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Project Fact Sheet 

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

• The Project includes two sites: Kiggavik and Sissons (collectively called the Kiggavik Project).  

• The Kiggavik site is located at approximately 64°26’36.14”N and 97°38’16.27”W.  

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

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

Resources  • The total quantity of resources is currently estimated at approximately 51,000 tonnes uranium (133 million lbs U3O8) at an average grade of 0.46% uranium.  

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

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

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

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

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

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

Mill • The ore will be processed in a mill at the Kiggavik site to produce 3,200 to 3,800 tonnes uranium (8.3 to 9.9 million lbs U3O8) per year as a uranium concentrate, commonly referred to as yellowcake.   

Tailings  • The mill tailings will be managed at in-pit tailings management facilities constructed using the mined-out East Zone, Centre Zone and Main Zone open pits at the Kiggavik site.   
• Administrative and action levels will be used to control and optimize tailings preparation performance for key parameters. 

Water Management • A purpose-built-pit will be constructed at the Kiggavik site to optimize water management, storage, and recycling.   

• All mill effluent, tailings reclaim, and site drainage will be treated prior to discharge to meet the Metals Mining Effluent Regulations and site-specific derived effluent release targets. 

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

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

• The operation will be fly-in/fly-out on a 7 to 14 day schedule with on-site employees housed in a permanent accommodations complex.   

Access • 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 • Site-specific environmental studies have been on-going since 2007. 

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

• 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 • AREVA is negotiating an Inuit Impact Benefit Agreement with the Kivalliq Inuit Association. 

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

 



 

 

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. 09MN003)”, 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. 09MN003)”.  

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: 

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

• 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 
 

Executive Summary 

AREVA Resources Canada Inc. (AREVA) is proposing to construct, operate and decommission a 
uranium mine, called the Kiggavik Project (Project), in the Kivalliq Region of Nunavut. The Project is 
located approximately 80 km west of the community of Baker Lake. Four uranium ore deposits will 
be mined using open pit methods and one deposit will be mined using underground methods. All 
extracted ore from the mine sites will be processed through a mill. Some of the mined out pits will be 
used as tailings management facilities. The uranium product will then be packaged and transported 
using aircraft to southern transportation networks. The Project will be serviced by ship and barge 
and a winter access road. An all-season road between Baker Lake and the Project is a secondary 
option under consideration in case the winter road cannot adequately support the Project. 

Based on existing resources mine life is estimated at 14 years of operation with additional years for 
construction and decommissioning. Decommissioning plans and financial security are required for 
the Project. Financial assurance provides certainty that decommissioning and reclamation work will 
take place with available and adequate resources. 

Direct job estimates are up to 750 and 600 workers for construction and operations stages, 
respectively. Indirect and induced jobs may be as high as 400 during construction and 1,300 during 
operations. The total taxes and royalties to be paid on the Project would be approximately $1 billion 
payable to Nunavut Tunngavik Inc., the Government of Nunavut, and the Government of Canada. 

The final environmental impact statement (EIS) reflects six years of recent engineering, 
environmental and engagement studies by AREVA, in addition to historical work conducted for the 
Project.  Community engagement and Inuit Qaujimajatuqangit (IQ) have influenced Project design 
and the environmental assessment. 

Understanding caribou were of primary concern to residents in the Kivalliq,  AREVA used IQ and 
engagement information to modify baseline studies and has worked collaboratively with other 
interested stakeholders to better understand caribou at the herd and regional levels.  AREVA will 
continue working collaboratively on caribou issues during the environmental assessment and when 
the Project proceeds.  

Hearing public concerns that Nunavut experiences extreme winds and permafrost conditions, the 
Project has been designed to capitalize on the modern Saskatchewan uranium mining experience 
but still be Nunavut specific.  AREVA conducted detailed assessments on air quality and permafrost 
conditions and incorporated the findings into the project design.  

Public concern over uranium development led to increased engagement efforts to inform 
communities of the industry and radiation protection. Detailed studies on health, using comparisons 
to international standards, demonstrates that modern uranium development does not compromise 
worker or public safety.  
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Valuing community preferences, AREVA has removed an earlier contemplated access road 
alternative (south all-season access road) from consideration in Project development moving 
forward. 

The need and desire for increased employment opportunities was consistently raised in AREVA 
meetings, particularly during open houses. AREVA works hard to maximize its Aboriginal 
employment in Saskatchewan operations and hopes to improve on its performance for this Project. 

The EIS concludes that the Project will have effects but there will be no significant adverse Project, 
cumulative or transboundary effects on the biophysical environment. Ecosystem integrity is not 
compromised. Worker and public health are also not compromised. Socioeconomic effects are 
positive overall and many benefits will last beyond Project life. 
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Wsq/sJ6 NwN3ymiz 

x̀E?4f5 W9oEJ9oEp5 v8̀Nbu xehwJmJ5 v8gC4bsJ4nu4, WoExal̀i xm̀l 

sfx6y?9ox5JbsN/6g̀i4 J̀Eix7 s/CbExAJj5, bw/sJ6 r4ZF4 WoExaJmJ6 GwoExaJmJ6H 

bm̀i r?9o3u kNKu. b2N WoExaJmJ6 bm̀ig5 wmN9lx6 szy4icg6 *) r̀Mug{ kNo3i5 

cmigx6u5. ybm5 JEix7 s/CbEx6bsix6g5 kNs2 czA5 s/CbEx6bslt4 xbsy6 

s/CbEx6bsix6g6 x5y4gf5. bm3u4 bmfx s/Cw5 s/CbEx6bs?oxJ5 ycotEFf5 

WoExa?oxlt4. wMq5 bmfx s/CbEx6FsJ5 xg6bsix6g5 bmgjz xgDi6XoxJj5 

n9lmnsj5 vt6hwFslt4 bm̀N J̀Eix7aJ6 S6g6bsli xsM6tbs?oxb3li t4uhf5 c2l`N5 

kNzk5. bmǸl s/CbEx6FsJ6 x4J4gwFsm6X4ix6g6 sux6Jf5 xm`l yvsd5 xm̀l srsf5 

x2dtf5. srsl4b6 xgC/3gu4 x2f3ysymix6g6 cmigx6u5 r4ZF4j5. bm̀N whmq/symJk5 

g4oE/sJ6 xg6bsN/3iz bmN srsf5 x2ys6ymJ6 Nmi4bMQi6X5 bmgz WoExaJmJj5.  

b7m4fkz mNsJ6 xgDN6gk5 s?bExaN/6g6 xfistQlx6gu4 bm̀i d9`ol ybm5li4 

srsi4 WoExaN/6g6 wMcC/6g6 srsi4 nN?oxisJj5 xm`l sfx6y?oxisJk5. 

sfx6y?oxi6j5 xeymiq5 xm̀l rNs/tA5 W/Exci5 bmgjz r4ZFj5 WoExaJmJj5. 

rNs/ta5 wvJDbsN/6g5 bmgjz sfx6y?oxi6j5 xml xehwi6j5 WoExaJm6gk5 

bmfiz xgwNst5ylt4 xgExcgi4.  

WoEx4nsN/6g5 whmq/symK5 bmi5̀lx6 &%) xm̀l ^)) WoEN/6g5 bmgjz nN?oxt5lQ5 

xm`l WoEmE3o4t5lq5. bmfkz WoEisN/6g5bs6 wmNlx6 xuhtqN/6g5 $)) 

nN?oxiq̀i xm̀l !,#)) WoEN/6g5 WoEmEo6Xb. bm4fx xrosbsN/6g5 b4y/3if5 

xyqtAl bmgjz r4ZF4 WoExaJmJj5 bmi5lz6 ! W9̀o/8bM{ xrosbsN/6g5 b2fkz 

kNK5 gzFf5k5. kNK5 v?m1Qk5 xm̀l v8̀Nbs2 v?mfqk5. 

bm̀N x?toEi3j5 x4gwicisN/6gj5 NlNw/3ymi6 s4tcli srsk5 b5omk5 bmfkz 

WoExaymo6gk5 x?toEif5 xml wMst5yb6if5 cspn6if5 b7fkz xE?fk5, xml 

WoExaifk5 czn6iboEif5 bmgjz WoExaJmJj5 WoExaif5. kNo4i4 

wMscb3t5yi6 xm̀l wkw5 cspm/gcZ5 bmfkz xg6icymJ6 WoExaJmJ2 ckwgN/6iz̀l 

xm`l bm̀N x?toEif5 cspn6if5. 

grysm5yx6i6 bmfiz g4gi4 W/ExciXAcbsymJ6 whmlAbsiQk5 bmfNz5 wk4i5 bmi 

r?9o3u, xE? xg6Ms6S5 bmguz wkw5 cspm/gczi4 xml wMst5yivlt4 

gnXoDbsJ4nk5 bmfkz xgZnsN/6gk5 wvJDbsiq. x̀E?4f5 WoEctcymJ5 xyqk5 

s5pE/cyx6gk5 bmfiz g4gi4 bmN gry?oyxDm7la g4gk5 xuCk5 kNo4il xehẁi5 

bmfx vJyN6ix6g5 WoEctQ4i5 bmfkz g4gk5.  

gnChxif5 wk4i5 whmlAtQ/sJi4 bm̀N kNK5 cspym/Qi4 bmfx xkEclxJi6 bmǸl 

kNs2 xb̀i eei6 ckwXoxizk5 xm̀l b7N r4ZF4 WoExaJmJ6 xeym/Exciz bmgjz 

bwvi n{v5hKx8u J̀Eix7 s/CbEx6bsJ2 cspymo6bqi4 ryxi bmgjz kNK5 xeymlq5. 

x̀E?4f5 cspnicMs6S5 bmguz ỳMf5 xi6g3Xb2t4i4 xm̀l bmguz kNs2 xb8̀i eeisJu4.  
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wk4k5 whmlAbsJ6 bmgjz J̀Eix7 W?oxi4nzk5 WJN3t5y?oMs6S5 bmguz 

wMscbst5yb6i3u4 bm4fx kNosJ5 gn6tbs?od2lq5 bmfiz WoEisN/6gi4 

WoExaN/6gi4. cspn3bsif5 bmgjz x8ixcNqgoEi3j5, bmfiz xg6Lt4 y6Jxl4bu 

xg6bsJi4, cspt5yJbsMs6S6 bmN JEix7 W?oxisN/6g6 slExN6gct5N/Qg6 

WoEpsJk5 rNfgwN6k5l xesmt5yif5.  

sWAh8i4f5 kNo4k5 Wnhx6bsif5, x̀E?4f5 W3yMs6S5 bmfx x2f3ys6bsJmJ2 wMzi4 

whmq/symJu4 Gr?jxg6 srsl4b6 xgC/g6 x2d5H bmfNz5 whmq/symJi5. bm`N 

WoExaJmj6 vJy?oxicizk5. 

bm̀N W/Exci6 xm`l W/sJmicg6 WbcXoExciz bmfiz WoEx4ni4 

scsycbsZJMs6g6 bmfN`i x̀E?4f5 vtmt5yicCzb. W9lx6gu4̀l bmfǸi sfwzt5yisJ̀i. 

x̀E?4f5 WoExcyxi6XaymJ5 bmfiz kNccgi4 WoEx4nct5yi6u4 bwvi n{v5hKx8u 

WoEFq/sJu bmN2bs6 bwmNwtbsJmj6 bmgjz r4ZFu WoExaJmJj5. 

bm̀N r4ZF4 x?toEi3j5 ttC4bsymJ6 WxiQxDtcMs6S5 bm̀N WoExaJmJ6 

x4gwicix6izi4 ryxi xqJu WbcC/Qg6 bmgmz5 WoExaJmJu5,bmfkz 

xsM?oxisJk5 WoE?oxisJk5 x4gwicisN/6iz bmgjz x?toEif5 bmfx 

slExNgcMQg5.WoEpsj5 xml r̀NfgwNw5 x8ixcNQgoEif5 sl̀ExN6gcMqg5. ẁkyoÈif 

W/oxioEif5 x4gwici6 bmwk5 NlN1Qg6 xuhi4L wvJDbsicix6g5 bmft[AN6 bm`N 

WoExaJmJ6 Wxi4vl6t5lA. 
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Popular Summary 

AREVA Resources Canada Inc. (AREVA) is proposing to construct, operate and decommission a 
uranium mine, called the Kiggavik Project (Project), in the Kivalliq Region of Nunavut. The 
development of the Kiggavik Project can contribute to the overall well-being of Beneficiaries and 
other Nunavummiut without a compromise to ecosystem integrity. 

Nunavummiut and the Inuit Organizations, Institutions of Public Government and territorial and 
federal governments that represent them want a healthy environment and vibrant communities both 
now and in the future. Development can bring positive economic opportunities and proponents must 
demonstrate that project designs, mitigation and monitoring plans, company performance, and 
decommissioning plans meet the requirements for development in Nunavut.  The following Tier 1 
Final Environment Impact Statement (FEIS) for the Kiggavik Project and all supporting documents 
were prepared to demonstrate the soundness of the proposed Kiggavik Project and the ability of the 
company to implement the Project. 

The FEIS reflects six years of recent engineering, environmental and engagement studies by 
AREVA, in addition to historical work conducted for the Project.  The integrated engineering and 
environmental work allowed for potential environmental impacts to be assessed as the Project is 
designed allowing for informed alternative selection, optimizations and design based mitigation to 
reduce potential adverse effects. Community engagement also influences Project design and 
management preferences and Inuit Qaujimajatuqangit (IQ) provides valuable knowledge of the land. 

This FEIS will be reviewed by the Nunavut Impact Review Board (NIRB) to determine conformity 
with the Pre-Hearing Conference Decision (NIRB File No. 09MN003); the intent is to advance the 
resolution of outstanding issues and confirm presence of information sufficient to provide a 
development recommendation and decision. Given a positive conformity determination the FEIS will 
be made publicly available for review. There will be a number of opportunities for participation in the 
review including the Final Hearing to be held in Baker Lake, Nunavut.  

Proponent 

AREVA is a Canadian company, headquartered in Saskatoon, Saskatchewan. The company is a 
100% subsidiary of the AREVA Group of companies headquartered in Paris, France. The AREVA 
Group is a world leader in supplying electrical energy systems with low CO2 production including 
nuclear and renewable energy systems for electricity production. AREVA would be the operator of 
the Kiggavik Project with minority interests owned by Japan-Canada Uranium Company Limited and 
Daewoo International Corporation.  
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Project 

The Kiggavik Project is a proposed uranium ore mining and milling operation located in the Kivalliq 
region of Nunavut approximately 80 km west of the community of Baker Lake. 

The Kiggavik Project is comprised of three main areas referred to as the Kiggavik site, the Sissons 
site and Baker Lake Dock Site.  AREVA will mine three uranium ore deposits at the Kiggavik site: 
East Zone, Centre Zone and Main Zone, and 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 three Kiggavik 
deposits as well as the Andrew Lake deposit. Mining of End Grid will require underground mining 
methods. Mineral resources are estimated at approximately 51,000 tonnes uranium (133 million lbs 
U3O8) at an average grade of 0.46% uranium. 

All extracted ore from the mine sites will be processed through a mill located at the Kiggavik site 
using hydrometallurgical processes. Mined out pits at the Kiggavik site will be used as tailings 
management facilities (TMF). The uranium product will then be packaged and transported using 
aircraft to southern transportation networks. Mill reagents, fuel and other supplies will be transported 
by ship and barge to Baker Lake and then by truck to the Kiggavik Project over a winter access 
road. An all-season road between Baker Lake and the Kiggavik Site is a secondary option under 
consideration in case the winter road cannot adequately support the Project. Figure 1.0-1 shows the 
major Project components including the access road alternatives and Figure 1.0-2 shows potential 
shipping and barging routes. 

Based on existing resources, project operating life is estimated at 14 years of operation after three to 
four years pre-operational construction. It is expected that additional resources will be found. 
Decommissioning is anticipated to last ten years with post decommissioning monitoring lasting an 
additional five years. Decommissioning of the Project will include demolition of the site and 
reclamation of disturbed areas. Closure of the TMFs will consist of covering and then blending the 
final cover in with the existing topography. Mine rock piles will be covered and re-contoured to 
promote vegetative growth and to provide wildlife access. Decommissioning plans and financial 
assurance are required for the Kiggavik Project. Financial assurance is required to ensure neither 
the government, nor the landowner, are burdened with the cost of decommissioning a mining facility 
and provides certainty that decommissioning and reclamation work will take place with available and 
adequate resources. 

Direct job estimate averages are up to 750 and 600 workers for construction and operations 
respectively. Indirect and induced jobs may be as high as 400 during construction and 1,300 during 
operations. The total taxes and royalties to be paid on the Kiggavik Project would be approximately 
$1 billion payable to Nunavut Tunngavik Inc. (NTI), the Government of Nunavut (GN), and the 
Government of Canada. 



ALL-SEASON ROAD MEADOWBANK ALL-SEASON ROAD (EXISTING)

WINTER ROAD (PREFERRED)

v1Q3 +J2 fz

by3Jx6

x/4g4F4

x1iA6 3v5Q6bo4

cmig'x6

3vmNsZfl4

uBxl4

by'gx6

xsgC by6

byl9Jx6

3rr6b3 Jxo4

b y C 'g x 6 N 3 }C F 4

vFyoo4

vFyo4

3vm'N3J4

w3vlo4

wtAo4

3vmNsZ6

3rr6b3/xo
s2 
fz

j3'E5g6

3f[l1io'N6

xi[ A2 fz

3r81A6

g8kBh4

N9lx6J4

Gull Lake

Whitehills Lake

Ajaktukvik
Lake

Long Lake
Qatgiqtalik 

Lake

Tupik 
Lake

Baker LakeQamanaugakuluk 
Lake

Mihaluk
Lake

Thom 
Lake

Audra Lake

Pitz Lake

Samarook 
LakeRocket 

Lake Pistol Lake

Dragon 
Lake

Turtle
Lake

Buzzard 
Lake

Lobster 
Lake

Gerhard 
Lake

Judge 
Sissons

Lake

Skinny Lake

Kavisilik Lake

Squiggly 
Lake

Qamanaarjuk 
Lake

Iqaluik
Lake

Itigulik 
Lake

Qamanaugaq 
Lake

Qikiqtarjualik River

Murriittuq
Lake

Quglungnil'naaq 
Lake

Anigguq 

Anigguq River

Qinnguq Bay

Tunuhuk 
Lake

Crossing 
Point
Lake

Thelon River

Siamese Lake

Baker
Lake

cmigx6

550000

550000

560000

560000

570000

570000

580000

580000

590000

590000

600000

600000

610000

610000

620000

620000

630000

630000

640000

640000

650000

650000

71
10

00
0

71
10

00
0

71
20

00
0

71
20

00
0

71
30

00
0

71
30

00
0

71
40

00
0

71
40

00
0

71
50

00
0

71
50

00
0

71
60

00
0

71
60

00
0

71
70

00
0

71
70

00
0

7.5 0 7.5

Kilometers

Data Sources:

Creator: CDC              
Date:

FIGURE 1.0-1
MAJOR PROJECT COMPONENTS

Projection: NAD 1983 UTM Zone 14N

Natural Resources Canada, Geobase®, Nation
Topographic Database, AREVA Resources Canada
Inc.

File: Q:\SHEQ\GIS\KIGGAVIK\2014\EIS\Volume 1 - Main Document\Maps\Volume 1 - Tier 1\MXD\Figure_2.1.1-project_components_on_IOL_Revised_06_24_2014.mxd AREVA Resources Canada Inc - P.O. Box 9204 - 817 - 45th Street West - Saskatoon, SK - S7K 3X5

Scale: 1:300,000

ENVIRONMENTAL IMPACT STATEMENT
VOLUME 1

KIGGAVIK 
PROJECT

8/30/2014 

Source: US National Park
Service

AREA
OF DETAIL

Legend
Community

Winter Road (Preferred Option)

All-Season Road

Meadowbank All-Season Road (Existing)

Inuit Owned Land Surface

Inuit Owned Land Surface and Subsurface

Kiggavik Lease

Crown Land

Revised: TL



Baffin
Island

Victoria
Island

H u d s o n  B a y

D a v i s
St r a i t

B a f f i n  B a y

F ox e
B a s i n

H u d s o n  S t r a i t

Saskatchewan

Alberta

Manitoba

Quebec

Ontario

N U N A V U T

Northwest
Territories

Auyuittuq
Nat. Park

Kiggavik
Project

Ukkusiksalik
Nat. Park

Sirmilik
Nat. Park

Kivalliq Region

Kitikmeot
Region

Cargo From Point of Origin
- Baie-Comeau
- Montreal
- Europe

Arviat

IQALUIT

Kimmirut

Resolute

Igloolik
Taloyoak

Churchill

Kugluktuk
Pelly Bay

Baker Lake

Pond InletArctic Bay

Hall Beach

Gjoa Haven

Whale Cove

Umingmaktok

Pangnirtung

Clyde River

Repulse Bay

Cape Dorset

Rankin Inlet

Cambridge Bay

Coral Harbour

Bathurst Inlet

Broughton Island

Chesterfield Inlet
Yellowknife

Points North

40°0'0"W

60°0'0"W

60°0'0"W

80°0'0"W

80°0'0"W

100°0'0"W

100°0'0"W120°0'0"W

70
°0

'0
"N

60
°0

'0
"N

60
°0

'0
"N

50
°0

'0
"N

0 500 1,000 1,500250
Kilometres

Legend
Capital City

Towns/Villages

Air Transportation

Barge Route

Shipping Route

Railroad

All-Season Road

Winter Road (Preferred Option)

Meadowbank All-Season Road

Montréal

Baker LakeYellowknife

Baie-Comeau

Points North

C A N A D A

Baker Lake

Chesterfield Inlet

Kiggavik
Project

Data Sources:

Creator: CDC
Date: 03/28/2012

FIGURE 1.0-2
MAJOR PROJECT COMPONENTS - SHIPPING ROUTES

Projection: NAD 1983 UTM Zone 14N

Natural Resources Canada, Geobase®, Nation
Topographic Database, AREVA Resources Canada Inc.

File:

AREVA Resources Canada Inc - P.O. Box 9204 - 817 - 45th Street West - Saskatoon, SK - S7K 3X5

Scale: 1:10,000,000
ENVIRONMENTAL IMPACT STATEMENT
VOLUME 1

Revised: TL



 

AREVA Resources Canada Inc. 
Kiggavik Project FEIS 
September 2014 

Page ix 
Tier 1 Volume 1: 
Main Document 

Popular Summary 
 

Project Need and Purpose 

The purpose of the proposed Kiggavik Project is development that will: 

• Realize a return on investment by the owner - The capital cost of the Project is currently 
estimated at $2.1 billion with operating costs estimated at $240 million per year. The 
market price for uranium concentrate over the last five years has been within the range 
needed for reasonable return on investment to owners and future opportunities are strong 
enough to encourage Project advancement with the intent of development that will 
coincide with viable future markets. 

• Benefit Nunavut communities and contribute to sustainable development - The Kiggavik 
Project would benefit communities through employment, business opportunities and 
procurement. Benefits will be preferentially targeted to and realized by the seven 
communities of the Kivalliq Region. The Project can contribute to the goals of economic 
self-sufficiency and balanced economic development. 

• Help meet global energy demands and future needs for nuclear power - World uranium 
production currently falls short of projected future annual requirements for generation of 
clean electricity using nuclear power (as an alternative to electricity generated by fossil 
fuel consumption). Uranium from the Kiggavik Project would help to meet the future 
needs for nuclear power, which will help reduce, on a global scale, greenhouse gas 
emissions.  

No-Go Alternative 

Abandoning the Project, other than for significant environmental impacts or cultural concerns that 
are determined to be unacceptable, would be inconsistent with the economic strategies and 
development policies established for the area. Should the NIRB environmental review find the 
Kiggavik Project to protect ecosystem integrity and human health, the potential economic benefits 
would not be realized with a decision to abandon the Project. 

Uranium Development in Nunavut 

The Nunavut Territory has given special consideration and planning to uranium development as 
evidenced in the consideration of uranium development in the broad principles, objectives and 
conditions for uranium exploration and mining outlined in the NTI Uranium Policy and the six guiding 
principles for uranium developed by the GN. AREVA’s values and sustainable development 
commitments along with existing Canadian law and international agreements ensure consistency 
between the NTI uranium policy and GN guiding principles and the proposed Kiggavik Project. 
AREVA is committed to sustainable development that does not compromise the land or people of 
Nunavut. 
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AREVA’s Integrated Approach to Environmental Protection 

Environmental assessment (EA) is used to identify all possible Project-environment interactions and 
their potential to result in an environmental effect(s). Mitigation to reduce potential effects is then 
considered and the significance of the remaining residual effects determined. AREVA believes this 
process should be iterative so that a good understanding of the local environment and site-specific 
constraints can influence design and mitigation and the subsequent evaluation of potential 
environmental effects. This iterative process leads to a selection or narrowing of Project alternatives 
and further refinement of Project design. 

Key features of the alternatives analysis for the Project included environmental performance, 
economic viability and project operability.  Project design considered environmental performance 
from the perspective of minimizing water and reagent use, optimizing water recycle, minimizing the 
Project footprint, capturing and treating water that may have come in contact with operational areas 
and minimizing release of atmospheric and treated effluent emissions.  

Mitigation measures identified in this iterative EA-design can be identified in a variety of forms. 
Design-based mitigation can allow for the avoidance of potentially significant effects by changing 
spatial or temporal aspects of the Project. Specialized mitigation, environmental protection 
measures and protocols, and offsetting are all categories of effective mitigation that minimize or 
avoid residual environmental effects of the Project.  

During facility operation, compliance monitoring maintains operational performance standards. 
Environmental effects monitoring programs determine operational effects. 

Adaptive management decisions are made on the results of monitoring when results are beyond the 
level anticipated and additional design, mitigation or other modifications are required. Continual 
improvement drives forward thinking, minimal impact management decisions even when operations 
are performing as predicted. Both adaptive management and continual improvement are integral 
parts of AREVA’s approach to environmental protection. 

The approach builds on the outcomes of EA predictions and on operational monitoring and follow-up 
programs to provide a robust defense against the development of significant adverse effects. 
Optimization of performance, of monitoring, and follow-up programs is achieved through continual 
improvement based on experience.  
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Community Engagement 

AREVA’s commitment to broad public engagement is evidenced in our sustainable development 
commitments, values charter, on-going corporate social responsibility initiatives and presence in 
Nunavut. Although AREVA has used a variety of communication tools, time spent in Kivalliq 
communities was a priority. In addition to formal and informal meetings with various stakeholder 
groups and open houses, AREVA has hosted tours of northern Saskatchewan uranium operations 
so that people can see first hand what an operating uranium mine and mill look like as well as 
decommissioned uranium mine. 

Figure 1.0-3 shows the locations of potentially affected communities. Potentially affected 
communities identified prior to and within the final environmental impact statement includes the 
seven Kivalliq communities and six communities outside the Nunavut Settlement Area that have 
communicated an interest in the Kiggavik Project. 

Understanding that language is essential to communication and strongly tied to culture, AREVA 
makes efforts to translate print material and videos and use an English-Inuktitut translator when 
possible. 

Looking at comments, questions and concerns raised regarding nuclear energy and/or the Kiggavik 
Project in Nunavut over the last seven years, caribou were raised as a topic of discussion the most 
frequently. The land/wildlife habitat, marine mammals and clean water all generated considerable 
discussion. 

Similar levels of interest were generated for community engagement, including the need and desire 
to better engage the youth while also respecting the elders; respect for, use of, and value attributed 
to IQ; employment opportunities and other benefits; and health and safety – both general and 
uranium specific. 

With respect to the Project description, the access road alternatives and potential Thelon crossing 
were topics of most interest followed by general questions regarding the mine site and then tailings. 

Comments received during engagement events have been considered and used to shape future 
engagement activities, the Project design and aspects of the EIS.  Key influences of engagement 
include removal of the south all-season access road alternative, addition of youth specific 
engagement activities, radiation education initiatives including radiation protection demonstrations in 
all seven Kivalliq communities during open houses and creation of two videos related to radiation 
education, modifications to baseline field programs for caribou and marine mammals to better 
incorporate local knowledge and preferences. 

  



Data Sources:

Compiled: TL
FIGURE 1.0-3
POTENTIALLY AFFECTED COMMUNITIES

Projection: Lambert Conformal Conic

 Natural Resources Canada, Geobase®, National
Topographic Database, AREVA Resources Canada
Inc.

AREVA Resources Canada Inc - P.O. Box 9204 - 817 - 45th Street West - Saskatoon, SK - S7K 3X5

Scale: KIGGAVIK 
PROJECT

Drawn: TL
Date: 9/25/2014

Q:\SHEQ\GIS\KIGGAVIK\2014\EIS\Volume 1 - Main Document\Maps\Volume 1 - Tier 1\MXD\Popular Summary\Figure 1.0-3 Potentially Affected Communities_Replacement.mxdFile:

Baker Lake
Qamani'tuaq

Rankin Inlet
Kangiqiniq

Gjoa Haven
Uqsuqtuuq

Taloyoak
Talurjuaq

Kugaaruk
Arviligjuaq

Repulse Bay
Naujaat

Coral Harbour
Salliq

Arviat

Whale Cove
Tikirarjuaq

Chesterfield Inlet
Igluligarrjuq

Hatchett Lake
Lac Brochet

Black Lake
Fond-du-Lack

Tadoule Lake

Lutsel K'e

cmigx6

v1Q6Oi6

f]ZD4

ks]/5

n9o6

x3Fx5

trC3Jx6

w[lo]Z3J4

s6h6}g6

H u d s o n
B a y

Qikiqtaaluk
Region

N U N A V U T

B a f f i n
I s l a n d

P r i n c e  o f  W a l e s
I s l a n d

S o u t h a m p t o n
I s l a n d

C o a t s
I s l a n d

K i n g  W i l l i a m
I s l a n d

M e l v i l l e
P e n i n s u l a

B r o d e u r
P e n i n s u l a

C o m m i t t e e
B a y

Alberta

F o x e
B a s i n

Q u e e n  M a u d  
G u l f

V i c t o r i a
I s l a n d

B o o t h i a
P e n i n s u l a

ManitobaSaskatchewan

Northwest 
Territories

Kivalliq
Region

Kitikmeot
Region

F o x e
C h a n n e l

W a g e r
B a y

B a k e r
L a k e

D u b a w n t
L a k e

N u e l t i n
L a k e

British 
Columbia

G r e a t  
S l a v e  
L a k e

L a k e  A t h a b a s c a

Rae

Deline

Wha Ti

Tulita

Wrigley

Brochet

Salluit

Grimshaw

Inukjuak

Igloolik

Ivujivik

Kugluktuk

Churchill

Hay River

Pelly Bay

PuvirnituqFort Smith

High Level

Hall Beach

Yellowknife

Peace River

Cape Dorset

Fort Simpson

Spirit River

Norman Wells

Fort McMurray

Cambridge Bay

Fort Good Hope

Fort Chipewyan

Fort Vermilion

Fort Resolution

Fort Providence

Copyright:© 2014 Esri

Kiggavik

Legend
Proposed Kiggavik Site

Region Boundary

Categories For Engagement

Category 1 (80km)

Category 2 (350km)

Category 3 (315-680km)

Communities with a Communicated Interest (620-730km)

Other Communites

ENVIRONMENTAL IMPACT STATEMENT
VOLUME 1

1:6,500,000
200 0 200

Kilometers



 

AREVA Resources Canada Inc. 
Kiggavik Project FEIS 
September 2014 

Page xiii 
Tier 1 Volume 1: 
Main Document 

Popular Summary 
 

Inuit Qaujimajatuqangit  

IQ interviews and workshops focused on elder groups 
and Hunter and Trapper Organizations in the seven 
Kivalliq Communities. Each community provided 
information on the following topics: wildlife landscape 
use, harvesting of both land and sea mammals, bird 
and egg harvesting, fishing, plants, travel routes and 
cultural sites, ice formation, water, changes in 
weather, and Project-specific questions and concerns.  

Information related to socio-economic concerns was 
obtained through interviews and focus groups that 
included rotational workers, rotational workers’ 
spouses, young adults, and women. Topics discussed included women’s roles, dependency on 
country foods, and traditional activities.  

IQ was used to inform Project design, contribute to baseline information and influence company 
collection of baseline field information, select valued components for assessment, identify issues of 
importance and identification of appropriate mitigation and monitoring to reduce potential adverse 
effects to both the biophysical environment and communities. 

Existing Biophysical Environment 

The Project area experiences a continental climate characterized by cold temperatures, low 
precipitation and high winds. The winters are long and cold and the summers are short and warm; 
transitional seasons are very short. Extreme temperatures in Baker Lake have ranged between -
50.6°C in January and 33.6°C in July with a mean annual air temperature of -11.9°C. The most 
frequent wind direction and speed at Baker Lake are north-northwest at 20.5 km/h to 31.7 km/h. 
Wind speeds greater than 39.6 km/h (11 m/s) are most frequent over the period of January to 
March. Wind speeds exceeding 100 km/h are expected to occur only once in 30 years. 

Air quality, noise and vibration are all typical of a remote, relatively undisturbed environment.  

Streams average less than 1 m deep and most streams in the area are frozen to the bottom 
throughout the winter. Lakes are typically shallow with maximum depths of less than 3 m and they 
are ice covered from October through June with ice thicknesses of approximately 2 m. Over 
wintering habitat is found in a few lakes deeper than 3 m. Streams become active at spring 
snowmelt in mid-June with flows gradually receding over the remainder of the open water season. 
Lakes reach their level and volume peaks during the spring freshet in mid-June.  

The most widely distributed fish species found in lakes in the area is Arctic grayling. Other 
commonly identified fish species include burbot, cisco, lake trout, ninespine stickleback, round 
whitefish and slimy sculpin. Arctic char, fourhorn sculpin, lake whitefish and longnose sucker are 
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additionally found in Baker Lake. Arctic grayling, lake trout, ninespine stickleback, and slimy sculpin 
are common to streams in the area and burbot, cisco, lake whitefish and round whitefish are also 
observed. Arctic char and longnose sucker use the Thelon River.  

Some parameters (pH, ammonia, aluminum, cadmium, chromium, cobalt, copper, iron, lead, silver, 
and zinc) of baseline water quality levels in some lakes and some metal concentrations (arsenic, 
cadmium, chromium, copper, mercury, and zinc) in sediment samples were higher than Canadian 
Council of Ministers of the Environment guidelines. This indicates that background levels of these 
elements are naturally elevated. 

Thickness of active layer is highly variable, ranging from 1 to 2 m in surficial sediments to 5 m in 
bedrock outcrops. Permafrost depth is estimated to range from about 210 m depth in the Kiggavik 
area to about 250 m depth in the Sissons area. There is little to no connection between the deep 
(beneath permafrost) and shallow (active layer) groundwater flow systems. Rock within and below 
the permafrost has little water movement and is not used as a drinking water source. 

The area is dominated by flat lying or gently sloping terrain with rolling and hummocky topography, 
frequent bedrock outcrops, and a few low 
escarpments. Eskers are rare.  Surficial deposits 
consist of a thin organic layer underlain by mainly 
glacial till, which varies in texture and composition. 
Some soil samples showed trace element 
concentrations (arsenic, molybdenum, boron) 
higher than the Canadian Council of Ministers of 
the Environment guidelines indicating that 
background levels of these elements are naturally 
elevated. Average depth of topsoil available to 
salvage for later use in reclamation is 
approximately 11 cm, with a minimum of 2 cm in 
upland lichen tundra, heath upland and heath tundra areas, and a maximum of 31 cm in low-lying 
wet graminoid and graminoid tundra areas with thick peats.  

The Project area is dominated by tundra vegetation interspersed with lichen-dominated bedrock 
outcroppings and boulder fields. Tundra vegetation is characterized by short shrubs such as dwarf 
birch, willows and heath species, as well as sedges and grasses, herbs, mosses and lichens.  

The Project area is not within caribou calving grounds. The historical Beverly caribou calving ground 
is located approximately 70 km away and  

the Qamanirjuaq calving ground approximately 200 km away. The Qamanirjuaq, and Beverly herds 
are migratory and they move into the Kivalliq Region during the spring and summer months. Field 
observations and satellite collar locations show that the migratory herds use of the area is transient. 
Three tundra-wintering caribou herds, Lorillard, Wager Bay and Ahiak, may use the area during 
winters but move further north for calving.  
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Muskox occupy the region year-round.  

Large predatory species, including grizzly bear, wolverine and wolf, are present throughout the area 
but are observed infrequently. Smaller predatory species, such as Arctic fox and ermine, are also 
present with Arctic foxes seen as relatively common in the region. Small mammals such as voles, 
lemmings and ground squirrels are widespread.  

Waterfowl, shorebirds, jaegers, raptors and upland birds annually migrate from southern wintering 
grounds to breed in the region during the summer. Only ptarmigan, gyrfalcon and common raven are 
residents throughout the year; they are scattered throughout the region and present in relatively 
small numbers. The most common species of waterfowl observed in the Baker Lake and 
Chesterfield Inlet area are Canada goose, long-tailed duck and common loon. Red-throated, arctic 
and yellow-billed loons, and tundra swans also use the area. 

Chesterfield Narrows drains Baker Lake and empties into Chesterfield Inlet. Chesterfield Inlet is a 
200 km, salt-water tidal corridor that joins Baker Lake with Hudson Bay. Arctic cod, Arctic sculpin, 
Arctic char, fourhorn sculpin, banded gunnel, and whitefish are found around the mouth of 
Chesterfield Inlet.  In Hudson Bay ice generally starts to form in late October and the bay usually 
becomes ice free in early August. Capelin and starry flounder are abundant near-shore species in 
Hudson Bay and fourhorn sculpin are abundant in shallow waters (below 45 m) throughout Nunavut. 
Greenland halibut and Arctic cod are abundant offshore marine fish species in Hudson Bay.  

Marine mammals occurring in the regional marine shipping area are polar bear, beluga whales, and 
ringed seals. Walrus, bowhead whales and bearded seals are common in other locations throughout 
Hudson Bay, Hudson Strait or Foxe Basin but are considered rare or uncommon near the local 
shipping route.  

There are no Schedule 1 or 2 listed aquatic, plant or terrestrial wildlife species listed under the 
Species at Risk Act (SARA) that occur in the Project area. Three marine fish species, the Northern, 
Atlantic, and spotted wolffish, are listed on Schedule 1 of SARA; however, Hudson Strait is 
designated as ‘probable’ range. Ross’s gull is also listed on Schedule 1 of SARA and is known to 
breed and use coastal habitat in southwest Hudson Bay. Ross’s gull are most commonly seen in the 
Churchill area than anywhere else in Canada and the last observation of Ross’s gull in the Churchill 
area was four individuals in 2005.  

There are no Important Bird Areas (IBA), as identified by Bird Studies Canada, Nature Canada and 
BirdLife International through the IBA Program, within the marine local assessment area. The Harry 
Gibbons and McConnell River migratory bird sanctuaries include coastal habitat in the region.  
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Existing Socio-Economic Environment 

Nunavut’s economy and people have unique characteristics including 1) the importance of the mixed 
economy; 2) a requirement to use renewable and non-renewable resources in sustainable ways that 
benefit Inuit; 3) the value of IQ to economic and social development decision making; 4) 
decentralization to give communities control of their own development; 5) a need to develop self-
reliance in face of overdependence on federal transfers; and 6) a very young and rapidly growing 
population with important socio-economic challenges.  

Nunavut’s mixed economy has both wage and land based parts. The wage based economy provides 
cash income. The land based economy provides food, but also important social and cultural benefits 
to Inuit. Most people try to be active in both the wage and land based parts of the economy. The 
unemployment rate in Nunavut was about 19% in 2011 and 15% in late 2013, but for young people it 
was almost 40%. Most of the unemployed are young Inuit men. In 2006, Kivalliq unemployment 
rates were worse than the rest of Nunavut and much worse than Canada. Since 2006 many new 
jobs for Kivalliq people became available with the development of Meadowbank, exploration 
companies and businesses supplying mining companies.  

Very few people hunt full time or almost full time anymore but most people continue to go out on the 
land. The importance of harvesting to Kivalliq households is demonstrated by country food 
substituting for about half of what total food costs would be if all food was bought in stores. The 
practice of harvesting also confirms identity, social relations, values and knowledge.  

The Kivalliq population grew from 7,944 to 10,266 people between 2001 and 2013, an average 
growth of close to 2% per year. Dated information on education levels shows that less than 40% of 
adults have completed high school. On average, younger people are less educated than older 
people. The Kivalliq has lower crime rates than Nunavut as a whole but rates are still much higher 
than in the rest of Canada. Housing is an ongoing problem in all of Nunavut, but is worse in most 
Kivalliq communities. More than half of houses are overcrowded or in need of major repairs.  

People have maintained their language over the last decade with a strong commitment to Inuktitut. 
Most people feel they speak Inuktitut well but they note many children are using English more now 
than they did in the past. It has been hard for some people to adjust as a new culture, with different 
values, has come in. Inuit no longer live on the land and the culture has changed. Everybody knows 
this and most people are focused on how to manage the change.  
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Radiation 

Regardless of where people live or work, they are exposed to radiation from natural sources; it is 
present in the air we breathe, the food we eat, the water we drink, and in the construction materials 
used to build our homes. Levels of natural or background radiation can vary greatly from one 
location to the next. Consumption of caribou by people living in the Project area, and across 
northern Canada, has been shown to add some exposure, primarily due to the natural background 
levels of Polonium-210.  

Residual Biophysical Effects 

The Kiggavik Project has the potential to impact the biophysical environment throughout all phases 
of Project life. 

Climate 

Greenhouse gas emissions (GHGs) will be generated. Energy efficient and emissions minimization 
features will be incorporated into building design and in the operation of any equipment and ancillary 
facilities. Use and management of heavy equipment operation, vehicles and marine vessels will be 
optimized. Maximum annual GHG emissions are estimated to result in an increase to the baseline 
GHG emissions for Nunavut and Canada, but are assessed as not significant.  

Air 

Ambient air concentrations of contaminants of potential concern (COPCs; dust, metals, gaseous 
compounds and radionuclides) within the local and regional environments will increase. Dispersion 
modeling studies were used to select preferred locations of several Project facilities including the 
acid plant, power plant, storage piles and accommodation complex to minimize effects to air quality. 
Exhaust emissions controls will be used, dust minimized and suppressed and permanent mine rock 
stockpiles will be compacted to encourage growth of vegetation and suppress the release of dust 
emissions. All predicted residual effects resulting from the Project are not expected to extend 
beyond the local area, will only occur a few times per year and are reversible. Therefore, the 
increased concentrations of COPCs are assessed as not significant. 

Noise and Vibration 

Noise and vibration will increase. Noise levels are expected to be low, with the exception of some 
short term construction activities, and not anticipated to result in any community annoyance. 
Vibration levels are expected to be negligible during all phases of the Project. The predicted 
increase in noise and vibration are assessed as not significant.  
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Surface Hydrology 

Ponds will be dewatered, a section of Andrew Lake will be dewatered and pumped into the 
remainder of Andrew Lake, Andrew Lake pit will be re-flooded, contact water will be collected, 
treated and released, treated effluents and greywater will be released and freshwater will be used 
for industrial and domestic purposes and flooding of the winter road. The Project has been designed 
to most effectively minimize effects to surface hydrology by selecting large water bodies for 
withdrawal and discharge, water will be recycled where possible and the effective use of diversion 
channels and sedimentation ponds.  Changes in flow rates, lake levels (with the exception of 
Andrew Lake) and under-ice volumes will remain below appropriate thresholds. Effects to surface 
hydrology are assessed as not significant. 

Hydrogeology 

Groundwater levels will be affected by dewatering activities in the vicinity of open pit and 
underground mines. Limited groundwater will flow into mines and tailings management facilities 
during operation or post closure.  Similarly there will be limited interaction between mines, tailings 
management facilities and receiving surface water bodies. Given the project design features and the 
slow groundwater movement, all project effects on hydrogeology are assessed as not significant, for 
both current permafrost conditions and potential no-permafrost conditions that would result from 
dramatic warming conditions.   

Water and Sediment Quality 

Treated effluent will be released. Dust and air emissions can also affect water quality. The water 
treatment plant has been designed so that effluent quality will meet or exceed applicable regulations. 
Dust control measures will be in place and emissions controlled and reduced as possible.  Diversion 
channels will be used to re-route fresh water around the development areas. Modeling data indicate 
that changes to receiving water quality due to effluent discharge will occur during operation and final 
closure but will return to baseline levels post closure. Changes in water quality due to dust 
deposition are predicted to be minor with annual minor increases in metals, radionuclides and total 
suspended solids not measurable above natural background variation. Any change to lake pH will be 
small and likely brief, due to the short residence times of the lakes. Sediment concentrations of all 
constituents of potential concern are predicted to be below Canadian Council of Ministers of the 
Environment guidelines in all segments of Judge Sissons Lake with the exception of arsenic, copper 
and nickel.  However, the predicted concentrations of arsenic, copper and nickel are similar to 
existing sediment concentrations. Effects to water and sediment quality are assessed as not 
significant. 
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Aquatic Organisms and Fish Habitat 

Changes to water quality can affect aquatic organisms such as plankton, aquatic plants, and benthic 
invertebrates. Cadmium and sulphate concentrations in select areas of Judge Sissons Lake will be 
elevated compared to baseline conditions but no appreciable adverse effects on the abundance and 
distribution of aquatic biota are expected. For fish habitat, implementation of measures to avoid or 
mitigate effects to fish habitat is expected to minimize serious harm to fish and negate the 
requirement for fisheries offsetting. None of the changes to fish habitat resulting from the Kiggavik 
Project will affect the sustainability or productivity of commercial, recreational and Aboriginal (CRA) 
fisheries. 

