.28
Ore stockpile X 7 0.02 7 0.02
Mine Rock Stockpile Type llI X 13 0.04 13 0.04
Mine Rock Stockpile Type Il (2 locations) X 135 0.37 135 0.37
Overburden Stockpile X 14 0.04 14 0.04
East Zone Pit X 8 0.02 8 0.02
Centre Zone Pit X 15 0.04 15 0.04
Main Zone Pit X 39 0.11 39 0.11
Purpose Built Pit X 3 0.01 3 0.01
Explosives and Magazine Area X 2 0.01 2 0.01
Freshwater Diversion Channels X 24 0.07 24 0.07
Pointer Lake Airstrip X 36 0.10 36 0.10
Sissons Site
Site Buildings and Infrastructure X 64 0.18 64 0.18
Ore Stockpile X 1 0.00 1 0.00
Mine Rock Stockpile Type llI X 12 0.03 12 0.03
Mine Rock Stockpile Type Il X 132 0.36 132 0.36
Overburden Stockpile X 15 0.04 15 0.04
Andrew Lake Pit X 44 0.12 44 0.12
Freshwater Diversion Channels X 16 0.04 16 0.04
Roads and Other
Access Road to Airstrip and Judge Sissons Lake X 31 0.08 31 0.08
Kiggavik-Sissons Access Road X 43 0.12 43 0.12
Access Road to Siamese Lake X 22 0.06 22 0.06
Road/Effluent Pipe from Kiggavik and Sissons Sites to Judge X 24 0.07 24 0.07
Sissons Lake
Total 803 2,22 645 158
Mine LAA (Ha) Mine Site (Ha) % Removal % Burial % Total Disturbance
36240.00 803.00 1.78 0.44 2.22
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All-Season Road LAA

The proposed All-Season Road is expected to be 114 km and extend from the Kiggavik mine site to
the preferred dock site facility on the north shore of Baker Lake. It will be a 24-m-wide gravel road
built from rock materials from the quarry sites (fill method) placed on top of the existing terrain. By
placing materials on top of the existing terrain, the surface insulation layer that protects the shallow
permafrost layer is not disturbed; therefore, the potential for thawing of the permafrost layer at the
road location is reduced, which also prevents any terrain stability issues. As well, any adverse
environmental effect related to erosion that is influenced by thawing of the permafrost layer is also
reduced.

The proposed road is designed and routed on higher ground as these areas tend to contain less
ground-ice, fewer drainage areas to cross, are less prone to snow drifts, and generally contain more
bedrock, as well as suitable quarry locations. Routing the proposed road on higher ground will
reduce geotechnical issues and road fill required during construction. This will also reduce potential
maintenance issues (e.g., snow drifts) throughout the life of the Project.

With implementation of mitigation measures, residual effects on changes to permafrost conditions
and terrain stability caused by the proposed All-Season Road are predicted to be low in magnitude
and site specific in geographic extent. The residual effects will be long term in duration and
continuous in frequency; however, all residual effects will be reversible.

Winter Road LAA

Permafrost conditions and terrain stability are not anticipated to be affected by development of the
winter road option. Granular fill will be added in localized areas to create a level travel surface over
hummocky microtopography. Construction and operation of the winter road will occur during frozen
ground conditions; therefore, adverse effects on permafrost conditions and terrain stability are
anticipated to be negligible.

Dock Site Options

Construction of the dock site facility at site option #1 (preferred option) was assessed to potentially
disturb approximately 25 ha. Alternative dock site option #2 is estimated to disturb approximately
29.4 ha. Another dock option is for AREVA to use the existing Agnico Eagle Meadowbank dock site.
This may be a viable alternative if the Meadowbank dock is no longer required by Agnico Eagle when
the Kiggavik Project begins operation and appropriate transfer of ownership approvals are
maintained. This area is an already disturbed brownfield site, occupying approximately 23.5 ha.
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No permafrost conditions were encountered in the boreholes drilled within the vicinity of the
proposed dock site facilities, likely due to a thawing effect caused by Baker Lake. However, there is
the potential for permafrost to occur at the dock site locations as they are located within the
continuous permafrost zone (see Tier 3, Technical Technical Appendix 6A for further details).
Overburden materials at the dock site facility will be removed and stored. Following removal of the
overburden, a site pad will be constructed with a minimum thickness of 1.7 m to provide thermal
protection to the underlying permafrost layer, while providing structural stability to the dock site
facility.

The preferred dock site option is located in marine units located along the shorelines, as well as a
combination of bedrock and glacial (till veneer) units’ farther upland. Development of the dock site
location will likely involve removal of the overburden down to bedrock materials to facilitate a stable
foundation for the dock site facility.

With implementation of mitigation measures, residual effects on changes to permafrost and terrain
stability caused by the proposed dock site facility are expected to be low in magnitude and site
specific in geographic extent. The residual effects will be long term in duration and continuous in
frequency; however, all residual effects will be reversible.

7.2.6 Determination of Significance for Change in Permafrost Conditions and
Terrain Stability

The residual effect of changes in thaw depth and ground-ice conditions on permafrost conditions and
terrain stability is predicted to be low in magnitude within the Mine LAA, site specific, long term and
continuous. However, these effects are expected to be reversible, and are not anticipated to affect
the long-term conditions of permafrost and terrain stability within the Mine LAA. Approximately 2.2%
of the Mine LAA will be disturbed, which is below the threshold value. The residual effects due to
stripping and/or burial of vegetation, organic soil zone and underlying overburden materials will be
confined within the Project footprint and are expected to be not significant. Change in surface
drainage patterns and subsurface water flow will be within the Project footprint, and mitigation
measures during the detailed design and all phases of the Project will reduce effects on permafrost
conditions and terrain stability.

The residual effect of changes in permafrost condition and terrain stability within the road LAAs and
the dock site facility is predicted to be low in magnitude, site specific, long term and continuous.
However, these effects are expected to be reversible.

The mitigation measures for reducing effects on permafrost conditions and terrain stability are well
accepted and practiced for construction and operation of mining projects in areas of continuous
permafrost in Canadian Arctic. Total area affected by Project activities is low with respect to the total
area of the Mine LAA and Road LAAs, which is based on the available baseline data and the Project
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description. Hence, the level of confidence in this prediction is rated as high. Confidence will be
further improved through monitoring during Project construction and operation.

7.2.7 Compliance and Environmental Monitoring for Change in Permafrost
Conditions and Terrain Stability

A monitoring system of permafrost and terrain stability will be established during all phases of the
Project based on the historical study results and best professional judgement. The progression of
thaw depth will be monitored within the Project activity areas. Potential change in moisture and
ground-ice contents will also be monitored during the construction, operation, final closure and post
closure phases of the Project. As changes to terrain stability will occur mainly during the construction
phase of the Project and the effects will be long term, especially when climate change implications
are considered, an environmental monitoring program will be initiated at the start of the construction
and will continue until closure and decommissioning of the Project. This program will include:

e establishment of a ‘Thaw-Depth Monitoring System’ at the Kiggavik and Sissons mine
sites, and the All-Season Road

¢ soil sampling to determine soil moisture and ground-ice contents of the active layer within
the permafrost overburden

¢ routine visual field inspection of terrain slope conditions within the mine development and
adjacent areas, and if necessary, installation of slope stability monitoring devices to
measure slope movement

e annual monitoring of all roads, particularly areas identified as having a probability of
instability

7.3 Assessment of Change in Landforms

Landforms that are influenced by permafrost and are sensitive to disturbance are termed permafrost
sensitive landforms. The most common sensitive landforms in the Mine LAA are thaw sensitive soils,
which are common to continuous permafrost regions in the Canadian Arctic. Thaw sensitive soils
contain at least a small amount of ground-ice, and are typically fine grained in texture with higher silt
or clayey silt contents and have significantly low permeability. Effects to permafrost sensitive
landforms are mainly related to change in the thermal regime of permafrost. The other types of
landforms included in the assessment are common depositional landforms and uncommon
landforms, which have ecological, traditional and cultural values (e.g., eskers).
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7.3.1  Analytical Methods for Change in Landforms

To assess the effects of surface disturbance on various landforms, the Project footprint was overlain
on a baseline map of surficial geology showing common depositional landforms. The area affected
by the Project footprint for each landform type was calculated to determine total loss.

Major landforms were subdivided into depositional landform types (alluvium or outwash sediments,
glaciofluvial, glacial till or moraine, glaciomarine, organic and bedrock-related landforms) within the
Mine LAA, and a map of surficial deposits was developed showing those landforms. The percent
coverage of depositional landforms was estimated in relation to the total area of the Mine LAA.

Glacial landforms were identified based on the surficial geological conditions. The localized north-
northwest-trending glacial landforms preserve evidence of regional ice flow. Glacial landforms
around the proposed mill site in the Mine LAA are dominated by hummocky, bouldery glacial till and
scattered boulder till moraines with frequent bedrock outcrops and shattered bedrock features in
isolated exposures and elongated.

No evidence of cryoturbation and patterning of ground associated with the development of
permafrost sensitive landforms were identified within the Mine LAA.

Three esker-related landforms have been identified within the Mine LAA. However, they occupy a
negligible area and are outside of the direct footprint of the Project components of the Mine LAA.

A 500-m buffer centered over the proposed road alignments was used to identify the proportion of
depositional landforms in the area to be a conservative assessment of landforms potentially affected
by development of the road options.

7.3.2 Baseline Conditions for Change in Landforms

The percent coverage area of each depositional type of landforms with respect to the total area of
the Mine LAA was assessed, and is provided below.

Total area of the Mine LAA = 36,240 ha
Alluvial (or outwash sediments) landforms = 3,786 ha (approximately 10% of the LAA)
Glaciofluvial landforms = 200 ha (less than 1% of the LAA)

Morainal (glacial till) landforms = 30,356 ha (approximately 84% of the LAA)
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Glaciomarine landforms = 108 ha (less than 1% of the LAA)
Bedrock landforms= 1,790 ha (approximately 5% of the LAA)

Baseline data of landforms located within the 500-m buffered area of the All-Season Road are
presented in Table 7.3-1.

Table 7.3-1 Landform Areas Located along the Proposed All-Season Road
All-Season Road Coverage Area
Depositional Landforms Code (ha) (%)

Alluvial Ao 263.66 0.51

Marine Mr 154.16 0.30

Glaciofluvial Go 55.47 0.11

Glacial Tb 4585.89 8.81
Tv

Bedrock R1 2199.28 4.23
R2

Total 7258.46 13.95

NOTE:

Total area of the All-Season Road LAA is 52,032 ha.

7.3.3 Effect Mechanisms and Linkages for Change in Landforms

Construction and operation activities including excavation, placement of structural foundations, road
construction, airstrip construction, pads and quarrying will cause surface disturbances that can lead
to a change or direct loss of surface materials due to stripping or burial of the surficial deposits
associated with landforms. This can further lead to a change in the quantity of common landforms
and the loss or change in uncommon landforms such as eskers.

Construction and operation activities will also change the shallow thermal regime, surface drainage
pattern and subsurface water system due to the disturbance of surface materials and their removal
or burial, which will lead to changes in permafrost conditions. Due to changes in permafrost
conditions, loss of or change in permafrost sensitive landforms can occur, resulting in a change in
abundance and distribution of such landforms. No significant permafrost sensitive and uncommon
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landforms have been identified within the Project footprint areas and hence the Project is not
expected to affect such landforms.

7.3.4 Mitigation Measures and Project Design for Change in Landforms

The most effective mitigation measures for potential Project effects on landforms will take place
during the Project design. Construction best practices will also be used to identify and mitigate
potential effects on permafrost sensitive and uncommon landforms.

Mitigation measures will include:

e consideration of the local and regional climatic conditions, and the presence and
expected changes to permafrost terrain

e avoidance of uncommon landforms like eskers, wetlands and shoreline areas, as well as
steep terrain (where possible) during the design phase of Project

e minimizing cut width or disturbance through eskers, wetlands and shoreline areas

o reducing the use of glaciofluvial landforms during mine infrastructure construction

e applying best management practices and best professional judgement (e.g., planning of
proper culvert location and construction and maintenance of roads susceptible to
excessive groundwater seepage)

Information on mitigation measures are available in Tier 3, Technical Appendix 2N Borrow Pits and
Quarry Management Plan, and Tier 3, Technical Appendix 2M Road Management Plan.