Fish 

Changes in water quality can affect fish health. Detonation of explosives in or near water results in 
pressure change and vibration that can affect fish abundance and distribution. It is expected that 
copper and zinc concentrations will exceed toxicity benchmarks for fish in Judge Sissons Lake; 
however, the predicted changes are related to elevated baseline or existing conditions and as such, 
no appreciable adverse effects on fish health are expected. Blasting setback distances, charge sizes 
and timing will be used to provide adequate protection for fish populations. Given the mitigation 
measures, there will be no residual effects to fish from blasting. Effects to fish populations are 
assessed as not significant. 

Topography, Landforms, Surficial Geology and Permafrost  

Construction and operation will change the local active layer depths and terrain stability. Project 
footprint including mine and mill areas, the access road, quarry sites and others will be disturbed. 
The Project layout considered sittings that would minimize footprint area and avoid permafrost 
sensitive and uncommon landforms. Padding and platforms will be used to maintain existing 
permafrost conditions and drainage will minimize water pooling during spring thaw. Effects on 
permafrost and landforms will be confined to the Project footprint. The effects on permafrost and 
terrain are determined to be not significant. 

Soils 

Soil quality will be affected by dust, contaminants and emissions. Soil quality can also be affected by 
compaction and erosion. Soil quantity can be affected by burying of soils where topsoil stripping will 
likely not occur (soils saved for reclamation where possible) and erosion. Where possible soil will be 
salvaged and stored away from dust and emissions to use for reclamation and standard mitigation to 
reduce dust, contaminants and emissions will be in place. Potential acid inputs and emissions will 
only occur around the Kiggavik mine site. Changes in concentrations of constituents of potential 
concern are predicted to be below Canadian Council of Ministers of the Environment guidelines. 
Admixing, compaction, and erosion effects will be negligible. Effects on soils are assessed as not 
significant.  
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Vegetation 

Vegetation will be lost to clearing during construction. Dust, air emissions, and changes to soils can 
affect vegetation. The mine footprint will be minimized and winter road alignments have maximized 
use of water bodies and watercourses. Dust and emissions will be minimized and controlled. Heath 
tundra vegetation will be the primary habitat type affected by the Project. Disturbance to vegetation 
abundance and community diversity are anticipated to be negligible. Potential acid inputs are below 
the critical load value and exposure to NO2 or SO2 are below benchmark guidelines. Effects to 
vegetation are assessed as not significant. 

Terrestrial Wildlife and Habitat 

Mortality is likely to result from vehicle collisions or 
through problem animal kills. Previously available 
habitat will be temporarily unavailable due to mine 
infrastructure. Dust and sensory disturbance will 
reduce the quality of near-by habitat. Changes to 
air, soil and vegetation quality could affect wildlife. 
Sensory disturbance and/or avoidance may result 
in changes to movement or reduced local raptor 
and migratory bird nest success.  

Road alignments will minimize blind spots and road profile and snow management will allow animals 
to get off the road to avoid traffic. Temporary road closures, speed limits and reduced traffic will all 
also help reduce mortality. Dust and sensory disturbance will be minimized when possible. AREVA 
will not construct a road within 10 km of a designated caribou water crossing and will give caribou 
the right-of-way where possible and safe.  

Mortality effects will be undetectable at the local scale. Direct and indirect loss of available habitat 
will be small at the scale of the caribou herd ranges (0.2-0.3% of habitat units). Other mammals, 
raptors and migratory birds will also have some previously available habitat become unavailable. 
Caribou will be unable to move through some areas (e.g. mine site, airstrips) that were previously 
available but few satellite collared caribou from migratory herds have been documented within or 
crossing the mine and access road areas. Uranium exposure to caribou and muskox will not exceed 
exposure levels associated with adverse effects and the level of exposure to all other constituents of 
potential concern are not predicted to change from baseline. Exposure to raptors and migratory birds 
are also not predicted to change from baseline. Any reduction in nest productivity will be local. 
Therefore, effects to wildlife and habitat are assessed as not significant. 
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Marine Fish 

Underwater noise from marine vessels can harm, disrupt, and/or displace fish from habitat in 
Hudson Bay and Chesterfield Inlet. Operating procedures to reduce underwater noise will include 
maintaining a constant course and speed whenever possible, avoidance of unnecessary 
acceleration, and maintenance of propellers. Fish response is anticipated to be minor, short-term 
and reversible.  Effects on marine fish are assessed as not significant. 

Marine Mammals 

Polar bears will not interact with the Project as all marine shipping will occur in the open-water 
season when the bears are seasonally forced onto land in the Hudson Bay region waiting for new 
ice to form. The ringed seal and beluga whale, common marine species in the area, may be 
disrupted or disturbed from vessel noise or experience a vessel-mammal collision. Marine mammal 
observers can be onboard vessels to monitor marine activities when transiting sensitive areas along 
the proposed barge route from Churchill to Baker Lake. A constant course will be maintained 
whenever possible, vessel speed will be limited in sensitive areas, and unnecessary acceleration will 
be avoided. Noise levels will be almost half the sound required to cause a behavioural response in 
marine mammals. There is potential that a vessel-mammal collision could occur over the life of the 
Project but with proposed mitigation, collisions are less likely to result in mortality. The effect on 
marine mammals is assessed as not significant. 

Worker Health 

Exposure to Hazardous Substances and Constituents of Potential Concern (COPCs) 

Workers in the construction, milling, mining, decommissioning and reclamation process for the 
Kiggavik Project may be exposed to hazardous substances or COPCs. Guidance to ensure worker 
health is established by the American Conference of 
Governmental Industrial Hygienists (ACGIH). An 
evaluation of potential exposures to hazardous 
materials and COPCs was conducted to confirm 
exposures would be less than guidance values. 
Operational experience gained from the mining and 
milling processes at AREVA’s northern Saskatchewan 
operations, which use many of the same chemicals 
that will be used at the Kiggavik mine and mill, 
provided a basis for the Kiggavik Project evaluation.  



 

AREVA Resources Canada Inc. 
Kiggavik Project FEIS 
September 2014 

Page xxii 
Tier 1 Volume 1: 
Main Document 

Popular Summary 
 

The greatest opportunity to implement controls for exposure to hazardous substances and COPCs is 
at the design stage. This opportunity is being taken for the Kiggavik Project. Standard work 
practices, together with practices implemented as part of a radiation protection program, in uranium 
mining and milling are effective at minimizing exposures to hazardous substances and COPCs 
found in the mine rock and ore. Important mitigation measures include ventilation, maintenance and 
housekeeping, education and training and personal protective equipment. With effective design 
features and proposed mitigation measures in place, there are no exposures to workplace 
hazardous substances or COPCs expected to exceed the threshold limit values established by the 
ACGIH.  

Exposure to Radiation 

A precautionary approach is applied to the control of radiation exposures so they are As Low As 
Reasonably Achievable (ALARA), social and economic factors considered. Exposure to radiation is 
measured in terms of radiation dose, typically in units of millisieverts (mSv). Dose limits for 
individuals have been developed by the international scientific community to protect against the 
radiation risk. 

In Canada, the Canadian Nuclear Safety Commission (CNSC) regulates the nuclear industry and 
regulations under the Nuclear Safety and Control Act specify the limits on exposure to radiation for 
workers and for members of the general public. Like hazardous substances and COPCs, the 
greatest opportunity to implement controls for exposure to radiation is at the design stage. This 
approach was adopted for the Kiggavik Project. Dose and dose rate constraints below the regulated 
dose limits are established as objectives to be achieved during operations. Radiation protection 
objectives were used when designing facilities, processes, equipment, and work practices in order to 
minimize exposure to workers and the public. A Radiation Protection Plan is implemented at 
uranium mine sites. 

Base case and upper bound radiation doses were estimated for open pit and underground miners, 
mill personnel and personnel transporting yellowcake. No workers are expected to receive radiation 
doses higher than the dose limits set by the Canadian Nuclear Safety Commission.  

Public Health 

Atmospheric and aquatic emissions from the Project may enter the environment and then 
subsequently expose members of the public. To better understand possible pathways for 
contaminants to reach the public near the Project IQ for Baker Lake was used to identify caribou and 
fish as primary food sources, with ptarmigan, arctic hare and squirrel also consumed. Differences in 
the consumption of water, fish, vegetables, berries, and wildlife for permanent residents of the Baker 
Lake community (adult, child and toddler family members), hunters at Judge Sissons Lake that take 
game back to their families and non-nuclear workers (non-NEW) at the Project site (e.g. camp cook, 
security guard), were all considered in the human health assessment.  
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Design of the water treatment plant to have appropriate and environmentally safe effluent discharge 
quality and design and mitigation to minimize air emissions and/or their potential effects are primary 
items to reduce potential effects to all environments, including the human environment.  

Air Contaminants, particulate matter, non-radionuclide COPCs and radioactivity were evaluated. 
Findings showed all concentrations well within applicable limits or criteria with the exception of 
infrequent, short-term NO2 and fine particulate matter concentrations at the Kiggavik camp. Although 
infrequent short-term concentrations of NO2 elevated above World Health Organization (WHO) 
health-based criterion occur at the Kiggavik camp, they remain well below WHO levels of concern 
for healthy adults. Levels at Baker Lake are well below any level of concern. As with NO2, fine 
particulate matter concentrations are predicted to infrequently exceed values designed to be 
protective of sensitive individuals at site but remain below levels of concern in healthy adults and 
levels at Baker Lake will remain well below any level of concern. 

The highest exposure predicted is for the non-NEW worker at the Kiggavik site who receives some 
incremental dose from radon and inhalation of dust at the site. None of the doses to members of the 
public are expected to exceed Health Canada dose constraints or the Canadian Nuclear Safety 
Commission allowable dose for members of the public. In fact, the incremental dose to the public is 
expected to be less than 1/10th of the dose limit and less than 1/20th of the average natural 
background dose to Canadians. 

Residual Socio-Economic Effects 

The Project will create employment and business opportunities. Employment and contracting 
opportunities will be maximized with preferential hiring; preferential contracting; education, training 
and scholarship programs; considerations for Inuit culture in the workplace and contractor benefit 
enhancements. Education and training will include pre-employment, life skills, high school 
completion, postsecondary, on the job, and mentoring programs for workers and prospective 
workers. Effects on community economies will be positive with incomes increasing for many people. 
Economic opportunities will have ripple effects beyond direct employment and business 
opportunities and community economies will grow. Job experience, education and training, and 
contracting experience will enhance the capacity of the labour force. 

Growing economic opportunities can encourage traditional culture by providing an income that can 
be used towards harvesting expenses. Economic opportunities may conversely contribute to the 
cultural shift away from the traditional culture as people adapt to expectations and requirements in a 
cross cultural working environment. Any reduction of harvesting, or sharing of harvest, has potential 
for effect on food security (particularly of the more vulnerable), nutrition and therefore health. 
Ongoing government support for traditional culture is expected to assist in the retention of traditional 
skills, language, values and knowledge. Effects on traditional culture are expected to be negative 
overall. The Project will not force or require changes to traditional culture but some drift away from 
harvesting, use of Inuktitut, and traditional values and knowledge is expected, particularly in the 
context of other forces of cultural change. 
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Increased incomes and cultural shifts have implications for wellbeing at the individual, family and 
community levels. Many people thrive with expanded economic opportunity but some do not. 
Individual, family and community wellbeing support will include a confidential employee and family 
assistance program; availability of peer or elder counsellors; communication systems for people to 
stay in touch with families; and supporting community initiatives to address community priorities 
towards enhanced wellbeing. Effects on well-being are expected to be positive overall. Although 
negative effects on traditional culture have potential to erode wellbeing for some, broadening 
choices and opportunities for livelihoods are counteracting factors and standards of living and 
household economic security will improve.  

With expectation for overall increase in community wellbeing, the need for some social services, 
particularly social assistance, is expected to decrease. The demand for health, housing, municipal 
services and potentially police are expected to increase with increased incomes.  Improved 
economic opportunities are expected to motivate more demand for education. Revenues to GN 
(taxes) and NTI (royalties) will allow the addition of public infrastructure and services to meet a 
potential increased demand and this is a benefit to the people. An increased demand for services 
would be a negative effect if the government were unable to meet that demand.  

Economic and fiscal effects at the territorial level are positive. There will be very large jumps in gross 
domestic product, employment, labour income, own source GN revenues and payments to NTI. 
Subsequently Kiggavik will represent a sustained contribution to the economy and revenues until 
closure.  

Overall, as people adjust to change with time, most negative effects are expected to be moderate 
and positive effects are expected to gain momentum. A Community Involvement Plan and a Human 
Resource Development Plan will be in place and updated throughout the Project. AREVA will 
continue to engage, including with elders to capture IQ, for input on socioeconomic management, 
collaborative monitoring and any needed adjustments.  

Different individuals can respond differently to an effect but the overall effect to socioeconomics is 
positive and significant. It is important to note that although the Project will end, the life-long benefits 
of job experience and learning are not reversed. Further commitments to enhance benefits will be 
negotiated with the Kivalliq Inuit Association through an Inuit Impact Benefit Agreement. 

Heritage Resources 

Archeological resources need to be protected from disturbance or appropriately mitigated. 
Archaeological studies were conducted and four small sites, including three stone markers and one 
cache, were recorded in the mine site area. The significance of these sites was assigned as low. 
The locations of additional sites have been and will continue to be incorporated into the Project 
design so they can be avoided if possible and an Archaeological Mitigation Plan will be implemented 
over the Project life. Documentation of each site is kept on file with the Canadian Museum of 
Civilization as well as with the Government of Nunavut and records are available for interested 
persons and future researchers. 
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Cumulative Effects 

Project effects are generally limited to the Project area with no potential interaction with other 
environmental effects from other human activities. Only air quality, terrestrial wildlife, health and 
socioeconomics had potential to act cumulatively. 

Air Quality - No other projects or activities are located close enough to interact spatially with the air 
quality effects from the Kiggavik Project mine site. Given the proximity of the preferred dock site to 
the Meadowbank dock site, emissions from equipment and vehicle use may act cumulatively. 
Emission concentrations increase in the immediate dock area but are limited to within 2 km of the 
dock and are assessed as not significant.  

Terrestrial Wildlife and Habitat - The alternate option of an all-season access road (winter road 
preferred option) may act in combination with local hunter harvest resulting in a cumulative mortality 
effect on caribou. Use of the road for harvesting may affect the distribution of harvest or the total 
harvest taken. Should the all-season access road be required and approved, AREVA will work with 
caribou stakeholders in determining how to control and manage public access on a potential 
Kiggavik access road in ways that respect safety, the environment and company use of the road.  

Worker Health - Exposures to radioactivity, hazardous substances, and constituents of potential 
concern were assessed for workers and members of the public, including residents of Baker 
Lake.  All exposures remained well below acceptable limits. 

Socioeconomics - Additional projects in the Kivalliq and/or throughout Nunavut are expected to have 
the same types of socio-economic effects as Kiggavik. If the combined demand for labour and goods 
outstrips supply capacity, mining proponents may be forced to meet the supply from the south and 
benefits that could have been retained by Inuit would not be. Nunavut’s labour force is growing so 
quickly this is a short term versus a longer term concern. Rapidly growing capacity in the Kivalliq 
Region to supply the mining sector suggests there could be spill-over effects into the Kivalliq Region 
even when projects are located elsewhere in Nunavut. Mining projects eventually close and the 
availability of new projects to take the place of older ones provides alternative jobs and markets for 
labour and business so the effect is positive. 

Transboundary Effects 

A transboundary effect may occur when a residual effect occurs outside the Nunavut Settlement 
Area. The Qamanirjuaq and Beverly caribou herds migrate across jurisdictional boundaries. The 
absence of significant Project and cumulative effects on caribou removes the potential for significant 
transboundary effects.  
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Effects of Environment on Project and Accidents and Malfunctions 

The natural environment has the potential to affect the Project through a number of 
mechanismswhich include: extreme weather, such as blizzards, high winds, extreme precipitation, 
storm surges, fog; climate factors, such as thaw susceptible soils; seismic activity; wildlife 
encounters; and fires. Resulting potential impacts include: increased risk to personnel safety; 
damage to infrastructure; upsets to the site water balance; and difficulties with logistics and 
transportation. 

Accidents and Malfunctions, including those caused or compounded by environmental hazards, 
were identified and assessed. Key Project components assessed include marine transport, activities 
at the Baker Lake dock facility, transportation on the Baker Lake to Kiggavik access road, open pit 
mining, underground mining and the milling operation.   

Mitigation measures consider personnel, local communities, the environment, and the operation and 
include 1) measures to reduce the risk of an occurrence (design features such as site containment, 
management programs and routine monitoring); 2) measures to minimize the consequences if the 
event occurs (emergency response, spill contingency, management and monitoring programs); and 
3) measures to ensure control is regained before activities re-commence. A preliminary Emergency 
Response Plan has been prepared for the Project.  

Sustainability 

Strong Project design, implementation of effective mitigation and comprehensive monitoring, 
continuing two-way communication and partnership with communities and a commitment to adaptive 
management and continual improvement ensure adverse effects are minimized and benefits 
maximized throughout Project life as identified within the balance of environment, people and 
economics. 

During the Bruntland Commission, the World Commission on Environment and Development 
defined sustainable development as “development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs.” As identified in the 
socioeconomic assessment, the life-long benefits of job experience and learning will extend beyond 
Project life. Project benefits help to meet the needs of the present generation but many benefits and 
investments can also assist future generations in meeting their needs. 

Acknowledging residual effects associated with development, the development of the Kiggavik 
Project will not compromise ecosystem integrity. Socioeconomic impacts will be positive overall with 
existing and future well-being of Nunavut residents protected and promoted. 
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bmgm sx5bMwiZk5 bmgm WoExaJmJ2 rZF4 WoExaJmJ6 bmgjzl b2fx v2XisJ5 

bmfiz WQx6t5yJN6iZk5.   

bmgjz bmN xgtcymo6g6 srsk5 b5omk5 WoExaymo6isJk5, x?toEif5 xml 

wMscbst5yb3if5 cspNhx6i5 b2fNz5 xE?fi5. bmfkzl czniboEi6tA5 

WoExaMs6gtA5 bmgjz WoExAJmJj5. bmfc xehwisMs6g5 xml x?toEif5 

WoEisMs6g5 WJN6t5yicMs6S5 x?toEif5 x4gwicisN/6g6j5 cspQxDbsif5 bmN 

WoExaJmJ6 xeymiz bmfkz xyQtAl iDxbsJNici5 WoExaJmisJk5 Wjmicyx6i6 

xml xeh6ymiq5 bmfkz x4g6bsicisN/6g5 xQJolxdNQ5. kNo4i4 wMscbst5yif5 

bmN wvJDbsiv6S6 WoExaJmJj5 xehwi5 xml xsM5yJbsi4nk5 xgznsix6g5 xml 

wkw5 cspm/gcZ5 wvJ6icmES6 cspmiE/sJi4 bmgjz kNj5  

bmN cspqx6bsJm3g6 b2fkz kNKu x?toEi3j5 vtmp5 Gvtmp5H bmfx Wbcl4b5yx6mzb 

bmwi4 gnsm/sJ4ni4 bmfNi Wd/symJi xgxznk5 bmgjz xehwi6j5 bmgjz 

x?toEi3j5 x4gwici6j5 ttC4ymJ5 b2fkz xE?fk5 Ehx{ vNbu rZF4 WoExaJmJ6 

Gvtmp5 ttcZ Nnsb )(MN))#H xml rNgwNfk5 sfwzoix6Li xgwNso6li 

bf/sJ4nsix3Li. bmfkz xuhwi4 wMscbst5yibcsix6g6. 

rgiqk5 

x̀E?f5 vNbusb6 v2XisJ6, ttC4F4Jxcg5 bwvi n{vg8, n{n5hKx8. b2N v2XisJ6 !)) Sn8 

wMQ/sli b2fkz xE?f5 wMqgk5 v2XisJk5 ttC4FJxcLt4 bEs2 xrxi Wse{ ?c{. 

b2fx xE?f5 wMqg5 yM6Jxl4bu yKoXAJ5 bmfiz Wct5yi6u4 scosDti4 scoEp5 

bmgjz urJj5 ỳs@ nN/sJj5 bmfkzl nlmJk5 kb1AXoxJN6isJ8k5 svoEif5 bmfkz 

svoEisJk5 xgZsJi4. x̀E? xsM5ypsN/6g6 bmgjz rZF4j WoExaJmJj5 uri6nsJu4 

NuiccbsJk5 /X8 vNbu J̀E`ix7 v2XisJ5 b2fxl xyq5 fxS̀En8.   
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W9oEx=K5 

b2fx r[Z=fs2 W9oExq5 g4yC6mb J̀È8ìx7u4 s/Cz8i4 s/C4bDxLt4 yc9otElt4 bwv1i 

r[Z=F1u kNzi kN=K6us6 *) r9̀Mug3{ sxN6̀X8̀i cmi’g2. 

r[ZF4 WoExaJmJ6 xF4ym[Z/6g6 Wzh9o6cz2l8i bw/sJ6 r[Z=Fs2 kNq5,er6b9o4 

kN xml cmi’gx6 w4n6F4. x̀E?4f5 s/C4b6Fc68ix5 J̀È8ix7u4 r[Z=Fs2 kNzi: 

etx8̀ig6, xml bwv8imE4,xml er6b9o4 m3A8i4 s/C4ys6Fsl8i J̀E8̀ix7u4 x7jcw=Fsli: 

x8tD̀y by6 xml wh4O6, n[ZFsl8i s/C4b6Fs8ix6 Wzh5 r[Z=F1u s/C4b6=̀F5 

Wcbs2lt4 x8tDy by6.s/C4b6̀F4 wh4O6 kNs2 w9lx8i5 s/C4ys6F4 ẁl7j5. s/C4ys[Z4n5 

Wbc6g6 %!,))) b8{i4 J̀E8̀ix7u4 G!## u9̀ox*{ sdms8iq5 `J#̀s#H xg6bs?4g5 ).$^S3n8{ 

J̀E8̀ix7c6g6. 

s/C4b6bsJ9̀l4̀b5 s/c5 bwvz5 yc9oF8j5 x[/6g6bsJ̀m5 r[Z̀F8ugj5 kNzk5 xg6lt4 

s/C4yst8i4 yc9otEFj5. s/C4b6F4 n[Z6F4 r[Z=F1u xg6bs8ix6 x4bf6i6u4 mCF8i6i4. 

b78N J̀E8̀ix7 W/6bsJ6 S6g6bs̀l8i xs9M6tbsl8i t1uhf5 c2̀l`N5 kNzk5 n8NFq8k5. 

yc9otEp5, s6hx9̀lw5 xyql, s7ux6Jx4f5 x[/6g6bs8ix5 y4vsf9̀l cmi’gx6j5 xml 

kN4fDtf5 r[Z=F1j5 x[/6g6bso6ult4 srsf5 x2dt4f5. cz̀l4b4f̀o x2dt4f5 cmi’gx6u5 

r[Z=F1j5 kNzk5 xg6bsgw1ǸExo4 whm̀9̀osbsyx3l8i ryx8i4 WJt9̀o5 srsf5 kNuxf5 

xJ8̀Ngw8̀ǸExc6m5 W9oExElA. 
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s/C4b6F4 xs9MC/6g6 srs8k5 !$8k5 W9oExc8i4Xb w9los6g4n5 srs8k5 Wzh8k5 

s`?̀l`8`i5 yb7m8k5 w[̀l9os6X[Q6lt4 y=K8izA5. s/C4ys6F4 s4fx6X5 n9lm6n6bs1N/6g6 

srs8k5 b9o7m8k5 wcbs2l[Q5 cspn6̀t5 Wx1i8if8i4 srs8k5 d9̀o8k5. s4fx6bsym9o6X5 

W9oEFsJF8i6 Wcbs2l[A yd2t6bs8iq5 kNzi xml Wdygc8k5 st6tbs4X5 

xyD6N6g5 x=?b8̀ig5. s4fx6bs8iz Wbcs6ix6 n9lm6n6lQ5 wD6n6l[Q5 rao6X6ust8i4 

b4f4nsJ5 bw7mwg8iz. 

s/C4b6if5 s/c5 vt6h6l[Q5 yt9o6tbslt4, ns/slt4, xe4bslt4 xml kNC6b6g̀lxo6lA 

xml i6J̀t5 x2dt[Q̀J9̀lxo6lA. n9lm6nwo6Xb s4fx6X5 X6N4ymJ5 r1̀Ns/c6t5y9̀lt4 

xg6bsJ4n8i4 r[Z=fs2 kNzk5 W9oExF9izk5. r8`Ns/c6tbsyx68ix5 Wbc5yxf2l[Q5 

n9l7m6nwp8k5 xm̀l kNs2 st6tbs8izk5 xJ6Nqtbs8ix5 W9oEpcsyx3lt4l.. 

vtl5b9LQ5 scsyEl[Q5 c2ys8ix6iq5 xgx6bs8ix5 &%)u5 xml ^))j5 W9oEps1ix5 

n8Np5 xml xs9M6tbs8izk5 sW[Q/s9l8i. xyx[A5 n8N8ix5 n8̀N`p5 xml !,#)) a8ix5 

W9oÈlx=fo6Xb. b7m9̀l4bq5 vtL[Q5 b4̀y/st5 xml i8q6b68̀i5 xr9`osbs8x5 r[Z=̀F1uzg5 

vt`l4b6L[Q5 ! 2̀W9̀ox8{ xr9̀osbs8ix5 kN=`K5 g8z=F4f8k5 tudtzk5. Gg1ZF4H, kN=`K5 

v?7mf8k5, GkNKj5H xml b2f8kz v8̀Nbs2 v?m4fqk5 

W9oExq8k5 xg6bsJ4n5 xm̀l W5Jtq5 

W5JbsJ5 ghCD̀tq5 r[Z=Fs2 WoExzk5 WD6nsJn3nb: 

!H csp8mb st6ttFsJ̀lx3mb N1u8iv6g5- xq̀J`t5 xrgJ6Jx5 @.! 2̀W9̀ox8 b9̀M{ xml 

xsM6izk5 xqJt5 xrq5 @$) 7u9̀ox8{ srs6 xbsy6. isF6bs4X5 y9M6Jx3j5 J̀E8̀ix7 

whn[Q/sJ6 sr8k5 b9om8k5 xr[Q?4b7u8ìg6 st6Fs8i6j5 `Nm7uxg6 WD6tbs4Xb 

N1uic6gj5 xml yK8i6j5 nqJgw1N3g5 ẀJu8N6g6 W9oExE/s4X5 Wcbs2lA 

W9oExaux3X5 Wcbs2lQ5 bsg4b2t[A5 yK8i6u isF6bs4X5. 

@H. W?9o6Jx3ix3g5 kNKus5 xml g1isc6bs1iq5 wfW4g9oE2lt4 W?9o6iq5- b7̀N 

r[ZF4 WoExz W?9oDtc66ix3g6 kN9o8k5 W9oEiqk5, WoEx4n5 nesm8ix3g5 xml 

xJ6NqX9o6li. wvJ̀t5 `bsg4bs8ix5 xml cspm/sJ5 x6F8i`o5 kN9̀o5 r=?9o6u. 

W9oEF=K5 g8iy?48ix5 bsg4bsl8i W9oEx4n8k5 WD6tti6j5. 

#H. wvJ6ic6ix3g6 y9M6Jx3j5 csm6dt9̀os6i6u4 xml WJm/sJ6 J̀E8̀ix7ME4 

s6hE/s4X5- y9M6Jx3u J̀E8̀ix7 cb4ym8m5 xr[Q?4bz yK8̀i6 bf2lA srsl4̀b3j5 

xg6bs/Ex̀o5 n9lmJu4 w4rb6g9̀os6i6u4 Gxg6bsJ8NC/6iz wrb6g7j5 s6hE/s8N/6X5 

xr49`o[QxlAH J̀E8̀ix7 r[ZF1u5 wvJ6icD8N6g6 y=K8i6u J̀E8ix7 s6hEl[A, 

ur9o6t5yJN3g6, Y9M6Jx6us8i4, SJ69l8i4 x8̀ixt5yi6u4. 
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Wbcqg6- w1NqstJ4nu4 

emwgw8N6i6 WoExaJu4, xy8i4 WJbsql8i x?ts2 x4g6bs̀lx6izk5 s̀?9̀l8`i5 

w9odysJ5 whm9̀lbslx3X5 W8Nho6Xb W/sdpqo6lt4, X6NsbsJ5 WoEx4n8k5 

`Nm[A8NwDbsN/6g6 m9oZ4nqk5 w1iM4t5bsym8izk5 x?b8̀k. x?t9oEp5 vtmpq5 x?tu4 

N4?6F[QqXA h8Nu4 s9lEx8N6g8i4 WoEx4n6Jx5 xml x8ixc6Nqg6, Wbcs6izk5 

W9oEx4nc6t5y8izk5 whm9osC/qg5 W9oExu8i4 emwg̀w8̀N6i6u4. 

J̀E8̀ix7u4 Wa6t5y8i6 k8̀NK7u 

kNK5 xF4ym8iz wh7m[Q/4nu4 x5psqgu4 xm̀l X6̀Ns̀t5 J̀E8̀ix7u4 Wa6t5y8i6 

bf4nstbsJ6 whm4n6ysDbs2li J̀E8̀ix7 WD6tbs1iz b4f/s8iqtA b7mwt[A5, 

scsycD8N6iq5 xml xg9od/sJ5 J̀E8̀ix7j5 e8i6n6i6 xml s/C4bEx6̀i6 

N9̀lNw6bsymK6 g8zF4f8k5 J̀E8̀ix7j5 m9o[Zw5 xml x6F8i9̀o5 W5J̀t5 J̀E8ix7j5 

WD6bs4X5 kNK5 v?mfq5i5. xe=?4f5 W7mExt5y8mb xml w4fW1i6u4 WD6t5y8i6u4 

xgxcbs2l[Q5 v8̀Nbu m9oZ6Jw5 xml y9̀M6Jx6u xqct[̀Q8̀i5 c8kwgcdN[A s4fx̀l 

gzF4f5 J̀E8̀ix7 m9oZq5 xml kǸK5 v?mf5 xgx6bsd/q5 xml g4yCstq5 r[Z=Fs2 

W9oExzk5. x̀e?4f5 WJm8ic5yx3g5 w4fW4g9oEi6 WD6X9oxd2lA xysdpifqg69o kNu4 

xml wkdtq8i4 kNK7us8i4. 

x̀E?4f5 vJy8̀Ng5 csp[Qx6g6Lt4 x?tK5 ux8iEsyxd2l[A 

x?t9oR8i6u cspn6̀i5 Gx?tH xg6bs8iz N9̀lNw/wJ6 W5bcgwNExo4 W9oEi6j5- 

x?t7j5 WJt4n8i4 xml WbcD8N6izi4 x4g6bsi4nzi4 x?ts2 G̀i5H cspn6bs8̀i5 

u4O[Qx3l[Q5 Wbc6izk5 x4gwJ8̀N6iqk5 whm[Q/sJ6 xml xqi6nf5 W8Nhx6bsd2l[Q5. 

x̀E=?4f5 s4WDh4g5 W[QxD`t5 bwmwnEx̀o5 grysmyxCu4 x?t7u4 b7migu4 xml W9lx3gu4 

WoEFsiz xe4bsym8iz xml cspn6bs8iq5 xml x?ts2 x4g6bsg1wNExc6iz. 

W[Qx6bs?9ox1iz iDx6bsym8iz W9oExàJ2 xe4bsymiz u4O[Qx6bs4X5. 

bsg49l[Q5 xgx6bsN/6iq5 W9oExz5 w9M9ost2l[A x?t9oE8i6u4 xgyx6iq5, 

W9oEx4n5 xg6L[Q5 xml W9oExz5 xs9̀M6iq5. W9oEFz5 xesmiq5 whm[Ql[Q5 x?tu4 

W9oExc6iq5 bsg4bslt4 xglx6bw9olQ5 w7m6u4 xml xgv8i6i6u4, xesmt5y8i6 

w7m6u4 xg6bsv1i6izi4, u4O[̀QxEi6 g7uq5, t[Ayv1i6i6 w78m6u4 m9l7m6nwv1i6i6 

x4gwdN[Q5 W9oEFs̀J2 x?t9l4bzi4 xml u4O[Qx3l[A x1ixt5y8̀i5 xml xe4h6bsJ5 

x1ix1iq5. 

s4gCDt5 NlNw6yJbsK5 bmfkz xeh6bsymJk5 NlNw3yJbslt4 xMQk5. xeh3ymiQ5 bmfx 

W5JbsicDN6g5 xgQXoDbsi3j5 bmfkz x4gwicisJN6gk5 xyaXoxisJk5 s?li5 

bmgjz xgMs6icC/3gk5 bmgjz WoExaJmJj5. bmgjz x?toEif5 uxi6yJt4nk5 

s4gCymi6ta5 xgtcC/iqk5, W?oDbsi4nqk5l Gh6l wclcis?4g5 uxiE/sJt4nqk5H 

bmfxl4b6 xeymyx3gu4 W?oDbsicg5 s?li5 bmgjz x?toEif5 x4gwisN/6gu4 bmgjz 

WoExaJmJj5. 
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bmgm̀i WoEict5lQ5, cspn6ibv6ix3g6 xgwN3ix6gi4 bmfkz WoEJbsJk5 

ckwXoxiqk5. x?toEif5 x4g4bsi5 cspn6bsix6g5 NlNw/sbslt4 bmgjz 

WoEisJj5.  

xgZ4nsix6gi4 xsM5yJbsix6gk5 whmosDt4n5 xebs?4g5 bmfiz gzFcLt4 

cspn3bsifMs6gk5 bmfx cspnifMs6g5 xqi3nsicCzb bmfNz5 whmq/symJi5 

xehwicviExcCzbl, s?li5 xyqta5 xehwviExcCzb bmN 

W/ExcCz5.vJyicX8ìx6g5 bmfiz xeQxXoDt4nsJi4 yKi4nj5 xehbsix6gi4, 

x4gwicisJk5 xsM5yi4nsJi4 whmosDbsif5 bmfx WoEisJ5 WoExai1Q5 

W5yxClx6t5lq5. bm3u4 xsM5yuif5 xg6bsiQ5 vJyt5yici6l xeQxXoDt4nk5 bmfx 

xgZsix6g5 b2fkz x̀E?f8k5 W?oxiE/zk5 bmgjz x?toEif5 uxi3y?oDt4nk5.  

bm̀N W?oxi4nj5 WDXoxi6 bmfkz WixChQ/si6k5 bmgjzl WoEisJk5 cspn6Dt5 

xml cspQxvi6bDt5 bmfx uxi6y?oDbsf2lq5 bmgjz W?oxisN/3gj5 

x4gwicisN/6gj5. Wjmic6i1Qk5 bmgm WoEisJj5, cspn3isJk5, xml cspQxvib3if5 

bmfx vJyicg5 bmftaN6 vJyt5yisJtA5 W?oDt4ni4 gzFv3lt4 bmfiz cspmisJi4 

xg6bsymo6gi4.  

kNo8i4 wMscbst5yi6 

x̀E?4f5 WJmicg5 bmfiz rNfgwN6i4 wMscbst5yi6u4 bmN bfN6yx3g6 bmftAN6 

W?oxisJta5 WJmiE/2tA5l, bmfkz W?oxQn3bsJta5 W/ExcisJtA5l bmil 

kNKucbsif5. b2fx xE?f5 xg6ymo6g5 xMQi4, bmil kNo4iymo6g5 r?9o3u bm̀N 

W/ExciXaMs6m5. bm4fkzl vtmctQb6i3f5 vtmb3if5l bmfx xMqg5 WoExcsg5 xml 

bmgjN sfwzt5yb6if5, x̀E? bf/6gwt5yb6ymJ5 bwv̀i srs6b6zi n{v5hKx8u J̀Eix7u4 

WoEFsJu bmfx wkw5 bf5hm2lq5 bmfiz ckwgmzb bmfx J`Eix7u4 s/CbEx6isJ5 

xm`l bmfx ycotEFsJ5 ckwgmzb bmfxl sfx6bsCi4ymo6gFi5 s/CbEx6Fsif5.    

grysm2la bm̀N scsyci6 xg6icMEiz gnsmt5yJbsif5 bmfkzl wodygck5 

xg6lxiciz, x̀E? WNhx6icg6 bmfiz wk4go6tEi6u4 bmfiz ttC4ymJi4 xml 

bE/sys6ymJi4 xml xg6X4uJ5 c2lNg5 wk4g5l gnpcX4lt4 W/ExcCzu4. 
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bm4fiz bsg4Li scsysifi4, xW2fys6ifi4l xm̀l whmlQ/sifi4 scsysifi4 bmfkz 

scosDbsi1Qk5 xml\s?li5 bmgjz rZF4u WoExaJmJj5 bmi kNKu srsi bmfNi 

x6Fio4i cqg̀i. g4g5 scsysZJ4iXaJ5. bm̀N kN\smJ5 NJ6bszJisj5 bmfkz 

bEs6usb5 wm6usb5 xml nlmJu4 wmv6i6 bmfxl4b5 scsyszJi4xaMs6g5.  

bm4fxl whmQ/scbs6b6ymJ5 scsyscbs6b6ymK5 kNo4i vtmctQisJi, mfxaJ5 bmfx 

W/exciq5 xml wMscbs?o3tbsd2lQ5 mf4g5 bmfxl s5pE/s5yx6f2lq5 wkgcw5, 

s5pDh5yx6i6mfkz, xg6bsiQk5. sW[Q/si1Qk5l bmfx wkw5 cspm/gcq5 

WoExnct5yi6 xml xyql wvJDbsJ4n5; x8icNQt5pi6 xml xesmt5yi6 bmwk5 xml 

bmgjz J̀Eix7oEi6j5.  

bmgjz WoExaJmJ2 xeh6ynizk5, bm̀N x2dys6bsJmJj5 whmq/symiz bmsNl f4f5 

wvFosC/6Xb bmfx scsyslxicMs6g5 bmfkz xWdy6nbcsli bmgjz 

s/CbEx6FsJmJj5 bmfkzl ycotEFsN/3gk5. 

bm4fx scsysb3if5 vtmt5yb6if5 whmQ/symJ5 xml xg6bslt4 yKi4nu bmfiz 

wMscbst5yi6j5 WoExaJ4nk5. bmN xeh6bsymiz bmgm WoExaJmJ2 bmfxl 

ttCbsymJ5 WQxDbsN/3g5 bmfkz wMscbst5yb6if5 W/sJmici5 bmfx bmN 

x2dys6bsN/3g5 whmq/symiz wM1Z5 w6bsd2la, WQxXo3t5yici6l bmfiz 

wMscbst5y?o3i6u4 mf4gi4, xyDJwg6 wo8ix6bsinzi4 bmfx bmgjz xyDJwgj5 

uxi6yJbsi5 bftbsd2lQ5 bmwi b2fNi mDi4 x6FiosJi kNo4i r?9o3u bmftaN6 

sfwxt5yisJta5 xml net5yi6u4 bE/sys6ymJi4 bmgjz xyDJwgj5, bmfxl WoexaJ5 

xeqxXoDt4nQi4 bmfkz g4g5 xml wm6usbw5 bEs6usbw5 wmcyxXovid2lq5 bmfiz 

kNo4i cspm/sisJi4 xgtcyxvif2lQ5. 

wkw5 cspm/gcq5 

wkw5 cspm/gcq5 xW3h6b3if5 

wo8ix6t5yb6if5l WJtc̀lx6Lt4 bmfkz 

wkgcsJk5 xml bmfkz xaNh4t5 vtmpqk5 

bmfNi mD̀i4 x6FiosJi r?9o3u kNo4i. 

bm3u4 kNosmw5 WJN3t5yMs6S5 

grỳ?̀o`Dt4ni4 bmfkz scsysifk5: i6Jt5 

xml xaNh4bs?iq bmẁi kNu wm6usb5l 

smJ5, t4uxDy5 xm̀l mi8i4 Wrsb6X̀i5, 

wcl4ys6i5, WD6g5, x2dtQ/s?4g5l 

xsM6gk5 wodygci3l Wbcsi5 kN5 yf2 

ckwXox?4iz, w7ms2, xyaXoxizb yMs2, 

xml bmfx whmq/symJ5 bmgjz 

WoExaJmJj5 xWdy5 whmq/symi5l.   

gnZnsJ5 bmfkz wkyoEij5 W?oxi4nk5l whmq/symJ5 bmftAN6 W/sJNMs6g5 

xW6h6bif5 xm̀l xuhw1Alt5 scMctQif5 bmfx̀l WoEps?4g5, WoE?4g5l w[lusctQ5 
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wMq5, mf4g5 w8Nw5, xml x6Nw5. scsysMs6g5 mfx x6Nw5 W/4nq5 xgbs6?iQ5 

i6Jt5 ieQ/q5 wodygctÀl xg6bs?4g5. 

wkw5 cspm/gcz5 xg6bsMs6S6 bmfkz wvJDbs?o3i6j5 WoExaJmj2 ckwgix3izk5, 

bmfkz csp?oDbsJtA5 bmfkzl vt6h6bsifk5 bmgjz csp?oDt4nk5, iDx6bsymi1Qk5 

bmgjz ẀMestbs̀i5 cspn6bsiqk5, NlNw6bslt4 bmfx WMEsi5 xm̀l; bmfx 

NlNwN/6LQ5 xgtcyxC/6i5 xml cspn6i5 bm̀N uro?oDt4nzk5 x4gicisN/6g2 

bmwk5 x?toEif5 xml kNo4k5.  

mNsJ6 xy1Axox̀i5 x?t9oEif5 

b7mgm̀i WoExaJmJu x?bi cspb6ymK5 bmguz xy1AXoxisJi4 bmgjz WJtcgi4 

wrNlx6i6j5, sN3iclxqizk5l xm̀l xkEgZJlx6iZk5. bm4fx srs5 srsacbAJ6 xml 

wrN6g6 xm̀l bmfx xs/si5 Nwg5 xml sN6g5. xMQisJ5 Nwgbsmb. wrN3Jxis?i1Q 

bmi cmi5gx6u bmilx6 wr6NicLi -%).^ bmi /8kxEu xml sN3icLi bmi ##.^ 

JoaoCz5 bmgml xCAbm5 sN6iclx6Li yMs2 sN6iza5 i4oNicLi -!!.( bm̀N 

xkEciXa?4g6 bmz5 Neizl xk̀E2 bm̀i cmigx6u sx4Nf5 bmi @).% rMug{ 

Neiv6li bmsz trb6Li #!.& r̀Mug{. xkEs2 Nr3iz xqi6nsJ6 bmz5 #(.^ G!! 

nriz wcCj5H bmfx WbcCJisJ5 bmgjz xkEci6j5 bmz5 /8kxEu5 m3pj5. xkEs2 

Neiz cqstb3iz bmguz !)) rNug{ wcCj5 WbcJuMs6X4g6 wmv6 srs5 Wzh5 x[Zw5 

Wxi4vzb. 

yMs2 xi6n6g6bs?4g2 xkÈiz, W6Xl8̀4i5 xm̀l n4JWM6i5 bmfx WdygcsJ5 bmfNi 

urJbsJi x4g6bsMs3ym1Qgi4 bmgjz x?toEif5. 

bm4fx f4v5 etciq5 wmNlx6 ! ug{ wtcs6gl4b5 bwmNlx6 xml bmfx bm3uvn4 f4v5 

dymJl4bah6g5 srsl4b6. by5 wtlxX1Qg5 wmv6 bm̀i wticlxC/6g5 wvi6nsli # ug{ 

xm`l yfyml4b6X5g5 s4gWEu5 bmsz 5J8̀ij5 bmNl yf w2Jiclx6X4g6 bmi wmv6 @ ug{ 

wM1Qi xuhqg̀i bmfx srsf5 w2JicXiQ5 csp/symJ5 bmilx6 # ug{ bmfx f4v5 

f4Xoxo6XuJ5 sWZnf54 bmN xS5 xsX4oxoCz5 bmilx6 be Ji NXDXoxt5la. 

f4Xoxo6Lt4 sWzl4b6l f8̀ixo3Lt4. by5 wticiQ5 xsXoxiQ5 bmi sW1Z1A?oxoCz5 

yfwDt?4lt5 be 5J8̀i etzi.  

bm4fx xuhMah6g5 bmfNz5 wcl4i cspm/sJ5 bmfNio by6i bm̀i mfx hl4Xszw5. 

xyq9l NlNw6bsymJ5 wclw5 xba5 cio5, wFbDw5, t4bo5 vrFx6g5 xN4o5 wcl4W5 

v8NJw5 by6usbw5 vrFx6g5 bmfx̀o Ni/symJ5 cmigx6u. hl4Xs[Zw5, wFbDw5, t4b̀o5 

xyql bmfx bmfNi byCi WbcCJ4g5 byusb5 vrFx6g5 xml xml6g5 vrFx6g5 

cspm/sJ5bs6. wcl4W5 xml xN4O5 WbcDJ4g5 bmi vQ3J2 fzi.  

bmfx wMq5 Wbxis?4g5 Gxeg5 nFC/w5, ytJ5 nFC/w5 xsX/6g5 v8k/w5 nF5l xeDw5lH 

bmfNi wmv6isJi WbcsX3g5 wMqi bmfx by5 nFcicsLt4l GbmfiznwN6 xsX/6gi4 

r2o6gi4 xml xeDw5lH bmfx bmfkz cspnDbsis?4gk5 xqi6nsMs6g5 vNbu vtmp5 
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ui{bsJ bmfkz x?toEi6j5 xgxznos6ymJk5 bmfx wody1Q5 wodygcu4i4 xeymJ5 

Wdygcu4i4.  

w2J̀iz bmgjz xgtcyx6i6sJj5 WbcExcg6, bmzlx6 ! s?li5 @ ug{u4 bmszlx6 % 

ug{ bmi s/CcsisJu cwgcisJu. bmgjz wticiz bmilx6 wodygcz @!) ug{ 

wtiz b̀mi rZF4 cibzi bmszlx6 @%) ug{ wticLi bwvi e4ebo4u x?bil. 