7.3.5 Project Residual Environmental Effects for Change in Landforms
7.3.5.1 Mine LAA

Residual effects on landforms will be confined to the Project footprint, and will occur primarily during
construction and to a lesser extent during operation and final closure of the Project. Project effects
on landforms will likely occur at the local scale, due primarily to surface disturbances that affect the
stability, abundance and distribution of various common landforms within the Mine LAA. Project
activities such as excavation, the construction of the site camp, mill and infrastructure will involve the
stripping or burial of surficial deposits, which will affect various landforms. Surface disturbance may
also be required to level the camp and mill sites, infrastructure and roads, storage area, and
excavate the proposed mines and quarries. Gravel or fill pads will be needed to build foundations,
the airstrip and other Project facilities such as overburden, ore and mine rock stockpiles. Any surface
disturbed by stripping, levelling or burial of surficial materials will result in a loss of landforms.
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Table 7.3-2 presents the total area of each landform type that will be affected by surface
disturbances associated with the Project. It should be noted that the calculated surface covered by
each landform type does not include the surface covered by water. The total surface covered by
water encompasses 6,154 ha of the Mine LAA.

About 22 ha (0.59%) of the total surface area of the Mine LAA covered by alluvial landforms (3,786
ha) will be lost as a result of the Project, or 0.06% of the total area of the Mine LAA. Consequently,
Project effects on alluvial landforms will be negligible.

Glaciofluvial landforms are significant in terms of the soils and vegetation they support, as well as
their sensitivity to permafrost conditions and the stability of terrain due to any external disturbance.
This type of landform supports warmer soils and valued vegetation communities. Disturbance to this
type of landforms may have effects on other glacial features such as glaciofluvial plains and
thermokarst plains. However, no glaciofluvial landforms will be disturbed as a result of the Project
activities and no effects on this type of landform are predicted.

Less than 1 ha (0.44%) of the total surface area of the Mine LAA covered by glaciomarine landforms
(108 ha) will be lost as a result of surface disturbances, or 0.001% of the total area of Mine LAA.
Consequently, Project effects on glaciomarine landforms will be negligible.

About 68 ha (3.81%) of the total surface area of the Mine LAA covered by bedrock landforms (1,790
ha) will be lost due to the Project, or 0.19% of the total area of Mine LAA. About 720 ha (2.37%) of
the total surface area of the Mine LAA covered by glacial till or morainal landforms (30,356 ha) will be
lost as a result surface disturbances, or 1.99% of the total area of Mine LAA. Consequently, Project
effects on this type of landforms expected to be low.

It is estimated that the Project footprint will cover 2.24% (811 ha) of the Mine LAA. There will likely be
burial of surface landforms by construction materials within the proposed roads (access roads to
airstrip, Judge-Sissons Lake, Siamese Lake, Kiggavik-Sissons Access Road, and a small segment of
the All-Season Road) and hence all road disturbance footprints on surface landforms within the Mine
LAA are included in the calculations.
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Table 7.3-2
LAA

Project Disturbances to Common Depositional Landforms within the Mine

LAA Baseline Coverage Area*

Project Disturbance Footprint*

Landform
Total Disturbed
Disturbed Mine within the
Common Depositional Area of Landform % of Total Area LAA Mine LAA
Landforms CODE (ha) Mine LAA (ha) (%) (%)
Alluvial AO 3,786 3,786 10.45% 22.15 0.061 0.59
Glaciofluvial Gk 40 200 0.55% 0.00 0.00 0.00
Go 160
Glaciomarine Mr 108 108 0.30% 0.48 0.001 0.44
(Marine/Littoral)
Bedrock R1 758 1,790 4.94% 68.27 0.188 3.81
R2 1,032
Morainal Tb 22,918 30,356 83.76% 720.43 1.988 2.37
( Glacial Till)
Th 205
Tv 7,233
Total 36,240 36,240 100.00% 811.33 2.239
NOTE:

* The surface covered by water has not been included in the calculations of surface percent coverage of landforms in the

Mine LAA.

New landforms will be created by the development of the waste rock piles. Two waste rock piles will
be created at each of the Kiggavik and Sissons mine sites, creating new landforms of about 148 ha
and 144 ha, respectively. These landforms will be an elevated topographic feature on the landscape.

Physical loss or change in common landforms is expected as a result of surface disturbances within
the footprint of the mines and infrastructure. However, it is anticipated that Project activities will likely
result in only limited changes to landforms. By implementing effective mitigation measures during the
design, construction, operation and final closure and post closure phases of the Project, changes to
landforms are anticipated to be low in magnitude, site-specific, long term and will likely occur once,

and irreversible.
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7.3.5.2 All-Season Road

Residual effects on landforms will be confined to the road footprint, and will occur primarily during
construction. Construction of the road will involve the burial of common landforms. A summary of the
areas covered by common landforms and crossed by the proposed road option as well as the
proportion of the total area of the road options anticipated to be buried is provided in Table 7.3-3.
The total surface area of the All-Season Road LAA encompasses approximately 273 ha.

Table 7.3-3 Common Depositional Landforms Affected within the All-Season Road LAA

Project Disturbance Footprint
% of Landform Disturbed
Common Depositional Disturbed Area within the All-Season Road
Landforms Code (ha) LAA

Alluvial AO 6.65 0.01
Glaciofluvial Gk 0.35 0.00

Go
Glaciomarine (Marine/Littoral) Mr 6.60 0.01
Bedrock R1 65.76 0.13

R2

R1/Mr*
Morainal (Glacial Till) Tb 148.02 0.28

Th

Tv
Data Gap No Code** 46.34 0.09
Total 273.72 0.53
NOTES:

Littoral sediments (Mr) in combination with bedrock (R1) are assumed fo be bedrock landforms.
** No data exits.
Total area of the All-Season Road LAA is 52,032 ha.
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The estimated surface areas covered by alluvial, glaciofluvial, glaciomarine, bedrock and morainal
(glacial till) landforms that are expected to be buried by the proposed road will comprise 6.65 ha
(0.01%), 0.35 ha (less than 0.01%), 6.60 ha (0.01%), 65.76 ha (0.13%) and 148.02 ha (0.28%) of the
total area of the All-Season Road LAA, respectively. Although 46.34 ha (0.09%) of the All-Season
Road LAA lacks data, similar types of common landforms are predicted to exist in those areas with
no data.

Physical loss in common landforms is expected as a result of the construction within the footprint of
the road. However, it is anticipated that the road construction will likely result in only limited changes
to landforms. By implementing effective mitigation measures during the design, construction,
operation and final closure and post closure phases of the Project, changes to landforms are
anticipated to be low in magnitude, site-specific, long term and will likely occur once, and irreversible.

7.3.5.3 Winter Road

The winter road option is not anticipated to affect landforms as the routes selected focussed on level
terrain that will be frozen during road construction and operation. Therefore, any effects to landforms
by the winter road will be negligible.

7.3.5.4 Dock Site Options

The preferred dock site option (i.e., option #1) will affect an area of about 25 ha. This area is
characterized by gradually slopping gravelly/sandy beach deposits which grade more steeply up a
bedrock slope covered by a veneer of terraced marine sand and gravel. No uncommon landforms
will be affected by development of the dock site option. With implementation of mitigation measures,
residual effects on changes to landforms by the proposed dock site facility are expected to be low in
magnitude, site specific, long term, will likely occur once, and irreversible.

7.3.6 Determination of Significance for Change in Landforms

Physical loss or change in common landforms is expected as a result of surface disturbances within
the footprint of the mines and infrastructure. However, it is anticipated that Project activities will likely
result in only limited changes to landforms. By implementing effective mitigation measures during the
design, construction, operation and final closure and post closure phases of the Project, changes to
landforms are anticipated to be low in magnitude, site-specific, long term and will likely occur once,
and irreversible. It is important to note that no significant permafrost sensitive and uncommon
landforms have been identified within the Project footprint areas.

The extent of changes or loss of common landforms due to the Project is predicted to be not
significant within the Mine LAA. Approximately 2.2% of the total surface coverage of common
depositional landforms within the Mine LAA will be disturbed, which is significantly below the
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thresholds. No glaciofluvial landforms, permafrost sensitive landforms and uncommon landforms will
be disturbed as a result of the Project. Changes to landforms within the road LAAs and the dock site
facility are also predicted to be not significant, as areas affected are below threshold values.

The level of confidence in this prediction is considered high, as the mitigation measures are well
accepted and practiced and have been shown to be effective for construction and operation of
mining projects in areas of continuous permafrost in Canadian Arctic. Changes to landforms due to
Project activities are assessed to be low with respect to the total surface coverage within the Mine
LAA, which is based on the area affected by the Project. .

7.3.7 Compliance and Environmental Monitoring for Change in Landforms

During the detailed design phase of the Project, disturbance within the mine and infrastructure
footprint will be limited by avoiding potentially problematic landforms, where feasible. Prior to the
construction phase, additional field investigations will be conducted to visually inspect and assess all
types of existing landforms.

Potential change in slope, drainage pattern, subsurface water system or soil will also be monitored
during the construction and operation of the Project, which will reduce or eliminate effects to
landforms. An environmental monitoring program will include quantifying the Project footprint on an
annual basis to ensure effects on landforms are consistent with the assessment (e.g. surface area of
disturbance, types of landforms disturbed).

7.4 Cumulative Effects Analysis for Terrain
7.41 Screening for Cumulative Environmental Effects

As Project residual effects on terrain are not expected to extend beyond the LAA or overlap with any
other existing or future projects or activities, no cumulative effects on terrain are anticipated to occur.
As a result, the cumulative effect of changes in terrain is not considered further in this assessment.
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7.5 Summary of Residual Environmental Effects on Terrain
7.5.1 Project Residual Environmental Effects
7.5.1.1 Permafrost Conditions and Terrain Stability

The Mine LAA covers a total area of 36,240 ha, which excludes surface area covered by water.
Surface disturbance of terrain, as well as vegetation cover, organic soil insulation and permafrost
overburden materials is predicted to affect a total of about 803 ha (2.2%) of the LAA. This will be
caused by site clearing and soil stripping (1.8% of the LAA) and burial of vegetation and organic soil
(0.4% of the LAA).

e The residual effects of stripping and/or burial of vegetation, organic soil zone and
underlying overburden materials on permafrost conditions and terrain stability will be
confined within the Project footprint, low in magnitude, site specific, long term, continuous
over the life of the Project, and reversible. Overall, residual environmental effects of the
Project on permafrost conditions and terrain stability are predicted to be not significant.

e A summary of the residual environmental effects for permafrost conditions and terrain
stability is provided in Table 7.5-1.

7.5.1.2 Landforms

The estimated surface areas covered by alluvial, glaciomarine, bedrock and morainal (glacial till)
landforms that are expected to be disturbed by the Project total 0.06%, 0.001%, 0.19% and 1.99% of
the total area of Mine LAA (i.e. 36,240 ha), respectively. Overall, the total area disturbed by stripping
and burial of landforms is estimated to be 811 ha (2.2%) of the Mine LAA. It is important to note that
no significant permafrost sensitive and uncommon landforms have been identified within the Project
footprint areas.

Residual environmental effects of changes in landforms are expected to be low in magnitude, site
specific, long term, will likely occur once, and irreversible. Overall, residual effects of the Project on
landforms are predicted to be not significant. A summary of the residual environmental effects for
landforms is provided in Table 7.5-1.

The residual effects presented considered Project-related effects on an individual basis. Based on
professional judgment, the combination of Project-related effects and the subsequent residual effects
for terrain are anticipated to be no greater that the residual effects on an individual basis as these
effects were assessed on a conservative basis. Therefore, the combined Project-related effects on
terrain are predicted to be not significant.
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Table 7.5-1 Summary of Project Residual Environmental Effects for Change in Terrain
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Project Phase Mitigation/ Compensation Measures 2 < L Recommended Follow-up and Monitorin

-

Change in Permafrost Conditions and Terrain Stability: Stripping and/or burial of vegetation, organic soil zone, and underlying overburden materials; change in slope, change in surface drainage patterns and subsurface flow, and blasting will affect thaw depth
and ground-ice content.

Construction Minimize the Project footprint disturbance area Y A L S LT Cc R D N N/A H Establishment of ground temperature and thaw depth
monitoring system around the mine and mine affected
Salvage vegetation, soils and overburden areas; and along the embankment of roads; routine
materials visual field observation of terrain slopes

Confine activities within the boundaries of
Project work area

Operation Avoid surface disturbance in ground-ice rich
areas Monitoring of soil moisture and ground-ice content
Final closure Monitoring of surface and subsurface groundwater
system
Post closure Not required
Change in Landforms: Stripping and/or burial of surficial materials will affect common depositional landforms and their abundance and distribution
Construction Minimize the Project footprint disturbance area Y A L S LT o | D N N/A H Quantify Project footprint on an annual basis

Avoid or reduce the use of glaciofluvial deposits

Salvage surficial materials

Operation Avoid surface disturbance in soft and
problematic areas

Final closure

Tier 2 Volume 6: Terrestrial Environment

AREVA Resources Canada Inc.
Section 7: Effects Assessment for Terrain

Kiggavik Project FEIS Page 7-26
September 2014




Table 7.5-1 Summary of Project Residual Environmental Effects for Change in Terrain
KEY
Direction: Duration: Environmental Context: Likelihood:

P  Positive: improvement relative to baseline conditions
N  Neutral: no change relative to baseline
A Adverse: reduction relative to baseline

Magnitude:

N  Negligible: No measurable change from baseline conditions or natural variation on
permafrost, terrain stability or landforms.

L Low: Effect on one or more of the measurable parameters is detectable, but within the
range of natural variation or baseline values; no change in permafrost condition, terrain
stability or landforms.

M  Moderate: Effect on one or more of the measurable parameters is detectable and outside
the range of natural variation or baseline values, but unlikely to change in permafrost
condition, terrain stability or landforms.

H High: Effect on one or more of the measurable parameters is detectable and outside the
range of natural variation or baseline values, and hence a change in permafrost condition,
terrain stability or landforms is evident.

Geographic Extent:

S Site specific: (i.e., within the Project Footprint)

L Local (i.e., within the LAA)

R Regional (i.e., extends beyond the LAA but within the RAA)

ST Short term: change no longer detectable at the end of

construction.

MT Medium term: change no longer detectable at the

end of final closure.

LT Long term: change extends beyond the life of the

Project.

Frequency:

O Once: occurs once throughout the Project

S  Sporadically: occurs more than once, but at
unpredictable intervals.

R Regularly: occurs repeatedly at regular intervals.

C Continuous: occurs continuously throughout the
Project.

Reversibility:

R Reversible: effect reversible over human lifetime

Irreversible: effect not reversible, but reversible over

geologic time scale

D Disturbed
N  Not Disturbed

Significance:
S Significant
N  Not Significant

Prediction Confidence:

Based on scientific information and statistical
analysis, professional judgment and
effectiveness of mitigation

L Low level of confidence
M  Moderate level of confidence
H High level of confidence

Of a significant effect occurring

N/A Not Applicable

L  Low probability of occurrence

M  Medium probability of occurrence
H High probability of occurrence

Cumulative Effects

Y Potential for effect to interact with other past,
present or foreseeable projects or activities

N  Effect will not or is not likely to interact with
other past, present or foreseeable projects or
activities
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7.5.2 Cumulative Effects
The Kiggavik Project is not expected to contribute to cumulative effects on terrain in the RAA.
7.5.3 Effects of Climate Change on Project Effects on Terrain

Long-term climate change could have an effect on terrain in the Project area depending on the
degree and rate of warming. Increasing mean annual air temperature could lead to warmer weather
during the summer months, which could increase the mean annual ground surface temperature. With
anticipated warming conditions, the existing thermal regime and permafrost conditions may change,
thereby increasing the probability of terrain instabilities due to solifluction, erosion, etc. Warming of
permafrost soils and rock may result in greater availability of water within the system, and change the
internal physical characteristics and engineering properties of surficial materials.

Thermal modelling results for the long-term climate scenario over 2,000 years in the Kiggavik Project
area show that if the mean annual ground surface temperature rises, the change in permafrost depth
will be evident at the base but not at the surface (see Tier 3, Technical Appendix 5J). Another model
predicted a cooling trend will occur over the next 50 years (see Tier 3, Technical Appendix 4D).
Undisturbed ground surfaces (natural ground) will likely retain permafrost after an assumed climate
warming trend of 5°C in the mean annual ground surface temperature over the next 100 years, and
permafrost will likely develop and be maintained within the waste rock stockpiles and the covered
TMF under the current climatic conditions (see Tier 3, Technical Appendix 5G). Natural ground
permafrost degradation with climate warming is anticipated to occur over 2000 years for the two
assumed warming trends (trend 1: from -7°C to -2°C, and trend 2: from -6°C to -1°C) and the
predicted permafrost depths will be -100 m and -45 m relative to the initial permafrost depth of -220
m for the warming trend 1 and trend 2, respectively (see Tier 3, Technical Appendix 5J).

The potential effects of climate change on terrain in the short and long term may include the
following:

e permafrost melting
e terrain instability

7.5.3.1 Permafrost Melting

The short-term effect of climate change is anticipated to occur due to surface disturbance activities
during the construction and operation and may affect the vegetation cover and organic soil insulation
within the Mine LAA, as vegetation cover, organic soils and permafrost overburden material will be
stripped or buried. Upon removal or burial of these layers, change in shallow thermal regime may
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occur. Deepening of thaw depth, ground softening, and thaw settlement in local scale may occur as a
result of both Project activities and climate change.

The long-term effect on permafrost may be anticipated due to climate change. It is anticipated that
Project activities will result in minor changes to permafrost conditions within the Project footprint of
the Mine LAA. By implementing mitigation practices and using permafrost design features with due
consideration of climate change in Arctic, changes to permafrost are anticipated to be minor relative
to the baseline condition.

7.5.3.2  Terrain Instability

In the absence of mitigation measures, predicted increases in permafrost temperature and thaw
depth due to climate warming may result in issues with terrain and slope stability. Changes to thaw
depth (active layer thickness) may influence the stability of terrain through thaw settlement, frost
heave potential and shear strength.

It is anticipated that Project activities will result in minor changes to terrain stability within the Project
footprint of the Mine LAA. By implementing mitigation practices and using permafrost design features
with due consideration of climate change in Arctic, changes to terrain stability are anticipated to be
minor relative to the baseline condition.

7.6 Summary of Mitigation Measures for Terrain

Effective mitigation strategies for effects on terrain require identification of problematic terrain types
that may be susceptible to either terrain instability or thaw settlement or are considered to be
significant and sensitive landforms. By identifying specific locations of problematic areas, effective
mitigation measures can be tailored to address site-specific conditions.

Detailed mitigation measures will vary depending on local conditions and Project activities. Best
construction and project management practices coupled with recent engineering advances,
especially in permafrost engineering, will be implemented to address any issues with changes in
permafrost conditions, and terrain stability (e.g. Tier 3, Technical Appendices 2D, 2G,2N). Issues
related to the surface disturbance to any problematic and challenging landforms will be best
addressed by proper citing of Project facilities and associated infrastructure.

Design mitigation measures will include minimizing Project disturbance footprint and the number of
drainage areas affected by the Project components and activities, and avoiding surface disturbance
in high ground-ice areas and problematic terrain and landforms to reduce potential for deepening the
thaw depth and associated thaw settlement and terrain stability. Discipline-specific mitigation will
include the consideration of Project activities such as construction in permafrost sensitive areas
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during the winter time where feasible, controlled vehicular traffic along roads, planning of proper
culvert location and construction and maintenance of roads susceptible to excessive groundwater
seepage.

Additional mitigation measures will include sustaining safe construction and operation practices
within and adjacent to the Project footprint, use of coarser materials for road construction to minimize
frost effects, management of drainage around infrastructure to reduce deep pools of water at the
surface, insulation of infrastructure where feasible, avoidance or minimization of problematic terrain
associated with high ground-ice content and fine- to medium-textured materials on sloping
topography within the mine infrastructure area and along major road alignments, avoidance of
uncommon landforms like eskers, wetlands and shoreline areas during the design phase of Project,
minimization of cut width or disturbance through eskers, wetlands and shoreline areas and reduction
in the use of glaciofluvial landforms during mine infrastructure construction. Consideration and
implementation of effective engineering design criteria and construction best practices with due
consideration of the projected rate of climate warming based on the findings and recommendations
of the previous design work done on similar projects in the Arctic environments will be one of the key
mitigation measures.

Supplementary engineering field investigations prior to construction of mine infrastructure will help to
reduce or eliminate potential Project effects on terrain. Additional site-specific field investigations will
be conducted to assess specific poorly drained areas and drainage condition, local variations in
permafrost conditions (ground-ice content), terrain slope, and ground temperature prior to
construction of mine infrastructure and roads.

7.7  Summary of Compliance and Environmental Monitoring for Terrain

While the implementation of mitigation strategies is critical to reducing any effects on terrain, it is
equally as important to complete regular and routine monitoring to ensure that effects on the terrain
are minimized and to identify where new mitigation strategies may be required. Monitoring will begin
upon construction and will continue through the duration of the Project.

A key consideration in design of the monitoring programs is that the environment is expected to
change independent of the Project as a result of climate change. For the most part, visual monitoring
will suffice as it will be important to visually observe any changes (e.g., accelerated solifluction,
groundwater seepage, erosion, etc.). In some cases, especially on steeper slopes, slope monitoring
devices will be used for the duration of the Project. Similarly, thermistors will be installed at key sites
to determine and monitor the rate of change in ground temperature. Special devices will also be
installed to record maximum thaw penetration and maximum ground-surface movement at thaw
depth monitoring sites. While such devices are not required extensively throughout the Project
footprint, a number of permanent monitoring plots will be established at the outset of the Project to
monitor any effects of climate change and hence the overall change in the natural landscape.
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Laboratory analysis of soil samples will be conducted, which will help to determine geotechnical
parameters such as total moisture content, frozen bulk density and ground-ice content. These
parameters will be used to calculate thaw strains, which are used to determine the thaw settlement
resulting from the simulated increase in thaw depth at the each sampling site.
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8 Effects Assessment for Soils

8.1  Scope of the Assessment for Soils
8.1.1  Project-Environment Interactions and Effects

Project activities during the construction, operation and final closure phases have the potential to
affect the quality and quantity of soils within the RAA. Key issues related to effects on soil include:

e deterioration of soil quality due to air emissions, including dust deposition, during all
phases of the Project

e s0il loss and deterioration caused by topsoil stripping, soil burial, erosion, admixing, and
compaction during construction activities

Refer to Table 5.5-1 for potential interactions between all Project activities and soil along with
rationale for Project—soil interactions ranked as 1. Interactions ranked as 2 in Table 5.5-1 are
examined further here.

Key Project activities that could affect soil quality and quantity are outlined in Table 8.1-1.