Wbcyxqg6 Wbc1Qg6̀l`i5 x5tQicsi1Q5 b2fx wti1Q5 GmiCs2 eeizb xbiH xm̀l 

w5vi5 Gwodygcu xeymJ5H miCs2l wmciq5 wQCiciq5. s/Cw5 bmfx bmgm kNs2 

eeizig5 wmcgcicyxqg5.  

bm̀N miC kN Wbcslx6icg6 mi4g2li mi5icsLi kN miC6 bmǸl s/CcsLi 

cwgcics3Li gxXics3Li, xuh1Qgi4l x5yicsli. ezszci5 WbcCJlxqg5 bmN 

miC kNs2 cz gxXicsg6 xd2oEgu4 bmfxl xMQicslt4 ckwgicsiq5, wMq5 w2J2 

miCs2 Wbcsicg5 wM1Q bmfiz GnF4ncicg5, e2o6gcsg5, s/Ccicsg5H bmfNz5 

xqi6=nsJ5 v8̀Nbu vtmp5 ui{bsJ5 bmgjz x?toEi6j5 xgxznos6ymJ5 bmfx 

ckwgiQ5 wodyq5 Wdygcu4i4 nNymicg5. bmfx x5yiciq5 bmgm miCs2 kNs2 

czig5 xgvi6bsJN6g5 xeh6bscilt5 wodygcQk5 bmilx6 !! n8bug{ xqi6Xali 

@ y8bug{ bmfǸi S6gisJi kNi miCi kNi miCi wodygcqi bmi5lx6l #! 

y8bug{ bmfǸi miCsi6i x5yisJi wmcisJi kNcisJil w2Jicsgi miCu. 

bmgm̀i WoEFsJmJ2 x?bi bmguz kNu4 kNcics6g6 WdgcsLil xml s/CcicsLi 

csgcsLil. kNu WD6g5 bmfx Nwg5 WDg x?Mex5 s6WZw5 xyql bmfxl wF4hzw 

wF5 Wg5l, w2Jcsi5 m8i5. 

Bm`N WoExaJ6 x?b kEsFs?4isQg6. bm4fx t2/os2 

g4gdtQ5 kEsFQ?4bz5 bmi szy4ic5lx6g6 &) 

r̀Mug{ xm̀l bmfx cmiJ2 g4gdtqb kEsFQ?4bz5 

bmi @)) eMug{ szy4iclx6g6. bmfx cmi3J2 

t2/os2 xml xBx6us5 g4gdtq5 Wh4Xmb bmsN6Xmbl 

r?9o3f5 sWznaoCz5 sWzaoC1Z5l cspn6bsif5 

bmfx xml bmftAN6 czb3tbsymJf5 

eusy6bsymiqtA5 bmfx Wh4XoxoCZu4 

w1QC?oxoC1Zu4 xuhmEs?4g5. WzhwaJ5 kNu 

srs6ysX4g5 g4g5 s4fy4no4u xm̀l cmigx6u bmguz 

srsf5 xbsynwN6u5 NJZcDN6g5 ryxi Wh4XoxoJuJ5 v1Qjx4Xox2lt4 k̀Es6N56y/Cz5.   
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su4mẁo bmiX4g5 srsl4b6 

x7u`h?4uJ5 xM[Q5 bmfiz ien6ys6X4g5 mfgxaJ5 x4I5, cF5 xm̀l xmDw5 bmi1QN6XuJ5 

cspn6bs?uJbs6 wMif5. uri6nsJl ien3ys6X4g5 h6l mfx, tyEzix5, bmfx 

WbcscX4g5 t̀Ezix5l bmfx bfNCJ4g5 bm`i urJft5l bmiX4g5 bmfx xF1Zw5 y4y5l 

xuhJ5 bm̀i.  

t4uxDy5, y4/6usb5 t4uxDy5, y4/Ex5, smJxDy5 xm̀l kNusbw5 t4uxDy5 xCAbm5 t4X4g5 

c2l̀N5 kNzi5 srs6ys6FQ?4bu4i5 m8iosEx6g6Lt4 bmi sWzAO6Cz5. r4ZF5 xeq5, 

rZF5l gZgw5l bmiX4g5 srsl4b6. bm̀i kNo4il4b6X4g5 WbcsqN6X4g5 xuh1QgZlw5. 

bm4fx bf4nszJ4i6X5 t4uxDy6i bmi cmigx6u xml w[loZ3J6u t4ux5, ut5 xml cNs5. 

dXkx5, dh6g5 cns5 xml bm4fx f4Jw5 bmi kNuX4uJ5. 

w[loZ3J4j5 f4 f4g6 cmigx6u5 f4Li bvkz w[loZ3J6j5 w[loZ3J6 szy4iv6g6 @)) 

rMug{ bEscisj6 bmN cmigx6j5 xb2li bmsz bEsj5 B5n8Wj5. sZw5 vNJw5 wcl4W5 

vNJw5l xml vrFx6g5 Ni/sJN6g5 bmi w[loZ3J2 x?bi. bmi b5n8Wu bmfx vNJw5 

xuhi6XaJ5 Wbci6XaJ5 bmfNi w5vi6i6 Gu4ni $%ug{H bmil4b6 kNKl4bu. xfrgu 

szw3 xml bEs2 xN4oq5 bmfx WbcCJ4g6b5 xuhi6X5 bEs6usbi wcl4i bmi b5n8W 

bEszi.  

wm6usbw5 i6Jt5 bEsu bmfNi Wbcsi1Q5 sux6Jw5 yvs5 x2dtQ?4b1Q̀i bmfxaJ5 

Nkw5, eNlzw5, xm̀l s4Jw5, rNlZw5, x6F5 xm̀l N5y5 Wbcs6uJ5 bmi b5n8W bEszi, 

ee4bl4u bEszi Wbclx6Xqmb bmfx bEs6usbw5 bmgmi sux6JxcFs?4gu.  

bm4fkz NlNw/6ymJi4 ttC4ymJi5 ! s?`li5 @ Wbcqg6 b`Es6usboEi6j5. WDg5 

s?l̀i5 miCw5 kNw5 smJ5 i6J̀t5 NlNw/6bsymJ5 bmgjz smJw5 slExN6guiqk5 

Wd/6Jx36. bmfx Wbcsi1Q5 bmgmi WoExaJmJu. Wzhw5 bEs6usbw5 wclw5 

srs6b6gusb5 wclw5 xml b3no5 wclw5 ttC4ymJ5 ttcu ! bmfNi ttC4ymJi ryxil, 

ee4blu bEsdtzi NlNw6bsyJ6 WbcsXiZi4 bmfxl xMNi6bw5 Ns/5gw5 

NlNw6bsymJ5 ttcu ! cspm/sJ5 bmi WxMos6X4g5 bEs6us5 bEszi bmgm B3n8W 

wMzi. bm4fx xmNi6bw5 Ns/5gw5 bfNCJ4g5 bfNCJ4i6X5 bvN8̀i f4Jx6u Nil4b6 

vNbl4bu5 bmfizl cspnisMs6g6 bmi f4Jx6u ybsmw5 bmi @))%. 

bmfiz Noxi4 WMEsibcqg6 bmfkz t4uxDy6k5 NJZsZJisJi4 bmftAN6 

NlNw6bsymJtA5 b2fNz5 t4uxDy6k5 cspnifk5 v8̀Nbu, vNbu t4uxDy6k5 yM6Jxl4bu 

bmftAN6 cspnis?4gta5 bmgmu b̀Esf5 xsMbFsJu. g8ǸM6 xm`l mv8k̀ f4zi b2hx 

t4uxDy6k5 Wb6bwOF4 bmN wMscbsli bEs1Z bmgjz. 
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mNsJf5 wkyoEif W?oxioEif5 x?toEi6 

kNK5 W?oxiz xm̀l ẁkw5 WsJu4 wodyv6g5 mfiz !H WMEsicizk bmgm 

xMQisJi4, @H bmfiz xgExci6 WDXoxviDN6gi4 i6Jti4 WDXoxviDNQgi4 bmftAN^ 

wkw5 W?oictsJ5, #H bmgm WmEsiz wkw5 cspm/gc5 bmfkz W?oxisJk5 wky6j5l 

whmosDbsif5l; $H yxm4t6ymi3tA5 bmfx kNosJ5 Nui6 xsM5yicDNf2lq5 bmfiz 

W?oxJi4,%H WbcExciz Nui6 WDXoxJN6yi4nu4 bmfkz xg6iclx6ict5lQ5 

wvJ6bsi6u4 v?mf5k5 giDbsJyA5 xml ^H WQxon6g6 kbmEsJ6 WDXoxicg6 

wkQx6y?ox2li bmfiz WMEsJi4 wkyoEif5 W/oxif5l x4hDt4nv6g5.  

kNK5 xM[Qicsif5 W?9oxiciz bẁi4 Wbciz rNs/os6Dti4 xm`l kNusbsJN6i6u4. 

bm̀N rNs/osDN6i6 WJN3t5yJbsK6 rNs/os6icDN6t5yi6u4. kNusbsi6 WJN6t5yicS6 

bmguz ieev6DN6t5yi6u4 xm̀l WMEsicli bmfkz wk4k5 wkyoEif5 xml 

wodygcoEif5 wvJtct5yK6 wk4k5. wMq5 wkw5 bmwi4 WNhx6ivX4g5 rNs/os6Lt4 

xm`l kNjxDN6Lt4 bmN WoExc1Qi6 bm̀i kNKu bmilx6 !( Sn8 Jo @)!! ryxio 

bmdkz mf4gk5 bmivnlx6 wMs6g6 $) Sn8. bmfx xuhi6nsJ5 WoExc1Qg5 bmfx mf4g5 

wkw5 xat5. bm̀i @))^, r?9o3u WoE1Qg5 xuhi6nsMs6g5 bmz5 kNKl4bu5 

xuhi6nslxci6lt4 v8`Nbl4bu. bwmz5 @))^ xuhi4 kb`i4 Woex4ni4 bmfkz 

r?9o3usk5 wk4k5 WbcoMs6g6 bmfkz W?oxisJk5 xS6t5N6gj5, s/CbEx6gk5 xm`l 

bmfkz Nui6 WoEFsJk5 s/CbExk5 x4/6g6tsJk5.   

xuhqgmE5 WoExEN3la mcwts̀o6g5 wkw5 s?l̀i5 mcwqNXai6g6 ryx̀i xuh5 

kNjx6X4g5 ho. Bm̀N WMEsiz xaNh4is2 bmfkz w[lusctQk5 r?9o3u bfnsJ6 

bmftaN6 ietA5 i6Jt5 ie1QtA5 xm̀l W?oDbs2lt4 bmfx ie5 isFx4n5 bsg4Lq5 

bm3u4 isFxqN6i4 iev6C/6Xb. bmN xaNh4i6 bmfkz NlNw/sbsm6g6 

wodygcE/si6j5 sWQ/si6k5 xml cspmisJk5.  

bm8i r?9o3u wkw5 xuhiq5 WDXoxJ6 bmz5 &,($$ sKz (,$&( wkw5 bmz5 @))! Xml 

@))(, xzDbm5 w9M?oicX4g5 bmilx6 @ Sn8 xCAbm5. bmfx NlNw6bsymJ5 bmgjz 

wo8ix6goEi6j5 NlNwicS6 bmfx xuhqi6nw5 bmgmz5 $) Sn8 wNsJ5 

wo8ix6F4Jx6i wo8ixCi4icg5. bmw8k5, mf4i6nsJ5 wkw5 wo8ix6icyxqi6nsJ5 

bmfNz5 xzJ4OsJ̀i5. bm̀i r?9o3u uri6nsJu5 bmfiz WC/4isJi4 Wbcg6 bmgmz5 

kNKu5 bmwk5 ryxi bmfx dy4i6nsgwN6g5 vNbusi5. w[lci6 bmN vJyN6g6 

xJN6DbsJ6 w[lwosDbsi6 bmi kNKu. ryxi bmN Ws1QMaJ6 bmfNi wMQi r?9o3u 

kNo4i. NXlxQ cQ6LQ5 wir4n6g5 s?l̀i5 kbat6bs/Excg5.   

wkw5 scsy6u4i4 xgwN3icg5 bmfNi srs̀i xuh`i c1Q6gi WJmicyx6i6f5 xgDmif5 

bmguz wk4tg6i6u4. xuh5 wkw5 whmJ5 xJ1Qyx6i6u4 scIi4u6 wk4tg5 ryxil 

csp?4g5 xuh5 kbCw5 x2kNg5 scMi6nsoiQi4 bwmzsMs6gu5 xJ6N3icMs6m5 bmfkz 

kba?oxisJk5 xJEn3i6u4 kbA?oxJj5 wody6j5, W/oxo6n6gj5. ẁkw5 kNusbs?Ai6g5 

wodygcl xyAXoxJ6. bm3u4 bm̀N cspmo6bz5 wMQk5l whmQ/sicX4g6 

ckwosExci6u4 bmfx xy1AXoxisJ5 W?oxt4lQ5.  
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xyDJwg6 

hNdbsqg6 Ni wkw5 kNcClx6Xb s?li5 WoEzlx6Xb, bmgjz xyDJwg6g6 

x4gb6JwNsJ5 bmfNz5 hNgwN6i5 bmig6 ỳMf5 xi6n6g3Xb2tA5, ietA5 iE?v2ta5 

wm6u wu6X4b2t4i bmfNil Wdti nNJk5 nNDbs?4gi bmfiz w[l3Jxos6gi. bmfkz 

bm̀N xyDJwgci6 xM[Qicsg6 bmfNi xM[Q`i kNosmsJi bmfkz i`E/s?4gk5 g4gk5 

bmi cizig5 bmgm WoExaJmJ2 xml bmil4b6 vNbs2 srs6b6gzi W/oicisicg5 

bmgjz x4gx/si6j5, bmfkzlx6 xyDN6giCbsJj5 NlNw/stcgj5 Po-210. 

yMf5 w1QC̀isJta5 x4gwi6 

b7N rZF4 WoExaJmJ6 Wbcix6g6 bmguz x4gwici6u4 bmgj̀N y9Mf5 w1QCif5 

x?toEif5 bm̀N WoEFst5la WoEil4bzi.  

y9̀M 

bm4fx s3hxlci5 yMf5 W?oxix6g6. bm4fx xem?oDbsJ4n5 bmfkz xg6bstbsix6g5 

bmfkz xeh6bsymJk5 xml bmfkz xs/4ystk5 WoEgbsJk5l  xgzsJl4bk5. 

xg6bsiq5 xml xsMbsiq5l bmfx sdmwg5 WoEist5,kNfDt5 xml bmfx sux3Jx5 

xeh6bsymix6g5.xCAbmj5 bmN wy6clx6i6 cspn3bsicix6g6 bmfkz ckwiQk5 bmfx 

xqo?oxiqi bmgjz kNKj5 xml c8̀Nbj5, ryx̀i cspnif5 bmfx xqJM1Qg5.    

ỳM 

bm̀N y9Mf5 xi6ng6XbK5 xyDNgciz whmq/scbsymJ6 GSJcbcif5, nF4k5, nDtk5 

xg6bsJk5H bmfNi kNo4i xml kNosJi x?toEi6f5 bmfx xqo3icix6g5. bmfkz 

cspn6i5 xg6bsMs6g5 iDx6yDbslt4 bmfx wiQN/6b1Qk5 xMQgk5 bmfkz 

WoEFsix6gk5 bmN wMscbsli slExN6icgk5 WoEF4, svosF, bmfxl vt6h6bsymJ5 

xml bmfx s?aQ/six6g5 w[lQ/six6g5 bmN x4gwiciz yMj5 xqolxdNa. bmfkz 

wzo6k5 w?Odbs?4g5 woscbsymix6g5 SJcbclxQJt4n5 xml bmfx s/Cw5 

vt6h6bs?oxJ5 s/CbEx6FsJu5 so4g6ym?4ix6g5 bmfiz gxX4i4 s/CbExbsifi4 

bmfkzl WDXoxJk5 WDXoxicf6NA bmNl SJcbci6 W?oxlxdNA. bm3u4 bmfx 

bmgmz5 WoExaJmJu5 W?oxJ5 bmfkz x?tQk5 x4gwicC/qg5 xqlqLt4l srsl4b6 

bwmNwXix6mb xm̀l st6tbsJN6g5 wodygc1Qk5. bwmo, bmfx x4gwicisN/3iQ5 

x1QJ1Qg5. 

W6Xl4̀i5 xm̀l nJ̀i5 

bm4fx W6Xl4i5 xml nJXl̀i5 W?ix6g5 WbcXix6g5. W6Xl4̀i5 xqJMqg5 bmN 

W6X̀liciz. wMqk5 xfis1Qg6 W6Xl4lxicMsDm6g6 bmfNz5 nNJ̀i5 xg6bsJi5. 

bm4fx̀l bmfkz kNo4k5 w{LwnDbsicMQg5. bmN nJicisJ6 WbclxMQg6 bmN 

WoExaJmJ6 WoEicil4bzi. bmfx bm3u4 xqJmQg5. 
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miCf5 wmoEi6 

wm6l4nw5 wmw/Zs?ix6g5 wMzA5 b7N x8tDy byz wmw/zsix6g6 wMzA5 bmgjz 

wM1Zk5 wu6gbsli, b7N by6 wu6g6bsvio6uli, wmw5 vt6h6bsix6g5 nlm6nbsli 

vtbsif xm̀l fF/so6uli, bmfx v̀4rg5 wmw5 W/6bsi6nslt4 wm6u4 nlmJu4 

woscwlt4 WoEgbsJk5 xgzsix6gi4 bmNl wm6 xgzsix6g5 bmfkz x2dtk5 

ritDbsli. bm̀N WoExaJmJ6 xebsymJ6 bmgjz miCs3 czk5 xyslxExc1Qi6j5 

bmfiz xg6ix6mb wmcisJi4 xqJi4 wu6b6Fs?ix6gi4 wmw/wFs?4ix6gi4, bmfx 

wmw5 xgviXix6g5 wmw/wif5 xJ6NQnCz5 bmfkz fF6b6Fos6ymJk5 f4Fos6ymJk5l 

woscbs?oxlt4 wm6lnsi4k5l. xy1Axoxi1Q5 wmci5 wqCi1Qb by6i Gb7N WcbsQg6 

x8tDy byzH xml yf2 xbiisJ6 wm6 bmfx hdy6icM1Qg5 wodyq5 bmfx 

whmq/symJ5 x1QJMqg5  

wmoEi5 wti6ys3t5 

kNu mi4cu wmci5 x4g6bsicix6g5 bmfkz wmoEi6k5 bmgm ciQ/1Z̀i kNs2 czA5 

s/CbEx6FsJu xml x5y4gf5 s/Cex6FsJu. xqJ1Qg6 miCf5 kNf5 wm6 bmgjz 

s/CbEx6FsJj5 xm̀l ycotEFsJj5 x4gwicix6g6 bmfx xsM5yif5 WoExawN6ix6g5 

bm̀N WoEFsJ6 WoEil4bZi xm̀l sfx6bs?oxo6X5. bm4fxl b2fx s/CbEx6FsJ5 xfiz 

bmfiz WbclxMQg6 ycotEJtk5 xsM5yif5  

wm6 xml ckwiEN/6bz  

bmfgx nlm6n6bsymJ5 fFscbs?4ix6g5. SJcbÀi5 xm yMf5 n9lmwM5 x4gwicDN6mb2bs6 

wm6u4 b7N wu6b6F4 xeh6bsMs6g6 bmfiz xesmJi4 xgExcbQi4 Wbcf2la 

Wd/os6ymJi4.SJcbc̀lx6i3j5 uxi6Jt4n5 woscbsymix6g5 bmfxl nlmwoN6g5 

xqolxdNQ5.bmfx f4Fos6ym?4ix6g5 bmN wm6 wm5nsJ6 nlmJ6 bmgmi WoEFsJu. 

bm4fkz cspnDtos6ymJ5 NlNw6yk bmfkz wmcFsJk5 wm5yx6i4 wmw/bs?̀oxif5 bm̀N 

x4gbsicwN6ix6g6 WoEisJ5 WoEict5lQ5 xml sfx6y?oxico6Xb st6tbsix6g5 

wodygc1Qk5. xy1AXoxi5 wms2 ckwXoxizk5 bmgjz SJcbci6j5 bmfx xqJM1Qg5 

xCAbm5 xq6̀oX9oicXix6g[Zlw5 urJu4. xyDJwgci5 bmǸl ytc̀i s4gbCstf5 

s4gCbsJN1Qg6 bmgjz m̀iCs2 kNs2 wodyzk5 xMQizk5l. xyaicC/6Xb bmfx b̀y5 

bm̀N urJmEsix6g6 xfis1Qg6̀l WN/6g6. bmgjz xfis1Qg6 WN/3iQk5 bmfx by5. 

bmfkz bmfx x4gwicC/6g5 whmq/symJ5 uri6nsix6g5 bmgmz5 v8̀Nbu ui{bsJ5 

vtmpq5 x?toEi6j5 mozndtQi5. bml4b1Zk5 b2hjz ee4bo4j5 bm̀N wMs1Ql̀i 

ifv6isJ6. bmfx ifc6̀i5 w7md6g8iq5 bw7mw8ixCh[Q/sJ5. wm6u4 x4gw8̀i5 xml 

b7m9̀l4bq5 c8kwgiz cspn6bs8iq5 xq9o`lxMqg5. 

w7m6usbw5 c1kwg8̀iq5 xml wc9̀lc6̀i5 

w7ms2 xyxa6b6iqk5 x4g6yb6ix5 w6vl8i4 s29lqi4 c1kwgiqi4, wc9lw5 w8̀iq5 

xys8ix5 x8t̀D`ys2 byCz̀i w7mw/ẁi5 xml g81N1Nfts2 f[̀Zq5 wqC8iq5. wc9̀lw5 

xg6X4bq5 x4g6bs1ix5 wqC8iq5 n1i7j9̀l8̀i5 x2d̀t5 n8ix8ig5 x?̀b`i x2dt5. 
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wqC8iq5 h8Mqg5 xJ8NqX5. s/C̀F8̀i5 xml s/c5 n9sF5 bsg4bs1ix5 x?̀b8`ig5 

er4b9̀s2 byx8̀i xe4h6bslt4 s4gt[QlQ5cspn6bs8iq5 c1kw8iq5 ryx8i4 

cspn6bsiq5 x4gw1iq5 xqJ8iq5 xml Wtbs8̀i5 w7m6usbw5 csp/symJ5 iEs8N6S5. 

W9oÈF5 x4g6y8iq5 xyDwg8̀N`Ex̀o5, mztE8̀i5 xml xyDw1̀i5 wc9̀lw5 w8̀iqi4 

xr9`o6bs8ix5 Wd/6Jxdtq5 m9o4l[Q5 xF4g6ym8iqb w7m67usbw5 b`Es6usboÈp5 “bmu4 

xysqg5” xgx[Zw. x4g6bs8iq5 w7m6usbw5 c8kwggw8̀Nw5 wc9̀lc6̀i5 cspn6bw8iqt[A5 

xqlxMqg5.  

wc9̀lw5  

w7ms2 x4g6bs8izk5 w7m5ns8iz xml wc9`lw5 x4g6bscbsJ86g5, c6X9̀l8iqk5 

c6tbsJ5 w7m6u s?̀l8i5 c1ibq8i sdmw8izk5 nJW9̀M8`i5 x4g6bs8ix5 wclw5. 

w7m8̀Nw8ixD[Q/sJ6 nFC/4n5 xml v8knw5 whm[Q/sJ5 er6b9o8u w4vDw8i 

xe4h6bs/Excix5 cspn6bs8iq5 m9o4l[Q5 ryx8i4 W9lxMqNh[Q/sJ5 x4g6bs1iq5 

xml iegJJ5 ie6n6ys6ix5 xm̀l wclF8i6i4 bwms8ixD[Q/sJ5. szy49̀l8`i 

c6tEFq̀i, xqt[Q8iq5 c6tD̀̀t5 xml cpnstq5 N7m4g8i5 ux8iEl[Q5 wclq5 

xuh8iq5. cspn6bs6Jx6ym8iq5, wclclx3̀i5 x4g6bs9Mqg5 c6tEJ8i5. x4g6bs1iq5 

xqlxMqg5 c1i[Q/q̀i xqlxMqg5. 

k8Nz, c1kwgiq5, cz9̀l kNzb xm̀l ee8iz 

n8No6Xb xm̀l xs9̀Mo6Xb xya6t5y8̀ix5 b7m8̀i m8iC6u4 wt8`izi4 xml k8̀N7ux6u4 

nZ6Fq58̀i. W9oEFq8i g7m6bqi Wcbs2l[Q5 s/C4bEx6̀F5 x?tq5, x2dys68`i5, 

s/C4b6̀f5 c6tEF5 xml xyq5 s9MWn6bs8ix5. kN5 n1N/s?9̀oxJ5 whm[Q/s8ix5 

xqolx6bw9ol[Q5 x?b̀ig5 xml ee8iz x4g6bsbw9olt4 xml x5psqg5 c1kwg8iq5. 

g8zF4n9̀os6̀i5 xml g6v=̀Fq5 xg6bs8ix5 dxaiq5 kNs2 xml f[`F5s2izk55 w7m6i4 

vt6hwodN[Q5 xs4Xoxizi. x4g6b6bsiq5 dx6ym8iq5 kNs2l c1kwg8iq5 

bw7mwggcw5 W9oÈF1u g7uC6bsiz. xyqt[A5 dx6ym8̀i5 xml kNux6 h8i6lxMqg6 

x4g6bs̀lxMqg5. 
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w=J0w5 

w=J8̀i5 x4g6bs8ix5 SJcb8k5, xyD6N6gj5 xml x8`ix8izk5. w=Jcs6iq5 x4g6bs8ix5 

sdmw1izk5 xml sd4X9̀ox8izk5. w=Jq5 x4g6bsix5 ns/siqk5 SxE’bbsizk5 

cz8igi4 W9̀lxMqg5 Gw=J6 xg6bsv1iDm5 xgtc6Fqk5H xm̀l sd[Z6i6. w=J6 

gd6t6bs8ix6 s/C4bEx[Zi4Xb st6tbsJm3m5 

xm`l cspn6Jxi6j5 SJcb6bsql8̀i, G 

hD6N6g6 xm̀l x8`ixiq5 xesmtbs8ix5. 

xyD6N6gc6iq5 xm`l x8̀ixiq5 r[ZFs2 

cizi ryx8̀i. xyxa6iq5 bsg4bsJ5 xml 

kNdt̀o5 whm9̀lt9̀o5 bsg4bsJ5 

x5b8iqN6ixD[Q/sJ5 v8̀Nb7us vt7mp6Jxqb 

u8i{g3z x=?t9oE8i6j5 m9oZdtqtA5. 

xya6ỳi5, NetÈi5, xm`l sd4t5y8`i5 

x4g6bsiq5 xesmtbsJ8Nqgqg5. x4g6bsiq5 

w=Jw5 vspn6i4f5 xqJ9Mqg5. 

8`Nt68Nw5  

Nt6Nz xys8ix3g6 SxE/6bs9o6X5 n8No6Xb. S0Jcb6, y9M x8`ixiz, xm̀l xyxa6̀i5 

w=`J6j5 x4b6bsic6ix6 N5t6N7j5. s/C4b̀Ex5 g7uc9̀̀lx6bw9òix5 xm̀l srsf5 wqC̀/5 

wm4f5 b̀y5 xml byCs/5. S0Jc̀b5 xm̀l xyD6N6g5 u4Oymtbslt4 xsMbslt4.k8Ngw8N6 

N5t6̀Nwl xg6bsiq5 NJ6bq5 x4g6bs8ic6ix5 W9oEJi5. xesmJ8̀i6t5ỳi5 8Nt6N6i4 

xm`l xqJxl8iqk55 em4bsgw8Nlt4.Wbcs6iq5 w6u[Àt5 xb8iqN6ix5 s9lEx[Q/sJ5 

sy[Q/sJ8̀N3g5 xml N0Jt̀i5 sKz NO2 s=̀?`l̀i5 SO2 xg6bsd/sJ5 x5b8̀iix5 m9o[Zw5. 

x4g6bs8iq5 N5t6Nw5 cspn6bsiqt[A5 xqJx9l8̀ixh[Q/sqg5. 

8kN7usb5 i6J̀t5 xml NJ6X4bq5  

W1i69̀l8̀i5 WbclxMqh[Q/sJ5 i6Jt8i4 g9o6y8̀i5 s=?̀l8̀i5 i6J̀t5 gdbs8iq5. 

czslxqg6 NJ6bsymJ5 b4f/4ns9Mqg5 w9l6Jxos6Z4n8k5 X6̀NwtlQ5. SJcb6̀i5 xml 

mzt̀E8̀i5 urJtbslt4 i6Jtc68i5 vibq̀i. y9`M x9Ma6iq5, w=Jw5 xml Nt6Nw5 

Wbc6iq5 xya6t5yJ̀lx3g5 i6Jt8i4. mzt5y8̀i5 xml/ s=`?̀l8`i5 g9l6ybs9òi5 

Wgw1Nexc6g5bs6 xyx8k5 k5gc9̀M4X5 yK8i6j5 b4X̀i trstx̀9M4X5 xm̀l t1ux6 

s2L̀c9oxM1i6X5. x2dys6bsJ5 x5y4gf9̀lx3bw9o8ix5 xml x2d`t5 n9lm6ns8̀i5 xml 

x2Sbw/8̀i5 xs9My8`i5 i6J̀t5 cq6tbsc6lt4 x2dt4f5 g9l6bsJcd8̀N[Q5 

wqCJ8i5.s4fx6ym9̀MMs6b68ix5 x2d̀t5, xml kNfDtbc̀9lx6bwol8̀i W8i6l4gcdNA. 

SJcbc6̀i5 xm̀l m1Z̀t`i5 u4ro6tbslt4 xJNqX5. xE=̀?4f5 x2dysMqg5 !)r9̀Mug3{ gz8i 

N9l6̀i g4g8k5 xm̀l g4gw5 x2dy8iq̀i trst9̀lx6bw9olt4 x8i6gcd8N[A. 

W8i6l4gcdN[Q5 x4gwdN[Q5 csp/sqg8i4 bwv8i kNQ/sJu5. bwv1inw8N6 xml 

xyspdN[Q5 NJ6bsJ5 c7mi6Jx2 GwqC8iq5H xml c7mi’gx6 Gus5H g4gw5 x7uCw5 

Gm3AwaJ5 b=K8̀N6X4g5 WbcoCzb x4g6bsdN[Q5H szy8iq5 ).% S3n8{ c7mi’gx6u5 
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szy8iq5, xml ).@ S3n8{ b2fx c7mi6J2 xqo6X9oxJ5 srsl4bj5 xml szy8iq5 

whm[Q/symK5 ur8i6nu4 NJt8iq5 srsl4̀b6 s6i4ym?4bq5. xyq5 i6J̀t5, xml t8ux5 

tr8iq5 xmbs6 czgcslxqg6 kNc6X8mb N9l̀8Nw6ymlxqg5. g4gw5 k5hx9Mqg6 

8kNw5 w9Mq8̀i Gn[Z6F8i5,7u5b6F1u5H czslxqg6 bw7mw9̀MsCu4 ryx8̀i4 cmi6̀J2 

g4gq5 dayDto8i4 trgc9̀Msqg5, t2/9̀os2 xm̀l xBwx6us5 x7uCq5 ttC6bsymJ5 

w9lx8̀i N9lqb x1iA6b4lt4 xdt8i4 s/C4b6F8i5 x8i[A6b6Lt4 x2dtCs/t[A5 x?b8̀i. 

b7m8io scsysymJ5 g4g5 x8i[A6b7uxg5 s/C4bEx5 x2dtdtq8i4 x?b[Al Wcbs2l[Q5 

c7mi’gx6u s2Wzf5 Wh4g5 xm̀l xbsy6 9̀l`EM5 g4g srx4n6 Wh4g6. xyD6N6g5 xm`l 

J̀E8ix7 NJt8iq5 g4g8k5 xml̀ s7u1m8k5 szb8k6bs9o/slt4 xyDwdN[Q5 x4gt8iq5 

xm`l NJt8iqi4 kNdtq8̀i Wbcs6g8i whm̀lt[Q/sJ8i xyalxMqg5 cspn6Fqk5 

cspn6t8k5. NJt8̀i5 t1ux8k5 xm̀l t8qJ5 xs9M6g5 t1ux5 xmbs6 xyxaMqg5 

cspn6bs8iq5.xyq5 WD6nJ5 s29lc6̀F5 b7m8i6us5. bw7mw8m5, x4g6bs8iq5 i6J̀t5 xml 

NJ6X4bq5 cspn6i4f5 xq9lx8ixCh[Q/sqg5. 

w7m6usbw5 wc9̀lw5  

w7ms2 x5b8ig5 iWc9̀lx3gu4 s7ux6Jx6i4 xyDwJ8̀N6g5, d49lxElt4, xm̀l/  s̀?̀l 

w1i[Qqbq8k5 Bx5n8 2̀Wu5 xml w[9lo[Z6J1u5. sx/6g5 wqCJ5 i2Wc6iq5 w7ms2 

x5b[A5 bwmwgw1N6ix5 xg6X4b7ut[A5 xm̀l Nr6iq5 czuxf5 xJ6NqX5, 

xyx[A6Fc9̀lxqg5 W/ExcqiE/qt[A5 w4fm6X9̀l8̀i5, xm̀l n1N/sym8iq5 x̀a`tq5. 

wc9lw5 d49lxlxqg5 x4g6bs9lxqg5, x4f1isqg6 xm̀l raiz[A5.cspn6bsiqt[A5 

w7m6usbw5 wc9̀lw5 xqlx6ixCh[Q/sqg5.    

i6J̀t5 w7m6usbw5   

8N8kw5 bwv1iMqg5 W9oEo6Xb s7ux6Jx68i x2dtq8i b̀Esf5 wqC9o6Xb s/4f5 

8N8kw5 xs/6ys6ixmb y4/6X8̀i Bx5n8 2̀W bEsz̀i y4f̀t8ix3mb xs/6yslt4.  N5̀ỳl 

xml e8̀N9l[Zw5, B̀Es6usbw5 xp[Qqg5 b=?8̀i, w7mc d4lw/s8ix5 s=?̀l8̀i5 

s7ux6Jx6i4 gn9o6Xb xs=?̀l8i5 WJcgw8Ex̀o5 bEs6usb6u4 x4g6bsl8i. b̀Es6usb6i4 

i6Jt8k5   cspn6tbc6ix6 w4rmJ8i4 s7ux6Jx6̀i i6Jtbclx6iqk5 trstoCzb 

wqCJ5 f4JxC̀l8u5 c7mi’gx6j5. x2dt[Q/s?4g5 x2dt[Q/sq8N6ix5 w4fmq5 xs9Mexcqg5 

xs9M6tbsbqlt4. W6Xllxqlt4. N2X9̀lxE/q8i4 w4fm6Xl4lt4 c1kwgiq5 wm6uxbw5. 

W5bcgw1Nexo4 i6Jt8i4 w7m6usb6i5 g9l6bsJcgw1Nexo4 bw7mz5 W9oEil4bq8i5 

ryxi4 Wd/s4Xb cspn6i6Jx3i4.g9l6bsjclxC/qg6 W1i6l4gc̀lxC/qg6.x4g6bsiq5 

w7m6usbw5 cspn6bs8iq5 xqlxC/qg6.  
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W9oEp5 x8̀ix6bw9oi6j5 

8`NJt8iq5 xyD6N6g8k5 s9lExn6g8k5 xml kNdtzi Wbcs6g2 whm̀lt5 

GhD6N6g5̀oH     

W9oEp5 n8̀Ǹp5, ycotÈp5,s/C4b6̀t5, Wx8i4g9oÈp5 xml kNu4 st6ttJ5 W9oEp5 r[Z=Fu4 

W9oEFzk5 `NJtgw1N`Ex9̀o5 s9lEx8N6g8k5 s?̀l8i5 xyD6N6go8k5. x5gx6bs/Ex̀o5 

xg6bslt4 xe4bsymJ5 b2f8Nz5 x7̀u`Ev8 vtm2lt4 

v?7moEp5 W9oEF4JxoEp5 c8kwqi6u4 

GNwN6g6H. csp[Qx6bsJ5 Wbcgw1NExc6gk5 

nNt8i6u4 s9lExN6g8k5 Wdt8k5 xm̀l hDN6g8k5 

W9oExaymJ5 N9lNw6bsJ5 NJt8i6u4 m9od/sJ5 

x5b8iqN6ix5. W9oEym8i4f5 xJqmb xq8i6ni4 

s/C4b6i6u4 xml yc9otEi6u4 xesmt5yi6u4 

X`E=?4f8i5 srs6b6gzi n{v5h?8u W9oEFqi5, 

xg6X4bqb x5p5yxq8i4 w6uAtq8i4 xg6b6ix5 

b4Wv1̀i r[Z=F1̀u s/C4b6Fz̀i csp[Qx6bs2l8i.  

xqi6XaJ6 W9oEo6Xb xs9M5yi6u4 W9oE8ist8i4 NJt8i6u4 xyD6N6g8k5 xml 

hD6N6g9o8k5 xe[Qx6bsymJ5. vt6h6L[Q5 W9oEJns̀t5 xg9o6tbs2lt4 w9M7uxEmQ5 

`sb6N6g7j5 uxiE/si6u4 W9oEx5, J̀E8̀ix7uL̀i s/8ix6t8k5 xml yc9otE8i6j5 

xg6bs/Exc̀lxF4g6 ur9o6ymlA NJt8i6 s9lEx8N6g8k5 xm`l xyD6N6g9o8k5 

Ni/symiqk5 s/c̀i xm̀l s/C4baJ5̀i. W9MestbsJ6 cspn6i6Jx5 Wcbsl[A 

x8i6n6g6FcExc6g5, xesmt5y8i6 xml w[l8i4 n9lm6nwp5, w9o8ix6goÈi5 xml 

W9oEJnw8i6 xml rggẁ8Nw5 ux8iE/slt5 ux8iE/s1ist8k5. xes7m5yxlt4 xg6bsJ5 

xml cspn6bsymyxlt4 xg6gl4̀b5, N0JtJcdN[Q5 s9lEx8Ǹlx3g8k5 wD6gt8k5 s=?̀l`i5 

xyD6N6g9o8k5 ìEs[Q/sJ6 w8iMsm5yxlt4 b7mwt[A5 Wd/sK5 s2fx.        

8`NJt8̀i6 sb6tbs8N6gk5    

s5p6gyxExc6̀i5 cspm/slt4 xgtc6iq5 xs9MyJk sb6bsN6g9o8k5 NJtJ8k5 

d5y4ytbsdNA c8kwqg6 xg6bs4X5 G̀x9̀Ms`CH, wkoE8̀i5 xml W9oEpk5 W0J̀t5 

whm[Q/sJ5. NJt8i6 sb6bsN6g7j5 cspnbs?4g6 bm8N sb6bsN6g6 8is6bsiz, w7mwg5 

s4gCs5 Gu{y=K5{H. r49oc6tbsJ6 8is6bs8iz WoEp7j5 xe4bsym8m5 y9M6Jx6us8k5 

cspmJ8k5 kNo8k5 ux8iE/siqk5 uxiEd2l[Q5 sb6N6g7u5.  

v8`Nb7u, b2fx v8̀Ntx8 cJJoEp5 x8i6bwoi6j5 v7uy8k3{ G CNSC) m9o[Zos6g5 c6bJ8k5 

W9oExu8i4 xml m9oZ6Jxt[A5 xgd/sJ5 s=Kz c6b̀J8k5 x8i6bw9omi6 xml̀ 

xsMbs8izk5 m9o[Z6Jx5 N9̀lNwg6 r4oc6g5 NJt8i6u4 sb6N6gj5 W9oEp8k5 xm`l 

w9M9ostymJ5 rg9l4b8k5 w8kct[Qk5. hD6N6gtg5 xm̀l xyD6N6g9̀o5, xqi6Xt[A5 

WJN6bitA5 xg9ot5yJ5 xs9My8i6u4 NJtJ8k5 sb6N6gj5 xesmtbsix6. b7m8N 

xg6bsix6 b4Kz rZ=Fs2 W9oEFzk5. 8̀is6y8̀i5 xml isc68̀i5 xqiq5 

xb8iq8N6ix5 m9o[ZoxaJ5 8̀is6ỳi5 r49oq5 xe4ymJ5 scsysmb W9oEo6Xb. 
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sb6N6gj5 uxiE/s̀i5 xg6bs8ix5 cf[A W9oEo6Xb W9oE=F8̀i,W[Qx6Fz5, W9E5J̀t5, 

xml W9oEJn6bsJ5 uOymwNd2lA sb6N6g6 NJt8iz W9oEp8k5 xml rggw8N6k5. 

sb6bs8N6g9o4 ux8E/si6 X6Nst xg9o6tbsK6 J̀E8̀ix7u4 s/C4b6Fk5 kNqk5. 

gzF[Q2lA xml d9̀M̀i sb6N6go4 8̀is6bs4X5 wmw8̀ixD[Q/z5 n[Z6̀F1i xml 8̀kNs2 

xb[A6gu s/C4b6̀F`i, yc9otEp5 xml x4/6g6̀t5 /9̀lr4u4. iEsNqg6 W9opEp5 

sb6N6g8i4 8̀is6yJm6mzb r4o[QtbsJ6 cq6bsMqg6 xe4bz5 v8`N5tx8 c6b6goEp5 

c1kwqt5y8ij5 v7un8. 

r5g9l4b8k5 x1ix6bw9ot5yi6    

y9M9oEi6j5 xml w7m6uxb9oEi6j5 x8ixFsJ5 W9oExaJ7u5 trstgw1Nex9o4 xml 

NJtl8i bwv8ig8k5 w9M[Q4g8k5 rggw8N6k5. gryxyxDmJc6X5 xJ6nqg6 yK9os6i6u4 

xyD6N6g5 csp[Qx6lQ5 wkl4b5 W9oEFs2 c1izig5 wkwl cspm/gcq5 c7mi’gx6us5 

xgx6y2lt4 g4g8i4 xml wc9l8i4 xg6mb xqJu4 ie[Q2l[Q5. xe[Qt[Àl, s4v9o6t[A5, 

xml y4y4t[A5 xmbs6. x5psqgf5bs6 xg6bs?4gtA5 w7m6u4,wcl8i4, 

kNC6g6i6u4,Xszt[A5, xml i6Jtgcw cmi’g2 c8izig5 kNzb Gw1Nw5,kbc5, xml 

kbC9̀M5 egz̀E5 w9M̀Q5H, mcẁt5 er4b9o8j5 xqCst?4g5 w9M7u8k5 xml cJJ9oEpbcqg5 

W9oEJ8i4 Gk5b6bcqH W9oEF2t8̀i Gs=`? w[Z̀p5, 7ux8i6yp5H, whm[Q/sJ5 wkiq5 

cspn6bsymJ5. 

xe4h6bsymiz w7m6j5 xe6htq5 s4v8̀k6g5 xesmt5yJ5 `Nm8`N6gu4 xml x=?t7j5 

c1kwqt5y8̀i5 fFF5 xml n8N/symiq5 xml cspn6bs8iq5 x8`ixiq5 u4rJtbs2lt4 

y9̀Mw8N6jxdN[Q5 xml- / s=?̀l8̀i5 Wbc6izk5 x4g6yJ8N6̀i5 yK9ostbK5 urJt8̀NLQ5 

x4gwJ8N6iq5 x=̀?t9̀l4b7j5, Wcbs2l[Q5 w8ka6tbsymJ5 x=?tq5.  

y9Mj5 xyD6N6g5, urJbs2l[Q5, xyD6N6gcqg5 hD6N6g9̀o`l xml `N9̀Mst8k5 w7ux1N6g5 

cspn6bsymK5. 8N8i/sym8iq5 b4ft5yK5 whm[Q/symJ̀l4̀b5 w9lx8il4̀b6g5 r49o[Qd/sJ5 

s?̀l8`i5 xgx6bsJ5 `N7m[Q/sJ5 c1kwqg5, Nw8N6LQ5 –NO2 xml u4r5gt[A5 whm[Q/siq5 

b4X8i r[Z=F1u kNzi. bw7msgw8NC̀lxLb Nw8N6LA bsg4bsiz sKz NO2 xatyMJ6 

y9M6Jx6us5 t7udtqk5 GWHO) x1ix6bwo8i6j5 m9o[Qx̀o5 b4f2l[Q5 r[Z=Fs2 kNz̀i. 

h9̀o x5b8̀iqN6g6 y9̀M6Jx3us5 m9o[Qxc6bq5 x1ix6bw9oi6j5 x4g8k5. xqiq5 

cmi’gx6u x5b8iyx6g5 h9̀o whm9̀lt5. m4ft[`AN6 – NO2, N7m̀1̀N6iq5 u4rJ̀t5 whm[Q2l[Q5 

whm[Q/sJ5 cft4f5 szbsdd/sqg5 xe4bsymJ5 rg7ux8k5 b4X8̀i kNzi h9̀o 

x5b8̀iqN6g5 whmlbsJ8̀i5 x1ixc6bs9oi6j5 x4g8k5 xml d5yqg5 cmi’gx6u h1iqg5 

whm̀lt[̀Q/s9̀Ms6g5.  
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dy8i6X5 WbcDmD[Q/sJ5 W9oEpsqg8k5 kbaqg6 W9oEpk5 r[Z=F1u kNzi bw2fx 

is6yymJ5 `E5b8u4 xml w9l7j5 x8i6n6ym/z Sjcbzi4 kNzi. is6yJc6ymqg6 

w9M[Q8i4 rggw8N6i4 trstymJu4 x1ix6bsoi6j5 v8̀Nb7u is6y8i6j5 s̀?̀l8i5 

v8`Nw5tx8 c1kwb9oi6j5 v7un8f5 m9o4bsd/q8i4 is6y8i6j5 w9M[Qk5 rggw8N6k5. 

W5Jt5, WbcC/C̀lx3X5 is6bsJ6 rggw1N6k5 uri6nsgw1NC/6g6 !/10 is6yJ6 xqt[QJ6 

r4oz9o xml ur8i6nsN/6 s?z5 1/20 u5 Wdys?4g6 Wdyg1Nz szb8ig6 

is6bs?4g6 v8̀Nb7us8k5. 

 wqCJttA5 W9oEx4n6Jx6k5 x4g6bs1iq5   

W9oEp=̀K5 xeym8ix3g6 W9oEx4n8i4 xm`l W9oEF9̀o5 WF4nc6lt4. x-yxizqg5 

Wcbslt4 c7mi’gx6us5 xml v1Q6Oi6us5 GWlQ5 xw/sb6lt4 r=̀?9o6us5 kNq̀i5H. 

W9oEx4n9l xm̀l v8gCg3{ W=F4nc6ix5 yK9o6Xsl[Q5 W9oEtbslt4; xg6bsN/6g5 

v8gC4ymix5;w9oix6ymJ5,W9oEJn6ymJ5 xm̀l y9Mg6n6Fuzg5; xm̀l whm[Q/s8ix5 ẁkw5 

w9odyq5 W9oEF2t8i xm̀l v8gC4g3{ dnyx4nq5 W/sJ8Nlt4. w9oix6ymi6 xm̀l 

W9oEJn6ym8̀i5 w9Most/slt4 Wcbsl[Q5 W9oE9̀ms6ymJ5, N8u8i6 wkJ8N6̀i5, 

dy8i6n8k5 w9oix[Zi1if5, w9oix6Fug5, WoExc6g9l, xm̀l WJmJ5 xJq9i9̀o5 xml 

W9oE6Jx6ymJ5. x4g6bs8ix5 kN9ouzg5 W9oEx4b6ymJ5 r8Ns/q6 xq49o[Qx6bs?4lt4 

wkw5 x7uh5.  W9oEx4n7ux’gw5 ne8ix5 x4gw8c6lt4 szt4v8ix8k5 W9oEF9̀o5 kN9o5 

xqo6lt4.W9oEic6ymJ5, w9oix6ymJ5 xml W9oEJn6ymJ5, xm`l v8gC4ym?4g=̀f8`i5 

xJ6nqg5 xuh9lt4 W9oEp5 W9oE[Qx6ix5.  

WD6X9oxo6Xb W9oE/4n5 b7mfxbs6 wvJ6g6bs8ix5 wkw5 w9ofyq5 Wdyq5 

r8`Ns/9̀osDbslt4 xg6bslt4 y=K7j5 mcwb6i6j5 x4rgJ8k5. W9oEx4n5 xu[Zq9o6Xb 

g8is6vw8̀i5 w9odygc6k4 W?o6lt4 r2S/o6lt4 Wdygc6i5 w9odygc6i5 

w9oy?oxo6Xb kbai6n8i4   wkw5  xgx6yo6Xb W9oEFq5 x4gxico6Xb. xyq5 

u4O[Qx6bs4Xb mcwb68`i5, Wbcs6izk5 x4g6bs4Xb iet[A5 uxi6y8i4f5 GW9lx6g7u4 

xJND8̀i6iqk5 xyD6ymqg5H ie5yx5 xm̀l w8kyx6N6g5. vJylt4 vKmf5 wvJ6gw8iq5 

wkw5 Wdyq8i4 w9ofyq8i4 iEs[Q/sJ6 wvJ6bs8iqi4 W[Qxv1i6bs4Xb wkw5 

w9odyq5 xJq8iq5, scsyq5, w2o6N6g5 xm̀l cspm/gcq5. x4g6bs8iq5 

w9odygcq5 iEs[Q/sJ5 xyD6bsl4b9Mqg5. W9oExK5 xyxadpqg5 ryx1i4 

w9odygc6u8i5 xya6ix5 szy4y?o6lt4̀9l mcwb6i6u4.  xm9̀l w9odygcw5 

w29o6N6gl xm̀l cspmiq5 xyqk5 natbsgw1Nex9̀o5 w9ody6k5 xyqk5.   

r̀Ns/9os6̀i5 xq4o[Qx6Xb xm̀l Wd`y5 r2S4ym9o6Xb w8kyx6i6j5 wkgw8N6j5, 

w9M[Q8k5 xm̀l kN9o8k5. x7uh5 wkw5 W[Qxv8iDmlt4 W9oEx4nv1i6i4 ryxi4 w9Mq5 

xm`l kNc6g5 Wsyq8̀iix5. wkgx3j5, w9M[Q8k5 xm̀l kNo1Qk5 c8kwqyx6i6k5 

wvJ6g6bs8i5 Wcbs2l[Q5 gn6bs/Excqg5 W9oEp5 xml w9M[Q5 egz̀E5 wvJ6bs8i4g5 

WoExa8̀i5; b4f4ns8i4f5 wkct[Q5 xm̀l wkgcw5 w8kyxdpJ5; gnDt8i4l xg6g5 

w9Mu8k5 scl4g5; xm`l w4vJ6gwp5 kN9o8k5 kN9oi4 scctc6g5 h8N8i4 

y=`K9osdp1mzb W5Jtc6g5 w8kyxExc6i6j5. w8kyxd/s8̀i5 iEs[Q/sJ5 

W=̀?9o6Jx6ixD[Q/sJ5. scsysbC̀9lx6tl[Q5 w9Mqk5 W?9oMqga6 w9Mq5 

w8kyxo6X9o8ix5, xqo?o6lt4 WJm/sJ5 iDx6bsJ5 xm`l Wbcsyxo6l8i 



 

AREVA Resources Canada Inc. 
Kiggavik Project FEIS 
September 2014 

Page xlviii 
Tier 1 Volume 1: 
Main Document 

Popular Summary - Inuktitut   

 

s7mE8i6nso6lt4 yK7j5 W5JbsJ5 xm̀l Wdys?4g6 wki6j5 xm̀l w[lusct[̀Q5 

W9oExcyxo6lt4 c̀kwnExc6iq5 Ws8i6nso6lt4. 

I`Es[Q/sJ5 b7mwt[A5 xqi6ns9o6lt4 kNol4b7j5 c1kwqyx3̀i5, xg6bs/Ex9`ol 

xJ6n6g9oEp1k5, W9lx6g7u4 icwg6̀t5 wvJ6bs/Exc6iq5, u4O[QxXo6l8il icwg6i6. 

x1ixcqX9oDm8i6, w[lcExc6i6, Bx7Mf5 xml Sr6b9ocExc6i6 WpyC6bs8̀i5 

iEs[Q/sJ5 xq9o6X9o6ix3g5 r1̀ns/os6Xoo6Xb. r1Ns/9os6iq5 v=?7m4f5 kN=K7u 

xml gzF4f5 xqi6nso6lt4 w9l6Jx9osv1iExc68̀i5 xml WpyC6bs8i5 xml g8iD̀t5 

wk8k5. xqi6nso6Xb WpyC6bsJmJ5 vK7m4f5 xJoC̀lx6Xb xJ6N6y?9oMqg6. 

W9oEx4n5 xm̀l xC[A5b7m6ys̀t5 x4g6bs1iq5 kNK7u xJ6Nlxqg5. W=?o6ic6Jx3ix5 

W9oE8̀ist8i4, W9oEx4n8i4, x[Z8ui5 xg6Lt4 Wpy6g5, N1u8i6ui4 kNK5 v?7mq5 

r8ns/9os6g5 xml xr9o6gwJ5 g1Ff8k5. W9lE8N6gu4 r[Z=F4 sc6tsl8i w4fW4lt4 

g1iD̀t5 WoEx4n8k5 xm`l r1Ns/9os6Jxlt4 s4fx6F4nz trCb6l[A. 

b7mwt[A5, wkw5 w2WE4tym9o6X̀b xyxa6is2 cspnstdtzA5, h8NsqiCwJ5 u4r9o6lt4 

xml h9o8iCwJ5 x4gwlt4 iEsQ/sJ5 bw7mso6X5. kN9̀o5 sccbso6lt4 X6Ncbso6lt4 

xml W9oEJoEp5 WD6t5ylt4 xml xamtlt4 bmwt[A5 WoExaJt[A5. x̀E=?us5 vJyJ7u4 

W9oE8ix5, Wcbsl[Q5 w8kgcw5 t[Aym/q5 cspm/q5, wvJ68̀i5 W9oEx4n9oE6Jx68̀i5 

xs9M5y8̀i5, vt6hw8̀i5 cspn6̀i5 W/sd/sJ5 xe[Qx6bs?4lt4. 

x5p[Qqg5 wkgw8Nw5 rsJ8̀N6g5 x5psqg8i4 x4g6bs8i6u8i4 ryx8i4 W9oEx4n6Jx6k5 

W9MesK6 xm̀l xqi6nsJ6. W9MEsK6 bsg4bs4X5 b4K8̀N W9oEx2t[A5 whc6ix6, 

WoEcb6i6j5 g1iDyx5 WoEiqk5 xg6ym/qt[A5 xml w9oy?9oxiz[A5 ra7jqg6o. 

szt4v8izk5 WJm/syx6g5 g1iDyx5 xw?sbslt4 xqct[Q8i4f5 r=?9o6u w8kw5 

vgpct[Qqi5 b4K8̀N6lt4 wkw5 x4g6bsiqk5 giDyx5 xqct[Q8i4f5. 

w5n6ibgc6i4 gry[Qx6̀i6    

Wdt=F8igcw5 w5n6ibgcw5 uxiE/s/Ex9̀o5 x4g6bsdN[Q5 s=?̀l8`i5 cspn6tsqgk5 

cspn6bsqlt4.  g2W6FF̀i5 WdtFigcw5 cspn6bs9̀Ms3g5 xml u4rJ[Z/5 kN5 W/s2lt4, 

m4fxaJ5 Wzh5 s/c5 N9L̀Nw2fb5 xm̀l xbsy6 WD/6, ttct[A5 `N9l8Nw6bsJ5 

s/C4b6F2t8i. Wbcs6iz kNz ttC6ymJ6 urJ[Z/6. kNv1̀i5 w9M9ostymJ5 xml 

vJy8ic6g5 w9MQ8mb b2hjznw8N6 W9oExaJj5 x4g6bsbw9oJ5 xJ6NqX5 xml 

WgcF8̀i5 g2W6FF̀i5 WoEi2t8i vJytbs8ix5 cspn6Jx6i6t[A5 vJytbslt4 WoEF=K5 

s7m8izi. tcdt[Q/so6g5 ttcdtq8k5 v8`N5tx8 Wdtgc6Fzk5 wkct[Qyx6i4f5 

xmlbs6 kN=̀K5 vKmfqb ttcdtq8ig5 bf/sgw8Ex̀o5 NzDh4g1k5 wk8k5 xml yK8i6u 

cspnDmJ8k5. 
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W9oExEqb2t8i4 x4gwymJ5 

W9oExK5 x4gw1iq5 b7mwt[A5 r49oc6X4g5 W9oExE/sJ5 h8Nbcq5nCzb xyqk5 

x?t7j5 x4g6bs8izk5 xy2t8k5 wkgw8N6k5 W9oeux3gk5. y9̀Ms2 N7m8iz, kNcs6iq5 

i6J̀t5, c1kwqyx6̀i5 xml W9oEx4n6Jxc6t5y8̀i5 Wbcs6Jx6X5 W9oExE6Jxg9̀lx6bK5. 

`y9̀Ms2 c1kwiz- xyq5 W9oExaJ5 Wtqb=K5 c1ig[Z/5 x4gw8ic6Xb y9̀Mu4 

c8kwg8izk5 x4g6yJ5 r[Z=F1uzg5 W9oEF2t8i5 s/C4b6F2t8k5. scsyElA xgDm/K5 

w4n6̀F5 sf1kz x2S6t8̀N6g6us8k5 g9M4b6F4 w4n6F4, x8̀ixt5y4Xb W9oE8̀ist7u8i5 

xml kNfDtz5 Wsqg4X5 wLxqX5. x1ixt5yl8i Wsqg7u4 whm[Q/sl8i xqo6X5 

bwv8i w4n6F1u g9M4F1j5 x?b8i r49oc6g6 @ r9̀Mug3{ w4n6Fj5 xm̀l vspn6bsqX5 

bwmw8iz Nm[Z/qg6. 

kN[Q/z5 i6J̀t5 xm`l NJ6bsJ6- n9̀oxfgw1N6 xg6bsd/s4X5 xdbsJ6 czl4b6 

xdtQ/zl Gsrsfw8N6 x2d5 xg6bs4X5H N9ox1kgw8N6 b7m8i6us5 xaNh4̀t5 mcwb6g5 

WJbsgw1Nex9̀obs6 g4g8k5 x4gw1i6u4. xg6b6tlQ5 x2d7u4 mcw8i6u8k5 

x4gwgw1Nex9̀o5 xwg6bsiqtA5 mcwt9l[Q5 s?̀l8i5 b7mwt[A5 tA/7ut[A5. 

xq6bs/Exc6ix6X czl4b7j5 x2d5 xg6b=K5, x̀E=?4f5 W9oEctc6ix5 g4gys6X4g8i4 

xqct[Q8ixlt4 c8k6 xs9̀Mbs8ix6mz5 w8kl4b8k5 xg6bs4X5 Wbc9o6X5 r[Z=F1jx3g6 

xgw8Nso6X5 x2d̀b m9o5yx6ix6Xb x2dts2 m9o[Zq8i4 c1kwgcdN[A, x=?t7j5 xml 

W9oEp5 xg6bzi4 x2d7u4. 

W9oEp5 x1ixicdN[Q5- N0Jt8iq5 `N9̀Mstk5 w7ux8N6gk5, s9lEx8N6g8k5 wD6gt8̀k5, 

xml kNdtzk5 Wbcs6gj5 whmlt[Q/sJ5 xg6bsiq5 x2f̀t5 W9oEp8k5 xml wkgw8Nw5 

w9MscbsJ5, Wcbs2l[Q5 bm8̀i cmi’gx6us5. b7ml4bu4 NJ6bsJ5 urJtbs1ix5 

m9o4bsd/sJ5 xq6bsymJ5 x5̀b8̀i. 

W9oEx4n6Jxc6t5y8i6- WcbslQ5 r[Z=F8j5 xml/ s=?̀l8̀i5 b7mwt[A5 8̀kNK7u 

iEs[Q/sJ5 x5p[Q4gi4 W9oEx4n6Jx3i4 x4g6y8ix3m5 r[Z=f4. N9oCE4tbs4Xb W/sJmJ5 

W9oEp4n5 xml xg6bsJ4n5 WsJ4Xb x7u[Zq8iqk5, s/C4bEx6i6j5 xg6bsJ4n5 w7mc 

8`Nmyx68ix6Xb c2̀l`N8i5 ryx8i4 trn6bsb6lt4 xml g1iDbsJ5 wk8k5 W/s8N/̀Ms3g5 

Wql[Q5. kN=̀K5 W9oEp4n8i4 WDx9Mn6m5 w9M8if5 xml xf8isi6n5 W9oEp5 whmltq5. 

Wx9Mn6g7u4 WD6iq5 r=?9o6us5 WdtbExc6̀i5 s/C4bEx9oEJ5 WdpJ5 

f=FJcgw1Nexc6M5- b7msz r=?9o6us5 x4g6bslt4 x4̀M9̀l̀i5 W9oExaJ5 

b7mzqv̀lx6Xb xyx1i kN=̀K5. s/C8̀ix6i6 W9oExaJ6 s4fx6ym9oC̀lx6X5 xml 

xyqi4 negc6l8i kbaJ8i4 W9oEx4n8i4 w1Nqst9lt4l WF8igc6i4 xbs6 

W/4nc9o6t5yli W9oEx4n4v1i6i4 xml y9M6Jx6j5 is=F6bslt4 xml 

W9oEx4n6bco6ul8̀i x4g6y8i6 N9lNqo6S6. 
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k8̀Ndt[Qqb=K5 x4g6bs4X5 

k8Ndt[Qqb=K5 x4g6bs4X5 WJcC/6X5 czux6 kN[Q/sJj5 x4g6yli kN=̀K5 y9Mb8`i 

kN=̀Kb6ymi2b y9Mb8̀i s7uxJf5 s4gt[Ql[A s?`l8i5 iJ̀t5 n8i?tbs4Xb kNdt[Qqb2t8k5 

WJbslt4 c7mi6̀J2 g4gq5, t2/9̀os2l xm̀l xBwx6us5 g4gq5 x7uCdtq5 Wh4g5 wv6lt4 

sc[AJ5 kNdtqk5. b7mwt[A5 c8kwoiqk5 xqJ4X5 W9oEx4n6 xml Wtqb=K5 x4gw4Xb 

xyx1kx6lt4l Wbc6g7j5 xqJ7u4 kNdt[Qqb2t8i4 x4gwl8i. 

x4g6bsiq5 x?ts2 W9oExaJt[A5 xml W8i6l4gc6X5 xml xs9Myxqgc6X5 

x=?tgw8N6 Wbcs6m5 xg6yJN6g8i4 bmft[A8N6 xuht[A5 WJbs8N/6gt[A5, Wcbs2l[q5: 

y9Mnsq6Jx6g6, x8kE6Jx68̀i5, xstv9̀lx68`i5, W6y6Jx6̀i5, b4y68̀i5, y9ms2 

xyxax9̀M8iq5, W=J2l xstx9M8iq5, y9Muzg5 c1kw9os6iq5, i6J̀t5 trstb6iq5, 

xml kNs w4fx9M8iq5. c8kw9osiq5 x4g6bsiq5. xqolx6X5 s9lEx1N6g6 

W9oEp8k5 x8i6bw9oi6j5, xyD6Xb w9l9os6bsJ5; `N7mqo6X5 w7mE/sJ6; xml 

xJ6nDbs9o6Xb x4/6̀gt5 xml wqC5J̀t5. 

W8i6l4Jx6gc6X5 xml xsMyxqgc9o6X5, Wcs2l[Q5 W8i6l4tbq5 x?t2b s9lEx1N6g5, 

N9lNw/6bsJ5 xml csp[Qx6bsJ5. W9oEF1j5 xg6bsJ5 x2dt[Q/sJ5 s7ux6jx5 wqC5J̀t5, 

W9oEJ5 c7mi’gx6us5 w4n6=F1u W9oEFzi, xs9̀MD`t5 c7mi’gx6u5 r[Z=F1j5 x2d̀t5, 

n[Z6ymJ5 s/Cb6̀F5, kns2 x5b8̀i s/Cb6F4 xml yc9otE=F8u W9oEp5. 

cspn6bs6Jx6iq5 s4g6yml[Q5 whm[QlQ5 W9oEp5, b7m8i kN9̀o5, x=?t2t8i, xml 

xs9M6iq5 xml Wcbs2lQ5 1H cspn6lQ5 Ur9o[Qx6l[Q5 s9lExnC/6g5 

W8i6l4t5yN/6g5 Gxe4ymJ5 bf4nsiq5 xyD6N6g5, xs9Mt8̀i5 W9oEx8i4 xml 

x2dt[Q/q5 cspn6l[Q5H, @H csp[Qx6l[Q5 ur4o[Qx3l[qQ5 c1kw9odN[Q5 negcC/6X5 

Ggx=F6N6g8i4 rsJ4n8i4, f=FJc6X5 W4v8i6F4n8i4, xs9MyJ4n8i4 xml cspn6t4n8i4 

W9oEp4n8i4H; xm̀l #H s4gC6lA Nmd2lQ5 xs9My8̀i5 W=̀?9o6̀i5 y=K8ix[A5 W9leo6Xb 

W[QxD8N6g8i4 gx=F6N6gc6X5 rsJ4n5 X6N4ymJ5 xe4bsyMlt4 W9oEx2t8k5. 

W9oEct[QyxD1N6̀i5 

nqJ8ix3g6 W9oExzb xesm8iz, vJytbs8z xe4ymyx6ix3g6 cspn6bwymyx3g5 xml 

cspn6tcsyx3l8i, vJyJ7u4 gnsmct[Q5y6ix5 xm̀l W9oEctc6ix5 kN9osJ8i4 xml 

WJmic5yx3g5 xs9Mt5yxi6u4 xm̀l vJy8ic6lt4 xe[Qx6yi6u4 xesmyx3l8i x4g6bsiq5 

xqlxqlt4 xm̀l Wb6tbs8iq5 xqJtbs8x5 W9oEil4bqi5 W9oExzb vJy8il4bzi 

NlNw/6bsli b7m8i x?t9oÈi5,  
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wkq̀l xml̀ W9oExc6t5y8i6. bw2hm8isMs3g6 2X35M85 v7un8f5, y9M6Jx6j5 v7un8f5 

x=?t9oEi6j5 xm̀l x=F4g6ymiz xesmyx3g6 WD6X9oxi6j5 Wa6X9oxt5y8i6 

“Wa6t5yi6u4 vtbsJ8N6iq5 WJm/qt[A5 s9luyst8i4 xeymqLt4 WjmiC6g8i4 yKi6j5 

ra?aJ8k5 WJm/qi4bs6 WJmiC6bsqg5” N9̀lNw/6ymJ5 W9oEx4n6Jx6i4 cspnw8i6, 

x4f8isJu4 wvJD̀T5 bWb6tbs8̀i5 W9oExc6tbs8̀i5 W9oEym8i5 xml w9oy?9ox1̀i5 

szt4v8ix8k5 W9oExaJ2 s7m8izk5. W9oE9iqk5 Wtbs8i5 xwg̀t5 wvJ6ix3g5 

W/sJm8iqk5 ra?q8k9l ryx8̀i4 xuh5 Wtbs8̀i5 xml WD6nw8̀i5 b7m4fxbs6 

wvJ6ic6ix5 y=K8i4nq̀i ra?q8k5 WJm/qk5. 

N9L8̀Nw6y8̀i5 b7mi6usbs8i6u4 x4gw8ic6ix5 WDt5y8i6u4 netE8i6i4, WD6t5y8̀i5 

r[Z=F1u W9oE8iq̀i5 x4gwqi6i4 y9Mu4. W9oEx4n6Jx6i9̀o x4g6y8i6i4 

N9l8N9Mqg6 b7mwt[A5 nes7mi6t[A5 xm`l y=K8i4n7j5 xm`l c1kwq5yx6i6j5 

kN=K7us8i4 uxi6y8i6u4 xml xJD8̀i6t5yi6u4. 
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1 Introduction 

1.1 Project Overview 

Operated by AREVA Resources Canada Inc. (AREVA), the Kiggavik Project (the ‘Kiggavik Project’ 
or the ‘Project’) is a proposed uranium ore mining and milling operation located in the Kivalliq region 
of Nunavut approximately 80 km west of the community of Baker Lake (Figure 1.1-1). 

The Kiggavik Project will mine three ore deposits at the Kiggavik site: East Zone, Centre Zone and 
Main Zone. The Sissons site has two uranium ore deposits to be mined: Andrew Lake and End Grid. 
The two sites are located approximately 17 km apart. Open pit mining will be used to extract the 
three Kiggavik deposits as well as the Andrew Lake deposit. Mining of End Grid will require 
underground mining methods. A purpose-built pit will also be constructed at the Kiggavik site for use 
as a water reservoir and to provide aggregate materials for construction. 

All extracted ore from the mine sites will be processed through a mill located at the Kiggavik site 
using hydrometallurgical processes. Ore from the mines will allow for an operating life of  
approximately 14 years with potential resources extending the life. The 14 years encompasses the 
mining and milling of the ore but not the pre-operational construction or decommissioning. Mined out 
pits at the Kiggavik site will be used as tailings management facilities (TMFs) with East Zone being 
the first of the three TMFs to be used. The uranium product will then be packaged and transported 
using aircraft to southern transportation networks. Mill reagents, fuel and other supplies will be 
transported by ship and 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 a secondary option under 
consideration in case the winter road cannot adequately support the Project. 

Decommissioning of the Project will include demolition of all infrastructure at the Kiggavik and 
Sissons sites and reclamation of disturbed areas. Closure of the TMFs will consist of covering and 
then blending the final cover in with the existing topography. Remaining mine rock piles will be re-
graded to promote vegetative growth and to provide wildlife access. 

1.2 Project Location and Setting 

The Kiggavik Project is located in the Kivalliq region of Nunavut. The closest community to the 
Project site is Baker Lake, approximately 80 km to the east. Chesterfield Inlet is a further 190 km 
east and it is located on the Project’s marine transportation route. 

The Kiggavik Project is located in the Southern Arctic ecozone. Major lakes in the region include 
Baker Lake to the east, Pitz and Princess Mary lakes to the south, Aberdeen Lake to the west, and 
Schultz Lake to the north. 
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The Thelon River, which enters Baker Lake just west of the community of Baker Lake, is one of the 
major watercourses in the Kivalliq Region. The Thelon has been a designated Heritage River since 
1990 and is used for recreational and tourism purposes. The Kazan River, which flows into Baker 
Lake from the south, is also a designated Heritage River. 

The Thelon Wildlife Sanctuary, located approximately 100 km west of the Kiggavik site, is the largest 
wildlife refuge in Canada. The Queen Maud Migratory Bird Sanctuary is approximately 200 km to the 
north of the site, while the Ukkusiksalik National Park is located approximately 300 km to the 
northeast. No Project activities are proposed in these areas. The location of the Kiggavik site, 
associated transportation satellite sites, major lakes, Heritage Rivers and wildlife and bird 
sanctuaries are shown in Figure 1.2-1. 
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1.3 Project Purpose and Need 

The purpose of the proposed Kiggavik Project is to mine five uranium ore deposits, process the ore 
to produce uranium concentrate and ship the concentrate for refining and subsequent use in 
producing nuclear energy. The Project will: 

• Realize a return on investment by the owner (economic feasibility); 
• Contribute to the vision and goals of Nunavummiut in terms of sustainable development 

(benefit to Nunavummiut); and 
• Help meet global energy demands and future needs for nuclear power (global energy). 

1.3.1 Analysis of Project Need and Purpose 

In addressing the Project need and purpose, the benefits listed above will be discussed in addition to 
consideration for possible strategic implications and the past, current and potential future users of 
the Project area.   

Economic Feasibility - 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. An Initial Feasibility Study (IFS) for the Kiggavik 
Project was completed 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. 

Benefit to Nunavut Communities - The Kiggavik Project will benefit communities through 
employment opportunities with estimates of up to 750 and 600 positions for construction and 
operations, respectively. Indirect and induced jobs may be as high as 400 during construction and 
1,300 during operations. The Inuit Impact and Benefit Agreement (IIBA) negotiations will define 
further details on the benefits of employment, business opportunities and procurement will be 
preferentially targeted to and realized by the seven communities of the Kivalliq Region. 

Further details of community benefits including training, business development and procurement, 
can be found in Volume 9 and additional benefits negotiated in the IIBA with the Kivalliq Inuit 
Association may be available at the Final Hearing. 

Total taxes and royalties to be paid on the Kiggavik Project are estimated at $1 billion. Table 1.3-1 
outlines the different entities payable and portion of the total taxes and royalties. 
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Table 1.3-1 Taxes and Royalties 

 

Nunavut 
Tunngavik 

Inc. 
(millions) 

Government 
of Nunavut 
(millions) 

Federal 
Government 

(millions) 

TOTAL 
(millions) 

Corporate Income Taxes - $267 $334 $601 

Resource Royalties, Crown Land $16 - $136 $152 

Resource Royalties, Inuit-Owned Land – 
Subsurface (Mineral) Rights 

$248 - - $248 

TOTAL $264 $267 $470 $1,001 

Strategic Implications - Sustainable development of the Kiggavik Project will contribute to the 
economic development of the north in ways that support self-reliant communities with reduced 
dependence on government without a compromise to the health of the people or the land. 
Developing the Kiggavik Project according to the principles of sustainable development will set a 
high bar for uranium mining performance and serve as a benchmark for other uranium 
developments in Nunavut.  

The Kiggavik Project will not affect or lend to Nunavut’s ground transportation networks as any 
access road built between the community of Baker Lake and the Kiggavik site is outside 
contemplated Nunavut transportation networks and any access road constructed must be 
decommissioned at the end of mine life or transitioned to a new owner with proper review and 
authorizations. Contemplation of federal investment in a deep sea port for Nunavut has led to some 
initial discussion on the most strategic location. Operating and proposed developments may 
influence the location of government infrastructure, particularly a port, as interests in economic 
opportunities for the territory and northern sovereignty compete. 

Past, Current and Potential Future Users of Kiggavik Area  - Past and current land use around 
the Project identified through Inuit Qaujimajatuqangit (IQ) interviews, archaeological studies and 
community engagement noted sites of spiritual significance, grave sites and fishing locations north 
of the proposed site primarily in the vicinity of Schultz and Qamanaajuk lakes. Camping areas were 
noted to the west of the Kiggavik Project near Aberdeen Lake as well as other camping areas to the 
south and southeast of the Kiggavik site. Past and current land uses are further detailed in Volumes 
3 (IQ) and 9 (Archaeology) and Appendix 1F (Social and Ecological Context). AREVA commits that 
the Project site will be available for potential future land uses and further details can be found in the 
preliminary decommissioning plan (Technical Appendix 2R).  

Any other potential future use of Project infrastructure must be approved through an independent 
environmental assessment and other required authorizations.   
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Overall Net Benefit of Kiggavik Project to Greenhouse Gas Reduction  - From a broader 
perspective, world uranium production currently falls short of projected future annual requirements 
for generation of clean electricity using nuclear power (as an alternative to electricity generated by 
fossil fuel consumption). Uranium from the Kiggavik Project would help to meet the future needs for 
nuclear power, which will help reduce, on a global scale, greenhouse gas (GHG) emissions. 

On a life cycle basis, the GHG emission intensity (that is, the amount of C02 equivalent released per 
unit of electricity production) for nuclear energy is about 7% of the emission intensity of natural gas, 
and only about 3% of the emission intensity of coal-fired electricity production (WNA 2011). The life 
cycle GHG emission intensity of nuclear power generation is also consistent with renewable energy 
sources, including biomass, hydroelectric and wind power. Thus, over the Project lifetime, the 
uranium ore concentrate from the Kiggavik Project will lead to a reduction in GHG emissions of 
some 1000 to 2000 megatonnes compared to the GHG emissions from producing the same amount 
of electricity from fossil fuels.  

Overall Net Benefit of Kiggavik Project to Sustainable Development in Nunavut - Developing 
the Kiggavik Project within the framework of sustainable development principles applied by AREVA 
to all its activities, the Project will support the vision and contribute to the goals of beneficiaries, 
Nunavummiut and Canadians as outlined in Inuit, territorial and federal policies and strategies. 
AREVA’s sustainable development approach is consistent with the existing framework. 

The Nunavut Tunngavik Incorporated (NTI) Mining Policy (NTI 1997) and NTI Policy Concerning 
Uranium Mining in Nunavut (NTI 2007) state the potential for significant long-term social and 
economic benefits for the Inuit of Nunavut made possible from mineral development, including 
uranium development, when advanced with protection of ecosystem integrity and human health. 
Goals of the Nunavut Planning Commission (NPC) Broad Planning Principles, Policies and Goals 
included encouragement for sustainable economic development (NPC 2007) and it was recognized 
within the Keewatin Regional Land Use Plan that “[while the vagaries of international markets tend 
to make the mining industry volatile, there are few other sources of income on the horizon” and 
considering that significant growth in the wage employment will depend on mineral development 
“[t]he NPC therefore encourages further mineral exploration and the growth of a healthy mining 
industry in the Keewatin.” 

The Nunavut Land Claims Agreement (NLCA) states that the purpose of Inuit-Owned Land (IOL) is 
to “…promote economic self-sufficiency of Inuit through time, in a manner consistent with Inuit 
societal and cultural needs and aspirations.” (NLCA 17.1.1) and this economic self-sufficiently will be 
obtained through balanced economic development and selection of IOL that holds value both for 
renewable resource and the development of non-renewable resources (NLCA 17.1.2, 17.1.3). 
Approximately 90% of all IOL identified in the NLCA is IOL–Surface in which Inuit Organizations 
administer rights for the surface only. The remaining IOL is designated to have both surface and 
subsurface (mineral) rights administered by Inuit Organizations. Two of five deposits assessed for 
the Kiggavik Project, Andrew Lake and End Grid, are located on IOL-surface and subsurface 
(mineral). 
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The guiding document for the Nunavut Government (GN) is Tampata 2009 to 2013. The document 
describes the vision for Nunavut to the year 2030 and lists an improved standard of living; active, 
healthy and happy individuals and families; self-reliant communities with strong Inuit societal values 
and recognition for Nunavut’s unique culture. Nunavut’s economic (and social) development plans 
focus on the economic sectors that can provide the most growth and employment, without harming 
the environment. These sectors are mining, tourism (and arts and crafts) and commercial fishing. 
The Government of Nunavut Exploration and Mining Strategy: Parnautit – A Foundation for the 
Future (GN 2007) recognized the importance of mining to Nunavut’s economic development with 
hopeful expectation of four operating mines by 2013. 

Canada’s Northern Strategy highlights the four objectives of 1) strengthened Canadian sovereignty, 
2) environmental protection, 3) economic and social development and 4) Governance.  Exploration 
and the development of mineral resources are included in the strategy to achieve economic and 
social development. (Indian and Northern Affairs Canada 2008) 

Many of the policies and strategies for Nunavut speak to self-reliance and improved quality of life as 
drivers for balanced economic development that requires both the protection and use of renewable 
resources with the development of non-renewable resources. Project benefits to Kivalliq 
communities and all Nunavummiut are outlined in Volume 9 – Socio-Economic Environment. 

1.3.2 Alternatives to the Project 

The only alternative to proceeding with development is Project abandonment. Abandoning the 
Project, other than for significant environmental impacts or cultural concerns that are determined to 
be unacceptable, would be inconsistent with the economic strategies and development policies 
established for the area. Should the Nunavut Impact Review Board (NIRB) environmental review 
find the Kiggavik Project is consistent with the protection of ecosystem integrity and human health, 
the potential economic benefits would not be realized with a decision to abandon the Project. 
Alternative means to carry out the Project are detailed in Appendix 2A – Alternatives Assessment 
and within Volume 2.  
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1.4 Project History 

Uranium in the area of the Kiggavik Project was identified during systematic coverage with an 
airborne radiometric survey in 1974 and drilling in the late 1970s led to the discovery of potentially 
economic mineralization. The Sissons site was prospected in 1986 using airborne geophysics. 
Ground gravity surveys and drilling at the resulting anomalies led to the discovery of uranium 
mineralization at End Grid and Andrew Lake in the late 1980s. 

Following a feasibility study, the Project owner at the time, Urangesellschaft Canada Ltd. (UG), 
proposed a mine development for the Kiggavik Project in 1989. The Federal Environmental 
Assessment and Review Office (FEARO) set up an Environmental Assessment Review Panel to 
review the Project Proposal but in July 1990 UG asked FEARO to delay the public hearings for an 
indefinite period of time. The Project was opposed by a number of organizations and a plebiscite in 
Baker Lake showed the majority of the local population also opposed the Project.  

In 1993, AREVA (formerly COGEMA Resources Inc.) became the operator of the Kiggavik Project 
with the acquisition of UG, which is now a wholly owned subsidiary of AREVA. Exploration was 
carried out between 1993 and 1997 and the focus of community engagement at that time was local 
employment. A pre-feasibility study completed in 1997 concluded that the deposits were not 
economic given the market conditions at that time and the Project was put into care and 
maintenance from 1998 until 2002. Meetings and site visits with Baker Lake elders in 2003 and 2004 
were important in advising the company on site clean-up activities and rehabilitation work conducted 
during those years.  

AREVA re-established a number of community and territory contacts in Baker Lake and throughout 
Nunavut in 2005 with the objective of establishing the company and understanding community 
concerns, culture and issues related to the potential acceptability of uranium development. 
Community engagement continued in 2006 with a new AREVA office opening in Baker Lake.  

A preliminary re-assessment of the viability of the Kiggavik Project was conducted in 2006. Drilling 
and fieldwork activities were reinitiated in summer 2007 and an updated pre-feasibility study was 
presented to the Joint Venture partners later that year. Following completion of the study, AREVA 
and the Project joint venture partners elected to initiate a Feasibility Study and the formal 
environmental review process.  

Applications for authorization and a Project Proposal were submitted in November 2008 to formally 
initiate the environmental review process. The Project proposal subsequently passed a conformity 
determination with the Keewatin Regional Land Use Plan by the NPC on January 19, 2009 and a 
screening determination was forwarded from the NIRB to the Minister of Aboriginal Affairs and 
Northern Development Canada (AANDC) on March 13, 2009. The Minister determined on February 
23, 2010 that an Article 12 Part 5 NIRB-led review would be carried out. The NIRB released the final 
guidelines for the preparation of the Kiggavik Environmental Impact Statement on May 3, 2011. 
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A draft environmental impact statement was submitted by AREVA on December 21, 2011, was 
reviewed by the NIRB, and found not to conform to the guidelines for the preparation of the EIS.  
AREVA subsequently provided an addendum to the EIS in April 2012.  The NIRB accepted 
AREVA’s submission and commenced the technical review process on May 4, 2012 with a call for 
information requests.  Information requests were received by AREVA on July 13, 2012 and AREVA 
provided written responses January 31, 2013.  AREVA subsequently received technical comments 
on the draft EIS on April 8, 2013 and provided written responses on May 8, 2013.  Technical 
meetings were held in Rankin Inlet May 28 to 31, 2013 and were followed by a community 
roundtable in the community of Baker Lake and pre-hearing conference on June 4 to 6, 2013.  The 
NIRB provided the Preliminary Hearing Conference Decision on July 5, 2013.  AREVA committed to 
submitting the final environmental impact statement by September 30, 2014.      

1.5 Project Ownership 

The Kiggavik Project is owned by: AREVA Resources Canada Inc. and Urangesellschaft Canada 
Limited (collectively “AREVA”); Japan-Canada Uranium Company Limited (“JCU”) and; Daewoo 
International Corporation (“Daewoo”). AREVA is the operator of this Project. The participating 
interests of the parties are as follows: 

AREVA  64.8% (UGC - 41.3%; AREVA - 23.5%) 
JCU   33.5% 
Daewoo 1.7% 

Project funding is provided by the owners in proportion to their ownership shares. 

1.6 The Proponent 

AREVA Resources Canada Inc. is the proponent for this Project. AREVA is a Canadian company, 
headquartered in Saskatoon, Saskatchewan. The company is a 100% subsidiary of the AREVA 
Group of companies headquartered in Paris, France. The AREVA Group is a world leader in 
supplying electrical energy systems with low CO2 production through its longstanding supply of 
nuclear energy systems and services and increasingly, through the supply of renewable energy 
systems for electricity production. The Group has manufacturing facilities in over 40 countries and a 
sales network in over 100 countries. Approximately 48,000 people are employed by the AREVA 
Group worldwide.  

The AREVA Values Charter (Appendix 1C) expresses the group’s commitment that economic 
performance is inseparable from ethics and that compliance with international treaties is an absolute 
condition. The public and the planet are considered important stakeholders in addition to customers, 
shareowners, employees, and suppliers and contractors. The seven core values guiding AREVA 
activities are customer satisfaction, profitability, responsibility, integrity, acute sense of 
professionalism, sincerity and partnership.  
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Contact Information 

AREVA’s head office is located at: 

817-45th Street West 
Saskatoon, SK S7K 3X5 
Main Telephone: (306) 343-4500  

1.6.1 AREVA’s Approach to Sustainable Development 

AREVA is committed to sustainable development. This means integrating economic, environmental 
and social considerations in the decision-making process across all business units and activities.  
AREVA follows commitments in 10 key areas spanning all aspects of sustainable development 
(Appendix 1C).   

AREVA’s 10 commitments to sustainable development are bounded by 1) economic success that 
ensures the group’s longevity and supports environmental and social initiatives, 2) respect for the 
environment by limiting our impact and 3) our social responsibility that requires participation in 
community development and establishing relationships of trust. The commitments of Governance, 
Innovation and Continuous Improvement support and build all aspects of sustainable development 
through accurate reporting, developing and managing the most advanced technologies and going 
beyond adaptive management to capitalize on opportunities to enhance operations and activities. 

AREVA’s Sustainable Development Commitments (and Values Charter) and demonstrated 
performance in Saskatchewan fully meet the policy requirements and conditions for uranium mining 
in Nunavut as outlined in the NTI Uranium Policy, the Mining Policy, the Water Policy, the 
Reclamation Policy; the GN Nunavut Exploration and Mining Strategy; and the AANDC Northern 
Strategy. The 40 years of modern uranium mining in Saskatchewan has demonstrated that the 
economic benefits of uranium mining can be enjoyed without compromising worker safety or 
environmental integrity. Through the proposed Kiggavik Project approach, AREVA is committed to 
maintaining and enhancing this balance between environmental, social, and economic performance. 

1.6.2 AREVA’s Integrated Approach to Environmental Protection 

The framework for AREVA’s integrated approach to environmental protection is based on continual 
improvement, incorporating the concepts of both a precautionary principle approach and adaptive 
management. The AREVA Environment Policy is in Appendix 1C. Continual improvement in facility 
processes and operational practices are identified based on analyses of performance data. 
Operational performance is continually monitored to confirm acceptability of the operations, identify 
additional mitigation measures where needed, and to update predictions of environmental effects 
based on analysis of operational and environmental data. As well, environmental monitoring and 
follow-up programs are continually reviewed for improvement opportunities. This integrated 
approach allows a conservative, or precautionary approach to decision making when uncertainties 
are higher, as may be the case prior to the start of a new operation. 
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As time progresses, uncertainties are reduced through demonstration of the physical performance of 
the facility, its mitigative features, and confirmation or revision of the predictions supporting the 
environmental assessment and licensing approvals. The focus then shifts from the precautionary 
approach initially required in the face of uncertainties to the validation of predictions and adaptive 
management, if necessary. Optimization of performance, and of monitoring, and follow-up programs, 
is achieved through continual improvement based on experience. If necessary, additional mitigation 
measures can be implemented from the contingency measures identified at the time of original 
regulatory approvals. 

1.6.3 AREVA Approach to Worker and Public Health and Safety 

AREVA is committed to providing a healthy and safe work environment for employees and 
contractors, and to ensuring that all work is performed in a safe and responsible manner that meets 
regulatory and company standards. To fulfill this commitment, AREVA has implemented a health 
and safety management system designed to mitigate risks through occupational health and safety 
program activities including: hazard identification and risk assessment, workplace inspections and 
monitoring, safety awareness and training, health evaluation and surveillance, radiation protection, 
incident investigations, and emergency preparedness and response. Within the safety management 
system, efficacy of safety programs and performance are evaluated and objectives developed for 
continual improvement. The safety management system is certified to meet the Occupational Health 
and Safety Assessment Series (OHSAS) 18001:2007 standard. The standard requires 
comprehensive evaluation of risks to health and safety and the implementation of appropriate risk 
mitigation measures; it also requires monitoring of compliance to regulations and other requirements 
established for occupational health and safety. 