Table 8.1-1 Project—Environment Interactions and Effects on Soils

Environmental Effect

Change in Soil | Change in Soil
Project Component Project Activities Quality Quantity

Construction

In-water Construction Construct freshwater diversions and site drainage 0 2
containment systems (dykes, berms, collection ponds)

Construct in-water/shoreline structures 0 2

On-land Construction Site clearing and pad construction (blasting, earth-moving, 2 2
loading, hauling, dumping, crushing)

Road and airstrip construction 2 2

Aggregate sourcing 0 2
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Table 8.1-1 Project—-Environment Interactions and Effects on Soils

Environmental Effect
Change in Soil | Change in Soil
Project Component Project Activities Quality Quantity
Supporting Activities Industrial machinery operation 2 0
Power generation 2 0
Operation
Mining Mining ore (blasting, loading, hauling) 2 0
Ore stockpiling 2 0
Mining special waste (blasting, loading, hauling) 2 0
Special waste stockpiling 2 0
Mining clean waste (blasting, loading, hauling) 2 0
Clean rock stockpiling 2 0
Milling Transfer ore to mill 2 0
Crushing and grinding 2 0
General Services Generation of power 2 0
Transportation Truck transportation 2 0
Final Closure
General Industrial machinery operation 2 0
On-land Remove site pads (blasting, earth-moving, loading, hauling, 2 2
Decommissioning dumping)
NOTE:

See definitions of rankings in Section 5.6

8.1.2 Measurable Parameters

Table 8.1-2 lists the measurable parameters used to assess Project effects on soil quality and soll
quantity and the rationale for their selection.
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Table 8.1-2

Measurable Parameters for Soils

Environmental
VEC Effect Measurable Parameters Rationale
Soils Change in soil Soil chemistry (i.e., soil acidification from Potential acid input (PAl), as well as
quality air emissions, fugitive dust deposition) changes in pH and metals caused by dust
Area (kmz) of soil compaction, admixing deposition and nutrient transport in soils
and erosion ’ can influence vegetation occurrence
Soil compaction, admixing, erosion could
alter soil quality, which in turn could
influence vegetation occurrence
Change in soil Area (kmz) to have topsoil stripped or soil | Soil removal or burial could alter soil
quantity lost as a result of erosion, movement or quantity, which in turn could influence
burial vegetation occurrence
8.1.3 Residual Environmental Effects Criteria for Soils

Residual effects on soils are characterized quantitatively and qualitatively using the following
attributes: direction, magnitude, geographic extent, duration, frequency, and reversibility. Table 8.1-3
provides definitions for these attributes.

Table 8.1-3 Residual Environmental Effects Criteria for Soils
Attribute Rating Definition
Direction Positive Improvement in soil quality or soil quantity relative to baseline conditions.

Neutral No change in soil quality or soil quantity relative to baseline conditions.

Adverse Reduction in soil quality or soil quantity relative to baseline conditions.

Magnitude Negligible No affect from baseline conditions or natural variation on soil quality or soil quantity.

Low Effect on one or more of the measurable parameters is detectable, but within range
of natural variation or baseline values; no change in soil quality or quantity.

Moderate Effect on one or more of the measurable parameters is detectable and outside the
range of natural variation or baseline values, but is unlikely to change soil quality or
quantity and reclamation end land use objectives will still be met.

High Effect on one or more of the measurable parameters is detectable, outside the range
of natural variation or baseline values, and changes soil quality or quantity will
prevent reclaiming the landscape to meet end land use goals.

Geographic Site Effect confined to specific features within Project footprint.
Extent

Local Effect confined to the LAA.

Regional Effect extends beyond the LAA but within the RAA.
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Table 8.1-3 Residual Environmental Effects Criteria for Soils
Attribute Rating Definition
Frequency Once Effect occurs once.
Sporadic Effect occurs more than once, but at unpredictable intervals.
Regularly Effect occurs repeatedly at regular intervals.
Continuous Effect occurs continuously throughout the Project.
Duration Short term Changes in soil quality or soil quantity are no longer detectable at the end of
construction.
Medium term Changes in soil quality or soil quantity are no longer detectable at the end of final
closure.
Long term Changes in soil quality or soil quantity extend beyond the life of the Project.
Reversibility Reversible Effect on soils is reversible over human scale lifetime.
Irreversible Effect is not reversible, or will only reverse on geologic time line (e.g. thousands of
years for soil formation).
Environmental Disturbed Area has been substantially disturbed previously by human development, or human
Context development is still present.
Not Disturbed Area has not been disturbed by human development.

8.1.4 Standards or Thresholds for Determining Significance

8.1.4.1  Soil Quality

The significance of Project residual effects on soil quality is determined by the extent of changes in
chemical levels in soil in comparison to CCME soil quality guidelines (CCME 2009). These values
are used to evaluate changes in soil concentrations from emissions of metals; no standards exist for
radionuclides. To overcome this technical boundary (lack of soil quality guideline for radionuclides),
predicted changes in radionuclide concentrations will be compared to baseline data to evaluate the
extent of Project effects. Additional information is provided in the Ecological and Human Health Risk
Assessment (Tier 3, Technical Appendix 8A).

Threshold values developed by the Clean Air Strategic Alliance (CASA, 1999) and the World Health
Organization (2000) for potential acid input (PAIl) are used to determine the significance of Project
residual effects of acid deposition on soil quality. For sensitive soils, the critical load threshold for PAI
(i.e., will not cause long-term ecosystem change) is 0.25 keqg/halyear. Exceedances above the
critical load threshold do not mean environmental damage will occur; rather, there is the potential for
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an effect from PAI on the environment if deposition above the critical load is sustained over many
years (CASA 1999).

The significance of changes in soil quality due to admixing, compaction, and erosion is determined
during monitoring of construction activities, and mitigation measures to reduce or prevent these
environmental effects are continuously evaluated to determine their effectiveness. Therefore, the
significance of these environmental effects on soil quality is assessed based on a qualitative
description of the Project residual effects.

8.1.4.2 Soil Quantity

Project effects to soil quantity are described quantitatively based on the number of hectares affected,
as well as the proportion of the area disturbed within the respective LAAs.

A confidence rating is applied to the significance determination for residual effects on soils. The
rating considers the accuracy of the data used for baseline and application of analytical tools, an
understanding of the effectiveness of mitigation measures, and an understanding of known
responses of the measurable parameters to potential Project effects. The confidence ratings are:

¢ Low — not confident in prediction, could vary considerably
e Moderate — confident in prediction, moderate variability
¢ High — confident in prediction, low variability

8.1.5 Influence of Inuit Qaujimajatuqangit and Stakeholder Engagement on the
Assessment

Inuit Qaujimajatugangit interviews and engagement activites influenced the assessment of effects for
soil through identification of issues (Section 5.1), selection of VECs (Section 5.4), assessment
approach (soil quality and soil quantity examined Section 8), and design of mitigation and monitoring
plans. Refer to Section 5.2 for additional discussion of the influence of IQ and stakeholder
engagement on the soil assessment.

The importance of soil as part of the whole environment was identified in comments received during
IQ interviews and engagement activities (EN-Kiggavik Project Blog 2009'%), as were concerns about
potential contamination of the soil from Project activities (IQ-BLE 2009'*%). Concerns about soil or

%2 EN-Kiggavik Project Blog 2009: all the animals we eat rely on good soil

3 |Q-BLE 2009: Elders are concerned that uranium may escape and contaminate the grounds
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land contamination influenced the inclusion of soil quality as an environmental effect endpoint in this
assessment. The role of soil in the ecosystem (e.g. substrate for plants, habitat for animals)
demonstrates the 1Q guiding principle (GN 2009) of Avatimik Kamattiarniq which is the concept of
environmental stewardship: people are stewards of the environment and must treat all of nature
holistically and with respect, because humans, wildlife and habitat are inter-connected (IQ-Nunavut
Tunngavik Inc. 2005™4).

To reduce the potential for soil acidification and changes in COPC concentrations, emissions from all
industrial machinery and equipment, including the diesel-powered generators will meet the federal air
emission standards. Low sulphur diesel fuel will be used to reduce emissions associated with diesel
fuel combustion. In addition, scrubbers will be installed on any mill stacks that emit particulates and
contaminants (e.g., acid plant exhaust stack) to remove these items from the air stream before
discharge (Tier 3, Technical Appendix 4C).

Soil quality will be monitored during operations and decommissioning (Tier 3, Technical Appendix
4C) to address community concerns about potential contamination of soil resulting from Project
activities. This includes sampling and analyzing soil for metals and radionuclides. Soil quality
monitoring results will be compared to baseline values and compared to predictions from this
environmental assessment. Soil quality monitoring results will also be used to update the ecological
and human health risk assessment as required (Tier 3, Technical Appendix 8A).

The role of soil in the ecosystem and the potential for COPCs to enter the food web is addressed in
Tier 3, Technical Appendix 8A. Modelling the uptake of radionuclides and metals by terrestrial biota
can be quite involved and requires consideration of several interactions. For example, direct
deposition from air to soil and terrestrial vegetation, direct uptake from soil to terrestrial vegetation,
and ingestion of diet components by terrestrial animals and birds are considered in the modelling.
Soil ingestion is included as a pathway for terrestrial ecological receptors and human receptors
(Tier 3, Technical Appendix 8A).

Concerns about potential contamination of soil resulting from spills or accidents are addressed in
Accidents and Malfunctions (Tier 2, Volume 10).

%4 |Q-Nunavut Tunngavik Inc. 2005: the health of Inuit, of wildlife and of the environment are

interconnected
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8.2 Assessment of Change in Soil Quality
8.2.1 Analytical Methods for Change in Soil Quality

Changes in soil quality were assessed based on air quality modelling (Tier 3, Technical
Appendix 4B) to estimate PAls generated by the Project at the proposed mine sites, as well as dust
deposition (metals and radionuclides) generated by Project activities. Adverse effects on soil quality
due to changes in the concentration of the Constituents of Potential Concern (COPC) in soil were
evaluated based on comparisons to CCME criteria and changes relative to baseline conditions. The
COPC included in this assessment include uranium and the uranium-238 decay series (thorium-230,
lead-210, radium-226, and polonium-210), arsenic, cadmium, cobalt, copper, lead, molybdenum,
nickel, selenium and zinc. Detailed modelling of the concentration of these COPCs in dust is
discussed in the Atmospheric Environment Assessment (Tier 2, Volume 4). The results of the air
quality assessment are the basis for estimating changes in soil concentrations. A simple deposition
model was used for estimating changes in soil concentrations, and the details are discussed in the
Ecological and Human Health Risk Assessment (Tier 3, Technical Appendix 8A).

8.2.2 Baseline Conditions for Change in Soil Quality

Soil pH was found to be weakly acid to neutral (average 6.1), and ranges from moderately acid (4.8)
to slightly basic (7.8) from the samples taken. A comparison of metal and radionuclide concentrations
in soil samples to the CCME (2009) levels for industrial land use areas found one sample to exceed
recommended arsenic levels, one sample to exceeded nickel levels, two samples to exceed copper
levels, and at least one sample to exceed selenium levels.

Soil texture ranged from silty clay (located in a well-drained area) to loamy sand, with the majority of
soil samples exhibiting a sandy clay loam texture. Coarse fragments were found in all soil samples,
with the majority of fragments found within the B and C horizons. Roots were commonly observed
within most soil samples.

8.2.3 Effect Mechanism and Linkages for Change in Soil Quality
8.2.3.1 Soil Acidification

Soils acidification involves the introduction of acidifying compounds to soils. Soils are considered a
primary receptor of acid deposition (CASA 1999). A main pathway for introducing acidifying
compounds (i.e., sulphur dioxide [SO,] and nitrogen dioxide [NO;]) to soils is through air emissions,
where these compounds are transformed and deposited as acids onto soils. The deposited acids are
measured as PAI.
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Air emissions created by the Project through the burning of fossil fuels have the potential to cause
soil acidification. Project activities that will introduce large amounts of air emissions containing acids
include the milling process (i.e., acid plant), power generation from diesel generators, and the use of
industrial machinery and equipment. Soil acidification resulting from long-term deposition of
acidifying substances can result in lower soil pH, a decrease in base saturation and increase in
aluminum bioavailability. The results of these changes in soil chemical properties have been shown
to negatively affect nutrient cycling and decomposition processes by changing microbial community
populations and soil function, and often result in aluminum toxicity to vegetation (Holowaychuk and
Fessenden 1987).

8.2.3.2 Dust Deposition

Dust deposition can potentially change the pH and nutrient regime of soils (Auerbach et al. 1997;
Myers-Smith et al. 2006; Walker and Everett 1987). Project activities that will generate dust include
on-land construction, mining, milling, general services, transportation, and on-land decommissioning.
Dust deposition has been shown to cause soil pH to become more basic in a tundra environment
(Myers-Smith et al. 2006), which in turn causes a change in the vegetation communities that occur
on these soils (Auerbach et al. 1997; Myers-Smith et al. 2006). Changes in the soils’ nutrient regimes
are also prevalent with the introduction of nitrogen to nutrient-poor soils through dust deposition. An
increase in nitrogen to the soils allows plants that have an affinity towards nitrogen to proliferate,
such as grasses. Other analytes (e.g., COPC) that become airborne through dust particles can be
transported and deposited away from their source.

8.2.3.3 Soil Admixing

Soil admixing involves the mixing of soil horizons. Admixing of the soil layers can affect soil quality by
causing changes in soil texture and structure, as well as diluting organic matter and organic carbon,
which can negatively influence microbiological activities (Wick et al. 2009). In environments
containing continuous permafrost, soil admixing is a naturally occurring phenomenon through
cryoturbation (i.e., the mixing of materials among the soil horizons due to freezing and thawing). The
presence of patterned ground on the landscape indicates where cryoturbation has occurred.
Avoiding further soil admixing from human-caused disturbance is essential for preserving the growth
medium layer for reclamation purposes.

8.2.3.4 Soil Compaction

Soil compaction is the process by which a stress applied to a soil causes the soil to become denser
as air is displaced from the pores between the soil grains. Soil compaction influences structure,
drainage, porosity, and susceptibility to erosion, which affects soil quality. Soil compaction caused by
movement of heavy equipment and repeated movement of lighter equipment, as well as placement

AREVA Resources Canada Inc. Tier 2 Volume 6: Terrestrial Environment
Kiggavik Project FEIS Page 8-8 Section 8: Effects Assessment for Soils
September 2014



of heavy materials on top of the soils can break down the soil structure. Compacted soils reduce the
ability for vegetation to establish and proliferate.

8.2.3.5 Soil Erosion

Soil erosion involves the wearing of exposed soils due to climatic events, such as wind, precipitation
or water flow over a surface. Soil quality can be reduced due to loss of organic materials and soil
particles containing valuable nutrients required for vegetation. Soils stored in overburden piles will be
susceptible to erosion due to their exposure to climatic events. A loss of soil from erosion events will
likely affect revegetation efforts following replacement of soils from the overburden pile over the
disturbed areas.

8.2.4 Mitigation Measures and Project Design for Change in Soil Quality

The following mitigation measures and Project design features will be implemented to reduce Project
effects on soil quality:

¢ Industrial machinery and equipment (including the diesel-powered generators) will meet
the federal air emission standards.

e Low sulphur diesel fuel will be used to reduce emissions associated with diesel fuel
combustion.

e Scrubbers will be installed on exhaust stacks to remove particulates, acid mist and
excess SO2 from air emissions prior to discharge.

o Stripped topsoil will be kept separate from subsoils stored at the overburden pile location
to prevent soil admixing, as well as loss of the growth medium layer that will be used for
reclamation purposes.

o Stripped topsoils will also be well-segregated from the ore piles and the Type 3 mine rock
stockpiles to prevent soil contamination.

e Stripped topsoil and subsoil materials stored in the overburden pile location will be
scanned to ensure no radiation contamination prior to use during site reclamation.

e Frozen or wet soils removed during site preparation will be stored within dry soil materials
of the same nature (i.e., topsoil, subsoil) to prevent potential migration and subsequent
admixing with other soil or waste rock piles.

¢ Freshwater diversion channels will be constructed to divert surface drainage around the
Project footprint to prevent on-site erosion, as well as to prevent potential contamination
of surface drainage.

e Riprap armouring overlying a geotextile will be placed on the channel bottom and side
slopes of the diversion channels to mitigate potential erosion of the channel.

e If required, erosion control structures (e.g., sediment breakers, wattles) may be used
within the diversion channels following initial excavation to reduce the amount of soil

AREVA Resources Canada Inc. Tier 2 Volume 6: Terrestrial Environment
Kiggavik Project FEIS Page 8-9 Section 8: Effects Assessment for Soils
September 2014



erosion by flowing water until vegetation has established or a geotextile liner is placed
within the channel.

e Culverts will be installed where the proposed All-Season Road crosses natural drainage
patterns to facilitate water movement and minimize potential for soil erosion.

o Site pads will be sloped towards the run-off ponds to prevent any contaminated materials
from migrating off-site due to surface drainage. This will minimize the potential for effects
on soil quality.

o If required, temporary erosion control structures (e.g., silt fences) will be placed on the
downslope side of the Project footprint to capture and filter sediment-laden runoff during
construction (Tier 3, Technical Appendix 50).

o If necessary, a substance such as a soil tackifier may be applied to the overburden piles
to prevent erosion of soils.

e During final closure, areas ready for reclamation will be scarified to loosen compacted
soils to better facilitate seed germination.

e Soft spots on the winter road will be identified and avoided by vehicular traffic. Rig matting
may also be used to prevent rutting and other disturbances to soils where the winter
road’s integrity is compromised.

¢ During open pit mining, blasting patterns will be used to control the dispersion of materials
as well as dust.

o Where possible, blasting may also be avoided on days where dust dispersion outside of
the Project footprint is anticipated to be excessive due to the prevailing winds speeds.

o Dust suppression will occur continuously during the Project in dust-prone mine site areas
by spraying water from a tanker truck affixed with either a spray nozzle or spray bar.

e If water spraying is not effective in preventing dust occurrence, an adaptive management
strategy focussing on addition dust suppression techniques will be investigated, such as
using a dust suppressant identified in the GN (2002) guidelines.

e Speed limits around the mine site and along all roads will be strictly adhered to, for safety
reasons and to reduce airborne dust from vehicular and other equipment traffic.

8.2.5 Project Residual Environmental Effects for Change in Soil Quality

No residual effects on soil quality are predicted to occur outside of the LAAs. A description of the
predicted residual effects within each LAA is provided below.

8.2.5.1 Mine LAA

Air quality modelling predicted changes in COPC concentrations in soils within the LAA below the
CCME (2009) Soil Quality Guidelines (Table 8.2-1; see Tier 3, Technical Appendix 8A for further
details), and will be localized in geographic extent. For radionuclides (where no CCME guideline
exists), no measurable changes in soil radionuclide concentrations (compared to baseline) are
predicted as a result of the Project (Table 8.2-1). There were no residual effects predicted for soil
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quality related to COPC concentrations. Any change in soil quality due to changes in COPC
concentrations are predicted to be low in magnitude, and occur continuous during the construction
and operation phases of the Project. Although changes in soil quality are anticipated to be long term;
effects of increased concentrations of COPC in soils will be reversible over time following
decommissioning of the Project.

It is predicted that approximately 81 ha outside of the Project footprint of the Kiggavik mine site, will
likely be exposed to PAI levels in excess of the critical load threshold (i.e., greater than 0.25
keg/halyear). This represents approximately 0.2% of the Mine LAA. PAI levels at the Sissons mine
site are not predicted to exceed the threshold value. There may be a difference in PAI sensitivity
among soil classes based on soil quantity, texture and presence of organic matter. However, the
scale of the PAI assessment model (1° latitude by 1° longitude cells) found in Alberta Environment
(AENV 2008) does not reflect this level of detail. The residual effect from PAI on soils is anticipated
to be low in magnitude and localized in geographic extent. Changes to soil quality due to PAI are
anticipated to occur continuously during the construction and operation phases of the Project and are
anticipated to occur over the medium term, as Project activities contributing to PAI would cease to
occur at the end of operation. The effects are anticipated to be reversible.

Soil compaction due to construction activities will be confined to the Project footprint, and will occur
predominately in sandy clay loam soils that contain coarse fragments within the B and C horizons.
Sandy soils are less prone to compaction than silty or clay soils, and soils with a high content of
coarse fragments are less susceptible to compaction than stone-free soils (Archibald et al. 1997).
While compaction may occur on soils that have higher clay content, the occurrence of these types of
soils appears to be low based on baseline studies (see Tier 3, Technical Appendix 6B,
Attachment G). Therefore, the residual effects of soil compaction on soils is predicted to be low, site
specific in geographic extent, will likely occur sporadically during the Project, but will be medium term
in duration and reversible.

The residual effects from soil admixing and soil erosion will likely be kept within the confines of the
Project footprint. With implementation of the mitigation measures described in Section 8.2.4, effects
from soil admixing and soil erosion on soil quality are anticipated to be negligible.
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Table 8.2-1 Maximum Predicted Mean and 95" Percentile COPC Concentrations in Soils
Predicted Soil Concentrations
SQG Kiggavik Camp LAA* RAA* Baker Lake

COPC Units Ag. Res/Prk Baseline Mean 95th Mean 95th Mean 95th Mean 95th
u ug/g 23 23 1.2 1.3 1.4 1.2 1.3 1.2 1.3 1.2 1.3
Th-230 Ba/g - - 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Pb-210 Ba/g - - 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Ra-226 Ba/g - - 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Po-210 Ba/g - - 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
As ug/g 12 12 3.8 3.8 42 3.8 42 3.8 42 3.8 42
Cd ug/g 1.4 10 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Co ug/g 40 50 4.0 4.0 44 4.0 4.4 4.0 44 4.0 44
Cu ug/g 63 63 8.9 9.0 9.9 9.0 9.9 9.0 9.9 9.0 9.9
Pb ug/g 70 140 13.7 13.7 15.1 13.7 15.1 13.7 15.1 13.7 15.1
Mo ug/g 5 10 1.8 1.8 2.0 1.8 2.0 1.8 2.0 1.8 2.0
Ni ug/g 50 50 12.4 12.4 13.7 12.4 13.7 12.4 13.7 12.4 13.7
Se ug/g 1 1 0.8 0.8 0.9 0.8 0.9 0.8 0.9 0.8 0.9
Zn ug/g 200 200 14.2 14.2 15.7 14.2 15.7 14.2 15.7 14.2 15.7
NOTES:

Soil Quality Guidelines (SQG) for Agricultural and Residential/Parkland from CCME (1999)
* The LAA and RAA boundaries used in the Ecological and Human Health Risk Assessment report differ from the Terrestrial Assessment boundaries. See Tier 3, Technical Appendix 8A, Figure 3.1-1 for boundary clarification.
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8.2.5.2 RoadLAAs

Air quality modelling for COPC concentrations in soils was not completed for the road LAAs;
however, modelling was completed for the RAA which encompasses the road LAAs. Predictions from
this modelling indicate that COPC concentrations within the RAA will be below the CCME (2009) Soil
Quality Guidelines (Table 8.2-1; see Tier 3, Technical Appendix 8A for further details). For
radionuclides (where no CCME guideline exists), no measurable changes in soil radionuclide
concentrations (compared to baseline) are predicted as a result of the Project (Table 8.2-1). There
were no residual effects predicted for soil quality. Aany changes in soil quality as a result of an
increase in COPCs concentrations within the road LAAs are anticipated to be low in magnitude, and
localized in geographic extent. Changes in COPC concentrations are predicted to occur regularly
throughout the life of the Project, and the effects on soil quality are anticipated to be long term but
reversible.

As vehicle traffic along the winter road will be occurring during frozen ground conditions, soil
compaction is not anticipated, except in localized spots where rutting may occur in places where
granular material was not used for creating a level travel surface. Soil compaction along the
proposed All-Season Road would be restricted to the confines of the road. The residual effects of soil
compaction along the All-Season Road is predicted to be low, site specific in geographic extent,
occur regularly during the Project, be medium term in duration and reversible.

Soil admixing will not occur during development and operation of the proposed roads, as materials
used to develop the roads will be placed on top of the existing and undisturbed tundra. Therefore, no
residual effects are anticipated.

Soil erosion is not anticipated at the winter road location as use will occur during frozen ground
conditions and climatic events (e.g., precipitation, wind) will not be able to initiate erosion of soil.
Proper culvert placement and installation along the proposed All-Season Road will prevent soil
erosion from surface drainage.