As a result of AREVA’s commitment to the health and safety of its workers, contractors and the 
public, AREVA is a leader in health and safety performance in its exploration, mining, milling and 
decommissioning activities. AREVA has experienced a decreasing trend in incident frequencies over 
the past decade. Incident frequencies at AREVA and in uranium mining in general, are amongst the 
lowest industrial incident frequency rates. 

Radiation exposure is a hazard associated with uranium mining and processing. Radiation 
protection programs are in place throughout the exploration, mining, milling and decommissioning 
phases of a project lifecycle to maintain doses to workers and to the general public as low as 
reasonably achievable (ALARA), social and economic factors considered. Radiation protection 
program are designed to meet the regulatory requirements of the Canadian Nuclear Safety 
Commission (CNSC) and the corporate commitments of AREVA. The radiation protection program 
monitors the effectiveness of design features and operational practices, and educates workers on 
radiation safety. Program elements consist of operational practices and procedures employed to 
monitor workplace radiological levels, worker exposure, and radioactive contamination, to control 
radiation exposure of workers, the public, and the environment. Worker radiation doses from 
uranium mining in Canada are well within regulatory dose limits established by the CNSC. 
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During the design phase of a project, predictions of worker and public exposures to radiation, 
hazardous materials, and other contaminants of potential concern are conducted in order to design 
mitigative measures to eliminate or reduce exposures, and to assess potential human health effects. 
Projects are then developed and operated to ensure that worker and public health is protected. 

Hazard identification and risk assessment activities identify circumstances that may lead to incidents 
or emergency situations. These situations are evaluated and emergency response plans are put into 
place to address them. Designated emergency response personnel are trained in plans to 
adequately respond to incidents of potential personal injury, releases of hazardous materials, fire, 
rescue, and environmental spills. Emergency preparedness and response planning is an integral 
part of the safety management system which ensure that effects of incidents and emergency 
situations are minimized. 

The success of these programs is evident in McClean Lake Operation’s exemplary performance with 
respect to worker exposure and safety records. The successful policies and programs currently in 
place at the McClean Lake Operation will be adapted and applied for use at the Kiggavik Project. 

1.6.4 Corporate Experience and Operational Record 

1.6.4.1 Operational Experience 

Exploration, Mining and Milling - AREVA, and its predecessor companies, have been involved in 
uranium exploration and project development, operation and decommissioning in the Athabasca 
Basin of northern Saskatchewan for over 40 years. AREVA activities can be broadly grouped into 
projects where it is the operator, those it does not operate but holds an equity interest, and 
exploration activities. Projects operated by AREVA include Cluff Lake (decommissioning 
substantially complete), McClean Lake operation and the proposed Midwest Project.  Cluff Lake 
produced over 60 million pounds of uranium concentrate from four open pit and two underground 
mines over its project life. Physical decommissioning of the Cluff Lake facilities was largely 
completed by 2006, with remaining infrastructure to support post-decommissioning monitoring and 
exploration at a nearby site.  The remaining infrastructure was decommissioned in 2013, with on-
going post-decommissioning monitoring now performed on a campaign basis during site visits. More 
than 50 million pounds of uranium concentrate has been produced at McClean Lake to date.  
Production at McClean Lake is expected to increase and continue with additional ore reserves 
identified for processing.  AREVA also has significant minority interests in the Cigar Lake, McArthur 
River and Key Lake projects. The company also maintains an active exploration program which has 
expanded to northern Quebec, Nunavut and Labrador.   
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Transportation Networks - AREVA has extensive experience with transporting personnel and 
materials to remote mine sites.  The Cluff Lake and McClean Lake sites are both about 800 km from 
Saskatoon with small company operated airports and all-season gravel roads forming part of the 
provincial highway network. Personnel are transported to and from camp by chartered aircraft 
serving pick-up points at small communities in the Athabasca Basin and some larger centers. 
Materials and suppliers are transported by truck from warehousing facilities in Saskatoon. 
Experience has also been gained transporting personnel and materials to support Kiggavik Project 
exploration activities.  

Transportation of Radioactive Material - To date, AREVA has shipped over 42000 tonnes of 
uranium (over 110 million pounds of yellowcake) from its production sites in northern Saskatchewan 
to refineries in North America and Europe for further processing. These shipments have experienced 
no major accidents or spills. North American shipments are by sole use truck transport for the drums 
of yellowcake, while shipments to Europe involve loading the drums into shipping containers at the 
production site and then using a combination of truck, rail and ocean going cargo vessels to 
transport the shipping containers to the refinery. 

1.6.4.2 Quality Management 

AREVA has an extensive Integrated Quality Management System (IQMS). This system is designed 
to meet three specific objectives: 1) activities are conducted in a safe and efficient manner meeting 
applicable regulatory requirements; 2) requirements of external standards, specifically ISO 
14001:2004 and OHSAS 18001:2007, are met as applicable to its activities; and 3) the corporate 
commitment to sustainable development is implemented throughout the organization. 

The top level document is the Corporate IQMS Manual.  It describes the corporate vision and 
commitment to quality, and provides core policies for health and safety, radiation protection, 
environmental, social, risk management, human resources, training, social (corporate social 
responsibility) and economic viability.  The Corporate IQMS Manual also describes the company 
organization, the roles and responsibilities of staff, and outlines the progress which each 
organizational unit is to put in place to implement the core policies. Supporting the corporate vision 
outlined in the IQMS manual there are hundreds of procedures, work instructions and forms.  

1.6.4.3 Compliance with Government Policies and Regulations 

AREVA has consistently complied with federal, provincial and territorial regulatory requirements 
pertaining to environmental stewardship as well as health and safety matters. AREVA’s network of 
policies, procedures and monitoring programs, regularly reported to the regulators, ensures that 
environmental impacts and workplace health and safety are well managed. AREVA strives to reduce 
effects on the environment and use of resources and ensure and promote the health and safety of 
our employees and neighbouring communities.   
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Key actions ensuring AREVA’s regulatory compliance include, but are not limited, to the following: 

• Submission of comprehensive annual reports on operational, environmental and health 
and safety performance to the federal and provincial regulators; 

• Frequent reporting to regulators on safety performance, including incident reporting; 
• Routine internal audits of compliance to regulations, licence and permit conditions, best 

practices and documented program; 
• Periodically third party audits of compliance to regulations and expectations; 
• Establishment of a working group to monitor regulatory change; and 
• Notices of reportable spills sent to regulators when spills occur, immediate clean-up and 

remediation actions and preventative measures to avoid reoccurrence. 

AREVA applies company environmental, health and safety policies that exceed regulatory 
expectations. Voluntary International Organization for Standardization (ISO) certification 
demonstrates this commitment to high performance. AREVA ISO certifications include ISO 14001 
and OHSAS 18001 for all AREVA’s operations and exploration activities, including the Kiggavik 
Project.  

AREVA has consistently complied with and participated in formal provincial and federal regulatory 
public consultation processes through public hearings.  

Engagement, information sharing and company transparency is evidenced in working group 
participation and reporting, for example participation in the Athabasca Working Group’s (AWG) 
Community Environmental Monitoring Program (CEMP). The CEMP includes training community 
representatives to collect samples to monitor the air, water, sediment, wildlife and fish. The data 
collected are analyzed and reported on by a third party consultant selected by the CEMP.  

AREVA reports to the public, particularly northern Saskatchewan residents and various provincial 
ministries. On an annual basis, AREVA reports in its performance in environmental protection, 
health and safety, as well as northern employees’ recruitment and training, preferred northern 
supplier use, and donations and scholarships awards.  

Nunavut - In Nunavut all terms and conditions appended to all land use permits and other 
exploration approvals have been strictly followed. Spills have been promptly and accurately reported 
to responsible authorities. 

Monthly Wildlife Monitoring and Mitigation reports during the exploration field season are submitted 
to the GN-Department of Environment (DoE), NTI, Kivalliq Inuit Association (KIA) and Baker Lake 
Hunter and Trapper Organization (HTO). Annual reports on exploration activities are submitted to 
the NIRB, Nunavut Water Board (NWB), AANDC and the KIA. 
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1.6.4.4 Incorporating Environmental and Socioeconomic Considerations 

AREVA has a sound record in incorporating environmental and socioeconomic considerations into 
all phases of uranium project activities. AREVA’s approach to environmental protection with a focus 
on 1) integrated environmental assessment and project design and 2) adaptive management and 
continual improvement (see section 3) demonstrates AREVA’s commitment to incorporating 
environmental considerations into mine development and operation, respectively. Consideration of 
decommissioning at the environmental assessment stage allows for long-term environmental 
concerns to be incorporated and integrated up front when the greatest influences can be made. 

AREVA incorporates socioeconomic considerations into all its activities and actions as evidenced in 
its human resource, health and safety and community involvement performance. Community needs 
change and AREVA is committed to evolve with communities and use two-way communication to 
continue defining and growing mutual beneficial relationships.    

1.6.4.5 Relations with Aboriginal Peoples and Community Engagement 

Saskatchewan - In addition to information sharing initiatives and two-way communication between 
AREVA and communities, the implementation of ongoing employment, economic and community 
support programs are central to company engagement initiatives and these programs are in 
compliance with surface leases and impact management agreements entered into with the province 
of Saskatchewan and some of the northern Saskatchewan communities, respectively.  

Workforce hiring practices ensure that qualified applicants are considered without discrimination to 
race, skin color, religion, age, gender, sexual orientation, political opinions, nationality or social 
origin. AREVA develops programs and policies to ensure the population closest to our operations 
realize project benefits and AREVA strives to employ as many residents from the “priority 
communities” as possible. In 2010, 46% of McClean Lake site employees were residents of northern 
Saskatchewan. These residents accounted for $11 million in salaries and benefits.  

AREVA has participated in the Human Resources and Skills Development Canada Employment 
Equity Program since its inception in 1986 and has consistently improved its standing in the annual 
reporting structure. The 2009 Ministry of Labour report indicated that AREVA is “a leader within the 
mining sector” with regard to the representation of Aboriginal people, which is higher than the labour 
market availability estimates. 

AREVA is a partner in the joint provincial Saskatchewan government and Saskatchewan uranium 
mining companies (AREVA and Cameco Corporation) Multi-Party Training Agreement (MPTA) for its 
northern Saskatchewan operations. As part of the MPTA, in 2010 alone AREVA spent over 
$493,000 on work placements, apprenticeships and training programs, which is in addition to the 
training provided to its employees.  
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Committed to working with northern businesses to provide opportunities for northern procurement 
through its preferred suppliers program, AREVA purchased close to $21 million in goods and 
services from northern Saskatchewan businesses in 2010. In 2010, there were an average of 50 
contractor employees at the McClean Lake mine site and 65% of them were Aboriginal residents of 
northern Saskatchewan. 

AREVA is committed to participate in the life of the communities in which our employees live and 
that are closest to our operations and/or offices. In 2010 AREVA’s donations totaled $719,000 and 
scholarships totaled $134,650. Direct northern Saskatchewan scholarships totaled $112,000 
accounting for over 83% of AREVA’s total support to students.  

Since the beginning of its operations AREVA has partnered with educational organizations, 
particularly trades schools such as the Saskatchewan Institute of Applied Science and Technology 
(SIAST) and the Saskatchewan Indian Institute of Technology. In 1998 AREVA partnered with 
Cameco Corporation to fund the Community Vitality Monitoring Partnership Process (CVMPP) that 
works with the provincial Northern Mines Monitoring Secretariat and the northern Regional Health 
Authorities and other northern organizations to assess community vitality. A number of projects have 
been undertaken in consultation with northern stakeholders and studies performed to date focused 
on youth, social impacts of the mine site 7d in/7d out work rotation system and challenges to post-
secondary education for residents of the Athabasca Basin.  

Nunavut - Relations with Aboriginal people and community engagement work in Nunavut are 
detailed extensively in Volume 3 – Public Engagement and Inuit Qaujimajatuqangit. 

1.6.4.6 Temporary and Permanent Mine Closure 

As is inherent to mining life cycles, temporary and permanent mine closures have required AREVA 
to lay-off employees over the course of Saskatchewan mining operations. When confronted by this 
issue, AREVA has notified regulators and advised employees, contractors, local labour related 
organizations and community representatives (Aboriginal and Métis leadership, municipalities, etc.) 
well in advance of both temporary and permanent lay-offs.  

Employees of the Cluff Lake mine in Saskatchewan were advised of mine closure plans several 
years in advance as the company was looking to permanent closure and decommissioning work. 
Unfortunately lay-offs in Saskatchewan has occurred as recently as the second quarter of 2010 
when delays in construction of the Cigar lake mine resulted in a shortage of ore at the McClean Lake 
mill. These employees were advised approximately six months in advance of the impending lay-offs. 
Company lay-off plans include severance packages, specialized third party tools and assistance to 
help cope with the lay-off and planning to find other employment if desired. With the restart of 
operations at McClean Lake in 2014, in accordance with our union collective agreement and 
company policy, AREVA has recalled former employees for hiring.  
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AREVA has worked with other mining companies and human resources associations to connect 
recently laid-off employees with potential employers and communicate the type of skills offered in 
order to facilitate and encourage re-hiring within the industry. Whenever possible with temporary lay-
offs, AREVA has helped employees remain within the AREVA group by seconding them to sister-
companies in other regions and sometimes provided assistance to further education and develop 
new skills during the temporary lay-off period. 

Environmental commitments remain unchanged regardless of planned or premature closures, 
temporary or permanent.  

1.6.4.7 Northern Experience 

AREVA’s Cluff Lake and McClean Lake sites are at a latitude of approximately 58°N. AREVA’s 
direct Arctic experience comes from its exploration and site characterization activities at the Kiggavik 
Project. To supplement this exposure, AREVA has looked closely at winter road transportation in the 
NWT and has visited operating mines in both the NWT and Nunavut in order to capitalize on any 
lessons learned. Literature related to both the Polaris and Nanisivik mines has also been 
considered. 

1.7 Land Tenure 

The Kiggavik and Sissons sites are composed of 37 leases covering 45,638.5 acres located within 
the Kivalliq Region of Nunavut. Since submission of the Kiggavik DEIS, a surface land exchange 
between the Government of Canada and the Kivalliq Inuit Association was finalized. Land Parcel 
RE-32 was obtained by the Government of Canada to facilitate the creation of Ukkusiksalik National 
Park and Land Parcels RE-EX32 and RE-RE32 were obtained by the Kivalliq Inuit Association 
based on the potential development of non-renewable resources. Land Parcel RE-EX32 coincides 
with the proposed Kiggavik Project.   At the writing of the FEIS, Thirty one of the 37 leases have 
surface rights administered by the Kivalliq Inuit Association with the remaining six held by the Crown 
with surface rights administered by AANDC.  

In addition to the mining leases described above, AREVA holds 18 claims covering 41,222.26 acres 
referred to as the St. Tropez exploration site. All 18 claims were recorded on September 15, 2005 
with an expiry of September 1, 2015 and these claims are eligible for conversion to lease in 
September 2015. The proposed development outlined in the environmental assessment is located 
on Kiggavik and Sissons leases. The only activities on the St. Tropez claims are related to 
exploration.  
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1.8 Regulatory Context 

NTI and the Government of Canada signed the Nunavut Comprehensive Land Claim Agreement 
(NLCA) in 1993. The agreement included the establishment of five Institutions of Public Government 
and is the prominent legislation directing the regulatory process in Nunavut. Additional federal and 
territorial legislation and federal, territorial and Inuit guidelines also apply to the proposed Kiggavik 
Project. 

The Kiggavik Project has regulatory obligations to numerous departments within federal and 
territorial governments, Inuit Organizations and Inuit Institutions of Public Government. To proceed, 
the Kiggavik Project must be consistent with any applicable uranium policies and land use plans, 
successfully obtain a NIRB project certificate with a successful environmental assessment and, 
finally, obtain required permits and licences. 

1.8.1 Conformance with Applicable Policies and Land Use Plans 

Since the NLCA, a number of policy developments have provided clarity and direction for the 
development of uranium in Nunavut. The Nunavut Territory has given special consideration and 
planning to uranium development as evidenced in the consideration of uranium development in the 
broad principles, objectives and conditions for uranium exploration and mining outlined in the NTI 
Uranium Policy (NTI 2007) and the six guiding principles for uranium developed by the Government 
of Nunavut. AREVA’s values and sustainable development commitments (Appendix 1C) along with 
existing Canadian law and international agreements ensure consistency between the NTI uranium 
policy and GN guiding principles and the proposed Kiggavik Project. AREVA is committed to 
sustainable development that does not compromise the land or people of Nunavut. 

Pursuant to Article 11 of the NLCA, all applications for project proposals must be forwarded to and 
reviewed by the NPC for conformity with any applicable land use plan. The Kiggavik Project received 
a positive conformity determination against the Keewatin Regional Land Use Plan and NPC 
forwarded the project proposal and their conformity determination to the NIRB on January 16, 2009.  

1.8.2 Environmental Assessment 

Pursuant to Article 12 of the NLCA, the NIRB then screened the Project proposal and forwarded a 
recommendation for a review to the Minister of AANDC on March 13, 2009. The Minister issued a 
decision for a NLCA Article 12 Part 5 NIRB-led review on February 23, 2010. After commenting 
opportunities the final scope of the Project for review was released by the NIRB on February 9, 2011 
and the final guidelines for the preparation of the Kiggavik Draft EIS were issued on May 3, 2011.  A 
draft environmental impact statement submitted by AREVA on December 21, 2011, as addended in 
April 2012, was accepted by the NIRB and commenced the technical review process on May 4, 
2012.  Technical meetings were held in Rankin Inlet followed by a community roundtable in the 
community of Baker Lake and pre-hearing conference between May 28 and June 6, 2013.  The 
NIRB provided the Preliminary Hearing Conference Decision on July 5, 2013. 
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1.8.3 Permits, Licences and Authorizations Required to Undertake Proposal 

Following a positive environmental assessment decision, AREVA will require a number of major 
permits, licences and authorizations from a variety of Inuit and Land Claim Organizations, Federal 
government departments, and the territorial government prior to commencement of construction. 
None of the approvals can be issued prior to a NIRB project certificate. The major authorizations are 
summarized in Table 1.8-1. 

Table 1.8-1 Licensing Process – Summary of Major Authorizations 

Permit/License Agency/Legislation Activity 

Project Certificate Nunavut Impact Review Board Required to Proceed with Project Development 

Licence to Prepare Site  and 
Construct and Operate 

Canadian Nuclear Safety 
Commission 

Required to Proceed with Project Development 

Inuit Impact and Benefit 
Agreement, Water and 
Wildlife Compensation 

Kivalliq Inuit Association Required to Proceed with Project Development 

Type A Water Licence Nunavut Water Board Water use and waste disposal; discharge 

limits to the receiving environment 

Class A Land Use Permit and 
Surface Lease 

Indian and Northern Affairs 
Canada 

Development of mine and roads on Crown Land 

Land Use Licence and 
Surface Lease 

Kivalliq Inuit Association Development of mine and roads on Inuit Owned Land 

Fisheries Authorization Department of Fisheries and 
Oceans 

Any development that may result in a harmful 
alteration, disruption or destruction of fish habitat 

Navigable Water Permit Transport Canada Required if parts of the development interfere with 
navigation i.e. bridges or culverts 

Other licences and permits, such as archaeology, quarry and explosives, will also be required for the 
Project. 

1.9 Document Concordance and Organization 

Concordance - The Kiggavik Draft EIS and supporting documents, as addended, were found to 
fulfill the requirements as outlined in the “Guidelines for the Preparation of an Environmental Impact 
Statement for AREVA Resources Canada Inc.’s Kiggavik Project (NIRB 2011 File No. 09MN003) as 
well as the intent of the guidelines - to identify all likely significant environmental effects. The Final 
EIS has been developed to fulfill commitments made by AREVA during the pre-hearing conference 
and to meet the requirements of the NIRB as described in the “Preliminary Hearing Conference 
Decision” issued July 5, 2013. To facilitate review of the EIS, a table is included as Appendix 1A to 
demonstrate conformity of the EIS with the expectations described in project guidelines, 
commitments and requirements. 
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Tier 1 Organization and Content 

This document is organized to provide an overview of the entire assessment with a focus on the 
company, the proposed Project and the assessment of potentially significant environmental and 
socioeconomic effects. It also includes a discussion of AREVA’s approach to environmental 
protection and an overview of the methods used to conduct the Kiggavik environmental assessment. 
Highlights of efforts to engage communities and efforts to integrate both engagement information 
and Inuit Qaujimajatuqangit into the Kiggavik Project design and environmental review are 
summarized.  

The sections are as follows: 

• Section 1: Provides a general introduction to the proposed Kiggavik Project, a 
description of AREVA including the company’s business approach and experience and 
finally the regulatory context.  

• Section 2:  Provides an overview of the proposed Kiggavik Project. 
• Section 3:  Describes AREVA’s approach to environmental management and mitigation. 
• Section 4:  Describes the framework for how the assessment of potential effects from the 

Project were assessed in Volumes 4 to 9. 
• Section 5:  Summarizes major findings and influences of community engagement in the 

EIS. 
• Section 6:  Summarizes major findings and influences of Inuit Quajimajatuqangit in the 

EIS. 
• Section 7:  Provides a description of the existing environment to use as the baseline to 

assess potential changes to the environment. 
• Section 8:  Addresses Project-environment interactions with the potential to result in a 

significant ecosystemic or socio-economic effect and/or interactions identified through 
engagement as being of particular concern. Significance of each effect is determined and 
potential cumulative and transboundary effects are addressed. 

• Section 9:  Summarizes potential effects of the environment on the Project. 
• Section 10:  Presents an analysis of potential accidents and malfunctions. 
• Section 11:  In light of the significance determinations, acknowledgement of accidents 

and malfunctions and the framework of monitoring and management in place, the 
sustainability of the proposed Project is discussed. 
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2 Project Description  

2.1 Project Scope, Location and Configuration  

The Kiggavik Project includes three sites (Figure 2.1-1): the Kiggavik mine and mill site (Kiggavik 
site; Figure 2.1-2), the Sissons mine site (Sissons site; Figure 2.1-3), and the Baker Lake dock site 
(Figure 2.6-2). The Project also includes the roads connecting these sites and associated marine, 
ground, and air transportation activities. Table 2.1-1 lists the key infrastructure proposed for each 
site.  

Table 2.1-1 Key Infrastructure at Kiggavik, Sissons and Baker Lake Dock Site 

Site Key Components 

Kiggavik site • Open pit mines 

• Mine rock stockpiles 

• Ore stockpile 

• Purpose-built pit 
• Mill and acid plant 

• Tailings management facilities 

• Water treatment plant 
• Powerhouse 

• Waste management facilities 
• Explosives storage 

• Accommodations complex 

• Pointer Lake airstrip 
• Fuel tank farm 

Sissons site • Open pit mine 

• Underground mine 

• Mine rock stockpiles 
• Ore stockpile  

• Water treatment plant 

• Powerhouse  
• Fuel tank farm 

Baker Lake • Wharf 

• Storage yard 

• Storage buildings 
• Fuel tank farm 

• Explosives storage 
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2.2 Project Phases and Schedule 

Given a positive environmental assessment decision and Project Certificate from the NIRB, 
subsequent licensing and approvals are anticipated to last two years. Final feasibility and detailed 
design are required are required to support licensing and inform a development decision for start of 
construction. Construction would begin with preparation of the Baker Lake dock facility in time for the 
first shipping season. Construction at the Kiggavik site is expected to begin early the following year 
in concert with the winter haul season. Construction is expected to last three to four years. The 
minimum Project life, based on existing reserves, is estimated at 14 years of operation followed by 
approximately 15 years of combined decommissioning and post-decommissioning activities     
(Figure 2.2-1). However, it is considered likely that additional reserves will be identified and the 
Project life extended. Operation of the mill and the associated interactions with the environment 
have been assessed on the basis of 25 year operational life. The anticipated key Project phases 
consist of the activities shown in Table 2.2-1. 

 

Figure 2.2-1 Anticipated Project Schedule 
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Table 2.2-1 Key Project Phases 

Phase Activities 

Pre-development • Begins upon issuance of NIRB Project Certificate 

• Feasibility study and engineering activities 

• Completion of licensing documentation; issuance of licences and 
authorizations 

• Contracting and procurement for long-lead items 

Construction  • Preparation of Baker Lake dock site 

• Shipment of construction materials and operating supplies 
• Construction of winter road 

• Construction of Kiggavik site facilities 

• Construction of surface Sissons facilities 
• Dewatering of Andrew Lake 

Operations • Mining 

• Mine rock management 

• Milling 
• Tailings management 

• Water and waste management 

• Support activities (power generation, logistics) 
• Progressive reclamation 

• Develop and obtain regulatory approval for  Detailed 
Decommissioning Plan  

Decommissioning and Reclamation • Demolition and removal of site buildings and other infrastructure 

• Disposal of Type 3 mine rock and contaminated materials into TMF 
or pit 

• Re-establish natural drainage 
• Reclamation of Type 1 / 2 and overburden permanent stockpiles 

• Refill Andrew Lake pit and remove dewatering berm from Andrew 
Lake 

• Treatment of tailings porewater and closure of TMFs 
• Re-vegetation of reclaimed areas 

• Closure of waste management facilities 

• Contouring and re-vegetation of disturbed areas 

Post-decommissioning  • Monitoring and follow-up  

• Radiological clearance 

• Transition to long-term campaign monitoring program conducted 
until site transfer to institutional control 
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2.3 Geology and Mineral Resources 

Kiggavik - The Kiggavik deposits (Main Zone, Centre Zone and East Zone) are located in basement 
host rocks. The Main and Center Zones are located 600 m apart and the East Zone is located 
approximately 500 m further to the east of Center Zone. Mineralization within the Kiggavik area 
deposits occurs between ground surface and approximately 350 m below ground surface. 

Andrew Lake - The Andrew Lake deposit is located in metasediments. These formations have been 
strongly metamorphosed and altered, tectonized, and intruded. Three main mineralized lenses have 
been identified at the Andrew Lake deposit. Mineralization within the Andrew Lake area occurs 
between approximately 70 m and 300 m below ground surface. 

End Grid - Two main mineralized pods (North Pod and South Pod) have been identified at the End 
Grid deposit. These are located in strongly altered metasediment that are tectonized, with steeply 
dipping tension faults and hydraulic breccias. Mineralization at the End Grid deposit occurs between 
approximately 75m and 475 m below ground surface. 

Resources  - Using a 1,000 ppm U cut-off for the open pit mines, and a 2,000 ppm U cut-off for the 
End Grid underground mine, mineral resources are estimated at approximately 133 million pounds 
U3O8 (51,000 tonnes uranium) at an average grade of 0.462% uranium.  

2.4 Alternative Means of Carrying Out the Project 

The following items have been considered in the Project design and selection of viable options:  

• The sensitivity of the tundra environment, including permafrost, wind, extreme 
temperatures, wildlife, and the extended ice covered season; 

• Potential effects, both negative and positive, on socio-economics and communities; 
• Project economics; 
• Operational flexibility;  
• Potential for long term liabilities / ease of decommissioning; 
• Comments, suggestions and concerns from communities and regulators; and  
• Uncertainty and risk, including climate change. 

Comments, concerns, and input from the public have been gathered by AREVA since 2006. This 
information has been used to optimize Project design, incorporate community input into alternatives 
assessment, and focus the assessment of effects on issues of concern to regulators and 
communities.  

Technical Appendix 2A – Alternatives Assessment describes Project alternatives, selection of 
preferred options, and identification of options carried forward for full assessment and approval 
consideration. 
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2.5 Construction Infrastructure and Activities 

A number of construction challenges and key parameters have been considered in the planning of 
the construction phase. These parameters include: 

• Remoteness of the site; 
• Long and potentially complex supply chain; including ocean going vessels, barges, winter 

road, air transport; 
• Seasonal supply windows; including a short open water season; 
• Harsh environmental stresses; including poor visibility conditions, high winds and cold 

temperatures; 
• Measures to protect permafrost and sensitive landforms during construction; 
• Measures to protect wildlife during construction; 
• Specialty capacity; including snow drifting and construction in permafrost; 
• Material availability; and 
• Amount and skill of the available labour force at the time of construction. 

Key construction activities include: 

• Site grading and excavation work for the site, stockpile and pond pads;  
• Grading and excavation work for the freshwater diversion channels; 
• Road and airstrip construction; 
• Aggregate sourcing and crushing; 
• Foundation installation; 
• Building erection for the mill, acid plant, powerhouse, mine shops, accommodation 

complex; 
• Tank farm construction; 
• Temporary construction power generation; 
• Installation of pipelines and power distribution lines to Judge Sissons Lake, Siamese 

Lake, and Mushroom Lake;  
• Purpose built pit; 
• Equipment installation and commissioning; and  
• Transportation of fuel and construction supplies. 

Temporary infrastructure on-site during the construction phase will include a temporary water 
treatment plant, skid-mounted diesel generators, construction camp trailers, construction offices, 
batch plant, crusher, and an ice airstrip on Pointer Lake.  

Primary construction of the Project is expected to be carried out over a three to four year period. 
Additional construction activities at the Sissons site will be on-going after operations begin at 
Kiggavik.   
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2.5.1 Foundations and Pads 

Common engineering practice for work in permafrost environments is to found heavily loaded and 
sensitive mine site building foundations on competent bedrock, and to found at-grade structures on 
engineered granular backfill.  

Relatively good quality bedrock exists close to the ground surface in the area chosen for the mill 
building. Overburden soils and weathered bedrock will be excavated with footings constructed on 
the surface of the competent bedrock. The excavation will be backfilled around the footings with 
engineered structural fill that will support floor slabs. Outside of the main mill site, the structures will 
likely be located on variable foundation conditions – on bedrock, thin overburden, or thick ice-rich 
overburden soils underlain by bedrock. Therefore, the design of these foundations will be highly 
location and structure specific.  

Pads surrounding the various facilities at the mine site will be constructed using blast rock in a 
similar manner to the approach used in the construction of access and haul roads. The minimum 
thickness of the pad will be about 1.7 m in order to provide thermal protection to the underlying 
permafrost overburden soils and rock.  

2.5.2 Aggregate Sources 

Aggregate sources will be required for rock embankment, road surfacing, pads and fill materials. 
These materials will be produced from Type 1 mine rock from the purpose built-pit and from quarried 
rock obtained from suitable sources in the vicinity of the mine site and the access roads. These 
materials will be crushed and processed to produce select fill as required. Later in the Project, 
materials for the Kiggavik-Sissons access road will also be derived from Type 1 mine rock (i.e. non 
acid generating rock with no potential for metal leaching) from open pit mine operations. 

2.5.3 Site Dewatering  

Most Project infrastructure will be located on relatively dry ground. Freshwater diversion channels 
will be constructed as early in the schedule as possible in order to redirect runoff and maintain dry 
construction conditions. The diversion channels are designed to ensure fish passage. Best practices 
during construction will be used to prevent sediment transport and permafrost degradation 
(Technical Appendix 5O).  

Construction of a dewatering structure is required at the Sissons site in order to access the 
southwest portion of the Andrew Lake deposit. The dewatering structure will extend through shallow 
water expected to be less than 1 m deep. Aquatic studies have indicated that small fish frequent the 
lake so the dyked area will be fished-out prior to dewatering. The fish-out will be done in consultation 
with the local communities and regulators. Approximately 135,000 m2 of lake area, or approximately 
30,000 m3 of volume, will need to be dewatered to provide adequate buffer between the pit edge and 
the dewatering structure.  
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2.6 Operating Infrastructure and Activities 

2.6.1 Mining Activities 

The three Kiggavik deposits (East Zone, Centre Zone, and Main Zone) and the Andrew Lake deposit 
are proposed open pit mines while underground mining methods are proposed for the End Grid 
deposit.  

The mining plan has been integrated with the tailings management strategy to ensure that there is 
sufficient mined-out pit volume available for tailings storage. The Kiggavik open pits will be 
sequentially converted into Tailings Management Facilities (TMFs). Mining and stockpiling at 
Kiggavik would begin as early as possible in the Project schedule. Mill start-up would be delayed 
until the first tailings management facility (prepared mined out pit) is available. 

Ore mined from the Andrew Lake and End Grid deposits will be hauled to the Kiggavik mill for 
processing. Ore will be hauled using dedicated trailers that can be transported using standard 
tractors, or mine trucks. Ore pads at Kiggavik and Sissons will be constructed to high standard 
specifications, including installation of a synthetic membrane, berms, and ditches for drainage 
control and water management.  

Dust generation from the mines, ore pads and site roads will be monitored. Proposed dust 
suppression consists of water spray; however, approved chemical dust suppressants may be 
applied if dusting is higher than anticipated. Operational practices, such as minimizing the amount of 
vehicle traffic in ore zones and ore stockpiles, may also assist in reduction of dust.  

A central mine shop will be located at the Kiggavik site. The Sissons maintenance buildings will be 
for small and light duty functions such as oil changes and small repairs. Major repairs will be 
completed at the Kiggavik facility. Equipment from Sissons will be driven or transported by heavy-
duty low-bed trailer to Kiggavik. 

2.6.1.1 Open Pit Mining 

The proposed open pits (East Zone, Centre Zone, Main Zone, and Andrew Lake) will be mined using 
conventional drilling and blasting techniques, with ore and mine rock removal using mechanical 
excavators and trucks. Rock will be excavated using hydraulic shovels that will load a fleet of haul 
trucks. The general characteristics of the open pits are shown in Table 2.6-1.   
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Table 2.6-1 Proposed Open Pit Characteristics  

Deposit 
Surface Area  

(ha) 
Depth  

(m) 

East Zone 8 100 

Centre Zone 15 110 

Main Zone 39 235 

Andrew Lake 44 275 

While mining ore the haul trucks will be weighed and radiometrically scanned using an overhead 
truck scanner located near the pit entrance. The overhead scanner will be used to assign the truck 
destination, based on the uranium grade. Ore will be assigned to the ore stockpile while sub-
economic mine rock will be assigned to one of the mine rock stockpiles (Section 2.6.2).  

2.6.1.2 Underground Mining 

Underground mining at End Grid will start with the main part of the deposit, where mineralization is 
located from 200 m to 420 m below surface. Due to the distribution of rock types and rock mass 
quality within the proposed underground mining areas a Drift and Fill mining method is proposed. 
Material from the mining operation will be separated into mine rock and ore. An average ore 
production rate of 840 tonnes per day is anticipated for the End Grid Mine.  

A portal and single ramp driven from surface will provide access to the deposit. This ramp will 
accommodate all access for personnel, mobile equipment and truck haulage and also acts as one of 
the fresh air sources for the mine.  

Ventilation is a critical factor in any underground mining operation. The ventilation air flow 
requirements are based on operating diesel engine requirements and ensuring adequate radon 
dilution. Single pass ventilation will be practised in all ore headings. It is proposed to heat the mine 
air to maintain an air temperature slightly above freezing to 2º C. 

During the development of the decline in permafrost, pressure heads beneath the permafrost will not 
be reduced; therefore, if prior depressurization is not undertaken, pressure heads will initially be 250 
m or more when the mine first penetrates beneath the permafrost. If these pressures are determined 
to be high, based on stability concerns, or the inflow volumes are considered to be difficult to 
manage, then a depressurization program will need to be implemented. An effective 
depressurization system would likely consist of vertical or sub-vertical boreholes drilled from a 
development excavation. The water would then be pumped to surface for treatment.   
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2.6.2 Mine Rock Management 

The proposed mine rock management plan for the Kiggavik Project has been designed according to 
the following principles: 

• To avoid interaction between mine rock and natural water bodies; 
• To maximize the use of mine workings for long-term management of mine rock; 
• To maximize the use of mine rock as construction material; and 
• To ensure the long-term protection of Kiggavik Project’s terrestrial, aquatic and human 

environment. 

Type 1 mine rock, determined by acceptable levels of uranium content, acid-generating potential 
and metals leaching, will be used for construction. Type 2 mine rock, as determined by acceptable 
acid rock drainage and metal leaching, will not be utilized for construction but will be permanently 
stockpiled and managed on surface. Type 3 mine rock (potentially acid generating rock) requires 
specific management and will be segregated during mining and managed in separate temporary 
stockpiles with ultimate disposal within a mined out pit.  

2.6.2.1 Temporary Stockpiles 

At the Kiggavik site, Type 3 mine rock will be segregated and temporarily stockpiled adjacent to the 
Main Zone pit. Runoff and water percolating through the temporary stockpile will be collected using 
ditches and a holding pond to enable water recycling for use in the mill and to ensure treatment 
before release. During decommissioning, Type 3 mine rock from the Kiggavik site will be backfilled 
into the Main Zone TMF.  

The estimated volume (after excavation) of Type 3 mine rock is conservatively estimated to be 0.8 
million m3 at the Kiggavik site, and 1 million m3 at the Sissons site. 

The design concept for the Sissons temporary stockpile is similar to the Kiggavik temporary 
stockpiles. During operation, Type 3 mine rock from the Andrew Lake pit will be managed in a 
temporary surface stockpile with drainage collection and treatment. Sissons Type 3 mine rock will be 
placed at the bottom of the Andrew Lake pit during decommissioning.   



 

AREVA Resources Canada Inc. 
Kiggavik Project FEIS 
September 2014 

Page 30 
Tier 1 Volume 1: 
Main Document 

Section 2:  Project Description 

 

2.6.2.2 Permanent Stockpiles 

Two permanent stockpiles will be constructed with Kiggavik site Type 1/2 mine rock (Figure 2.1-2).). 
Approximately 29 million m3 (volume after excavation) of Type 2 mine rock will be generated from 
the Kiggavik open pits, together with approximately 7 million m3 (volume after excavation) of Type 1 
mine rock, some of which will be used for construction purposes. An additional quantity of Type 1/2 
mine rock will be used during closure of the TMFs.  Both stockpiles will be surrounded by perimeter 
ditches designed to collect runoff water from the stockpiles. Berms will be constructed along the 
outer edge of each ditch and will prevent surface runoff from surrounding undeveloped areas from 
flowing into the perimeter ditch and mixing with runoff water from the stockpiles. 

The stockpiles will be constructed in order to meet appropriate physical stability criteria. Stockpiles 
will be 30 m to 40 m high and constructed in approximately 10 m lifts with catchments remaining at 
the completion of each lift.  

At Andrew Lake it is proposed to manage the Type 1/2 mine rock in one stockpile. This stockpile is 
designed similar to the Kiggavik stockpiles. Based on the open pit mine plan, the volume of the 
Sissons mine rock stockpile is estimated to be approximately 43 million m3 (volume after 
excavation), since very little of the excavated Type 1 and Type 2 mine rock will be used for 
construction purposes, or during decommissioning. 

It is proposed to stockpile End Grid Type 2 mine rock from the ramp extraction with the Andrew Lake 
mine rock (Figure 2.1-3). Some mine rock from End Grid will be stockpiled separately and crushed 
to be used in mine backfill. 

Overburden till will be stockpiled separately from mine rock at each site.. The thin layer of organic 
topsoil will be separately stripped during construction activities, and stockpiled for later use in 
reclamation. 

2.6.3 Milling Activities 

The Kiggavik Project will include the construction, operation and decommissioning of a mill facility in 
order to extract uranium concentrate from ore. Most modern uranium mills are based on 
hydrometallurgical processing and are comprised of a series of circuits that separate the uranium 
from the other materials in the rock and then produce the packaged uranium concentrate commonly 
referred to as yellowcake. Uranium concentrate is an intermediate product that requires further 
processing before it is suitable for use as nuclear fuel. Uranium concentrate is the only product that 
will be produced at the Kiggavik Project.  
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The milling design approach has been focused upon a number of considerations in order to tailor the 
process to the site, as both the environment and location of the Kiggavik Project present several 
unique challenges and opportunities. Primary mill design considerations included: production 
requirements; water management considerations including fresh water consumption and required 
effluent treatment; tailings characteristics; reagent use and the associated mill effluent quality, 
required water treatment, and logistical considerations for transport of reagent quantities; and also 
radiation protection.  

The nominal capacity of the current mill design is 3,190 tonnes of ore at 0.4% U per day, to produce 
up to 4,000 tonnes of U per year. The key circuits included in the proposed Kiggavik mill are: 

• Crushing and grinding where the rock is mixed with water and reduced in size to increase 
the surface area off the ore particles relative to their mass1; 

• Leaching where the ore is mixed with reagents to dissolve the uranium, along with other 
metals and elements, from the rock into solution; 

• Solid-liquid separation where the particles, which no longer contain uranium, are 
separated from the solution; 

• Extraction and purification where the dissolved uranium is separated from any other 
metals and elements that were solubilised; and 

• Precipitation, drying and packaging of the uranium as a granular uranium concentrate. 

In the mill process all the residual rock particles and process solution waste streams will be treated 
in a Tailings Neutralization circuit. Solution streams will be recycled where possible, with bleed 
streams treated in Tailings Neutralization. 

The mill complex will consist of a central mill building housing the milling process equipment and 
services with main ancillary buildings joined by arctic corridors. The four key ancillary buildings 
supporting mill operations will be the acid plant, oxygen plant, hydrogen peroxide storage, and 
powerhouse. A plan view of the mill and ancillary facilities is shown in Figure 2.1-2.  

Each circuit of the mill will be contained using sloped floors to area sumps and pumps and berms. 
Exterior doorways will also be bermed to provide additional contingency containment.  

2.6.4 Tailings Management 

The tailings management plan for the Kiggavik Project  is designed to avoid interaction between 
tailings and surface water bodies, maximize the use of mine workings for long-term management of 
tailings, and ensure the long-term protection of Kiggavik’s terrestrial, aquatic and human 
environments. In-pit disposal of tailings in mined pits is considered the best tailings management 
option at Kiggavik for minimizing the potential operating and closure impacts to the receiving 
environment. In-pit disposal will also reduce the footprint of the tailings management facility (TMF), 
and provide the most secure long-term facility for tailings.  
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Tailings will be deposited in three open pits at the Kiggavik site. Based on the current mine 
schedule, tailings will be deposited first into the East Zone Pit, followed by the Centre Zone and 
Main Zone pits. 

Tailings will be neutralized and treated to control uranium, radium-226 and trace metal 
concentrations, then thickened. The thickened tailings will be deposited subaqueously to prevent 
freezing, eliminate dusting and enhance radiation protection. Based on thermal modeling analysis 
and observation of arctic lake temperature profiles, a minimum 5 m deep water cover will be 
maintained throughout deposition and early consolidation. The Kiggavik TMFs have been designed 
to rely on consolidation by expulsion to the water cover only. Once significant consolidation is 
observed, the water cover will be replaced with a mine rock surcharge load to further enhance 
consolidation and prevent wind and water erosion of the tailings mass. At closure, the residual water 
resulting from consolidation will be pumped out and treated and a final cover system will be installed 
for re-vegetation and integration in the local topography. 

The performance of the TMFs will not rely on permafrost. 

Approximately 11.5 million tonnes of tailings solids are expected to be generated from processing of 
existing Kiggavik Project ore sources based on the expected mill production schedule. For design 
purposes the containment volume was conservatively based on an average solids content of 38% 
(by weight) while the average solids content of the tailings in pit is predicted to increase from 38% to 
70%. Under this conservative assumption the containment requirement was estimated at 
approximately 21 million m3. 

2.6.5 Water Management 

The overall objective of the water management strategy is to minimize both the intake of fresh water 
from lakes and the release of treated effluents to the environment.  

For the purpose of water management, contact water is defined as any water or snow that may have 
been physically or chemically affected by site activities and includes: 

• Surface runoff from the mil terrace and mining areas; 
• Surface runoff from ore stockpiles; 
• Surface runoff from Type 3 mine rock stockpiles; 
• Water used in the mill process; 
• Water expulsed during tailings consolidation; 
• Groundwater inflows into mines; and 
• Surface runoff and shallow drainage from clean rock piles. 

All contact water will be intercepted, contained, analyzed and treated when required. All water 
released to the environment will meet the Metal Mining Effluent Regulations and site-specific 
discharge quality criteria to be defined during the licensing process.  
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Non-contact water includes runoff originating from areas unaffected by site activities that does not 
come into contact with mining or milling areas. Non-contact water will be diverted away from site 
activities to the surrounding surface water system using freshwater diversion channels and snow 
fences. 

Freshwater diversion channels have been designed to isolate clean runoff that drains toward site 
facilities through interception and re-direction around the core facilities area and ultimately a return 
to the channels which previously carried the flow.  

Snow fences will be installed to limit snow accumulation on site and reduce water runoff from snow 
melt through site. The snow fences will be located north of site infrastructure to reduce wind speeds 
from the prevailing winds. The collected snow melt will be diverted during spring runoff. 

Freshwater for the Kiggavik site will be drawn from Siamese Lake, located approximately 8 km east 
of the site. Freshwater for the Sissons site will be drawn from Mushroom Lake, located 
approximately 2 km to the north. 