8.2.5.3 Dock Site Options

Air quality modelling for COPC concentrations in soils was not completed at the proposed dock sites;
however, modelling was completed for the community of Baker Lake which is located near the sites.
Results of the modelling indicate that COPC concentrations will be below the CCME (2009) Soil
Quality Guidelines at the community of Baker Lake (Table 8.2-1; see Tier 3, Technical Appendix 8A
for further details). For radionuclides (where no CCME guideline exists), no measurable changes in
soil radionuclide concentrations (compared to baseline) are predicted as a result of the Project
(Table 8.2-1). There were no residual effects predicted for soil quality. of the effect of COPCs on soill
quality is anticipated to be low in magnitude, and localized in geographic extent. Any changes to soil
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quality due to changes in COPC concentrations are predicted to occur regularly throughout the
duration of the Project and the effects are anticipated to be long term and reversible.

Soil compaction caused by vehicular movement during the loading and unloading of the barge at the
proposed dock site will likely occur but will be limited to the confines of the site pad located at the
dock site location. The residual effects of soil compaction at the dock facility is predicted to be low,
site specific in geographic extent, occur regularly during the Project, medium term in duration and
reversible.

The residual effects from soil admixing and soil erosion will likely be kept within the confines of the
dock site. It is anticipated that with implementation of the mitigation measures effects of soil admixing
and soil erosion on soil quality at the dock facility to be negligible.

8.2.6 Determination of Significance for Change in Soil Quality

Given the low predicted levels of COPC concentrations and PAI and the confined nature of effects
from soil admixing, compaction and erosion within the Project footprint, changes in soil quality as a
result of the Project are predicted to be not significant. Overall, confidence in the predicted changes
to soil quality is considered high for the following reasons.

e The effectiveness of mitigation measures related to soil quality is well understood, and the
recommended practices are typical for mining operations.

o Project-related effects on soil admixing, compaction, and erosion is well understood, and
mitigation measures to reduce or prevent Project-related effects are well known and
effective.

o Conservative estimates of emissions sources from Project activities were used to
determine the potential effects on soil acidification and changes in the COPCs outside the
Project footprint.

Prediction confidence will be further enhanced through a pre-development monitoring program that
includes dust and air emission monitoring.

8.2.7 Compliance and Environmental Monitoring for Change in Soil Quality

Compliance and environmental monitoring for potential changes in soil quality will include the
following:

e chemical analyses of soil samples from permanent sample plots
e air emissions and dust deposition monitoring
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e comparison of chemical analysis results from soils to air emissions and dust deposition
results, as well as to baseline values and CCME guidelines

e routine checks of overburden piles for signs of erosion; implementation of mitigation
measures if issues are identified

o monitoring of the winter road for structural integrity to avoid rutting or damage to
underlying soils, with appropriate mitigation measures implemented in areas of concern

o monitoring of the All-Season Road for structural integrity, effectiveness of dust
suppression in the mine site area and near the community of Baker Lake , as well as
effectiveness of culverts for allowing surface drainage while preventing soil scouring.

8.3 Assessment of Change in Soil Quantity
8.3.1 Analytical Methods for Change in Soil Quantity

Changes in soil quantity were assessed based on the maximum predicted area to be developed for
the Project. The type of change to soil quantity varies based on the effect mechanism. Some of the
effect mechanisms were quantitatively assessed based on predicted disturbances to soils, while
other effect mechanisms were addressed qualitatively as the predicted disturbances cannot be
quantified.

8.3.2 Baseline Conditions for Change in Soil Quantity

Topsoil depths are shallower in areas where bedrock outcrops occur, while topsoil depths are deeper
in areas with a lower landscape position that is conducive to accumulating organic matter. Soils
classified as either a Brunisolic Turbic Cryosol or Brunisolic Static Cryosol have shallower topsoil
depths, while Organic Cryosols and Histic Static Cryosols contain deeper topsoil depths. The topsoil
layer, or active growth medium layer used by vegetation, was determined to range from 3 cm to 31
cm in depth.

8.3.3 Effect Mechanism and Linkages for Change in Soil Quantity

A number of different effect mechanisms can contribute to change in soils quantity during Project
development. A summary of the effect mechanisms identified, as well as how the Project would
influence change in soil quantity are described below.

8.3.3.1 Topsoil Stripping

Topsoil stripping involves the removal of the growth medium layer from a development area. The
purpose of topsoil stripping is to conserve the growth medium layer for future reclamation purposes.
Topsoil stripping will likely occur at the Kiggavik and Sissons mine sites, but will not occur during
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construction of the airstrip and the Kiggavik-Sissons access road. Topsoil stripping will also likely
occur at the proposed dock site facility. All stripped topsoil will be stored in the overburden pile
location, separate from any stored subsoils, to be used for reclamation purposes

8.3.3.2 Soil Erosion

As mentioned in Section 8.2.3.5, soil erosion involves the wearing away of exposed soils due to
climatic events, such as wind, precipitation, or water flow over a surface. Soil quantity can be
reduced due to loss of finer particles and organic materials from bulk soil. Soils disturbed during
construction of the Project footprint and the quarry sites, as well as soils stored in the overburden
piles will be susceptible to erosion due to their exposure to climatic events. Loss of soil from erosion
would likely affect reclamation activities associated with soil placement and vegetation occurrence.

8.3.3.3 Soil Movement

Soil movement involves the transport of disturbed soils from one location to another. The movement
of soils during construction activities can inadvertently cause soil loss, most noticeably with topsoil.
This effect mechanism is most evident when stripped soils are transported over a long distance by
pushing the soil materials, usually with a grader or bulldozer. When pushing the stripped soils,
portions of the stripped materials can inadvertently be lost in small depressions within the
construction area. As the soil transfer distance increases, the amount of soil lost during soil
movement can increase substantially.

8.3.3.4 Soil Burial

Soil burial is the loss of soil materials due to the placement of other materials on top of the existing
soils. The effects of soil burial are most pronounced with topsoil, due to the loss of the active growth
layer. Topsoil will not be salvaged for some components of the Project; rather, materials will be
deposited on top of the existing soils and vegetation in an effort to prevent thawing of the permafrost
layer. As such, the soils and vegetation will be buried. Areas where soil burial is anticipated include
the Kiggavik-Sissons access road, the All-Season Road, the airstrip, and any maintenance roads
(e.g., road that parallels the effluent pipes to Judge Sissons Lake). Soil burial will also likely occur on
the winter road in upland areas where granular material is used to create a level surface.
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8.3.4 Mitigation Measures and Project Design for Change in Soil Quantity

The following mitigation measures and Project design features will be implemented to reduce Project
effects on soil quantity:

e Construction activities may be postponed during large precipitation events to prevent
excessive disturbance to vegetation and soils due to wet working conditions.

¢ Before commencing construction activities, a construction plan for topsoil stripping will be
developed based on the topography and terrain features at the proposed mine sites and
dock facility.

e Temporary overburden piles may be required in areas where terrain features or
topography prevent pushing stripped materials to the overburden pile without causing
substantial loss of stripped materials. In these instances, stripped materials will be
transported from the temporary overburden piles in either a buggy scraper or dump truck
to the final overburden pile location.

e Stripped topsoil will be kept separate from subsoils stored at the overburden pile location
to prevent soil admixing, as well as loss of the growth medium layer that will be used for
reclamation purposes.

¢ Freshwater diversion channels will be constructed to divert surface drainage around the
Project footprint to prevent on-site erosion, as well as to prevent potential contamination
of surface drainage.

e Riprap armouring overlying a geotextile will be placed on the channel bottom and side
slopes of the diversion channels to mitigate potential erosion of the channel.

e If required, erosion control structures (e.g., sediment breakers, wattles) may be used
within the diversion channels following initial excavation to reduce the amount of soil
erosion by flowing water until vegetation has established or a geotextile liner is placed
within the channel.

e Culverts will be installed where the proposed All-Season Road crosses natural drainage
patterns to facilitate water movement.

e If required, temporary erosion control structures (e.g., silt fences) will be placed on the
downslope side of the Project footprint to capture and filter sediment-laden runoff during
construction.

e If necessary, a substance such as a soil tackifier may be applied to the overburden piles
to prevent erosion of soils.

e Soil burial during development of the roads and airstrip will be confined to the boundaries
established from the detailed design for these components.

8.3.5 Project Residual Effects for Change in Soil Quantity

No residual effects on soil quantity are predicted to occur outside of the LAAs. A description of the
predicted residual effects within each LAA is provided below.
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8.3.5.1 Mine LAA

A total of approximately 803 ha of area will be disturbed by the Kiggavik and Sissons mine sites,
which represents approximately 1.8% of the Mine LAA. Of that area, approximately 645 ha will be
affected by topsoil stripping, and approximately 158 ha will be affected by soil burial. The residual
effects from soil movement and soil erosion on soil quantity are anticipated to be negligible with
implementation of the mitigation measures identified in Section 8.3.4.

Changes in soil quantity are predicted to be low in magnitude and site specific in geographic extent,
and will occur once during the construction phase. Residual effects on soil quantity will occur over
the medium term at locations where soil stripping occurs, as stripped soils will be replaced during
reclamation activities. However, effects of soil quantity due to soil burial will be longer term, as the
development of new soil will need to occur on top of materials used to bury existing soils (e.g.,
airstrip).

8.3.5.2 Road LAAs

The road widths for the road options are expected to be 12 m wide for the winter road, and 24 m
wide for the All-Season Road. For the winter road, a conservative estimate of the entire portion of the
winter road located within the uplands was used to predict the amount of soil burial, even though it is
anticipated that only 50% of the upland portion of the winter road option will require granular fill for
creating a level road surface (exact locations of granular material placement will be determined
during the detailed design stage). Therefore, the predicted amount of soil burial due to winter road
construction is considered conservative. A summary of the areas crossed by the proposed road
options in relation to the amount of upland area, as well as the proportion of the total area of the road
options anticipated to be buried is provided in Table 8.3-1. The proportion of the road LAAs affected
by soil burial will be no greater than 0.2%.

Table 8.3-1 Areas Crossed by Proposed Road Options

Total Total
Distance Area Upland (anticipated soil burial) Water
Proportion Proportion
of Total of Total
Area Area
Road Option km ha km ha (%) km ha (%)
Winter Road 107 128.4 58 69.6 54.2 49 58.8 45.8
All-Season Road' 114 273.6 114 273.6 100.0 0 0 0.0

NOTES:

T Small portions of the All-Season Road crosses water; however, these areas will contain bridges and will not be affected

by granular fill.

AREVA Resources Canada Inc. Tier 2 Volume 6: Terrestrial Environment
Kiggavik Project FEIS Page 8-18 Section 8: Effects Assessment for Soils
September 2014




Topsaoil stripping and soil movement will likely occur at site-specific locations to facilitate vehicular
travel over steep terrain along the proposed access roads. Soil erosion due to scouring by surface
water at a culvert outflow location may also occur; however, the effects will likely only occur until
removal of the culvert during final closure. With implementation of mitigation measures, residual
effects from these activities are expected to be negligible.

The overall residual effects of road development on soil quantity are anticipated to be low in
magnitude (i.e., 0.2% or less of the road area affected) and site specific in geographic extent (i.e.,
confined to the road footprint), and will occur once during the construction phase. The duration of
residual effects on soil quantity will vary depending on the effect mechanism. Effects from soll
movement on soil quantity will cease following completion of construction activities, and therefore will
be short term. However, soil erosion due to water flow at culvert outflow locations could potentially
occur until culvert removal and the replacement of topsoil from stripped areas during final closure,
resulting in more medium term effects on soil quantity. In areas where soil burial occurs, recovery of
soil quantity is expected to occur over the long term as natural development of new soil occurs on
top of materials used to build the roads and airstrip. Further details regarding final closure of the
Project can be found in the Preliminary Decommissioning Plan (i.e., see Tier 3, Technical
Appendix 2R).