2.6.5.1 Kiggavik Site Contact Water 

Destinations for contact water in the contact water management strategy for the Kiggavik site are as 
follows: 

• Mine water - recycle to mill or direct to water treatment; 
• Tails Thickener Overflow - TMF or direct to water treatment; 
• TMF Reclaim - water treatment; 
• Site drainage - recycle to mill or direct to water treatment; 
• Ore stockpile drainage - recycle to mill or direct to water treatment; 
• Type 3 mine rock stockpile drainage - recycle to mill or direct to water treatment; and 
• Type 1/2 mine rock stockpile drainage - sedimentation ponds, then release to 

environment. 

A purpose built pit will be used to manage spring freshet. This pit is located to reduce pumping 
distances to the mill, take advantage of gradients and provide contingency containment in case of 
failure of the primary site containment structures. During normal operation, recyclable water will be 
diverted to this pit for storage prior to use in the mill. The pit will be about 130 m long from east-to-
west, about 160 m wide north-to-south and about 30 m deep.  

The Kiggavik Water Treatment Plant (WTP) will treat effluent for dissolved metals, radium and total 
suspended solids. The treated effluent will be pumped to monitoring ponds that serve as the final 
treated water quality checkpoint. A composite sample of the water pumped to each monitoring pond 
is analyzed to confirm effluent quality before discharge. The treated effluent from the Kiggavik WTP 
will be discharged to Judge Sissons Lake on a year-round basis. The water will be transported via 
an insulated, single-walled, heat-traced pipeline approximately 12 km in length. The pipeline berm 
will be constructed such that the pipeline can be easily crossed by wildlife.  
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2.6.5.2 Sissons Site Contact Water 

Destinations for contact water in the water management strategy for the Sissons site are depicted as 
follows: 

• Mine water - recycle to technical use or direct to water treatment; 
• Technical water - direct to water treatment; 
• Site drainage - recycle to technical use or direct to water treatment; 
• Ore stockpile drainage - direct to water treatment; 
• Type 3 mine rock stockpile drainage - direct to water treatment; and 
• Type 1/2 mine rock stockpile drainage - sedimentation ponds, then release to 

environment. 

The Sissons WTP will treat effluent for dissolved metals, radium and total suspended solids. The 
treated effluent will be pumped to monitoring ponds, which serve as the final treated water quality 
checkpoint. A composite sample of the water pumped to each monitoring pond is analyzed to 
confirm effluent quality before discharge.  

If additional recycling is desired at the Project, Sissons water may be piped or trucked to Kiggavik 
and treated in the Kiggavik WTP. If this is done, expansion of the Kiggavik WTP may be required 
and a water treatment plant at Sissons would not be required.  

2.6.6 Transportation and Shipping 

The majority of goods required for the Project will be shipped via marine transportation during the 
open water season. The Marine Shipping Plan has been based on a conservative operating season 
estimate of 60 days. No ice breaking activity is planned. 

Dry cargo and fuel will be off-loaded at a dock facility along the north shore of Baker Lake. 
Transportation then continues by winter road, and/or all-season road if necessary, to the Kiggavik 
Site. An airstrip will be constructed at the Kiggavik Site to facilitate transportation of yellowcake and 
delivery of perishable goods, emergency supplies, and personnel.  

The annual estimated quantities of supplies for the Project are summarized in Table 2.6-2.  The total 
diesel fuel requirement will be approximately 55,400 tonnes (peak consumption year) while the dry 
goods and reagents total approximately 91,000 tonnes (peak consumption year). The largest 
tonnages will be for diesel fuel, cement (for underground mine backfill), and lime and sulphur (mill 
reagents). Lime and sulphur requirements are expected to be reduced as a result of on-going testing 
and refinement of the milling process.  

A number of site supplies listed are hazardous goods and these will be shipped in accordance with 
international, federal, and territorial regulations. Fuel will be shipped in bulk.   
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Approximately 4,800 tonnes of yellowcake will be shipped by air from Kiggavik to the south annually. 

Table 2.6-2 Estimated Annual Supplies 

Supplies 
Maximum Annual Shipping 

TEUs 
Value Units Packaging 

Blasting materials 10,000 tonnes tote bags 556 

Cement 15,000 tonnes tote bags 833 

Flocculant 101 tonnes tote bags 6 

Flocculant "B" 3 tonnes drums 0.1 

Lime CaO 33,914 tonnes tote bags 1,884 

SAG Mill Grinding Balls (3" & 4") 300 tonnes bulk 17 

Ball Mill Grinding Balls (2") 400 tonnes bulk 22 

Sulphur 23,451 tonnes tote bags 1,303 

Barium chloride 303 tonnes tote bags 17 

Ferric sulphate 239 tonnes tote bags 13 

NaOH 1,442 tonnes tote bags 80 

Na2(SO4) 632 tonnes tote bags 35 

H2O2 (50%) - U 1,716 tonnes ISO containers 95 

Resins Ambersep 920U - U 1,125 tonnes tote bags 62 

Product drums - U* 256 tonnes drums 14 

RO Chemicals 49 tonnes Drums 3 

Ferrous Sulphate 16 tonnes Totes 1 

Sodium Bisulfide 0.2 tonnes Totes 0.01 

Spare Parts / Consumables 2,000 tonnes bulk 111 

Total Dry Cargo 90,947 tonnes 
 

5,053 

Diesel Fuel 55,244 tonnes 
  

NOTES: 
* represents 12,800 drums. 

TEU = Twenty-foot container equivalent unit 

 

 



 

AREVA Resources Canada Inc. 
Kiggavik Project FEIS 
September 2014 

Page 36 
Tier 1 Volume 1: 
Main Document 

Section 2:  Project Description 

 

2.6.6.1 Marine Transport 

The preferred marine transport strategy is the strategy currently in use by Agnico-Eagle and the 
Hamlet of Baker Lake. Given the rate of development of the mineral industry in the north, the desire 
of communities and governments for infrastructure development and seasonal variations, it is 
anticipated that the following options may be used in combination within a single shipping season or 
over the life of the Project.  

Primary proposed marine routes for consideration are shown in Figure 2.6-1 and listed below. 

• Marine shipment of fuel and dry cargo via ocean going vessels through Hudson Strait to 
Chesterfield Inlet. The cargo would then be lightered into barges near Chesterfield Inlet 
and delivered to the dock site at Baker Lake. 

• Marine shipment via ocean going tug/barges from southern ports direct to Baker Lake. 
• Marine shipment via ocean-going vessels through Hudson Strait and Hudson Bay to 

Churchill. The cargo would be transhipped from Churchill to Baker Lake via tug and 
barge. A rail link connecting to major southern railways is also available for shipping fuel 
and dry cargo to Churchill. 

To maximize utilization of existing infrastructure, transfer of goods from ocean-going vessel to barge 
will be performed at either Churchill or via lightering near Chesterfield Inlet. Therefore, no 
construction of Project-specific infrastructure is anticipated.  

Ocean-going double-hull vessels that are considered for shipment of fuel vary in size from 18,300 
deadweight tonnage (DWT) to 30,000 DWT. Ocean-going vessels that are considered for shipment 
of dry goods vary in size from 660 TEU geared cargo ships to 1,000 TEU container ships. The tug-
barge arrangements that are considered vary in size from 5,000 DWT to 7,500 DWT. The Baker 
Lake dock site will receive barges, offload goods, and store goods prior to transport by road to the 
Kiggavik site. Since the preferred transportation option includes a winter road only, the current 
design considers storage of all goods required for one year of operation.  

The preferred location of the dock facility is identified as Site #1 in Figure 2.6-2. The dock will consist 
of a floating barge placed from the shore out to sufficient depth to permit barge-docking. No 
dredging of the lake bottom is anticipated and the floating dock may be removed during winter.   
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2.6.6.2 Ground Transport 

Access Road - There is currently a winter trail connecting Baker Lake to the Project site; however 
construction and maintenance of a more substantial access road by AREVA is required. A number 
of road alternatives have been considered, including all-season and winter road options. Access 
road options are shown in Figures 2.6-3 and 2.6-4. 

The preferred option is a winter road originating from the north shore of Baker Lake. The route is the 
one identified as the preferred during community consultations. The winter road will be used during 
all phases of the Project.  

The estimated operating period of the winter road based on the winter freezing index values would 
be about 110 days at Baker Lake compared to 75 days for the Tibitt to Contwoyto Winter Road 
(TCWR) that is constructed each year from near Yellowknife to Lac de Gras, NWT. A conservative 
90-day operating window has been considered for the Kiggavik Project to account for potential 
climate warming, blizzard conditions, high winds and snow drifting management. 

Winter road truck operations will be conducted on a 24 hour-7 day/week basis. Trucks will travel in 
pairs or groups of three to provide a heated back-up in case of engine failure. Total truck-trips per 
season will range between 2500 and 3300, depending on the truck and trailer configuration.  Trips 
include 850 to 1,200 tanker-truck loads of fuel and 1,350 to 2,100 truck-loads of dry goods. 

An all-season road option is included in this EIS in the unlikely event that a winter road cannot 
adequately support the Project through to decommissioning and closure. The all-season road would 
start on the north shore of Baker Lake and would include a cable ferry across the Thelon River as 
opposed to a bridge as initially considered in the November 2008 Project Proposal. 

The proposed all-season road would be 114 km in length crossing many minor diffuse drainage 
paths, many of them dry for most of the year. Minor stream crossings would be accommodated 
using culverts. Streams larger than 2 m in width would be spanned with bridges. There would be 12 
bridges proposed along the route all less than 50 m in length. The Thelon River would be crossed in 
the summer with a cable ferry and an ice bridge in winter. The ferry cable lies on the river bottom 
after the ferry passes so small craft would be able to pass the crossing area without interference. 
The road would be built with run-of-quarry rock embankment (fill) sourced from quarries developed 
along the road. There would be no earth cuts along the alignment and the only cut sections would be 
through rock, which would serve as quarry material.  

The route is generally located on higher ground. Around the Hamlet of Baker Lake, the  route 
generally follows alongside the existing ATV trail north of Baker Lake.  

Site Roads - A 19.6 km access road will connect mining operations at Sissons site to the Kiggavik 
site. The primary vehicles using the road will be ore trailers transported with tractors (highway 
trucks). Bus, emergency vehicles and pick-ups will also use the road. Occasionally for maintenance 
or repair purposes, mine haul trucks will also use the road. 
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The site road will be 10 m wide, built with run-of-quarry and Type 1 mine rock embankment (fill). 
Twelve water crossings are identified along the road alignment requiring two single-span bridges 
(less than 50 m in length) with the remainder of water crossings accommodated with culverts and 
coarse rock fills.  

Other site roads required include: 

• Kiggavik site to Judge Sissons Lake, along treated effluent pipe alignment. This road also 
provides airstrip access; 

• Sissons site to Judge Sissons Lake, along treated effluent pipe alignment; 
• Sissons site to Mushroom Lake; and  
• Access from Kiggavik to Siamese Lake is along the final portage along the winter road 

route. 

2.6.6.3 Air Transport 

Under normal operation, only personnel, perishable goods, drilling equipment and yellowcake will be 
transported by air. Air transport may also be used to transport construction or operating supplies if 
unforeseen difficulties are encountered with the marine-road transportation system. 

Airstrip Design and Operation - Pointer Lake is the preferred location for the Kiggavik airstrip 
Figure 2.6-5. The runway will be 2,000 m in length and 45 m in width. 

Transportation of Yellowcake - Yellowcake will be packaged and sealed in 55 gallon (206-L) steel 
drums. Each drum will hold approximately 430 kg of yellowcake. With a maximum of 35 drums able 
to load in a sea container, approximately 310 to 355 sea containers of yellowcake drums will be 
flown to the south annually.  

Hercules aircraft will transport yellowcake approximately 800 km from the Kiggavik airstrip to Points 
North, Saskatchewan. On arrival in Points North, yellowcake will be transferred from aircraft to truck-
trailer and then transported to a North American refinery or to the Port of Montreal for shipment to a 
European destination.  

2.6.7 Support Infrastructure 

Power Generation - Due to unavailability of electrical power service from a public utility, Project site 
power will be generated locally using on-site diesel-fueled powerhouses. It is anticipated that all 
equipment on site will be operated using a common arctic grade diesel eliminating shipping and 
storage needs for an alternate fuel. 

Two power generation systems will be used to generate power at both the Kiggavik and Sissons 
sites. Depending upon the final selection of generator size, four to six internal combustion diesel 
engine generators with heat recovery steam generators will be required at the Kiggavik site.  
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Fuel Storage and Distribution - Diesel fuel tank farms will be located at the Baker Lake, Kiggavik, 
and Sissons sites. The Kiggavik Project total peak annual fuel consumption is estimated at 65 million 
L with an average of 49 million L over the production period. The current design conservatively 
considers seven 10,000,000 L tanks at Baker Lake, six 10ML tanks at Kiggavik and two 10ML tanks 
at Sissons. Secondary containment at all sites will meet all regulatory requirements. 

Accommodation Camp - An accommodation complex will house personnel during operations. The 
proposed complex will be located predominantly upwind approximately 300 m north of the mill site. 
The complex will include kitchen and recreational areas and buildings will be connected by an arctic 
corridor. 

2.7 Decommissioning and Reclamation Activities 

A Preliminary Decommissioning Plan (PDP)1 and Financial Assurance (FA) will be required as a 
condition of approval by regulatory agencies for construction and operation of the Kiggavik Project2. 

Decommissioning involves the removal or stabilization of all constructed structures and the 
reclamation of disturbed areas such that: 

• The environment is safe for non-human biota and human use; 
• Long-term adverse effects are minimized; 
• The reclaimed landscape is stable and self-sustaining; and 
• Restrictions on future land use are minimized. 

In particular, any restrictions on future land use should not prevent traditional land use including 
casual access with trapping, hunting or fishing as the primary site activities. . It is important that 
decommissioning planning be incorporated from the start of planning and design for mining projects3 
and that financial assurance provides certainty that decommissioning and reclamation work will take 
place with available and adequate resources.    

A PDP has been developed to ensure that decommissioning planning is considered during 
environmental assessment of the Kiggavik Project (see Tier 3, Technical Appendix 2R).  In 
developing the PDP, AREVA has considered both actual experience from developing and 
decommissioning its Saskatchewan uranium mining projects, and factors unique to the Kiggavik 
Project and/or the Arctic environment.  The PDP includes sufficient detail to ensure that the 
proposed decommissioning activities are technically feasible, and appropriate for the protection of 
health, safety and the environment both in the short term during the performance of the 
decommissioning work, and in the long term following decommissioning.   

                                                

1 an alternate term is Mine Closure and Reclamation Plan 
2 an existing PDP and FA are in place for the current exploration stage which are outside the scope of this EIS 
3 see Section 3.1 for a description of AREVA’s integrated approach to environmental protection 
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A progressive reclamation approach will be implemented for the Kiggavik Project.  Removal or 
stabilization of structures and reclamation of disturbed areas will commence soon after the 
associated operations are complete.  Examples are reclamation and revegetation of completed 
borrow pits and quarries, and decommissioning of the initial Tailings Management Facilities (the 
East and Centre Zone TMFs) as soon as each has been filled with tailings.  Progressive reclamation 
will result in a significant portion of decommissioning work being complete, or substantially 
advanced, prior to the end of operations.   

The schedule for decommissioning beyond the end of project mining/milling operations is based on 
10 years of decommissioning activities, followed by 5 years of post-decommissioning monitoring, as 
shown in Figure 2.2-1.Completion of the majority of physical decommissioning activities in the first 
few years, followed by revegetation of the disturbed areas, will maximize the time to assess 
revegetation success.  A brief outline of the remaining activities that will control the completion of 
physical decommissioning at the Kiggavik and Sissons sites is provided in following sections.   

The PDP is summarized in Tier 2, Volume 2, Section 13, with additional details provided in Tier 3, 
Technical Appendix 2R, Preliminary Decommissioning Plan. 

2.7.1 Tailings Management Facilities 

Decommissioning will be implemented on a progressive basis once tailings deposition is completed 
at each TMF, so that final consolidation of the tailings can be initiated.  For East Zone and Centre 
Zone TMFs the decommissioning plan is to fully backfill the TMFs above the tailings mass with 
stockpiled mine rock, install a compacted till cover, and revegetate the area.  Decommissioning of 
the Main Zone TMF will be similar, except that the Type 3 mine rock temporarily stored during 
mining will be backfilled first, prior to fully backfilling the TMF with other stockpiled mine rock.  Since 
the Main Zone TMF will be in service until the end of milling operations, the time to complete tailings 
consolidation and install the final cover at this TMF will control the schedule for completion of 
decommissioning activities at the Kiggavik site.   

2.7.2 Andrew Lake Open Pit 

The series of sequential activities required to decommission the Andrew Lake open pit will control 
the schedule for completion of decommissioning activities at the Sissons site.  These activities are to 
backfill the Type 3 mine rock temporarily stored during mining into the mined out pit, place a cover 
layer of other mine rock, and then refill the pit with water by diverting a substantial fraction of the 
spring freshet flow through Andrew Lake into the pit, for an estimated six seasons.  Following 
completion of refilling, water quality in the refilled pit will be monitored and, once acceptable water 
quality has been achieved, the berm isolating Andrew Lake from the refilled pit can be removed.     
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2.7.3 Water Treatment and Waste Management  

Water treatment and discharge of treated effluent will be needed, at least on an intermittent basis, at 
both sites until contaminated tailings porewater is no longer being generated.  At the Kiggavik site, 
this will be controlled by the need to treat contaminated water until completion of tailings 
consolidation at the Main Zone TMF.   Other waste management facilities will also need to be 
maintained operational until generation of each type of waste ceases.  These facilities can then be 
closed in accordance with their decommissioning plans. 

2.7.4 Post-Decommissioning Monitoring 

A monitoring program will be implemented upon completion of the physical decommissioning 
activities, in order to: 

• monitor designated environmental parameters on an ongoing basis to ensure that they 
conform to licence  requirements with respect to environmental protection; 

• verify the success of the decommissioning activities; 
• demonstrate compliance with regulatory requirements and decommissioning objectives; 

and, 
• quantify any residual environmental effects. 

The program will focus on key environmental indicators from the potential contaminant sources 
through to the atmospheric, terrestrial and aquatic environment. 

In addition to the above monitoring program, a Follow-Up Program (FUP) will be implemented to 
address specific mitigative measures and processes. This will confirm that the specific mitigative 
measures are adequate and effective in achieving decommissioning objectives.  

Radiological clearance surveys will be performed after reclamation of all disturbed areas. These will 
confirm that the decommissioned site is safe for ongoing traditional land use, including casual 
access for trapping, hunting and fishing. Equipment and survey protocols for this purpose have been 
developed and successfully implemented by AREVA during decommissioning of the Cluff Lake 
Project. These will be adapted for use at the Kiggavik Project, in consultation with local stakeholders 
and regulatory agencies. 

Five years of extensive monitoring after completion of all physical decommissioning activities is 
considered a reasonable estimate, but the actual period will be as long as required for AREVA to 
demonstrate satisfactory performance of the decommissioned site.    
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Transition from the follow-up program and routine environmental monitoring to a long-term 
monitoring program is expected to be gradual. Site activities will continue to be regulated until 
AREVA has advanced the site sufficiently to apply for release from the decommissioning, 
reclamation and transitional-phase monitoring and a transfer of the site back to the landholders. It is 
anticipated that a regulatory framework for a transfer back to landholders will be established and a 
transfer will be considered once the area meets conditions required for termination or exemption of 
any further licences issued by Inuit Organizations or the Government of Canada or any of their 
agencies or commissions.  

2.8 Hazardous Materials and Waste management 

During all phases of the Project wastes will be identified, handled and disposed of according to a 
waste management program that outlines strategies specific to each particular waste. Mine waste 
material including mine rock, tailings and treated effluent are integral components of the Project 
design. Waste management facilities will be routinely inspected and scanned for radioactivity to 
ensure proper disposal and handling of waste. Recycling of wastes will be encouraged wherever 
feasible and all waste will be managed in accordance with regulatory requirements.  

Domestic waste will be sorted into recyclables (paper and cans) and non-recyclables and the 
recyclables transported off site to a recycling facility. Non-recyclable domestic waste will be 
incinerated or disposed in landfills located in specified areas of the Kiggavik and Sissons Type 1/2 
waste rock piles, respectively. Food and other appropriate wastes will be incinerated. Incinerator ash 
will be tested for metals and either disposed in a landfill or within the TMFs.  

Industrial waste, non-combustible and non-contaminated, will be landfilled in designated areas of 
the Kiggavik and Sissons Type 1/2 mine rock stockpiles.  

Hazardous waste materials will be collected in designated containers and transported for recycling 
or disposal at an off-site registered facility. A hazardous materials storage building and designated 
storage pad will be used to store the containers until there is sufficient quantity for shipment. 
Dedicated waste oil burners will handle waste oil originating from oil changes on the mining 
equipment and light vehicles.  

Contaminated waste materials that originate from mining, milling and water treatment areas, may 
be chemically or radiologically contaminated. These materials will be collected in designated areas 
and then transported to a landfill on the brow of a TMF, and eventually disposed in the TMF.  

Sewage at both Kiggavik and Sissons sites will be treated in a vendor packaged plant, located on 
the site terrace. Sewage effluent that does not meet the discharge criteria will be recycled to the 
front-end of the sewage treatment plant. Treated sewage effluent will be combined with the WTP 
discharge (after monitoring) and discharged to Judge Sissons Lake. Sewage at the Baker Lake dock 
and storage facility will be contained in an above-ground tank and hauled as needed to the Baker 
Lake community sewage lagoon.  
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Landfarm - In the event of a petroleum hydrocarbon spill, the contaminated soil or ice/snow will be 
excavated and transported to a landfarm constructed on the Type 1/2 mine rock stockpile at the 
Kiggavik site. Due to the long winters and extreme temperature at the Kiggavik Project, the 
remediation process will be slow and likely require an extended period of time. Nutrient addition may 
be required to sustain microbial growth. Remediated soil will be used for reclamation purposes, with 
the final inventory of soil and rocks which are not fully remediated disposed in a TMF during 
decommissioning. 

2.9 Socio-Economics and Community 

Direct job estimate averages are up to 750 and 500 for construction and operations respectively. 
Indirect and induced jobs may be as high as 400 during construction and 1,300 during operations.  

Workforce Schedule and Mobilization - Construction crews are expected to work a blend of 
schedules with potentially longer work shifts then expected for operations. The construction 
schedule is expected to average 4 weeks in and 2 weeks out compared to the expected 7 days in/7 
days out or 14 days in/14 days out operations schedule. Most of the workforce from Nunavut and 
Saskatchewan would be flown by charter from their community to the Kiggavik site. The remainder 
of the workforce will likely take commercial flights to Baker Lake and then take a charter between 
Baker Lake and the Kiggavik site.  

Workforce Opportunities and Qualifications - During operations the Kiggavik workforce will be 
organized into the following eight main departments, supported by allocated services from AREVA 
(AREVA Mining Business Group and AREVA Resources Canada Head Office).  

• Surface Mining; 
• Underground Mining; 
• Mill; 
• Safety, Health, Environment, and Quality; 
• Human Resources and Training; 
• Camp Services and Security; 
• Logistics and Materials Management; and 
• Corporate Social Responsibility Kivalliq Region. 

The Kiggavik Project will be a licensed nuclear facility and as such, requires extensive management, 
technical trades and operator capabilities. The target qualifications for entry-level 
trainees/employees are: 

• Competency in the English language; 
• Grade 12 education or equivalent experience; and 
• A commitment to a culture of safety. 
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Inuit Hiring Preference - Project workers will preferentially be drawn from the Kivalliq Region. It will 
be necessary for some of the workforce to come from other geographic regions given limitations in 
recruitment and training. Subject to IIBA negotiations, AREVA anticipates to mobilize, in order of 
priority, the workforce from the following geographic regions: Kivalliq communities; the rest of 
Nunavut; Saskatchewan; and the rest of Canada. 

All jobs will be open to Inuit, and all other things being equal, qualified Inuit candidates for 
employment will be given preference. Based on over 30 years’ experience working with First Nations 
and Métis candidates from remote communities in Saskatchewan and being mindful of the 
expectations of the proposed IIBA, the potential Inuit workforce content is expected to reach 50% 
after six years of operations. 

Workforce Wages and Benefits - Given the Project’s remote location, dispersed labour pool, and 
the wide-ranging skill set required to engineer, construct and operate the Kiggavik Project, 
competitive/generous compensation and benefits will be appropriate. Conventional benefit programs 
for comparable operations may require some flexibility and innovation to respond to Inuit needs. 

Inuit Business Preference - It is assumed that the IIBA to be negotiated will confirm AREVA’s 
commitment to Inuit preference and capacity growth from the onset of the pre-construction phase, 
throughout the Project life. Activities that could likely be conducted by contractors during operation 
include catering, air, marine and land transportation. Steps to Optimize Project Benefits 

AREVA’s expectations for the Kiggavik Project’s workforce and business and procurement outlined 
above and strategies to optimize benefits listed below are influenced by company experience in 
Northern Saskatchewan and ongoing feedback from Agnico Eagle’s Meadowbank Project. It is 
expected that the IIBA negotiations will address and set forward expectations for Inuit content in the 
workforce and with business and procurement as well as other benefits.  

Workforce - Inuit will be given opportunities to grow on the job, through mentoring, on-site training, 
academic and trades training. AREVA anticipates commencing off-site training at Nunavut 
Institutions and the McClean Lake site up to 18 months prior to production for trade and technical 
roles and two to four years prior to production for operational trainees. The number of trainees 
anticipated is expected to reach 120 during the first year of operation. 

AREVA is committed to working with governments and other stakeholders towards maximizing Inuit 
content and accepts that a substantial training commitment is part of its Corporate Social 
Responsibility. Inuit training will continue throughout the life of the Project as additional needs are 
identified. 

Contracting and Procurement - AREVA’s ability to promote Inuit Firms, participation of Inuit in 
these businesses, and facilitate increased capacity and competitiveness leading to long-term firm 
viability is based on experience in the Athabasca Basin in Saskatchewan and our growing 
experience in Nunavut with our exploration activities. Assessment Basis and Potential for Future 
Exploration and Development 
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The current environmental assessment applies to: 

• Mining of the Kiggavik, Andrew Lake and End Grid deposits; 
• Milling, effluent discharge and tailings deposition for a maximum operating life of 25 

years, or until the proposed East, Centre and Main Zones TMFs are full; and 
• Access and transportation activities associated with marine transport and both winter and 

all-season road with cable ferry crossing the Thelon River. 

Prior to mining any additional deposits, an environmental assessment approval and licensing 
process would likely be required. Reasonably foreseeable and far future development scenarios are 
addressed in cumulative effects Sections 4.4 and 8.7 of this volume  and Technical Appendix 1E. 
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3 Environmental Management, Mitigation and Monitoring 

3.1 AREVA’s Integrated Environmental Protection Approach 

The achievement of long-term sustainable development goals requires a framework which is 
precautionary, adaptable and identifies opportunities to continually improve performance. To ensure 
long-term environmental performance in support of sustainable development, AREVA has adopted a 
framework that embraces the principles of environmental assessment as a fundamental sustainable 
development tool. The framework, which is described below, ensures that the outcomes of the 
environmental assessment process are implemented, and that the environmental commitments and 
performance outlined in the environmental assessment are achieved. The framework consists of 
three main components: environmental assessment, continual improvement and adaptive 
management. Within the approach, assumptions and decisions are conservative, providing a 
precautionary approach which reflects the level of information available at the time decisions are 
made.  

Environmental Assessment - The top half of Figure 3.1-1 provides a simplified flow diagram of the 
integrated design and environmental assessment process. The environmental assessment process 
is a primary regulatory tool to promote sustainable development through the identification of project 
environment interactions and their potential to result in an adverse environmental effect(s), to gauge 
the significance of the effects, and to identify mitigation measures if significant adverse effects are 
determined to be likely. The process is iterative, incorporating mitigation measures and the re-
evaluation of the facility design and the potential effects of the proposed activities. 

As outlined in the project description (Volume 2), an iterative evaluation of design alternatives was 
undertaken in consideration of the site-specific constraints imposed upon activities in the arctic. Key 
features of the alternatives analysis included environmental performance, economic viability and 
project operability.  Project design considered environmental performance from the perspective of 
minimizing water and reagent use, optimizing water recycle, minimizing the project footprint, 
capturing and treating water that may have come in contact with operational areas, minimizing 
atmospheric and treated effluent emissions, and facilitating future decommissioning. The iterative 
evaluation process identified and optimized robust processes and infrastructure configurations 
which, within the context of operational and economic constraints, would minimize the residual 
environmental effects of the Project. 

Mitigation Measures - Mitigation measures identified in this iterative environmental assessment 
(EA)-design can be identified in a variety of forms. Design-based mitigation can allow for the 
avoidance of potentially significant effects by changing spatial or temporal aspects of the Project. 
Specialized mitigation, environmental protection measures and protocols, and offsetting (e.g. 
fisheries offsetting plan) are all also categories of effective mitigation that minimize or avoid residual 
environmental effects of the Project. The assessment of effect significance is determined after 
considering mitigation and this is a major component of assessments found in Volumes 4 to 9.  
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Figure 3.1-1 Environmental Protection and Management Framework 
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Several key outcomes flow from the environmental assessment process. These elements include: 

• an outline of predicted effects of the project;  
• the framework for a monitoring program incorporating regulatory compliance regimes and 

receiving environmental effects monitoring requirements; 
• a framework for a follow-up program to verify the effectiveness of mitigation measures 

and the accuracy of the environmental predictions; and 
• possible contingency measures proposed for potential unforeseen effects. 

Each of these elements developed during the EA process need to be integrated into the operation of 
the facility. 

Continual Improvement and Adaptive Management through Compliance and Effects 
Monitoring and Follow-Up Programs - The bottom half of Figure 3.1-1 illustrates how each of the 
elements developed during the EA process are integrated into the construction and operation of the 
facility. During facility operation, compliance monitoring maintains operational performance 
standards. Environmental Effects Monitoring programs, completed in the receiving environment with 
robust study designs, provide the information necessary to determine operational effects, their 
geographical extent, and magnitude. The monitoring program incorporates monitoring endpoints that 
represent key ecosystem features, and as such, effective at identifying unanticipated effects. 

These monitoring systems provide the opportunity to examine actual effects and refine model 
predictions and compare these results to the effects anticipated in the EA. The evaluation is iterative 
through time, which allows the identification, tracking and comparison of actual effects to the 
predicted effects anticipated at the time of the EA. The data and tracking of actual effects provides 
the necessary feedback, impetus, and information to the operation to identify and implement 
opportunities for continual improvement in systems performance. Results which indicate unforeseen 
or incremental effects beyond those predicted in the EA provide a basis to determine if a trend 
would, over time, lead to significant adverse effects. If so, the monitoring information also provides 
information upon which to develop adaptive management plans, and to facilitate detailed design of 
alternative mitigation measures or contingency measures to mitigate the significance of the 
incremental adverse effects. 

Follow-up programs are tailored to verify the accuracy of EA predictions and to determine the 
effectiveness of mitigation practices. The nature of the information generated by the follow-up 
program relates to refining and verifying the assumptions of the assessment methodology and 
thereby both validating the predicted effects and reducing uncertainties in predictions made in future 
EAs. The feedback from the follow-up program in refining and verifying the assumptions of the 
assessment methodology also provides the basis for continual improvement in both the facility 
operation and the monitoring and follow-up programs themselves. Unforeseen or incremental effects 
beyond those predicted, which indicate the future development of significantly adverse effects, 
provide the information necessary to implement contingency practices to mitigate the development 
of these effects. 
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This integrated environmental protection approach which has been adopted by AREVA, features an 
iterative, systematic process for continual improvement of practices. The approach builds on the 
outcomes of EA predictions and on operational monitoring and follow-up programs to provide a 
robust defense against the development of significant adverse effects.  

AREVA produces Environmental Performance reports to communicate this iterative assessment and 
on-going improvements in Saskatchewan.  The reports are issued at regular intervals throughout the 
operational period and a similar approach is expected for the Kiggavik Project in Nunavut.  

This integrated approach allows a conservative, or precautionary approach to decision making when 
uncertainties are higher, as may be the case prior to the start of the operation. As time progresses, 
uncertainties are reduced through demonstration of the physical performance of the facility, its 
mitigative features, and confirmation or revision of the predictions supporting the environmental 
assessment and licensing approvals. The focus then shifts from the precautionary approach initially 
required in the face of uncertainties to continual improvement and refinement. Optimization of 
performance, of monitoring, and follow-up programs is achieved through continual improvement 
based on experience. If necessary, additional mitigation measures can be implemented from 
amongst the contingency measures identified at the time of original regulatory approvals.  
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Table 3.1-1 Environmental Management and Monitoring Plans 

Plan Location in DEIS 

Ecosystemic Environment 

Explosives Management Plan Appendix 2C 

Ore Storage Management Plan Appendix 2H 

Water Management Plan Appendix 2I 

Roads Management Plan Appendix 2M 

Borrow Pits and Quarry Management Plan Appendix 2N 

Preliminary Decommissioning Plan Appendix 2R 

Waste Management Plan Appendix 2S 

Environmental Management Plan Appendix 2T 

Hazardous Materials Management Plan Appendix 2U 

Air Quality Monitoring Plan Appendix 4C 

Noise Abatement Plan Appendix 4F 

Kiggavik Conceptual Fisheries Offsetting Plan Appendix 5L 

Aquatics Effects Monitoring Plan Appendix 5M 

Wildlife Mitigation and Monitoring Plan Appendix 6D 

Spill Contingency and Landform Management Plan Appendix 10B 

Emergency Response Plan Appendix 10C 

Human Environment 

Occupational Health and Safety plan Appendix 2P 

Radiation Protection Plan Appendix 2Q 

Community Involvement Plan Appendix 3C 

Human Resources Development Plan Appendix 9C 

Archaeological Resource Management  Plan Appendix 9D 
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3.2 Environmental Management System Framework 

The Kiggavik Project’s Environmental Management System (EMS) is designed to meet the 
requirements of certification to the ISO 14001 standard for EMS. The EMS currently in place for 
exploration activities meets this standard and will be updated to reflect the needs of each future 
Project phase.  

The EMS for the McClean Lake Operation, which is integrated within the overall site management 
system, is designed to meet all regulatory obligations, industry best practices and AREVA 
expectations. It is certified to the ISO 14001:2004 standard. It is the objective of the Kiggavik Project 
to attain this certification as well. The EMS provides the structure for operational control of 
environmental issues, both current and future. Establishment of the EMS is similar to, and follows 
from, the EA process in that it involves an examination of possible environmental effects as a result 
of interactions between the operation and the environment. Once the significant interactions are 
identified and grouped, appropriate environmental protection objectives are established, consistent 
with initially meeting, and then continuously improving on, EA predictions. 

As part of the ISO 14001 certification process, a comprehensive review is undertaken of all potential 
environmental effects from site activities. This allows establishment of broad objectives which can 
then be broken down into individual measurable targets. At McClean Lake, these cover everything 
from internal guidelines on minimizing land disturbance and optimizing fuel usage, to meeting or 
surpassing all regulatory requirements.   
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4 Assessment Approach 

4.1 Introduction 

This section describes the methods used in the assessment of environmental and socio-economic 
effects associated with the Kiggavik Project. The methods used are designed to 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 in a comprehensive environmental 
management planning for the life of the Project. Volumes 4 to 10 of the EIS contain the detailed 
assessment with Volume 3 containing the engagement and IQ information that has influenced the 
Kiggavik assessment. 

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

• Scoping; 
• Assessment of Project-related environmental effects; 
• Evaluation of cumulative environmental effects; 
• Determination of significance; 
• Monitoring; and 
• Summary. 

4.2 Scope of the Assessment 

4.2.1 Valued Components, Indicators and Measurable Parameters 

The environmental assessment focuses on Valued Components (VCs), which are broad aspects of 
the biophysical and socio-economic environments, which if negatively altered by the Project, would 
be of concern to regulators, Inuit, resource managers, scientists, and public stakeholders. Specific 
Valued Environmental Components (VECs) or Valued Socio-economic Components (VSECs) are 
selected for the assessment based on the following criteria: 

• 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? 

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

• Were they identified by the NIRB, Inuit Organizations or departments within the territorial 
or federal government? 
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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). KIs are species, species groups, resources or ecosystem functions that represent components 
of the broader VCs, and for which there is sufficient information to assess the potential Project 
residual environmental effects and cumulative effects. 

For each VC or KI, one or more measurable parameters are selected to quantitatively or qualitatively 
measure the Project environmental effects and cumulative environmental effects. Measurable 
parameters provide the means of determining the level or amount of change to a VC or KI.  

4.2.2 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: 1) the regulatory 
requirements applicable to the Project, discussions with technical experts from various territorial and 
federal government agencies; 2) input from Inuit and public stakeholders during engagement 
activities in relation to the Project; 3) existing regional information and documentation regarding 
environmental components found near the Project; 4) baseline and assessment studies conducted 
in the area of the Project; and 5) professional judgment of the assessment team based on 
experience with similar projects elsewhere and other mining projects and activities in Nunavut. 

4.2.3 Project - Environment Interactions and Effects 

Key Project-related activities that are likely to result in environmental effects are considered for each 
VC. A matrix 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. 
Justification for ranking the Project-environmental effect interactions considered is provided in the 
scoping section for each discipline. 

4.2.4 Assessment Boundaries 

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

Spatial boundaries are established for the assessment of potential Project-related environmental 
effects and cumulative environmental effects for each VC. The primary consideration used in the 
establishment of the boundaries of these assessment areas is the probable geographical extent of 
the environmental effects (i.e., the zone of influence) to the VC.  
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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 (Project Footprint, Local Assessment Area, and Regional Assessment Area) are 
defined for each VC. 

• Project Footprint - is the most immediate area of the Project, and includes the area of 
direct physical disturbance associated with the construction or operation of the Project. 

• 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, and includes the Project Footprint and any adjacent areas 
where Project-related environmental effects may reasonably be expected to occur. 

• Regional Assessment Area (RAA) - is a broader area within which cumulative 
environmental effects on the VC may potentially 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.  

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. In some cases, 
temporal boundaries are refined to a specific period of time beyond simply limiting them to a specific 
phase of the Project to 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. 

Administrative and technical boundaries are identified and justified for each VC or KI, as appropriate. 
Administrative boundaries include specific aspects of provincial 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. 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. 

4.2.5 Environmental Effects Criteria 

Where possible, residual environmental effects are described quantitatively for each VC. Where an 
effect cannot be defined quantitatively, they are described using qualitative terms. If qualitative 
descriptions are used, definitions are provided for each VC or KI, as appropriate. 

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

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

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

• 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); 
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• 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); 

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

• Ecological or socio-economic context: the general characteristics of the area in which 
the Kiggavik Project is located (i.e., undisturbed, disturbed, urban setting). AREVA has 
further expanded this attribute for greater consideration of IQ and land use4. 

4.2.6 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 KI to represent that limit beyond which a residual environmental 
effect would be considered significant. 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 
exist, thresholds are defined for the measurable parameters for an environmental effect for 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 Project or cumulative 
environmental effects are evaluated against these standards or thresholds. Environmental effects 
are rated as either significant or not significant. 

4.3 Assessment of Project Effects 

4.3.1 Baseline Conditions and Project Effect Linkages 

Baseline conditions for the selected VC and KI are described to provide the basis for assessing the 
environmental effects. This is followed by a description of the effect mechanisms through which the 
Project components and activities will result in the effects, and the spatial and temporal extent of the 
interactions causing the effect. Because the assessment focuses only on residual effects, effects 
prior to mitigation are not characterized or quantified.  

                                                

4 Refer to Techncial Appendix 1F Social and Ecological Context. 
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4.3.2 Mitigation Measures for Project Effects 

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

4.3.3 Residual Project Effects Analysis 

Taking into account the proposed 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.  

4.3.4 Determination of Significance of Residual Project Effect 

The significance of a residual Project environmental effect is determined based on standards or 
thresholds that are specific to the VEC, KI and/or the measurable parameters used to assess the 
environmental effect. Determination of whether the 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 the characterization of 
environmental effects, and the expected success of Project design features, mitigation measures, 
and environmental protection measures in effectively reducing the environmental effect.   
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4.3.5 Monitoring of Residual Project Effects 

After analysis of the residual Project environmental effect, it may be necessary to consider the need 
for monitoring programs. Two types of programs are considered: compliance and follow-up 
environmental monitoring. Compliance monitoring programs are undertaken to ensure that proposed 
Project design features, mitigation measures, environmental protection measures, or benefit 
agreements are being implemented as proposed. Environmental monitoring programs are used to:  

• verify predictions of environmental effects; 
• determine the effectiveness of mitigation measures, environmental protection measures 

or benefits agreements in order to modify or implement new measures where required; 
• support the implementation of adaptive management measures to address previously 

unanticipated adverse environmental effects; and 
• support environmental management systems used to manage the environmental effects 

of projects. 

4.4 Assessment of Cumulative Effects 

4.4.1 Screening for Potential Cumulative Effects 

A Project Inclusion List was developed to identify all past, present and reasonable foreseeable 
projects, activities and actions in the region of the Kiggavik Project. In addition, a potential far future 
scenario was also contemplated. Both the Project Inclusion List (PIL) and far future scenario are 
presented in Technical Appendix 1E. Only those projects and activities that overlap with the Kiggavik 
Project residual environmental effects both spatially and temporally are considered in the 
assessment of potential cumulative environmental effects.  

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

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

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

• 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.  
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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 projects and activities, there is no cumulative effects assessment provided as 
that cumulative effect does not exist. 

4.4.2 Assessment of Cumulative Effects 

The first step in the assessment of cumulative effects involves the identification of other projects and 
activities in RAA (from the Project Inclusion List) that will act cumulatively with the residual Project 
effect under consideration. This is followed by a description of the mechanisms by which the Project 
effect may interact with the other projects and activities in the RAA, and the geographic and 
temporal scope of the cumulative environmental effect. 

For this assessment, cumulative environmental effects are described for four cases: 

• 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. Existing projects include projects that have received 
environmental approval and are in some form of planning, construction and/or 
commissioning.  

• 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. 

• 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 some certainty, including projects that are in 
some form of regulatory approval or have made a public announcement to seek 
regulatory approval.  

• 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. Due to the lack of information regarding the specific details of potential 
far future development (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.   
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4.4.3 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: 

• measures that can be implemented solely by AREVA; 
• measures that can be implemented by AREVA, in cooperation with other project 

proponents, government, Aboriginal organizations and/or public stakeholders; and 
• 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. 

4.4.4 Residual Cumulative Effects Analysis 

Residual cumulative environmental effects are described, taking into account how the proposed 
mitigation will change the environmental effect. 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, and the contribution of the Project to the total 
residual cumulative effects. 

4.4.5 Determination of Significance of Residual Cumulative Effects 

The significance of cumulative environmental effects is determined using standards or thresholds 
that are specific to the VC, KI and/or measurable parameters used to assess the Project 
environmental effect. Determinations of significance are made for the total residual cumulative 
environmental effect and 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 quantifying or 
estimating the environmental effect (i.e., quality and/or quantity of data, understanding of the effects 
mechanisms), and scientific certainty relative to the effectiveness of the proposed mitigation 
measures.  
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4.4.6 Monitoring of Residual Cumulative Environmental Effects 

Based on the evaluation of residual cumulative effects, it may be necessary to conduct monitoring 
programs. Two types of monitoring are considered: compliance and follow-up environmental 
monitoring. Compliance monitoring is conducted to ensure that proposed Project design features, 
mitigation measures, environmental protection measures, or benefit agreements are being 
implemented as proposed. Biophysical and socio-economic monitoring is conducted to confirm the 
environmental effect prediction and/or effectiveness of a recommended Project design feature, 
mitigation measure, environmental protection measure, or benefit agreement. 
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5 Community Engagement 

5.1 Overview 

AREVA’s commitment to broad public engagement is evidenced in our sustainable development 
commitments, values charter and also in our ongoing corporate social responsibility initiatives. 

AREVA’s public engagement strategy has been to begin early, to focus on the community of Baker 
Lake and other Kivalliq communities while making Project information broadly available to any 
interested party, to engage multiple stakeholder organizations with consideration for all age groups 
and use of multiple communication mediums. The goal was to not only provide and make project 
information accessible but also to listen, learn, consider and integrate community feedback into the 
environmental assessment, Project design and the way AREVA conducts business in Nunavut. 
AREVA began public participation initiatives for the Kiggavik Project in 2005, two years prior to the 
resumption of activity on the site demonstrating the company commitment to meaningful and early 
engagement. Since 2005 AREVA has attended, participated in or led over 428 meetings, 
presentations, workshops, and public meetings regarding the proposed Kiggavik Project. 

5.2 Approach to and History of Engagement 

The approach to engagement has primarily been to create relationships through time spent in 
communities in order to gain a better understanding and appreciation for both the land and the 
people and to facilitate numerous face-to-face meetings. With an emphasis on maintaining a 
consistent presence on the community of Baker Lake, AREVA hired a Community Liaison Officer in 
May 2006 and an information office was opened in Baker Lake in August 2006.  

AREVA and the Baker Lake Hamlet Council cooperated to establish a community liaison committee 
(CLC) to further facilitate dialogue between the community of Baker Lake and AREVA. In addition, 
as the Project has the potential to impact the Kivalliq region, primarily through socioeconomic 
opportunities, a regional liaison committee (RLC) that includes members from all seven Kivalliq 
communities has been in place since 2007.  