8.3.5.3 Dock Site Options

Topsoil will be stripped and stored in an overburden pile at the dock facility. Construction of the dock
facility at site option #1 (preferred option) is estimated to disturb approximately 25 ha. Alternative
dock site option #2 is estimated to disturb approximately 29.4 ha. Another dock option is for AREVA
to use the existing Agnico Eagle Meadowbank dock site. This may be a viable alternative if the
Meadowbank dock is no longer required by Agnico Eagle when the Kiggavik Project begins operation
and appropriate transfer of ownership approvals are maintained. This site is a previously disturbed,
brownfield site (23.5 ha) and if used, no topsoil stripping or additional surface disturbance is
expected.

The areas disturbed by the dock site options 1 and 2 represent less than 0.1% of the Winter Road
and All-Season Road LAAs. Therefore, the residual effects associated with dock facility development
on soil quantity are anticipated to be negligible.

8.3.5.4 Project Development Option Combinations

As described in the Project Description (Tier 2, Volume 2), a winter road will be constructed to
support both the construction and operation phases of the Project. The All-Season Road with a
cable-ferry crossing the Thelon River has also been included as a viable option. As such, a
comparison of the changes in soil quantity for the different Project development options was
completed. A summary of the residual effects on soil quantity for the preferred Project development

AREVA Resources Canada Inc. Tier 2 Volume 6: Terrestrial Environment
Kiggavik Project FEIS Page 8-19 Section 8: Effects Assessment for Soils
September 2014



option combinations is provided below. The entire portion of the uplands located along the winter
road option was used to determine the amount of soil buried, even though it is anticipated that only
50% of the upland portion of the winter road option will require granular fill for creating a level road
surface (exact locations of granular material placement will be determined during the detailed design
stage). The residual effects on soil quantity for the alternate development option combinations are
not anticipated to be substantially different from the preferred development option combinations.

Winter Road and Dock Site Option #1 with the Mine Sites

Approximately 931.4 ha will be disturbed as a result of this development option combination, which
represents less than 1% of the combined LAAs. Of the area affected, approximately 645 ha (69%)
within the Kiggavik and Sissons mine sites will have the topsoil stripped and stored for reclamation
purposes. Approximately 286.4 ha (31%) will be buried along the access roads and airstrip.

Winter Road, All-Season Road, and Dock Site Option #1 with the Mine Sites

The addition of the All-Season Road would result in an additional 273.6 ha of disturbed area for a
total area of about 1,205 ha, which represents less than 1% of the combined LAAs. The amount of
area disturbed by soil burial would increase to approximately 560 ha (or 47% of the combined area)
with the inclusion of the All-Season Road. No additional topsoil stripping would be required for the
All-Season Road; therefore, the total area disturbed by topsoil stripping would be 645 ha (or 53% of
the combined LAAS).

8.3.6 Determination of Significance for Change in Soil Quantity

Given the small amount of area disturbed under either development option (< 1% of the combined
LAAs), any change in soil quantity as a result of construction and operation of the mine sites, access
road and dock facility is predicted to be not significant. Overall, the confidence in this prediction is
considered high for the following reasons.

e The effectiveness of mitigation measures related to soil quantity are well understood and
the recommended practices are typical for construction activities associated with mining
operations.

o Assessment of total soil losses (topsoil salvage vs. burial) associated with the Project are
based on the Project Description (Tier 2, Volume 2) and are therefore considered to be
accurate predictions.

Prediction confidence will be improved through the presence of an on-site environmental monitor
during topsoil stripping and storage activities, as well as road construction.
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8.3.7 Compliance and Environmental Monitoring for Change in Soil Quantity

Compliance and environmental monitoring for potential changes in soil quantity will include the
following:

e An environmental monitor will likely be on-site during the construction phase to assist
AREVA personnel and contractors with mitigation strategies to reduce the effects of the
Project on soil quantity, such as topsoil stripping, soil storage, and soil erosion on
disturbed areas.

e Dust deposition monitoring will occur throughout the duration of the Project to identify and
mitigate potential effects.

8.4 Cumulative Effects Analysis for Soils

Project activities could contribute to changes in soil quality and quantity within the Kiggavik area as a
result of air emissions, dust generation, site clearing and installation of Project components. Although
residual Project effects on soils are expected to be of low magnitude and very localized, they could
act cumulatively with that of other projects and activities occurring in the RAA at present and in the
foreseeable future.

8.4.1 Screening for Cumulative Environmental Effects

Of the potential future projects and activities identified in the Project Inclusion List (Tier 1, Volume 1),
only the Meadowbank dock site facility has the potential to interact with the Project. The
Meadowbank dock facility is located approximately 1 km from the preferred dock site (Option #1).
Both construction and operation activities at the Project dock facility could overlap temporally with
operation of the Meadowbank dock and potentially cause cumulative effects on soil quality as a
result of increased air emissions. The likelihood of these projects overlapping is low; however,
cumulative effects on soil quality from air emissions are considered as part of a conservative
screening.

An air quality assessment was completed as part of the Atmospheric Environmental Assessment
(Tier 2, Volume 4) to determine potential cumulative effects from the combined operations of the
Meadowbank and Kiggavik dock and storage facilities. Result of the modelling predicted
exceedances of the 1-hour and 24-hour threshold values for ambient NO, concentrations during
periods when both facilities are operating simultaneously. The exceedances are predicted to occur
approximately 1% of the time annually and are expected to be localized. Therefore, deposition of
NO, from the Meadowbank and Kiggavik dock and storage facilities are not expected to result in a
detectable change in soil quality. The project contribution to this cumulative effect is minor and not
significant.
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In addition to the Meadowbank facility, exploration activities are currently occurring near the
proposed Project (Tanqueray option, Ukaliq, Schultz Lake, St. Tropez Claims, Judge Sissons, and
Kiggavik S. exploration sites). As such, these activities are considered as part of the Base Case, and
have been addressed in the context of current baseline conditions for soils. As none of the
exploration sites located within the RAA are involved in the regulatory process, or have made a
public announcement to seek regulatory approval, details on the programs are lacking. None-the-
less, the effects of these exploration activities on soils are likely to be localized to the exploration site,
and are not anticipated to overlap with the residual effects from the Kiggavik Project. As well, no
other projects or developments are known to occur and no future projects are anticipated within the
LAA and RAA boundary. As the Project effects are not expected to extend beyond the LAA or
overlap with any other projects, no cumulative effects on soils are anticipated. As a result, the
cumulative effect of changes in soil quality and quantity is not considered further in this assessment.

8.5 Summary of Project Residual Environmental Effects on Soils
8.5.1 Project Residual Environmental Effects

The residual effects of changes in soil quantity and soil quality caused by the Project are predicted to
be not significant (Table 8.5-1). The residual effects caused by soil admixing, compaction and
erosion are anticipated to be negligible with the implementation of effective mitigation measures The
estimated total area outside of the Project footprint that has the potential to be exposed to PAI values
of greater than 0.25 keg/hal/year is approximately 81 ha, which represents approximately 0.2% of the
Mine LAA. Because of the small area predicted to be affected by PAI, the residual effects are
anticipated to be negligible. For changes in soil quality associated with dust deposition, no residual
effects are anticipated. Changes in concentrations of COPCs in soils within all of the LAAs were
predicted to be below the CCME (2009) Soil Quality Guidelines.

Depending on the Project development option selected, changes in soil quantity are predicted to
occur within an area of between 953 ha and 1,212 ha, both of which represent less than 1% of the
combined LAAs. Of this total, about 645 ha will be disturbed by topsoil stripping and an additional
208 ha to 567 ha will be disturbed from soil burial.
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Table 8.5-1 Summary of Project Residual Environmental Effects on Soils
ran Residual Environmental Effects Characteristics
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Project Phase Mitigation/ Compensation Measures Q < 2 Recommended Follow-up and Monitoring

Change in soil quality: Air emissions from Project components will affect soil quality.

Construction ¢ All industrial machinery and equipment (including | Y A L L LT C ND NA Monitoring of air emissions from static emissions
the diesel-powered generators) will meet federal sources associated with the Project (e.g., acid plant).
air emission standards

Operation e Use of low sulphur diesel fuel. Monitoring of soil permanent sampling plots located

around the mine sites and access roads for changes in

Final Closure « Scrubbers installed on mill stacks to remove soil quality.
particulates and contaminants before discharge

Post Closure into the atmosphere.

Change in soil quality: Dust created by Project activities will affect soil quality.

Construction ¢ Avoid blasting on days when winds are N A L L LT C ND N/A Dust deposition monitoring around the mine sites as
excessive. well as the access roads.

Operation

Final Closure o Dust suppression in the mine site area by
spraying water or other approved substance on

Post Closure travel area.

Change in soil quality: Soil compaction due to vehicular movement will affect soil quality.

Construction e Vehicular travel on the winter road will occur Y A L S MT C ND N/A H During reclamation and revegetation, identify areas
during frozen ground conditions, thereby where soil compaction is evident and implement
preventing soil compaction. mitigation measures to de-compact soils, allowing

Operation better seed germination conditions.

e Scarification of areas to be reclaimed during
final closure will loosen compacted soils.

Final Closure

Change in soil quantity: Site clearing during Project construction will affect soil quantity.

Construction e Activities confined within the work area Y A L S MT (0] ND N/A H Environmental monitor on-site during construction.
boundaries.

e Topsoil stripping and salvage.

Change in soil quantity: Soil burial due to the placement of materials on undisturbed areas during Project construction will affect soil quantity.

Construction e Activities confined within the work area Y A L S LT 0] ND N/A H Environmental monitor on-site during construction.
boundaries.

Change in soil quality: Soil compaction due to vehicular movement will affect soil quality.
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Table 8.5-1 Summary of Project Residual Environmental Effects on Soils
rgn Residual Environmental Effects Characteristics
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Project Phase Mitigation/ Compensation Measures 8, < 2 Recommended Follow-up and Monitoring
Change in soil quantity: Soil movement during Project construction will affect soil quantity.
Construction ¢ Construction plan during topsoil stripping and Y A L S ST ) R ND N N/A Environmental monitor on-site during construction.
salvage.
e Using equipment to transport soils to
overburden pile rather than pushing soils.
Change in soil quantity: Soil erosion until site stabilization, or vegetation establishment and proliferation on disturbed areas will affect soil quantity.
Construction e Erosion control structures to prevent migration of | Y A L S MT S R ND N N/A Monitoring of site, overburden piles, and culverts along
materials off-site. access roads for erosion potential and occurrence.
Operation
Final Closure
Post Closure

KEY

Direction:

P  Positive

N Neutral

A Adverse

Magnitude:

N Negligible: no measurable change in soil quality or soil
quantity

L Low: effect is detectable but no measurable change in soil
quality or soil quantity.

M Moderate: effect is detectable and outside the range of
natural variation, but is unlikely to change soil quality or
soil quantity.

H High: a change in either soil quantity or soil quality will
occur, preventing reclaiming the landscape to meet end
land use goals.

Geographic Extent:
S Site specific: (i.e., within Project Footprint)
L Local (i.e., within the LAA)

R Regional (i.e., extends beyond the LAA but within the
RAA)

Duration:

ST Short term: change no longer detectable at the end of
construction

MT Medium term: change no longer detectable at the end of
final closure

LT Long term: change extends beyond the life of the Project

Frequency:

O Once.

S Sporadically: occurs more than once, but at unpredictable
intervals

R Regularly: occurs repeatedly at regular intervals
C Continuous: occurs continuously throughout the Project

Reversibility:
R Reversible
| Irreversible

Environmental Context:

D Disturbed: area has been substantially disturbed
previously by human development, or human
development is still present.

N Not Disturbed: area has not been disturbed by human
activity.