Additional engagement activities have also included open houses, both formal and informal 
meetings and workshops with various organizations throughout the Kivalliq, tours of the Kiggavik 
exploration site and northern Saskatchewan uranium operations, a Project specific blog, radio 
shows, and the use of informational videos available on company websites and on YouTube. 
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AREVA often travels with or hires a local translator to facilitate communication during public 
meetings and efforts have been made to translate presentations, informational print material and 
videos. Understanding the concern that translation is essential for the participation of unilingual 
Inuktitut speakers in this review, AREVA is committed to assist in the continued efforts of the Inuit 
Language Authority in creating a translated glossary of uranium specific terms. 

Over a ten year period from 2005 to 2014 AREVA has held or participated in over 428 engagement 
activities related to the Kiggavik Project ranging from high school presentations to Saskatchewan 
mine site tours to meetings with elders groups. Correspondence and some community and/or 
leadership meetings have also been held in communities outside Nunavut that have communicated 
interest and concern with the proposed Kiggavik Project. 

5.3 Issues and Concerns  

AREVA looked at comments received through company-led engagement activities and those 
comments publicly available from consultation and other engagement activities led by others and 
categorized comments in order to identify the main issues and concerns regarding uranium mining in 
general and the Kiggavik Project in particular.  The distribution of comments by Kivalliq community is 
presented in Figure 5.3-1. 

 

Figure 5.3-1 Shows the Relative Importance of Each Broad Category by Kivalliq 
 Community 
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The highest numbers of comments are in the general category of Socioeconomic Environment with 
twice as many comments as the next highest three topics of Biophysical Environment, Project 
Description and Human Environment.  Together, these four topics generated 60% of the comments 
discussed at engagement events overall.  

Under Socioeconomic Environment, the most common topics raised were: 

• Employment Training and Business (28%)  
• Community Engagement (24%) Community and Individual Well-being (12%) 
• Culture and Tradition (10%) 

Under Biophysical Environment, most of the topics discussed were about:  

• Wildlife (35%)  
• Water Resources, Marine (17%) 
• Air Quality (14%) Water Quality, Surface and Hydrogeology (14%) 

Under Project Description, the most frequent topic discussed was:  

• Access, Road, Marine, Air (38%) 
• Mining (10%) and Tailings (10%) 

Under Human Environment, the topics discussed most were:  

• Traditional Knowledge/Inuit Qaujimajatuqangit (29%) Land & Resource Use (23%) 

Comments have been recorded at community engagement events beginning in 2006. In addition to 
the analysis by community provided above, the comments were also analyzed to look for changes in 
the distribution over time. Although there were some variations within, and between categories, the 
distribution remained overall consistent over time. Results of this analysis are detailed in Tier 2 
Volume 3 Part 1 Section 4.2.3.  Briefly, it can be seen that the categories of Biophysical, Human 
Environment and Socio-Economics are consistently high interest topics over the environmental 
assessment process with EA/Permitting of higher interest in 2010. Socio-economics was of higher 
interest in 2011 and again in 2014.  
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5.4 How AREVA Addressed Community Concerns 

Comments received during engagement events have been considered and used to shape future 
engagement activities, the Project design and aspects of the EIS.  

includes key concerns raised and AREVA response including how they influenced the Project was 
influenced.  A detailed table including engagement references is provided in Volume 3 and 
integration of community feedback into Project design is outlined in Volume 3 with engagement 
feedback influencing the assessment found throughout Volumes 4 to 9.  
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Table 5.4-1  Key Community Concerns and AREVA Response 

Key Issue/ Concern 

AREVA Response 

AREVA Actions to Address Concern AREVA Commitments Moving Forward 

Interest in the access road type (winter or all-season), alignment, preferred Thelon 
crossing location, management and public access. 

A number of engagement activities specifically addressed the access road to better 
understand community preferences and concerns, environmental, engineering, IQ and 
archaeological studies conducted to support assessment. Alternatives analysis conducted 
and one option removed from consideration with winter road selected as preferred option. 

AREVA commits to continue working with interested stakeholders to manage any 
approved access road in ways that respect and protect the environment, people of Baker 
Lake, Project requirements and public and worker safety. Implement an Access Road 
Management Plan. 

Interest in determining the best Thelon River crossing should consider the Thelon and the 
arctic environment. 

Elders, CLC and HTO visits to proposed crossing sites, consultant studies and time lapse 
photography to examine the spring ice break up. 

Continue to value the Thelon River as a Heritage River by respecting GN-CLEY 
archaeological requirements and the Thelon River Management Plan.  

Kivalliq residents stressed the importance of engaging all age groups in the project 
including elders and youth. Preferences were stated for a wide variety of communication 
means. 

The CLC consists of members appointed by a variety of community organizations 
including an elder and youth representative. Saskatchewan mine site and Kiggavik 
exploration site tours were offered to a variety of Baker Lake and Kivalliq residents. 
Numerous groups and methods of communication were used. 

Implementation of a Community Involvement Plan and adjustments to the plan to 
accommodate community preferences for communication and engagement. 

Respect for wildlife, caribou in particular, was identified early as a requirement to industrial 
development in Nunavut. 

Terrestrial and IQ baseline studies were conducted to support the EIS. Methods for 
collection of caribou baseline information changed based on consultation with the Baker 
HTO and government departments.  AREVA has made contributions to cooperative 
caribou research. A Wildlife Monitoring and Mitigation Plan is implemented during 
exploration activities.  

AREVA will continue to work collaboratively with caribou stakeholders including the Baker 
Lake HTO, the Kivalliq Wildlife Board, the Nunavut Wildlife Management Board, the 
Government of Nunavut and other mining companies.  A Wildlife Monitoring and 
Management Plan will be implemented. 

Throughout the region, the message has been that residents want employment 
opportunities and the training required to obtain more than entry level employment.   

Current exploration activities hire 20-30 local staff/season and locals were hired to assist 
in baseline studies for the EIS. A full socio-economic assessment is included in Volume 9 
of this EIS and mitigation to maximize local socioeconomic benefits are considered. 
AREVA is a member of the Nunavut Mine Training Roundtable and the Kivalliq Mine 
Training Society Training Committee. 

AREVA has started negotiations on an IIBA with the KIA that will include sections to 
maximize benefits for beneficiaries.  A Human Resources Development Plan will be 
implemented and monitoring will occur to inform and guide continued improvements over 
Project life. 

The sea transport of materials in Hudson Bay and barging up Chesterfield Inlet is of 
interest to communities, particularly Chesterfield Inlet.  

Meetings have been held with HTOs in the coastal Kivalliq communities and marine 
baseline studies were conducted with local knowledge and local assistants. 

Emergency response plans will be in place and implemented. Spill training and supplies 
will be provided to the community of Chesterfield Inlet. 

Questions and concerns over the uses of uranium and concern over radiation. Radiation protection demonstrations were part of open house tours since  2010. Two 
videos related to radiation protection have been produced. Radiation addressed in detail 
in Volume 8 of the EIS. 

Commitment to follow all international treaties, federal legislation and the NTI uranium 
policy related to peaceful uranium uses. Continued communication on the nuclear 
industry. 



 

AREVA Resources Canada Inc. 
Kiggavik Project FEIS 
September 2014 

Page 66 
Tier 1 Volume 1: 
Main Document 

Section 5:  Community Engagement 

 

5.5 Community Involvement Plan 

AREVA’s Community Involvement Plan is a key document in achieving greater community benefits 
as it outlines the methods to maintain and grow two-way communication between the company and 
community. 

The community engagement plan encompasses engagement for the purposes of regular 
communication with the general public and Inuit groups that recognizes their interest in AREVA 
business, to meet regulatory requirements of the EA and licensing processes throughout the life of 
the Project and to assist the Crown in fulfilling their duty to consult as appropriate. The plan will be 
regularly updated to reflect the needs and priorities of the community and Project through the 
various Project stages should the project be approved. 

AREVA’s commitment to engagement and community involvement is throughout the life of the 
Project and continues throughout construction, operations, decommissioning and reclamation. The 
Community Involvement Plan is included an Technical Appendix 3C. 
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6 Inuit Qaujimajatuqangit 

Inuit Qaujimajatuqangit (IQ) is considered an important component of the environmental assessment 
process in Nunavut. The term Inuit Qaujimajatuqangit translates into English as “that which Inuit 
have always known to be true.”  The  (NIRB) defines IQ as follows: 

[Traditional Knowledge is the] [c]umulative body of knowledge, practice and 
belief, evolving by adaptive processes and handed down through generations by 
cultural transmission. Specific Inuit Traditional Knowledge is referred to as Inuit 
Qaujimajatuqangit (NIRB 2007).  

The review board further elaborates that traditional knowledge, practice and beliefs include the 
following: 

[Inuit Qaujimajatuqangit (IQ) represents the] [guiding principles of Inuit social 
values including: respecting other, relationships, and caring for people; 
development of skills through practice, effort and action; working together for a 
common cause; fostering good spirit by being open, welcoming, and inclusive; 
serving and providing for family and/or community; decision making through 
discussion and consensus; being innovative and resourceful; and respect and 
care for the land, animals and the environment (NIRB 2007).  

IQ Principles have been adopted by AREVA in some aspects of doing business within Nunavut and 
they are highlighted throughout the EIS to show areas of particular consistency.   

Baseline studies were undertaken to collect IQ as it relates to the environment and people’s use of 
the land and water in relation to the Kiggavik Project to have a deeper understanding of the land, its 
resources, and the potential effects of the Project on Nunavummiut and Inuit in particular. IQ studies 
were also undertaken as they generally relate to the social aspects of Kivalliq communities. IQ 
information was obtained from the seven Kivalliq communities of Baker Lake, Chesterfield Inlet, 
Rankin Inlet, Arviat, Whale Cove, Repulse Bay and Coral Harbour. Additional IQ information was 
gathered from a variety of literature review and datasets including the Nunavut Atlas and the IQ data 
on wildlife provided by the KIA.  
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6.1 Field Studies  

The methodology used to collect IQ data consisted of a combination of individual interviews and 
focus groups. Initial studies were undertaken in 2008 and subsequent studies and validation work 
followed in 2009 and 2011, and IQ meaning workshop in 2013, and focused workshops on 
similarities and differences within and between IQ and western science in Baker Lake and 
Chesterfield Inlet in 2014.  

As a result of discussions with the Community Liaison Committee eighteen interviews were 
conducted with Baker Lake Elders in 2008 by a local researcher5. In 2009 AREVA undertook a 
series of interviews and focus groups with traditional land-users in the seven Kivalliq communities. 
Information about environmental IQ was obtained through individual interviews in Chesterfield Inlet; 
and focus groups with HTO representatives, other hunters, and Elders in the Kivalliq communities. 
Elders meetings took place in all seven communities and HTO meetings were held in six6. A semi-
structured interview format was used so that participants could focus on their particular areas of 
knowledge as well as have the opportunity to provide additional information they believed to be 
important7.  

Information related to socio-economic concerns was obtained through interviews with individuals in 
Arviat, Baker Lake and Repulse Bay; and through focus groups with rotational workers in Baker 
Lake, rotational workers’ spouses in Baker Lake, young adults in Baker Lake, Chesterfield Inlet, 
Repulse Bay, Rankin Inlet and Whale Cove, and women in Coral Harbour and Rankin Inlet. 
Interviews and focus groups discussed topics such as women’s roles, dependency on country foods, 
and traditional activities. During the interviews and focus group discussions, participants also 
provided information on topics related to wildlife and harvesting activities.  

In 2011, community review and validation meetings were held to ensure accuracy of AREVA’s 
understanding of previous work and also provide an opportunity to add additional IQ information 
related to the Project area and the region generally. A total of nine meetings with HTO members and 
elders were held to review IQ in 2011 where participants supplied the interviewers with narrative 
information as well as mapped information on various wildlife and Inuit land use topics.  

  

                                                

5 These interviews focused on the following topics: cultural and spiritual sites, water, wildlife and other natural resources, changes in 
weather, project relted concerns, the experience of moving to Baker Lake, and memories of local people. 

6 Eleven of the 13 meetings had participation from both men and women. The Rankin HTO and Whale Cove Elders meeting consisted of 
only men. 

7 These interviews focused on land and marine mammals and game birds (including harvest areas, health, and important habitat), fish 
(species, harvesting, health, spawning areas), new wildlife species observed, culturally important areas, changes in weather 
patterns, changes in water quality or qualtity, and potential effects of the Project. 
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A focus group meeting with Elders from Baker Lake was held in 2013 to discuss the meaning of IQ 
(BL EL Sept 2013).  Additional meetings with the Baker Lake and Chesterfield Inlet HTOs in 2014 
were an opportunity to discuss the similarities and differences with IQ and between IQ and western 
science where participants once again supplied narrative and mapped information. The following 
figures summarise the IQ information collected during the field studies:  

• Figure 6.1-1 Inuit Qaujimajatuqangit Study Area 
• Figure 6.1-2 Caribou Information Gathered During Interviews and Focus Group 

Discussions Held in Baker Lake 
• Figure 6.1-3 Identified Wildlife Habitat Areas from IQ 
• Figure 6.1-4 Identified Hunting and Caching Areas from IQ 
• Figure 6.1-5 Identified Fishing Areas from IQ 
• Figure 6.1-6 Identified Camping, Human Travel Routes & Spiritual Significance from IQ 
• Figure 6.1-7 Identified Land Use from Chesterfield Inlet  
• Figure 6.1-8 Marine Hunting and Harvesting  
• Figure 6.1-9 Marine and Land Wildlife Information from Repulse Bay and Rankin Inlet 

Interviews 
• Figure 6.1-10 Marine and Land Wildlife Information from Chesterfield Inlet to Churchill 
• Figure 6.1-11 Marine Mammal Information from Coral Harbour Interviews 

6.1.1 Summary of Project-Related Questions and Concerns Raised During IQ 
Events  

During interviews and focus group discussions, participants identified a variety of issues and 
concerns related to the Project. These generally related to the following: 

• a potential bridge over the Thelon River;  
• potential effects of the proposed access road on caribou;  
• potential contamination of lakes, vegetation, wildlife, and people;  
• potential effects of increased marine transportation on marine wildlife;  
• potential effects of Project wage employment on traditional activities; and  
• recommendations for monitoring by Elders.  

The majority of Baker Lake participants said they would support a bridge over the Thelon River, and 
either Anaqtalik or Kinngarjuit were suggested as possible locations. Most participants in Baker Lake 
do not want to see any development near Hagliq or south of Baker Lake, as these were areas 
identified as important fishing areas, or caribou travel routes. Some participants were concerned that 
a bridge over the Thelon River may prevent boat travel upriver to harvesting areas, or that the bridge 
might cause ice to be pushed further onto the land, potentially damaging the bridge itself.   
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Participants in other communities voiced concerns over the potential construction of an all-season 
road to the Kiggavik mine site, specifically, the potential for habitat fragmentation, noise, animal-
vehicle collisions, and dust from the road. Participants in Baker Lake, Arviat, and Rankin Inlet were 
concerned that caribou migrations may be negatively affected by the proposed access road, and 
recommended that use of the access road and mining activities be reduced or curtailed during the 
initial stages of the caribou migrations. 

Concerns over dust generated by the Project and possible travel with prevailing winds to Rankin 
Inlet and Arviat were raised. Baker Lake talked about the importance of clean water and concerns 
over water being contaminated in the Project area. Chesterfield Inlet was interested in the details of 
marine shipping and potential effects on fish and marine mammals with a focus on potential spills in 
the Inlet.  

6.2 Use and Influence of IQ in Project Design and Environmental 
Review 

Figure 6.2-1 demonstrates the three primary integration paths for IQ, engagement, and land use into 
the environmental assessment and ultimately to significance determinations and conclusions.   

The first path occurs in parallel with the use of western science primarily in the understanding of 
traditional ecological knowledge and baseline conditions. An example is the identification of caribou 
water crossings by both IQ and other means and consideration of both sources of information in the 
assessment and planned mitigation for potential changes in caribou movement (see Volume 6). 
Consistent with the IQ principles of Pilimmaksarniq and Piliriqatigiingniq, the involvement of local 
people in baseline studies not only contributed to the knowledge collected but how to best collect 
that information. The marine mammal surveys supporting the marine assessment in Volume 7 and 
associated Technical Appendices were conducted with advice from the Chesterfield Inlet HTO on 
timing and location. This broad path of integration can be further broken down into categories as 
presented with examples in Figure 6.2-2. The integration of IQ follows the assessment methodology 
starting with the identification of potential issues and concerns including project-environment 
interactions through to monitoring. Some examples include:  

Modifications in the terrestrial, marine and archaeological data collection (Tier 3, Volume 9, 
Appendix 9B, Section 3.4), identification of Valued Components and an understanding of the value 
attached to potentially impacted valued ecosystem and socio-economic components (Tier 2, Volume 
9, Part 1, Section 4.3), adjustments to the screening level assessments (i.e. Tier 2, Volume 8, 
Section 6.1.1), and suggested mitigation and management. One example of IQ informed mitigation 
is the effort to not disturb lead caribou during a migration that can be applied to road management. 
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Figure 6.2-1 Incorporation of IQ Engagement 
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Figure 6.2-2 Three Primary Pathways for IQ and Land Use to Contribute Environmental 
Assessment Conclusions 

  



 

AREVA Resources Canada Inc. 
Kiggavik Project FEIS 
September 2014 

Page 73 
Tier 1 Volume 1: 
Main Document 

Section 6:  Inuit Qaujimajatuqangit 

 

Land use informed by IQ was important in the socio-economic effects assessment (Tier 2 Volume 9) 
and also to provide context to the ecosystem based assessments and the Project as a whole, the 
second broad path of integration in Figure 6.2-2.  A presentation on land use is provided as 
Technical Appendix 1F to this volume. It provides a focused summary on traditional and 
contemporary land use, Inuit views and values as well as information on protected, recognized, 
special and disturbed areas.   

An evaluation of similarities and discrepancies within and between knowledge bases informed 
confidence in assessment determinations. Confidence determinations lead into the development of 
proposed monitoring to evaluate the accuracy of predictions and the effectiveness of mitigation so 
that adaptive management can ensure the protection of ecosystem integrity.  

In an effort to further increase the transparency of IQ integration beyond the summary sections titled 
‘Influence of Inuit on the Assessment’ in EIS Volumes 4 to 9, AREVA also created an IQ and 
engagement roadmap (Attachment A to Tier 2 Volume 3 Part 2) that lists locations throughout the 
assessment where IQ and engagement has been considered.  
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7 Description of the Existing Environment 

This section provides a summary of the existing environmental conditions in the Kiggavik Project 
area. Baseline information on the atmospheric, aquatic, terrestrial, marine and human environments 
are summarized in this section. 

For most components, recent baseline data from 2007 to 2011 and historical baseline data gathered 
during the 1980s and early 1990s has been incorporated in the baseline reports prepared for the 
Final Environmental Impact Statement. Baseline reports for the atmospheric, aquatic, terrestrial, 
marine and human environments are appended to their associated tier 2 documents. For more 
detailed information please refer to: 

• Appendix 4A – Climate Baseline 
• Appendix 5A – Hydrology Baseline 
• Appendix 5B – Geology and Hydrogeology Baseline 
• Appendix 5C – Aquatics Baseline 
• Appendix 6A – Surficial Geology and Terrain Baseline 
• Appendix 6B – Vegetation and Soils Baseline 
• Appendix 6C – Wildlife Baseline 
• Appendix 7A – Marine Environment Baseline 
• Appendix 9A  - Socio-Economic Baseline and  
• Appendix 9B – Archaeology Baseline 

7.1 Regional Context 

Lying predominantly within the Dubawnt Lake Plain/Upland Ecoregion, the Kiggavik Project area is 
located in a low Arctic region characterized by minimal topography, predominantly shrub tundra 
habitat with low structural habitat heterogeneity, an extreme northern climate, and relatively few 
terrestrial vertebrates. 

7.2 Atmospheric Environment 

7.2.1 Climate (Meteorological Conditions) 

The Project area experiences a continental climate characterized by cold temperatures, low 
precipitation and high winds. The winters are long and cold and the summers are short and warm; 
transitional seasons are very short. 

Meteorological data sets include historical climatic parameters derived from the region and local 
weather data.  
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7.2.1.1 Baker Lake Weather Data 

Regional historical weather data for Baker Lake airport were collected by Environment Canada from 
1949 to 2008. The climatic parameters include precipitation, temperature, wind speed and direction, 
and atmospheric pressure. Net radiation data was also available for Baker Lake the years 1969 to 
2003. Extreme rainfall statistics for Baker Lake were estimated by Environment Canada 2010 while 
wind statistics and Probable Maximum Precipitation (PMP) were derived by Golder (2011). 

Temperature - Mean air temperatures for Baker Lake during the period of record ranged between -
32.4°C in January and 11.2°C in July with a mean annual air temperature of -11.9°C. Extreme 
temperatures have ranged between -50.6°C in January and 33.6°C in July. 

Precipitation - The mean annual historical precipitation recorded at Baker Lake over the period 
1949 to 2008 was 344 mm, approximately 49% of which fell as rain (169 mm). Most rain falls over 
the period July to October. Mean annual adjusted snowfall was 175.5mm. 

The Probable Maximum Precipitation (PMP) is 183.3mm in a 24-hour period. The PMP and extreme 
rainfall statistics for Baker Lake and are presented below in Table 7.2-1.  

Table 7.2-1 Intensity Duration and Frequency Rainfall for Baker Lake 

Duration 

Return Period (years) 

2 5 10 20 50 100 PMP 

24 hours 
(mm) 

27.3 40.0 48.4 59.0 66.9 74.7 183.3 

12 hours 
(mm) 

22.4 32.4 39.1 47.5 53.8 60.0  

6 hours 
(mm) 

16.7 22.8 26.8 32.0 35.8 39.5  

1 hour 
(mm) 

6.3 8.7 10.2 12.2 13.6 15.1  

15 minutes 
(mm) 

2.8 3.8 4.5 5.3 6.0 6.6  

Wind Speed and Direction - The historical mean monthly wind strength varies between 16.9 km/h 
in July and 23.9 km/h in January. Maximum mean daily wind speeds range between 22.4 km/h in 
August and 37.1 km/h in February. Wind speeds greater than 39.6 km/h (11 m/s) were most 
frequent over the period of January to March. Similarly, minimum mean daily wind speeds have 
ranged between 11.0 km/h in July and 16.7 km/h in October. One hour wind speeds of 78 km/h can 
be expected to occur once every two years, on average. Wind speeds exceeding 100 km/h are 
expected to occur only once in 30 years (Table 7.2-2). The mean annual wind speed is 5.9 m/s. 
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Table 7.2-2 Extreme Wind Statistics for Baker Lake 

Duration 

Return Period (years) 

2 5 10 30 50 100 

1 hour 
(km/h) 

77.7 86.2 91.8 100.2 104.0 109.2 

The most frequent wind direction at the Baker Lake climate station for the years 1953 to 2009 was 
north-northwest. Similarly, the most frequent wind speed in this direction was of the range 20.5 km/h 
to 31.7 km/h (5.7 m/s to 8.8 m/s). On a seasonal basis, the wind was predominantly from the north 
during the second and third quarters of the year, and from the northwest during the first and fourth 
quarters. On an annual basis, the wind rarely blows from the southwest or the northeast (Figure 
7.2-1). 

 

Figure 7.2-1 Baker Lake Annual Wind Rose, 1953 - 2009
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7.2.1.2 Kiggavik Site Weather Data 

Kiggavik site weather data was collected in 1982 to 1983 (Roulet and Woo, 1986) and 1990 to 1991 
(Senes, 1992). Weather stations constructed at the Kiggavik site provide data for 2009 and 2010. A 
summary of results for 2009 and 2010 are presented in Table 7.2-3.  

Table 7.2-3 Kiggavik Site Local Weather Data 

 Rainfall (mm) 
Mean temperature 

(°C) 
Mean relative 
humidity (%) 

Mean 
atmospheric 

pressure (kPa) 

2009 May 0 -9.6 87.4 101.5 

June 14.4 4.6 80.4 101.2 

July 23.6 11.7 71.7 101.2 

August 78.8 9.8 79.4 100.8 

September 6.2 - 89.7 98.8 

October 4.4 -7.8 91.8 101.5 

November 0 -15.8 88.9 100.6 

December 0 -23.4 84.4 101.3 

2010 January 0 -25.2 78.9 101.5 

February 0 -25.1 79.1 101.8 

March 0 -18.2 82.1 100.7 

April 1.4 -7.9 85.0 101.5 

May 0.4 -7.7 80.4 101.8 

June 23.4 4.4 40.9 101.0 

July 56 12.9 45.9 100.5 

August 9.6 10.4 42.9 100.6 

NOTES: 
a = May data was collected from May 7 to May 31, 2009 
b =  September data is limited to September 1, 2009 
c =  August 2010 data was collected from  August 1 to August 24, 2010 
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The presence of Baker Lake and elevation differences may result in climate differences between the 
community of Baker Lake and the Kiggavik site. The Baker Lake climate station is positioned at the 
west end of Baker Lake where lake presence may modify local climate measurements during the 
ice-free period. Baker Lake is 18 masl whereas the Kiggavik site is at a 180 masl. The data collected 
thus far suggest that temperatures at Baker Lake and the Kiggavik site are similar and the coincident 
wind magnitude data were between 10% and 58% different at the Kiggavik and Baker Lake sites. 
Despite the difference in wind magnitudes, Baker Lake climate station provides the most reasonable 
climate data for use at the Kiggavik site.  

7.2.2 Air Quality 

In an effort to characterize the existing local air quality within the Project area, air quality monitoring 
programs were carried out during summer field seasons. Contaminants monitored include 
particulate matter, metals and radionuclides. Particulate and metals were monitored during the 2010 
season, whereas radionuclides were monitored in the 2008, 2009 and 2010 summer field seasons. 
All data is provided in Volume 4, Atmospheric Environment.  

Measured background levels of various metals and radionuclides were found to be low compared to 
more developed or urbanized areas in Canada, particularly in southern regions. To characterize 
regional air quality, data was obtained from a literature review of Environmental Impact Statements 
for other projects located in Nunavut. Measured baseline concentrations were found to be 
comparable to background levels in the region.  

A limited amount of long-term monitoring data was available to characterize existing air quality; 
however, available short-term measurements suggest that ambient air concentrations are quite low 
within the Project area. Measurements at such low levels could be considered to be at the lower 
sensitivity range of the sampling equipment. This is not unreasonable given the remote nature of the 
Project and the relatively undisturbed environment of the area. As such, the current atmospheric 
environment was characterized as pristine. 

Greenhouse Gases - Environment Canada’s National Inventory Report identified that 2008 
greenhouse gas emissions (GHG) in Nunavut were 361 kilotonnes (kt) of CO2-equivalent. Emissions 
from the Meadowbank Gold Mine were not included in this total as the mine was not yet 
commissioned in 2008. Given that the Meadowbank Mine is now operating and will continue to 
operate during the lifetime of the Kiggavik Project, the Meadowbank GHG emissions estimate of 191 
kt of CO2-equivalent was added to the reported 2008 Nunavut total to provide the baseline GHG 
emissions for the purposes of the Kiggavik EA. Considering Meadowbank emissions estimates, the 
baseline level of GHG emissions in Nunavut are considered to be 552 kt of CO2-equivalent. 
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7.2.3 Noise and Vibration 

Noise - AREVA took a conservative approach to establishing background sound levels for the 
Project. A noise monitoring program was completed at AREVA’s McClean Lake Operation in 
September 2009. The monitoring station at the McClean Lake operation was located on a waste 
rock pile to both simulate an undisturbed tundra environment and provide a conservative value. 
Noise effects assessments submitted to the NIRB were reviewed to identify noise levels in similar 
Arctic environments.  The background sound levels measured at AREVA’s McClean Lake Operation 
were comparable to the sound levels identified in the NIRB literature search.  

Given the findings, an Leq (energy equivalent sound level) of 35 dBA was selected for daytime (16-
hour), night-time (eight-hour) and 24-hour sound levels. The Leq of 35 dBA was used as the 
baseline value for assessing the relevance of potential changes in sound levels as a result of Project 
activities. The relative contribution of the Agnico-Eagle Meadowbank Mine all-weather road and 
wharf and the Baker Lake Airport are assumed captured in the baseline noise level. 

Vibration - No information was available to establish baseline vibration within the Project area. It is 
expected that vibration levels are not perceptible (i.e., less than 0.1 mm/s) (Bender 1996; Wiss 
1981). With the exception of some limited exploration activities, there are no substantial sources of 
vibration at the Mine Development Area. There are existing vibration sources in the vicinity of Baker 
Lake, including activities at the Agnico-Eagle Meadowbank Mine all-weather road and wharf and the 
Baker Lake Airport. These existing vibration sources, however, are not expected to generate any 
substantive vibration impact at the nearest sensitive human receptor. 

7.3 Aquatic Environment 

7.3.1 Surface Hydrology 

The hydrological environment near the Kiggavik Project is characterized by an arctic nival regime. 
Most streams are frozen to the bed throughout the winter and become active at spring snowmelt in 
mid-June. During the early stages of spring melt, stream discharge increases rapidly, reaching a 
peak flow level that is largely a function of the upstream watershed size. Flows gradually recede 
over the remainder of the open water season. Rainfall events throughout the summer may 
temporarily reactivate the channels or cause secondary peaks. Lakes in the region are typically ice 
covered from October through June, with ice thicknesses of approximately 2 m. Lake levels and 
volumes reflect inflow and outflow characteristics and thus reach their peaks during the spring 
freshet in mid-June with levels and volumes typically decreasing throughout the remainder of the 
open-water season.   
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7.3.2 Hydrogeology  

Permafrost depth is estimated to range from about 210 m depth in the area of the Main Zone, Centre 
Zone, and East Zone deposits to about 250 m depth in the area of the Andrew Lake deposit and End 
Grid deposit. In areas of continuous permafrost, there are generally two groundwater flow regimes: a 
deep groundwater flow regime beneath permafrost and a shallow groundwater flow regime located 
in the active (seasonally thawed) layer near the ground surface.  Because of the thick, low 
permeability permafrost, there is little to no hydraulic connection between the two groundwater flow 
systems.  

The deep groundwater regime is connected by taliks (unfrozen ground) located beneath large lakes.   
Groundwater flow in the area of the Main Zone, Centre Zone and East Zone deposits on the 
Kiggavik site is inferred to be south towards Fox Lake, Pointer Lake, Jaeger Lake, and Judge 
Sissons Lake.  Groundwater in this area may also discharge to Sleek Lake, located to the 
southwest, and Scotch Lake, located to the southeast.  In the area of the Andrew Lake, and End 
Grid deposits at the Sissons site, the predominant groundwater flow direction is inferred to be 
southeast towards Boulder Lake, and Judge Sissons Lake.   

Relatively competent rock comprises the majority of the rock domain both within and below the layer 
of permafrost. The hydraulic conductivity of the deep bedrock in the Project area is low. 

7.3.3 Water Quality 

Lakes and streams in the mine site LAA were similar to each other in respect to their water 
chemistry. Lakes were characterized by low ionic strength; neutral to basic pH; and low to high 
sensitivity to acid. Total hardness concentrations indicated that the waters had very soft to soft water 
hardness, while measured nutrient concentrations (particularly nitrogen and phosphorus) were 
typical of nutrient poor (oligotrophic) waterbodies in subarctic regions. Baseline water quality 
parameter levels were less than Saskatchewan Surface Water Quality Objectives (SSWQO) and 
Canadian Water Quality Guidelines (CWQG) with the exception of some parameters (i.e., field and 
laboratory measured pH, ammonia, aluminum, cadmium, chromium, cobalt, copper, iron, lead, 
silver, and zinc) in some lakes. Radionuclides were generally not detected or were detected near the 
analytical detection limits 

7.3.4 Sediment Quality 

Kiggavik area lake bottom substrates varied from rock, boulder, and sand in shallow areas to 
organic-rich sediments in deeper depositional areas. The surficial sediments are typically 2 to 10 cm 
deep and the dominant particle size category in most sampled lakes was silt. Notable exceptions 
included Pointer Lake and Judge Sissons Lake which have appreciable clay, sand and/or rock 
components to the sediment.    
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Overall, total metal concentrations in sediment were similar among the lakes in the mine site LAA 
and the site access LAA. Baseline sediment quality parameters were generally less than the 
sediment quality guidelines (SQGs) established by the Canadian Council of Ministers of the 
Environment (CCME; Interim Sediment Quality Guidelines, ISQG; and probable effect levels, PEL). 
These guidelines are considered to be benchmarks for the potential for toxicity to aquatic organisms. 
By design, these are conservative guidelines and are generally considered intentionally 
overprotective of the aquatic environment (O’Connor 2004). Thus, if concentrations are below SQGs 
that predict minimal effects (i.e., ISQGs), then there is likely negligible ecological risk. Some 
sediment samples collected during the baseline program had metal concentrations (arsenic, 
cadmium, chromium, copper, mercury, and zinc) that were higher than one or both of these 
guidelines. Exceedances of arsenic, cadmium, chromium, copper, mercury, and zinc ISQGs, and 
mercury and zinc PELs were observed in some samples, but there were no trends evident. This 
indicates that background levels of these elements are naturally elevated in these sediments, and at 
baseline levels likely do not cause toxicity to the local aquatic biota. 

7.3.5 Aquatic Organisms and Fish Habitat 

Plankton and Benthic Invertebrate Community Characteristics - Phytoplankton species richness 
varied across the sampled lakes, with green algae and golden algae exhibiting the greatest diversity. 
Blue green algae biomass was typically low in lakes sampled within the Project area. Diatoms were 
likewise consistently low in abundance and biomass in all lakes. Chlorophyll a (a pigment which can 
be used to estimate phytoplankton biomass) concentrations were within the range specified for 
nutrient poor (oligotrophic) lakes. Zooplankton species richness was also variable among the 
sampled lakes. In general, rotifers exhibited the highest relative density and biomass in all lakes 
sampled. Cladoceran and calanoid copepod species were also observed in variable densities. 
Overall, benthic invertebrate communities in lakes in the LAA were characterized by low to moderate 
density and diversity, with chironomids typically being the dominant taxa, followed by fingernail 
clams in most lakes. Stream benthic invertebrate communities generally had higher taxa richness 
than found in lakes of the LAA.  

Aquatic Habitat - Habitat assessment of lakes and streams in the mine site and site access LAAs 
was completed between 2007 and 2010.  Lakes in the mine site LAA are typically shallow (many 
with maximum depths less than 3 m) and the water is generally well mixed with similar temperature 
and oxygen levels at all sampled depths. Water clarity (i.e., secchi depth) was usually greater than 2 
m and was often equal to total depth. Shoreline substrate in all lakes consisted primarily of boulder, 
cobble, sand and silt substrates. The shoreline slope was predominantly flat or varied from flat to 
moderately steep. Shoreline vegetation was primarily grasses and low shrubs. In-lake habitat 
consisted of inundated vegetation, and/or interstitial spaces in the coarse substrate, as well as some 
lakes containing areas of emergent and/or submergent aquatic vegetation.   
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Since ice thickness ranged from 1.8 m to 2.1 m by the end of the winter; it is expected that many of 
the shallow lakes freeze to the bottom during winter. Smaller lakes generally start to become ice free 
in early June, with larger lakes becoming ice free in late June or early July.  Because most lakes and 
ponds in the Mine Site LAA are shallow, they provide only seasonal foraging and rearing habitat for 
fish. Overwintering habitat is found in a few lakes deeper than 3 m in the area.  

Streams in the mine site and site access LAAs were typically dominated by run and flat habitats, 
while pool, pond, riffle and backwater habitats were observed less frequently. Some areas of high 
flow (i.e., cascades, rapids), and nearly dry or standing water conditions were also observed later in 
the open water season. On average, streams were less than 1 m deep, however, depths ranged 
from a few cm to deeper than 7 m in the Thelon River. Wetted width generally ranged from 0.1 m to 
about 100 m. Stream substrate consisted primarily of gravel, cobble, boulder and silt. Overhead 
cover consisted of undercut banks, overhanging vegetation, and ledges. In-stream cover consisted 
of inundated vegetation and interstitial spaces between coarse substrates, with some streams 
containing areas of emergent and/or submergent vegetation, and cover associated with areas of 
depth, turbulence, and/or turbidity. Many of the larger stream systems in the mine site LAA support 
Arctic grayling spawning runs, as well as other fish species that move into the streams during the 
open water period to forage, or to escape predatory fish in the deep over-wintering lakes.  

7.3.6 Fish 

Lakes - Results of the fish surveys completed in the Kiggavik mine site LAA indicate that the fish 
community assemblages of Project area lakes are typical of those described for subarctic region 
lakes. The most widely distributed fish species captured in mine site LAA lakes was Arctic grayling, 
which were captured in more than 70% of the 35 sampled lakes. Other commonly identified fish 
species included burbot, cisco, lake trout, ninespine stickleback, round whitefish and slimy sculpin. 
An additional four species were captured only in Baker Lake; Arctic char, fourhorn sculpin, lake 
whitefish and longnose sucker.  

Streams - Commonly observed fish species in mine site LAA streams and at proposed stream 
crossings in the site access LAA included Arctic grayling, lake trout, ninespine stickleback, and slimy 
sculpin.  Burbot, cisco, lake whitefish and round whitefish were also captured in a smaller number of 
streams, while Arctic char and longnose sucker were captured only in the Thelon River. Stream 
width and proximity to over wintering lakes appeared to influence the distribution of fish species in 
Project area streams. The diversity of fish species in streams is highest close to over-wintering 
lakes, and decreases in the upper reaches of the watershed (unless a deep, over-wintering lake 
exists in the headwaters of a drainage system). Large-bodied fish species including Arctic grayling 
and lake trout were usually found in streams with bankfull widths of approximately 3 m or more, 
while ninespine stickleback and slimy sculpin were present in streams greater than 2 m wide.  
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7.3.7 Species at Risk 

There were no aquatic Species at Risk Act (SARA) or Committee on the Status of Endangered 
Wildlife in Canada (COSEWIC) listed fish species identified within the mine site or mine access 
Local Assessment Areas.  

7.4 Terrestrial Environment 

7.4.1 Topography, Landforms, Surficial Geology and Permafrost 

Topography - The Kiggavik Project area consists of vast treeless plains and is dominated by flat 
lying or gently sloping terrain with rolling and hummocky topography, frequent bedrock outcrops, and 
a few low escarpments. Elevation ranges from sea level at the proposed Baker Lake docking facility 
to as high as 140 m above sea level (asl) near Pointer Lake, 265 m asl at the peak of the hill 
northeast of the proposed site for the accommodation complex and up to 215 m asl in the Sissons 
area at the peak of the hill northeast of End Grid. 

Landforms - The general trend of glacial landforms is from the north-northwest to the south-
southeast. The most common landforms within the LAA are morainal. Eskers are rare, isolated 
topographic features, but three esker related landforms have been identified within the LAA. A 
number of glacial landforms and those influenced by permafrost are characterized by patterned 
ground and periglacial processes observed at or around the Kiggavik and Sissons mine sites 
including frost wedging, frost shattering, thaw subsidence, and solifluction. 

Surficial Geology - Surficial deposits in the LAA consist of a thin organic layer underlain by mainly 
glacial till, which varies in texture and composition. Lower elevations towards Baker Lake are partly 
covered by marine, glaciomarine and lacustrine deposits, with fine-grained marine sediments 
confined to low-lying areas that are often rich in ground-ice. Glacial deposits, particularly till veneer 
and till blanket, are the most common and widespread surficial deposits in the proposed dock site 
area. The surficial deposits along the Northern All Weather Access Road and the north shore of the 
Baker Lake comprise mainly glacial till overlying Precambrian intrusive igneous and metamorphic 
bedrock. 

Permafrost - The Project area is located within continuous permafrost. Thickness of active layer 
(also known as thaw depth) is highly variable, ranging from 1 to 2 m in surficial sediments to 5 m in 
bedrock outcrops. The ground-ice content of permafrost soil and rock in the Project area is expected 
to be less than 10% (Brown et al. 1998). However, lowland areas can contain higher ground-ice 
content locally, which is characterized by poorly drained conditions and other pereglacial processes.  
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7.4.2 Soils 

Soils consist mainly of a shallow organic veneer overlying fine to coarse textured glacial till blankets 
that 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 2 cm in upland lichen tundra, 
heath upland and heath tundra areas, and a maximum of 31 cm in low-lying wet graminoid and 
graminoid tundra areas with thick peats. Approximately 54 percent 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.  

Three soil samples collected from the Kiggavik lease area had elevated trace element 
concentrations relative to the CCME industrial soil guidelines; one soil sample had an elevated 
arsenic concentration, and two samples had elevated molybdenum concentrations. Four out of the 
five peat samples collected from the Kiggavik lease area had elevated concentrations of boron 
relative to the industrial soil guidelines. None of the samples from the Sissons lease area had 
elevated trace element concentrations. No sample locations within the Kiggavik or Sissons lease 
areas had elevated concentrations of radionuclides.  

7.4.3 Vegetation 

The Project area 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. An ecological classification scheme containing 15 
ecological land classifications (ELC) map units were identified within the LAAs and RAA.  

Wetlands (including all waterbodies and watercourses) were identified within the RAA using the Wet 
Graminoid ELC map unit to identify areas with wetland vegetation 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. 

IQ studies indicate that certain plant species have particular value to Inuit for food, medicine, shelter 
and other human uses. The most commonly mentioned plant species valued by during engagement 
and IQ sessions include black berries, cloudberries, blueberries, and cowberries. Eleven of the 
fifteen ELC map units identified contain these species.   
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7.4.4 Terrestrial Wildlife and Habitat 

The terrestrial environment is used by caribou, muskox, large predators, small mammals and upland 
birds. The extensive water and wetland features across the landscape provide habitat for various 
species of waterbirds. Engagement, IQ and regulatory meetings identified caribou as the most 
valued terrestrial wildlife species in the region.  

Caribou herds seasonally range in or near the RAA. Knowledge of seasonal occurrence of caribou 
herds in the RAA is based on local knowledge, regional surveys conducted since the late 1940s, 
land use studies, data from caribou collaring programs, and Project-specific surveys conducted in 
1979 and 1980, and as part of the current baseline program beginning in 2007. The five caribou 
herds identified in Nunavut’s mainland region are the Beverly, Ahiak, Wager Bay, Lorillard, and 
Qamanirjuaq herds. All of these herds are known to occur within the Kiggavik RAA, although at 
different frequencies and seasons depending on their herd ranges. The analysis of the telemetry 
data used to delineate ranges assigned each collared animal to a herd based on the calving area it 
returns to on a yearly basis. Nagy et al. (2011) and Campbell et al (2012) consider the Ahiak, Wager 
Bay, and Lorillard herds as part of a tundra-wintering barren-ground caribou herd. 

All caribou herds near the Kiggavik RAA show variation in movements and habitat use among years. 
Mapping of caribou movement to their calving and wintering grounds during the migratory seasons 
incorporated government data, Project data, and current and older sources of IQ. The resulting 
maps showed that caribou movement in the region is well documented. The information sources are 
complementary. The mapped IQ highlights the variation in caribou movement. Generally, animals 
from the tundra-wintering herds are present during the winter months, and summer and calve north 
and east of the RAA. During the spring migration, individuals of the Beverly/Ahiak and resident herds 
may be present, but herd numbers are generally low. In summer, very few caribou are present within 
the RAA and calving has not been documented. During the post-calving period and summer 
dispersal period, moderate numbers of Qamanirjuaq and possibly Beverly/Ahiak animals move 
through the area on their way to wintering areas. Later in the fall, caribou from the tundra winter 
herds return to the Kiggavik RAA and broader surrounding area. 

Caribou need extensive space to undertake traditional movements, presumably, as a strategy to 
minimize predation, exploit seasonal habitats and avoid deep snow. The RAA was divided into 
Ecological Land Classification (ELC) units that are recognizably different in vegetation content and 
geographic features. Caribou generally feed on lichen during winters, and fresh shrubs (leaves and 
stems) and graminoids during the growing season; therefore, habitat that contains these features is 
of higher value to caribou in the appropriate season.  
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During the growing season, there is a roughly equal amount of High, Moderate and Low quality 
habitat distributed throughout the RAA. Most of the High quality habitat in the growing season is 
found in southern portions of the Kiggavik RAA, corresponding with the distribution of post-calving 
aggregations of caribou in 2009 and 2010. In winter, the distribution of most moderate quality habitat 
corresponds with the distribution of collared caribou in the northwestern portion of the Kiggavik RAA 
in the winters of 2009 and 2010. 

Based on previous land use studies, most of the Kiggavik RAA was identified as a hunting area in 
the past. More recent harvest location statistics collected as part of the Nunavut Wildlife Harvest and 
the ongoing AREVA/AEM Hunter Harvest Study (HHS) indicate that relatively few caribou have been 
harvested by residents of Baker Lake west of the Thelon River in the last decade. 

Muskox occupy the region year-round.  