N/A Not Applicable

Significance:
S Significant
N Not Significant

Prediction Confidence:

Based on scientific information and statistical analysis,
professional judgment and effectiveness of mitigation

L  Low level of confidence
M  Moderate level of confidence
H High level of confidence

Likelihood:

Of a significant effect occurring

N/A Not Applicable

L Low probability of occurrence

M  Medium probability of occurrence
H High probability of occurrence

Cumulative Effects

Y Potential for effect to interact with other past, present or
foreseeable projects or activities

N  Effect will not or is not likely to interact with other past,
present or foreseeable projects or activities
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The residual effects presented looked at Project-related effects on an individual basis (e.g., PAI
alone, changes in COPC concentrations alone). While these residual effects may be low in
magnitude and vary in duration, the combination of the Project-related effects and how they influence
the residual effects could have additional effects on soils. These combined interactions and potential
changes in residual effects are complex and difficult to understand, and no clear interaction
mechanism has been found in the literature. It is also dependant on the each of the COPC, for
example in general acidification of soil could increase the leachability and bioavailability of metals
that exist as a cation, but not those that are anionic. Availability of nutrients can also be affected by
pH. Based on professional judgment, the combination of Project-related effects and the subsequent
residual effects for soils are anticipated to be no greater that the residual effects on an individual
basis, as these effects were assessed on a conservative basis. Therefore, the combined Project-
related effects on soils are predicted to be not significant.

8.5.2 Residual Cumulative Environmental Effects

The Kiggavik Project is not expected to contribute substantially to cumulative effects on soils in the
RAA. The Project contribution to cumulative effects is not significant.

8.5.3 Effects of Climate Change on Project Effects on Soils

To estimate the effects of climate change on the Project, twenty three climate change ensembles,
which reflect different combinations of models and emission scenarios, were explored, as dicussed in
Technical Appendix 5K. Most models predict an increase in temperature throughout the year,
however the magnitude of warming in the winter is highest. This is consistent with IQ from the
Nunavut Climate Change Centre and the Arctic Climate Impact Assessment report (ACIAR, 2005).
Twenty of the twenty three ensembes predict an increase in annual precipitation for the period 2071-
2099. The greatest increase in precipitation was 78% greater than historical rates. On average, the
models predict a 34% increase in precipitation; this increase is typically distributed throughout the
year, however most dramatic increases occur in the autumn. Twenty of the twenty three climate
change ensembles predict an increase in runoff at Judge Sisson and Pointer Lake outflows. On
average, runoff is estimated to increase 67% and 74% for Pointer Lake and Judge Sissons Lake
watersheds, respectively. The maximum increase in runoff is observed at 177% and 200% of
historical discharge for the two watersheds. The models also predict an average increase in wind
speed of 0.2 m/s with a Il months showing an average increase except May.

Climate change will likely have the most pronounced effect on soil quantity as a result of increased
soil erosion due to changes in temperature, precipitation, and wind. Soil susceptibility to erosion
would likely increase with increases in temperature, increase in precipitation and resulting runoff and
erosion, and increases in duration and magnitude of wind events. Soils exposed by the Project (e.g.,
overburden pile) would likely be most susceptible to soil loss.
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8.6 Summary of Mitigation Measures for Soils

A summary of mitigation measures that will be implemented to reduce or prevent the Project
environmental effects on soils are described below. Many of the mitigation measures associated with
soil quantity and quality incorporate IQ guiding principles (GN 2009), including Qanuqtuurnunnarniq
(being resourceful to solve problems), Avatimik Kamattiarniq (environmental stewardship), and
Pilimmaksarniq (skills and knowledge acquisition).

Soil Quality

Air emissions that could cause soil acidification as well as changes in COPC concentrations within
soils will occur throughout the duration of the Project. To reduce the potential for soil acidification and
changes in COPC concentrations, emissions from all industrial machinery and equipment, including
the diesel-powered generators will meet the federal air emission standards. Low sulphur diesel fuel
will be used to reduce emissions associated with diesel fuel combustion. In addition, scrubbers will
be installed on any mill stacks that emit particulates and contaminants (e.g., acid plant exhaust
stack) to remove these items from the air stream before discharge (Tier 3, Technical
Appendix 4C).The Air Quality Monitoring and Mitigation Plan (Tier 3, Technical Appendix 4C)
outlines mitigation by design and mitigation by management for changes in air quality; these
mitigation measures will reduce effects of air emissions on soil quality.Soil admixing has the potential
to occur during topsoil stripping and storage of stripped topsoil. Soil admixing will likely occur to
varying degrees during topsoil stripping, as topsoil depth varies across the Project development
area. To reduce soil admixing, AREVA environmental personnel will be on-site to work with
construction crews during the stripping process to help identify areas where the topsoil layer has
been adequately stripped to prevent further stripping at these locations. Stripped topsoil will be kept
separate from subsoils stored at the overburden pile location to prevent soil admixing, as well as loss
of the growth medium layer that will be used for reclamation purposes. Stripped topsoils will also be
well-segregated from the ore piles and the Type 3 mine rock stockpiles to prevent soil contamination.
Efforts will be made during the storage process to place frozen or wet soils removed during site
preparation within drier soil materials of the same nature (i.e., topsoil, subsoil) to prevent potential
migration and subsequent admixing with other soil or waste rock piles. The stripped topsoil and
subsoil materials stored in the overburden pile location will be scanned to ensure no radiation
contamination prior to use during site reclamation.

Soils exposed during construction are susceptible to erosion from surface drainage and wind events.
Soil erosion from surface drainage can occur as a result of: 1) natural surface drainage from the
surrounding area travelling over the Project footprint; and 2) surface drainage from within the Project
footprint caused by rain events. Freshwater diversion channels will be constructed to divert surface
drainage around the Project footprint, thereby reducing the potential for on-site erosion. Riprap
armouring overlying a geotextile will be placed on the channel bottom and side slopes of the
diversion channels to mitigate potential erosion of the channel (see Tier 3, Technical Appendix 2E
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and Tier 3, Technical Appendix 50). Other erosion control structures (e.g., sediment breakers,
wattles) may also be placed within the diversion channels following initial excavation to reduce the
amount of soil erosion by flowing water until vegetation has established or a geotextile liner is placed
within the channel. Culverts will be installed where the proposed All-Season Road crosses natural
drainage patterns to facilitate water movement, and in a manner that will prevent scouring of the
tundra environment at the culvert outflow location (Tier 3, Technical Appendix 50).

Site containment will involve sloping the site pads towards the runoff ponds. However, during
construction and prior to site containment, disturbed soils may be susceptible to erosion from surface
drainage within the Project footprint caused by precipitation events and snowmelt. If the disturbed
areas are deemed to be susceptible to erosion prior to development of site containment, temporary
erosion control structures (e.g., silt fences) will be placed on the downslope side of the Project
footprint to capture and filter sediment-laden runoff (Tier 3, Technical Appendix 50).

Erosion of soils stored in the overburden pile will be monitored throughout the duration of the Project.
If climatic events (e.g., precipitation, wind) cause soil erosion from the overburden piles, AREVA will
apply mitigation (e.g., the application of a soil tackifier) to the overburden piles to prevent further
erosion.

Soil compaction will occur through the duration of the Project due to the movement of vehicles on
roads and site pads, as well as placement of infrastructure (e.g., mine plant, accommodations
complex). During final closure, areas ready for reclamation will be scarified to loosen compacted
soils, allowing for increased success rates of seed germination and sprouting of propagules within
the areas being reclaimed (Tier 3, Techncial Appendix 2R). Vehicle travel along the winter road will
likely not cause soil compaction as travel will be occurring during frozen ground conditions. However,
rutting may occur in localized spots where the integrity of the winter road may be compromised.
Efforts to identify and avoid vehicle travel on soft spots along the winter road will be employed. Rig
matting may also be used to prevent rutting and other disturbances to soils where the winter road’s
integrity is compromised.

Dust will be created during mining and movement of materials to either the ore piles or waste rock
piles. During open pit mining, blasting patterns will be used to control the dispersion of materials as
well as dust. Where possible, blasting may also be avoided on days where dust dispersion outside of
the Project footprint is anticipated to be excessive due to the prevailing winds speeds. Dust
suppression will involve spraying water from a tanker truck affixed with either a spray nozzle or spray
bar onto dust-prone mine site areas. If water spraying is not effective in preventing dust occurrence,
an adaptive management strategy focussing on additional dust suppression techniques will be
investigated, such as using a dust suppressant identified in the GN (2002) guidelines. Speed limits
around the mine site and along all roads will be strictly adhered to, for safety and to reduce airborne
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dust from vehicular and other equipment traffic (Tier 3, Technical Appendix 2M). Dust suppression
on roads was a concern raised through public engagement comments (EN-BL OH Nov 2013'%).

Aspects of these mitigation measures are included in Tier 3, Technical Appendices: 2M Road
Management Plan, 2R Preliminary Decommissioning Plan, 4C Air Quality Monitoring and Mitigation
Plan, and 6D Wildlife Mitigation and Monitoring Plan.

Soil Quantity

Best management practices will occur during construction of the Project. Construction activities will
likely be postponed during large precipitation events to prevent excessive disturbance to vegetation
and soils due to wet working conditions.

During topsoil stripping, efforts will be made to reduce the movement of stripped topsoil when
transferring to the overburden pile. For example, topsoil stripped at the far end of the construction
area will likely be hauled to the overburden pile using carrying equipment (e.g., buggy scrapers,
dump truck) rather than pushing the stripped topsoil to the overburden pile using a bulldozer or
grader. This will help prevent soil loss from movement of disturbed soils over the work area.

Preventing soil loss caused by soil movement during the construction phase is important for
conserving enough of the growth medium layer for future reclamation purposes. Prior to commencing
construction activities, a construction plan for topsoil stripping will be developed based on the
topography and terrain features at the proposed mine sites and dock facility. This plan will help
determine where stripping will occur, the direction of travel when stripping, taking into consideration
terrain features and topography to prevent loss of stripped topsoil as well as where stripped topsoils
will be placed. If possible, stripped topsoils will be pushed towards the proposed overburden pile
location. Temporary overburden piles may be required in areas where terrain features or topography
prevent pushing stripped materials to the overburden pile without causing substantial loss of stripped
materials. In these instances, stripped materials will be transported from the temporary overburden
piles in either a buggy scraper or dump truck to the final overburden pile location.

Soil burial during development of the roads and airstrip will be confined to the boundaries established
from the detailed design for these components. Soil erosion during construction activities has the
potential to occur where topsoil stripping or other disturbances to soils have occurred. Mitigation
measures for soil erosion are presented above in the soil quality section.

5 EN-BL OH Nov 2013: Dust from road. What will AREVA do to suppress dust?
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8.7 Summary of Compliance and Environmental Monitoring for Soils

A summary of compliance and environmental monitoring pertaining to soils that will occur during the
Project are described below. Compliance and environmental monitoring plans associated with soil
quality and quantity incorporate 1Q guiding principles (GN 2009), including Qanuqtuurnunnarniq
(being resourceful to solve problems), Avatimik Kamattiarniq (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 IQ interviews and engagement feedback (e.g. EN-Kiggavik Project Blog 2009,
EN-BL OH Nov 2013™).

Soil Quality

Soil quality will be monitored throughout the duration of the Project. Air emissions and dust
deposition monitoring will occur throughout the duration of the Project to identify and mitigate
potential effects. Chemical analyses of soil samples from permanent sample plots located within the
Mine LAA (i.e., exposure plots) and within the RAA (i.e., reference plots) will occur, and comparisons
will be made to air emission and dust deposition results, as well as to the baseline values and CCME
guidelines. The overburden piles will be routinely checked for erosion, and mitigation measures will
be implemented if issues are identified. The winter road will be monitored during use for structural
integrity to avoid rutting and/or damage to the underlying soils, and mitigation will be applied to areas
of concern. The All-Season Road will also be monitored for structural integrity and the effectiveness
of dust mitigation measures, as well as the effectiveness of culverts for allowing surface drainage
while preventing soil scouring.

Soil Quantity

Soil quantity will be monitored primarily during the construction phase of the Project, as well as when
any earthwork involving the removal or placement of topsoil is required. An environmental monitor
will likely be on-site during the construction phase to assist AREVA personnel and contractors with
mitigation strategies to reduce the effects of the Project on soil quantity, such as topsoil stripping, soil
storage, and soil erosion on disturbed areas. Dust deposition monitoring will occur throughout the
duration of the Project to identify and mitigate potential effects.

%6 EN-Kiggavik Project Blog 2009: all the animals we eat rely on good soil

“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?
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