Large predatory species, including grizzly bear, wolverine and wolf, are present throughout the 
Kiggavik RAA but are observed infrequently. Smaller predatory species, such as Arctic fox and 
ermine, are also present with Arctic foxes seen as relatively common in the region. Small mammals 
such as voles, lemmings and ground squirrels are widespread.  

Waterfowl, shorebirds, jaegers, raptors and upland birds annually migrate from southern wintering 
grounds to breed in the region during the summer. Only ptarmigan, gyrfalcon and common raven are 
residents throughout the year; they are scattered throughout the region and present in relatively 
small numbers. Several raptor species occur including the bald eagle, gyrfalcon, northern harrier, 
peregrine falcon, rough-legged hawk, short-eared owl and the snowy owl. The most common 
waterbird species are Canada goose, semipalmated sandpiper and long-tailed duck. During the 
spring and fall migration large flocks of Canada and snow geese migrate through the RAA.  

7.4.5 Species at Risk 

Species at Risk Act Schedule Listings - There are no Schedule 1, 2 or 3 plant species or 
Schedule 1 or Schedule 2 wildlife species listed under the SARA known to occur within the Project’s 
assessment area. Two Schedule 3 species are known to occur within the RAA. The peregrine falcon 
(Falco peregrinus) and short-eared owl (Asio flammeus) are listed as ‘Special Concern’ under 
Schedule 3. Both of these species are also listed as ‘Special Concern’ by the COSEWIC. The 
Canadian Endangered Species Conservation Council (CESCC) lists the peregrine falcon as ‘Secure’ 
in Nunavut and the short-eared owl as ‘Sensitive’ in Nunavut. Peregrine falcons are known to nest 
within the RAA and the short-eared owl was observed within the RAA during 2008 to 2010.  



 

AREVA Resources Canada Inc. 
Kiggavik Project FEIS 
September 2014 

Page 87 
Tier 1 Volume 1: 
Main Document 

Section 7:  Description of the Existing Environment 

 

Other Listings - Two plant species considered rare in Nunavut (classified as “May be at Risk”) were 
found during 1991 surveys by Geomatics International Ltd (CESCC 2006). These include spear-leaf 
stonecrop which was found approximately 25 km north of the RAA, and russet buffaloberry, for 
which location data are unavailable. Spear-leaf stonecrop is new to Nunavut, with no other verified 
observations (Catling et al. 2008). Russet buffaloberry is known from two other locations in 
continental Nunavut (Cody et al. 2003; Cody and Reading 2005). 

Wolverine and grizzly bear are listed as ‘Special Concern’ by COSEWIC. Within Nunavut the 
wolverine is listed as ‘Secure’ by the CESCC and the grizzly bear is listed as ‘Sensitive’ within 
Nunavut. Both are observed infrequently within the RAA. 

7.5 Marine Environment 

7.5.1 Physical Oceanography 

Chesterfield Narrows drains Baker Lake and empties into Chesterfield Inlet. A 200 km, salt-water 
tidal corridor, Chesterfield Inlet joins Hudson Bay with Baker Lake. Chesterfield Inlet experiences 
large semi-diurnal tides, which ranged in 2007 from 1.0 to 4.0 m (Government of Canada 2010). 
Northern coastal areas and estuaries in the vicinity of Chesterfield Inlet are characterized by clear 
waters and deep euphotic zones8 that permit extensive growth of macroalgae (Schneider-Vieira et 
al. 1993). 

7.5.2 Ice Cover, Sea Currents and Circulation 

Experiencing a full cryogenic cycle, ice generally starts to form in Hudson Bay in late October and 
the bay usually becomes ice free in early August. The closest survey stations to Chesterfield Inlet 
recording ice freeze-up and breakup experienced mean freeze-up on November 14 and breakup on 
July 9. Ice breakup in northwestern Hudson Bay is marginally earlier than that experienced further 
south in western Hudson Bay due to ice removal by strong prevailing northwesterly winds and ocean 
currents (Saucier et al. 2004; Gagnon and Gough 2005). 

In accordance with the cyclonic circulation pattern in western Hudson Bay, monthly mean currents 
are generally to the south and east (Prinsenberg 1987; Saucier et al. 2004). Barotropic, semidiurnal 
currents, up to 28 cm s-1 in amplitude, represent the majority of observable currents in the area. The 
presence of sea ice in western Hudson Bay, typically between November and July, causes a 
decrease in the heights and amplitudes of tidal currents, and an advance in their arrival when 
compared to open water (ice-free) conditions. Storm-driven, clockwise flowing, inertial currents may 
be as strong as tidal currents but are typically absent during the ice-covered season.  

                                                

8 The part of the near-surface body of an ocean or lake that receives enough sunlight for photosynthesis to be possible. 
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7.5.3 Marine Phytoplankton, Ice Algae, Zooplankton and Invertebrates 

Phytoplankton are photosynthesizing microscopic organisms typically abundant in the euphotic 
zone and form the basis for the vast majority of marine food webs. Phytoplankton are grazed on by 
zooplankton and benthic invertebrates, which in turn are consumed by fish and larger predators. 
Despite relatively low primary productivity compared with that of more temperate waters, the Hudson 
Bay-James Bay system has a diverse microalgal community, comprising of over 495 taxa (Roff and 
Legendre 1986). Assemblages of phytoplankton found in Hudson Bay, comprising primarily of 
marine diatoms and dinoflagellates, are reported to not differ significantly in species composition 
from those identified in Arctic and North Atlantic waters. From marine water sampled from the plume 
at the mouth of Chesterfield Inlet, the most common species of dinoflagellates were Massartia 
rotundata, Peridinium pallidum and Peridinium pellucidum (Anderson 1979; Anderson et al. 1981).  

Ice Algae - During spring, the bottom 1 to 5 cm of sea ice is typically colonized by dense 
populations of ice algae. Ice algal biomass below first-year sea ice can be predicted for much of the 
Arctic based on cumulative surface light and snow depth with biomass negatively associated with 
snow depth at any given date or location and reaching a maximum of approximately 170 mg Chl m-2 
in thin ice over deep water (Welch et al. 1991). 

Zooplankton are heterotrophic organisms ranging in size from microscopic, single-celled protozoa 
to large, multicellular metazoans. Typically, zooplankton are found in the surface waters where there 
is an abundance of phytoplankton and other zooplankton. 

Invertebrates - Limited information is available on the occurrence and abundance of marine 
invertebrates in Hudson Bay and much about their ecology, abundance and distribution is still 
unknown. Invertebrates characterizing the pelagic zone are comb jellies, arrow worms, copepods 
and amphipods, euphausiids, and pelagic sea butterflies (Stewart and Lockhart 2005). 

7.5.4 Marine and Anadromous Fish 

Arctic cod, Arctic sculpin, Arctic char, fourhorn sculpin, banded gunnel, and whitefish use sand and 
boulder benthic habitats around the mouth of Chesterfield Inlet. Arctic char typically migrate into 
Chesterfield Inlet in the first weeks of July when the ice has cleared (Nunami Jacques Whitford 
Limited 2008). Capelin and starry flounder are abundant nearshore species in Hudson Bay. Starry 
flounder occasionally enter river mouths where they are believed to spawn during the winter months 
(Percy et al. 1985). Capelin spawn inshore during the summer months (Scott and Scott 1988). 
Fourhorn sculpin are abundant in shallow waters (below 45 m) throughout Nunavut and are often 
associated with brackish waters of river mouths (Coad and Reist 2004).  
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Greenland halibut and Arctic cod are abundant offshore marine fish species in Hudson Bay (Coad 
and Reist 2004). Arctic cod are found mainly in the upper part of the water column over deep water, 
and are often associated with drifting pack ice where they spawn in winter (Bradstreet et al. 1986). 

7.5.5 Marine Birds 

The most common species of waterbirds observed in the Baker Lake and Chesterfield Inlet area are 
Canada goose, long-tailed duck and common loon (Höhn 1969). Red-throated, Arctic and yellow-
billed loons, and tundra swans have also been observed in the area (Höhn 1969).  

There are no Important Bird Areas (IBA), as identified by Bird Studies Canada, Nature Canada and 
BirdLife International through the IBA Program, within the marine LAA.  

Additional Parks Canada has identified key areas in Nunavut as part of an International Biological 
Program (IBP) (Nettleship and Smith 1975). These areas have been selected because they 
represent a diverse community. Six of these IBP sites occur along the Hudson Strait shipping route 
(Hantzsch Island, Button Islands, Akpatok Island, Digges Sound, Coats Island and Boas River) and 
one site is located south of Arviat (McConnell River). These IBP areas are identified as sensitive 
habitat. Many of the areas identified as important habitat by different agencies (including IBA, 
Migratory Bird Sanctuaries (MBS), and key migratory bird habitat sites)  are overlapping or identical 
areas. 

7.5.6 Marine Mammals 

Mammals from each of the major marine taxonomic groups are present in the marine RAA. 
Representatives from these groups include Polar bear, beluga whales, and ringed seals. Walrus, 
bowhead whales and bearded seals are common in other locations throughout Hudson Bay, Hudson 
Strait or Foxe Basin but are considered rare or uncommon in the LAA.  

7.5.7 Species at Risk 

Species at Risk Act Schedule Listings - There are three marine fish species in the marine RAA 
listed under Schedule 1 or Schedule 2 of SARA. The Northern, Atlantic, and spotted wolffish are 
listed on Schedule 1 of SARA; however, Hudson Strait is designated as ‘probable’ range. There is 
currently limited information on the distribution, habitat use and abundance of these wolffish 
populations in the RAA.  

Ross’s gull is known to breed and use coastal habitat in southwest Hudson Bay and is listed in 
Schedule 1 of SARA and nationally designated as Threatened by COSEWIC. Ross’s gull are more 
commonly seen in the Churchill area than anywhere else in Canada (COSEWIC 2007). The last 
observation of Ross’s gull in the Churchill area was four individuals in 2005 (COSEWIC 2007).  
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Additionally, two Schedule 3 listed bird species potentially occur in Hudson Strait: the Harlequin 
duck and Peregrine falcon. The distribution range of the Peregrine falcon has a northern limit of the 
southern coast of the Hudson Strait and has a low likelihood of occurring in the Strait. While the 
range of the Harlequin duck includes the northern coast of the Hudson Strait, it is the northern edge 
of their distribution range.  

Other Listings - Arctic char, fourhorn sculpin and whitefish are listed under the International Union 
for Conservation of Nature (IUCN) red list as species of least concern. The king eider is given 
special designation by the Government of Nunavut and ranked as ‘Sensitive’ in Nunavut by CESCC. 
Under COSEWIC, the Western Hudson Bay population of beluga whale and polar bear are 
designated as species of ‘Special Concern’. 

7.6 Human Health 

Regardless of where people live or work, they are exposed to radiation from natural sources; it is 
present in the air we breathe, the food we eat, the water we drink, and in the construction materials 
used to build our homes. In Canada, natural background radiation ranges from about 1,300 to 
21,000 μSv/year. It comes from outer space (cosmic), the ground (terrestrial), radionuclides in the 
body from air, water and food (internal) and exposure to radon. Figure 7.6-1 shows the exposure to 
radiation to some of the common sources of naturally occurring radiation for those living in Canada 
(AECB 1995). An additional source of radiation to some individuals is through diagnostic medical 
procedures.  
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Figure 7.6-1 Typical Distribution of Annual Dose from Natural Radiation 

Levels of natural or background radiation can vary greatly from one location to the next. For 
example, due to consumption of caribou, the internal dose for people currently living in the Project 
area is likely higher than that shown above. Ingestion of caribou in northern Canada has been 
shown to add 1 to 4 mSv/y of internal exposure for an adult, primarily due to the natural elevated 
background levels of Po-210 (Thomas et al. 2001).  

People are also exposed to the other COPC (arsenic, cadmium, cobalt, copper, lead, molybdenum, 
nickel, selenium, uranium and zinc) through air, water, soil and food.   
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7.7 Socio-Economic Environment 

7.7.1 Nunavut Economy 

Nunavut’s economy and people have unique characteristics including i) the importance of the mixed 
economy; ii) a requirement to use renewable and non-renewable resources in sustainable ways that 
benefit Inuit; iii) the value of IQ to economic and social development decision making; iv) 
decentralization to give communities control of their own development; v) a need to develop self-
reliance in face of overdependence on federal transfers; and vi) a very young and rapidly growing 
population with important socio-economic challenges.  

Nunavut’s economic development plans focus on the economic sectors that can provide the most 
growth and employment, without harming the environment. These sectors are mining, tourism and 
commercial fishing. To achieve growth in these sectors, investments are needed in education, small 
business development, transportation, energy and telecommunications.  

Nunavut’s mixed economy has both wage and land based components. The wage based economy 
provides cash income. The land based economy provides food and materials, but also important 
social and cultural benefits to Inuit. Most people try to be active in both the wage and land based 
parts of the economy. The wage based part of Nunavut’s economy has been growing, however not 
as quickly as needed to provide enough jobs. The land based component is growing slower still. 
Constraints include the high cost of travel on the land, less harvesting by the young, poor markets 
for animal pelts and climate change.  

Unemployment rates have been rising. The unemployment rate in Nunavut was about 19% in July 
2011, but for young people it was almost 40%. Most of the unemployed are young Inuit men. Jobs 
will need to be created faster than in the recent past to reduce unemployment rates as more 
individuals in this growing population reach working age. The GN expects that mining will bring more 
economic growth and wage employment over the coming decade than any other sector. Nunavut is 
rich in mineral resources, there are large mining projects undergoing environmental assessments for 
development (Meliadine, Mary River recently completed an EA, and Kiggavik) and exploration 
interest is very high.  

7.7.2 Kivalliq Economy 

The Kivalliq Region has an approved land use plan and recognition of the mining sector as having 
the best potential for economic development is consistent with the GN message for the territories 
economic development. The plan sets out conditions for mining, indicating that mining projects 
should cause no environmental damages and that benefits of mining should go to Kivalliq 
communities and people. The Kivalliq land use plan also states that people in the Kivalliq value 
employment opportunities for youth. 
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Activity on the land provides food, clothing and arts and crafts materials but it is also very important 
to maintaining Inuit culture. Very few people hunt full time or almost full time anymore but most 
people continue to go out on the land. The importance of harvesting to Kivalliq households is 
demonstrated by country food substituting for about half of what total food costs would be if all food 
was bought in stores. The practice of harvesting also confirms identity, social relations, values and 
knowledge.  

7.7.3 Kivalliq Social Context 

The Kivalliq population grew from 7,944 to 9,479 people between 2001 and 2009, an average 
growth of close to 2% per year. The population in 2013 was 10,266, an average growth of 2.4% from 
2007 to 2013. From 2007 to 2013 all Kivalliq communities experienced some population growth with 
Repulse Bay and Whale Cove experiencing the highest population increase percentages and 
Chesterfield Inlet and Rankin Inlet the lowest.  

The most complete information on education is from 2006 showing that less than 40% of adults 
have completed high school. On average, younger people are less educated than older people. The 
problem of not finishing high school is particularly common with males but there are some very 
recent signs that this may be changing. In the Kivalliq there were twice as many high school 
graduates in 2010 than there were in 1999. Most high school principals believe up to half of their 
students will graduate over the coming years.  

People in the Kivalliq feel better about their health than people do in Nunavut as a whole but they 
also feel that their health has declined recently despite more frequent visits to health professionals. 
Flu and respiratory problems are the most common health issues in the region. Infectious disease 
outbreaks are frequent, mostly because of overcrowding and shortages of water. Sexually 
transmitted infection rates are high. Health care workers are seeing more instances of diabetes and 
low blood iron, both of which are attributed to reduced  activity on the land and eating less country 
food. Nunavut has the highest smoking rates among the Canadian provinces and territories and 
correspondingly, has the highest lung cancer incidence. Health workers say it is hard for them to 
diagnose psychological problems, including suicidal intentions and other mental illnesses, and that 
these are important health problems. Smoking, alcohol and drug abuse and uncontrolled gambling 
are also problems.  

The maintenance of traditional culture is a very important component of people’s wellbeing. 
Traditional culture gives people identity and protects more vulnerable people by providing food and 
other assistance as family and community ties are maintained through sharing of country food. 
Traditional celebrations demonstrate recognition and emotional support for people’s achievements. 
Activity on the land keeps skills alive and reinforces Inuit values of environmental protection, 
cooperation, resourcefulness and providing for others.   
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It has been hard for some people to adjust as a new culture, with different values, has come in. 
What is expected by employers of people doing work for wages and what is expected of people in 
Inuit culture can cause some conflict. Some people may feel that their social obligations interfere 
with their goals for advancing in the new economic environment. People also speak about the 
misunderstanding between generations that has come with the introduction of southern people’s 
values and material goods. Some elders feel that traditional culture is losing strength in the young. 
Most of the young say that they are close to their families, respect their elders and respect their 
culture. But some also say that traditional skills and values are not as useful now as elders seem to 
think they are. Traditional life also meant people had clear gender roles. Men find it hard now to 
provide for their families if they don’t have work or money to go on the land. It may be easier for 
women, who still have and take care of children. Inuit no longer live on the land and the culture has 
changed. Everybody knows this and most people are focused on how to manage change.  

People have maintained their language over the last decade with a strong commitment to Inuktitut. 
Most people feel they speak Inuktitut well but they note many children are using English more now 
than they did in the past.  

The Kivalliq has lower crime rates than Nunavut as a whole but rates are still much higher than in 
the rest of Canada. People in communities say that the smaller and more traditional communities 
have less crime than Arviat, Baker Lake and Rankin Inlet. Poverty and substance abuse are 
important factors in high crime rates but it is likely that cultural change is also part of the explanation.  

Housing is an ongoing problem in all of Nunavut, but is worse in most Kivalliq communities. More 
than half of houses are overcrowded or in need of major repairs. Poor housing has negative effects 
on health, on the way family members get along and on children’s school work. About 40% of people 
in the Kivalliq say they would move if they could. This high demand for housing will continue to 
increase as the young population grows older possibly deciding they want to live in their own houses 
rather than with their families.  

Numbers on employment in Kivalliq communities are out of date and do not describe the 
employment changes that have come with the Meadowbank mine. In 2006, Kivalliq unemployment 
rates were worse than the rest of Nunavut and much worse than Canada. The numbers show that 
some people in the Kivalliq had become so discouraged that they were not looking for work. 
Women’s unemployment rates were lower than men’s. Most jobs were with government or in retail 
stores. Since 2006 many new jobs for Kivalliq people became available with the development of 
Meadowbank, exploration companies and businesses supplying mining companies. People believe 
that unemployment rates have gone down, particularly in Baker Lake.   
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7.7.4 Heritage Resources 

Archaeological Sites - Fieldwork studies have documented 373 archaeology sites within the ARSA. 
Of these, 28A occur within the LSA. Given the extensive geographic extent of the proposed road 
corridors, the majority of known sites are found within these Project areas. Archaeological sites most 
often consist of surface features such as tent outlines, caches, hunting blinds, inuksuit, and kayak 
stands. However, Precontact lithic scatters resulting from stone tool production are also common.   
Table 7.7-1 provides a summary of the known sites as they relate to each Project component. 

Table 7.7-1 Documented Archaeology Sites in Local Study Area 

Project Component Archaeology sites in LAA 

All-Season  Access Road 18 

Winter Access Road 1 

Kiggavik Site 4 

Sisson Site 0 

Airstrips 0 

Kiggavik - Sissons Access Road 4 

Dock  1 

Total 28 

Four small sites (LcLe-19, 20, 21, 22) were recorded in the Kiggavik Mine site (Table 7.7-2).  As 
these four sites would be impacted by the proposed Kiggavik Mine, an assessment was carried out 
in 2009 to determine the significance of each site.  These sites were assigned low significance and 
no additional archaeological was recommended at these locations.  Additional detail is found in 
Volume 9 and Appendix 9B. 

Table 7.7-2 Archaeology sites in Kiggavik Site Local Study Area 

Borden No. Permit/Year 
Recorded Site Type Feature/Artifact Description Significance 

LcLe-19 2007-015A Lookout stone feature (marker) low 

LcLe-20 2007-015A Lookout stone feature (marker) low 

LcLe-21 2007-015A Hunting Cache low 

LcLe-22 2007-015A Lookout stone feature (marker) low 
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8 Residual Effects 

The Kiggavik Project has the potential to impact the biophysical and human environments 
throughout all phases of Project life, including the construction, operation, decommissioning, and 
post-decommissioning periods. All potential Project-environment interactions were systematically 
identified using interaction matrices (Appendix 1D). Interactions were then screened into two 
categories: 1) Common, well understood interactions for which proven mitigation would result in no 
effect or a minimal effect. These interactions are addressed briefly in Volumes 4 to 9 in order to 
focus the assessment on those interactions with the greatest potential to result in an impact. 2) 
Interactions that could potentially affect measurable changes to the environment and/or those 
interactions identified by the public as being of considerable concern. The potential for 
environmental change remains after mitigation is applied so the effects resulting from these Project-
environment interactions are referred to as residual effects. These interactions and residual effects 
are assessed in detail in Volumes 4 to 9. 

Only residual effects are presented within this section. For each discipline this section describes 1) 
potential effects including the Project-environment interaction and the Project phase the effect will 
occur, 2) Project design features and mitigation measures that will be implemented to minimize the 
effect, 3) description of the residual effect and its significance, and 4) monitoring. Tables 
summarizing all residual effects and the criteria used for determination of significance is provided in 
Appendix 1D. 

Possible cumulative and transboundary effects are discussed for the Project following the 
description of residual effects for the atmospheric, aquatic, terrestrial, marine, human and 
socioeconomic environments. 

For detailed assessments please refer to: 

• Volume 4 – Atmospheric Environment 
• Volume 5 – Aquatic Environment 
• Volume 6 – Terrestrial Environment 
• Volume 7 – Marine Environment 
• Volume 8 – Human Health 
• Volume 9 – Socio-Economic Environment and Community  
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8.1 Atmospheric Environment 

8.1.1 Climate – Greenhouse Gas Emissions 

Issues and Effects - During the construction, operation and final closure phases of the Project, 
activities will occur which have the potential to generate greenhouse gas emissions (GHGs) and 
therefore also have the potential to affect the climate.  

Construction, open pit and underground mining, power generation, general or supporting services, 
transportation, and closure activities will result in increased concentrations of greenhouse gases due 
to fuel consumption from heavy-duty equipment operation at both the mine and at the Baker Lake 
dock and storage facility, vehicular transport along mine roads and access roads, power generation 
and marine vessel transport.  

Project Design and Mitigation 

General Mitigation - In order to reduce greenhouse gas emissions, energy efficient and emissions 
minimization features will be incorporated into building design and in the operation of equipment and 
ancillary facilities. Standard operating procedures for use of equipment and machinery will be 
employed and regular maintenance on equipment/machinery will be performed in accordance with 
good engineering practices or as recommended by suppliers so the equipment is kept in good 
operating condition (i.e., effective fuel combustion).  

Activity-Specific Mitigation - Reductions in greenhouse gas emissions will come from optimization 
and management of heavy equipment operation, vehicles and marine vessels. Where available, 
diesel-powered equipment/machinery meeting US EPA Tier 4 emissions standards will be used. The 
number of heavy equipment/vehicle movements will be optimized and travel distances minimized. 
Number of barge shipments and off-loading activities will be minimized. 

Residual Project Effects - There are no specific climate thresholds or criteria that define whether 
an effect is expected to occur so potential effects on the climate are assessed quantitatively through 
comparison of Project-related emissions of greenhouse gases to total federal and 
provincial/territorial GHG emission levels.  

It is estimated that during the Project’s peak or maximum production year, fuel usage will be about 
65 million L annually. The resulting estimate of maximum annual GHG emissions based on this level 
of fuel consumption is 181 tonnes of CO2-equivalent. On an annual basis, this represents a 25% 
increase in the baseline GHG emissions for Nunavut and a 0.02% increase in the baseline GHG 
emissions for Canada.   
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It is expected that the Project will noticeably contribute to Nunavut’s overall GHG emissions total. 
The percent increase in baseline GHG emissions for Nunavut is partly due to the absence of major 
industry in Nunavut, with the exception of the operating Meadowbank mine. It is also expected that 
other proposed projects will become operational after the Project operations commence, therefore, 
the contribution to Nunavut GHG emissions will likely be a smaller fraction relative to the total 
emissions.   

8.1.2 Air Quality 

Issues and Effects - During each Project phase activities will occur that have the potential to 
increase ambient air concentrations of contaminants of potential concern (COPCs) within the local 
and regional environments. Dust, metals, gaseous compounds and radionuclides will be released 
during the following Project activities:  

• Construction activities: dust generating activities may include land clearing, excavating, 
material handling and the construction of mine infrastructure such as the mill, dust from 
quarry activities and fuel combustion; 

• Operation activities: drilling and blasting, ore and mine rock handling, stockpile and road 
maintenance (i.e., dozing and grading), wind erosion of stockpiles, fuel combustion, 
vehicular traffic along the access roads and milling operations; 

• Final closure activities: backfilling Type 3 mine rock, closure of the TMFs and fuel 
combustion; and  

• Post-closure activities: radon emissions from the remaining permanent Type 2 mine rock 
stockpiles and closed TMFs. 

Project Design and Mitigation  

Project Design - Dispersion modeling studies were used to inform design-based mitigation. Several 
focused dispersion modeling studies were conducted to examine the potential effect(s) of alternate 
locations of several Project facilities including the acid plant, power plant, storage piles and 
accommodation complex. The locations utilized in the air dispersion assessment (Appendix 4B) 
reflect the outcome of these studies where the potential impacts to air quality have been minimized.  

General Mitigation - Standard operating procedures for the use of equipment and machinery will be 
developed and followed and regular maintenance will be performed on equipment and machinery in 
accordance with good engineering practices or as recommended by suppliers so the equipment is 
kept in good operating condition. 

Activity-Specific Mitigation - When available, heavy equipment, vehicles and marine vessels will be 
equipped with exhaust emissions controls. Shipments, offloading activities, number of equipment 
and vehicle movements and distances will be minimized where possible. The Canada-wide diesel 
fuel sulphur content standard of 15 ppm for off-road engines will be met. 
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In order to minimize dust resulting from unpaved road (including pit ramps) transportation, speed 
limits will be considered and enforced, water or another approved dust suppressant will be applied 
on mine site roads when/where possible and road surfaces will be maintained with grading or other 
maintenance practices to minimize the amount of silt (i.e., fine particles) present in the roadbed 
material. AREVA will also develop a community complaint/response procedure(s) to ensure 
community concerns are considered and appropriately addressed. 

In order to reduce NO2 and particulate matter emissions, blasting will be performed to minimize the 
number of charges per day and the use of ammonium nitrate-fuel oil (ANFO) will be 
optimized/minimized. 

Appropriate air pollution controls will be installed on the exhaust stacks of the mill complex and acid 
plant. Tailings management will include release to the TMFs as a slurry below a water surface to 
avoid dust emissions and the release of radon. 

Permanent mine rock stockpiles will be re-graded to encourage growth of vegetation and suppress 
the release of dust emissions. 

Residual Project Effects - All predicted residual effects resulting from the Project are not expected 
to extend beyond the LAA, and are reversible. Therefore, the increased concentrations of COPCs 
are assessed as not significant. 

Monitoring - Ambient air monitoring programs will be developed for the Project. Monitoring will 
include soils and vegetation (including lichen) and COPCs such as TSP, PM10, PM2.5, NO2, and 
metals and radionuclides.  

8.1.3 Noise 

Issues and Effects - Project activities will increase noise levels that may generate human health 
effects in the residential areas of Baker Lake and at semi-permanent hunting camps in the vicinity of 
the mine. Potential human health effects include increased annoyance and sleep disturbance. 
Effects of noise on human health are assessed by determining the predicted sound pressure levels 
from Project activities. 

Resource exploration, extraction, processing and transportation activities associated with the Project 
have the potential to affect ambient noise levels.  
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Project Design and Mitigation - There are no predicted human health effects associated with 
Project-generated noise. As such, no specific noise mitigation measures are recommended at this 
time but the following general mitigation measures will be considered in order to reduce construction 
and operation noise at the source. Given the potential community disturbance aspect of noise the 
development of a community complaint/response procedure to address noise concerns will be 
considered basic mitigation. Construction and operation noise will be reduced at the source through 
the consideration of equipment selection, use and maintenance, the phasing and/or scheduling of 
high noise potential activities and use of intake (if appropriate) and exhaust silencers (e.g. mufflers). 

Residual Project Effects -.Noise levels are expected to be low, with the exception of some short 
term construction activities. In all cases, the overall predicted noise levels are below the Project 
effects criteria of 50 dBA daytime and 45 dBA nighttime (Health and Welfare Canada 1989; WHO 
1999), and in many cases they are below the threshold of perception. The predicted change in 
community annoyance (percent highly annoyed) was also well below the 6.5% criteria (Michaud 
2008) at all sensitive receptors evaluated and was considered negligible during all phases of the 
Project. The predicted ground-borne noise levels from blasting were below Project effects criteria of 
120 dB (OMOE 1996). The predicted increase in noise is assessed as not significant. 

Monitoring - Given that noise effects are considered low to moderate and would not generate a 
human health effect, no specific noise monitoring programs are recommended at this time. If the 
community raises any specific noise concerns the need for a noise monitoring program will be 
reassessed. Noise effects will be monitored using a complaints/response procedure.  

8.1.4 Vibration 

Issues and Effects - Resource exploration, extraction, processing and transportation activities 
associated with the Project have the potential to affect ambient vibration levels. Vibrations from 
Project activities have the potential to generate human health effects in the residential areas of 
Baker Lake and at semi-permanent hunting camps in the vicinity of the mine. Potential human health 
effects include changes in annoyance and sleep disturbance.  

The measurable parameters used to assess Project effects from increased vibration levels include 
peak particle velocity levels, change in community annoyance, and sleep disturbance. 

Project Design and Mitigation - Given the community disturbance aspect of vibration the 
development of a community complaint/response procedure to address vibration concerns will be 
considered basic mitigation. Construction and operation vibration will be reduced at the source 
through the consideration of equipment selection, use and maintenance, the phasing and/or 
scheduling of high vibration potential activities, and distancing activities with the potential to 
generate excess vibration from sensitive receptors as reasonable.  



 

AREVA Resources Canada Inc. 
Kiggavik Project FEIS 
September 2014 

Page 101 
Tier 1 Volume 1: 
Main Document 

Section 8:  Residual Effects 

 

Residual Project Effects - Vibration levels are expected to be negligible during all phases of the 
Project. In all cases, the overall predicted vibration levels are well below the Project effects criteria 
and are below the threshold of perception at all receptor locations. The predicted residual vibration 
effects are assessed as not significant. 

Monitoring - Given that vibration effects are considered negligible and would not generate a human 
health effect, no specific vibration monitoring programs are recommended at this time. Vibration 
effects will be monitored using a complaints/response procedure. If the community raises any 
specific vibration concerns the need for a vibration monitoring program will be reassessed. 

8.2 Aquatic Environment 

8.2.1 Surface Hydrology 

Issues and Effects - Surface hydrology has the potential to be effected from a variety of Project 
activities during construction and operation. Site clearing and pad construction will require some 
pond dewatering during construction that may affect the surface hydrology of the receiving 
environment. The construction of the Andrew Lake pit requires that a section of Andrew Lake be 
dewatered and pumped into the remainder of Andrew Lake, which will affect water levels and 
outflow rates during the dewatering period. Collection, treatment and release of site and stockpile 
drainage will affect the temporal distribution of water and alter the upstream effective drainage areas 
as it will be transferred via pipeline after treatment. Discharge of treated effluents and greywater may 
affect local and downstream surface hydrology. Freshwater withdrawal for industrial and domestic 
purposes, flooding of the winter road and the temporary airstrip, and the re-flooding of the Andrew 
Lake pit may affect local and downstream surface hydrology.  

Project Design and Mitigation - The Project has been designed to most effectively minimize 
effects to surface hydrology. Large waterbodies have been selected for withdrawal and discharge 
locations so that changes to surface hydrology are minimized. The site water management system 
has been designed to recycle water where possible to limit withdrawal requirements and discharge 
quantities. Activities associated with water withdrawal follow Fisheries and Oceans Canada (DFO) 
procedures that recommend no more than 10% of the under-ice volume of a lake is withdrawn 
during one ice-covered season.  Diversion channels and sedimentation ponds minimize affects to 
surface hydrology and their construction will follow standard protocols. Best management practices 
will be adopted for erosion control and sediment transport on all disturbed sites including the core 
facilities areas and access roads.   
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Residual Project Effects - Mitigation measures and Project designs are predicted to effectively 
minimize effects to surface hydrology. Effects to flow rates are predicted to remain below 3% of the 
baseline peak flow. Changes in lake levels are predicted to be highest at Andrew Lake, with a short-
term increase of approximately 24 cm during dewatering of the Andrew Lake pit area, however this 
will occur after the spring freshet when water levels are naturally declining.  All other potential 
changes in lake level are estimated to remain below 8 cm during the active flow season and 20 cm 
during the inactive flow season. Changes to under-ice volumes will follow Fisheries and Oceans 
Canada guidelines and will remain below 10% during an ice-covered season. Runoff contributing 
drainage areas for Pointer Lake outflow and Andrew Lake outflow (the receiving environments for 
the Kiggavik and Sissons sites, respectively) are predicted to decrease by less than 1% and 3%. 
Changes in surface hydrology are assessed as not significant. 

Monitoring - Staff gauges can be installed on Andrew Lake, Siamese Lake, Mushroom Lake, Judge 
Sissons Lake, and their outflow discharges and levels will be manually recorded on a regular basis 
during construction and through to decommissioning. Continuous water levels sensors will also be 
installed in these lakes and streams during the open water season to obtain detailed water level 
data. Waterbody volumes at waterbodies potentially affected by the Project will be estimated and 
under-ice volumes will be confirmed by annual ice thickness measurements at Siamese Lake, 
Mushroom Lake, and lakes along the winter road. Water withdrawal and treated effluent and 
greywater release rates will be continually documented.  

8.2.2 Hydrogeology 

Issues and Effects - Open pit and underground mine dewatering activities may result in depressed 
groundwater levels in the vicinity of the mines and have the potential to impact lake levels in the 
study area. Ground water quality may also be affected when receiving surface water bodies connect 
hydraulically to the deep groundwater system.  Groundwater represents a pathway for potential 
interactions between dissolved constituents in water originating from the mining activities and the 
surface water where the groundwater discharges. Because groundwater is not used in the Kiggavik 
Project area, surface water quality is considered to be the main measurable parameter of the 
potential long-term effects of the Project on the aquatic environment. 

Residual Project Effects - Effects of mine dewatering activities on groundwater levels below 
permafrost are predicted to be continuous during the mining period, but reversible in the medium-
term, and are anticipated to have negligible ecological and socio-economic implications. The low 
hydraulic conductivity of the rock mass and the permafrost conditions will result in limited 
groundwater inflows to the proposed mines and lake levels will not be affected by mine dewatering 
activities. Therefore, the residual adverse effects from the Project on groundwater quantity are 
assessed as not significant.   
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The assessment of potential long-term effects of groundwater and COPC to surface waters from the 
Kiggavik and Sissons sites indicates minimal effects on background concentrations of constituents 
of concern in local lakes, with predicted concentrations well below water quality guidelines or 
comparable to baseline concentrations. Potential effects to surface waters are expected to fall within 
the range of background concentrations. Given the Project design features and the low hydraulic 
conductivity of the rock mass, all Project effects on hydrogeology are assessed as not significant, for 
both current permafrost conditions and potential no-permafrost conditions that would result from 
dramatic warming conditions.     

Monitoring - Monitoring of water quality in lakes and streams adjacent to and downstream of the 
Kiggavik and Sissons mine sites will be completed during the spring freshet each year during the 
operational life of the Project to confirm that COPC do not increase in area lakes and streams as a 
result of tailings management or mine rock management activities. 

Groundwater monitoring will be carried out in the rock mass surrounding the proposed TMF to track 
chemistry, pressures and ground temperature as the excavation base penetrates the permafrost 
base and as the pit is filled with tailings material. This will allow changes in ground temperature and 
pressure gradients (i.e., flow direction) as well as water quality in the deep, sub-permafrost 
groundwater to be tracked over the construction, use and closure of the TMF.   

Investigations into the chemical and physical properties of tailings and mine rock will be continued 
as part of a Tailings Optimization and Validation Program (TOVP) and a Mine Rock Optimization 
and Validation Program (MOVP). These programs will provide further insight into the geochemical 
and physical characteristics of the materials to validate the proposed long-term management plans.  

8.2.3 Water Quality 

Issues and Effects - Project activities can interact with surface water quality by affecting its physical 
or chemical makeup. Treated effluent discharge from the Kiggavik and Sissons Water Treatment 
Plants (WTP) may affect surface water quality in the receiving environment. Increased dust 
generated during mine construction and operation could increase particulate and metals deposition 
in the Project area. The release of air emissions that result in increased deposition rates of sulphate 
(SO4

2-) and nitrate (NO3
-) can lead to a reduction in pH in acid-sensitive lakes, which in turn might 

alter other aspects of water chemistry. 

Project Design and Mitigation - In order to reduce the potential effects of effluent release in the 
receiving environment, reverse osmosis permeate will be recycled to the mill for use in mill 
processes. The WTP has been designed so that effluent quality will meet or exceed applicable 
regulations. Best management practices for dust control on roads and during the open pit mining 
operation will be implemented in order to reduce particulate and metals deposition in the Project 
area. Efforts to control and reduce emissions from the sulphuric acid plant, power generators and/or 
driers will be taken to mitigate the release of acid generating materials to the atmosphere.  
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Layout and site footprint considered natural drainage areas and watershed boundaries so they could 
be maintained when possible. Diversion channels will be designed to re-route fresh water around the 
development areas with outlets returning diverted flow back to the natural drainage path. The ground 
surface will be re-contoured at decommissioning to restore natural flow patterns. Water use 
throughout operations will be minimized and water recycled wherever possible to limit withdrawal 
requirements and discharge quantities and water will be sourced and discharged into large 
waterbodies. The timing and rate of Andrew Lake dewatering will minimize potential effects to water 
quality.  

Residual Project Effects - Modelling data indicate that changes to the receiving water quality due 
to effluent discharge from the Kiggavik and Sissons WTPs are expected to occur during the 
operation and final closure stages of the Project, but return to baseline levels post closure. For 
COPCs with an established threshold, the concentrations are predicted to be below the guideline 
values with the exception of cadmium and selenium. It is expected that cadmium concentrations in 
Judge Sissons Lake would be elevated compared to baseline and may exceed guidelines in the 
winter months. Selenium concentrations in one segment of Judge Sissons Lake are expected to 
exceed guidelines during the operation and final closure phases of the Project; however, these 
exceedances are largely due to baseline conditions and seasonal fluctuations. Mitigation measures 
and Project design features are predicted to effectively minimize effects to surface water quality.  

Changes in water quality due to dust deposition are predicted to be minor and will occur primarily 
during the period of spring freshet flows. The annual minor increases in metals, radionuclides and 
total suspended solids (TSS) will occur over the operational life of the mine, but are not predicted to 
exceed applicable water quality guidelines or objectives, or be measurable above natural 
background variation.  

Inter-annual and seasonal variations in lake pH (acidity/alkalinity) are expected to occur naturally 
over the operational life of the Project. These changes are in response to deposition of atmospheric 
acids by precipitation and the effects of seasonal freeze-thaw cycles on lake chemistry. Potential 
changes to lake pH due to increased atmospheric acid deposition as a result of the Project are 
predicted to occur primarily during the summer open water period. Any potential changes would be 
small (i.e. below the critical load value) and likely brief, due to the short residence times of the lakes.  

In conclusion, no significant adverse effects on water quality are predicted, and no long-term trend 
towards increasing lake acidification as a result of the Project is expected to occur. 

Monitoring - Wastewater and effluent water quality will be analysed and documented regularly 
according to Nunavut and federal regulatory requirements throughout mine operations, 
decommissioning, and after mine closure as part of compliance and follow-up monitoring. Water 
quality in each section of Judge Sissons Lake receiving treated effluent, as well as at the outlet of 
Judge Sissons Lake, will be monitored on a regular basis during operations and the post-closure 
phase. Water withdrawal and wastewater/effluent discharge rates will be continually documented 
during the construction, operations, and closure phases of the Project. 
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Air and dust emission levels, and dust deposition will be monitored on a regular basis near both the 
mining operations at the Kiggavik and Sissons sites, and adjacent to the ore haul road between the 
two sites to determine whether observed levels are similar to predicted levels. Water quality will be 
monitored in appropriate lakes and streams to confirm results are within predicted or acceptable 
levels due to dust deposition and air emissions from Project activities. This monitoring will occur 
during the spring freshet throughout the operational life of the Project   

8.2.4 Sediment Quality 

Issues and Effects - Project activities have potential to result in changes to sediment quality by 
affecting its physical or chemical makeup. The release of treated effluent from the Kiggavik and 
Sissons WTPs can affect water quality in the receiving environment. Changes in surface water can 
subsequently affect the sediment through processes such as deposition of settling solids, 
adsorption, and diffusion.  

Project Design and Mitigation - The mitigation and Project design features implemented to limit 
potential effects to sediment quality in the Project area are similar to those described for water 
quality. 

Residual Project Effects - Modelling data indicate that sediment concentrations of all COPCs with 
sediment quality guidelines are predicted to be below threshold concentrations in all segments of 
Judge Sissons Lake with the exception of arsenic, copper, and nickel. Concentrations of these 
COPCs are predicted to be slightly elevated above average baseline levels in Judge Sissons 
sediment. However, the Project is not expected to substantially increase these levels and 
concentrations remain within the natural variation in baseline sediments. It is expected that Project-
related residual effects to sediment quality will occur within Judge Sissons Lake, but will diminish to 
background levels before reaching the outlet of Judge Sissons Lake. Predicting no substantial effect 
on the levels of arsenic, copper, and nickel and all other sediment concentrations of COPCs below 
threshold, changes to sediment quality are assessed as not significant.  

Monitoring - Monitoring efforts planned in relation to sediment quality include periodic sampling of 
sediment from Judge Sissons Lake to confirm that metals and radionuclide concentrations are not 
increasing above predicted levels. Sediment quality monitoring will occur during the operational and 
closure phases of the Project. 

8.2.5 Aquatic Organisms and Fish Habitat 

Issues and Effects - Project activities have potential to result in changes to the abundance or 
distributions of aquatic organisms, or to the quality or distribution of fish habitat. Treated effluent 
discharge from the Kiggavik and Sissons WTPs may affect surface water quality. These changes 
can affect the concentration of COPC in aquatic biota (e.g., aquatic plants, benthic invertebrates, 
plankton).  
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A number of Project development activities have the potential to permanently alter or destroy fish 
habitat. These include diversion of streams away from their current locations, drainage of lakes or 
portions of lakes, installation of stream crossing structures on all-season ore haul roads and other 
roads related to constructing and maintaining Project infrastructure (e.g., roads to water intake and 
effluent discharge structures and the airstrip).  

Project Design and Mitigation - Potential toxicity to aquatic biota from treated effluent release will 
be mitigated by environmental control features incorporated into the design of the WTP. Operational 
measures and other mitigation measures have also been incorporated into the current Project plans 
that will minimize project-associated air emissions. 

The all-season roads (sites roads and all-season access road should one be required and approved) 
that will be constructed in association with the Project will be designed so that natural flow paths 
intercepted by the routes will be preserved and appropriate cross-drainage structures (i.e., culverts) 
installed. Construction of stream crossings will be completed in such a way that potential effects to 
fish and fish habitat are mitigated. Best management practices for sediment and erosion control will 
be utilized during activities in and around water. 

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

Implementation of measures to avoid or mitigate effects to fish habitat is expected to minimize 
serious harm to fish and negate the requirement for fisheries offsetting. None of the changes to fish 
habitat resulting from the Kiggavik Project will affect the sustainability or productivity of commercial, 
recreational and Aboriginal (CRA) fisheries.  

The effects to aquatic organisms and fish habitat are assessed as not significant. 

Monitoring - Benthic invertebrate populations and diversity will be monitored regularly during mine 
operation, closure, and post-closure to determine whether effluent discharge from the WTP is having 
measurable effects on benthic invertebrate populations. This monitoring program will be combined 
with a similar water quality monitoring program in each section of Judge Sissons Lake receiving 
treated effluent, as well as at the outlet of Judge Sissons Lake.  

Under the Metal Mining and Effluent Regulations (MMER), AREVA is also required to conduct 
Environmental Effects Monitoring (EEM) to determine if effluent release is having an effect on the 
receiving environment.  
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Because any permanent alteration or destruction of fish habitat resulting from the Project is not 
expected to adversely affect CRA fisheries, it is anticipated that fisheries offsetting will not be 
required. However, monitoring may be required to confirm that avoidance and mitigation measures, 
standards, and protocols have been implemented as planned.  

8.2.6 Fish  

Issues and Effects - Project activities have potential to result in changes to the abundance or 
distributions of fish populations, or to fish health. The detonation of explosives in or near water 
results in pressure change and vibration which can result in physical injuries to fish at various life 
stages, and can disturb adult fish during spawning or migration activities. The release of COPC from 
the WTPs can affect water quality in the receiving environment. The quality of the water is critical for 
evaluating the potential effect on fish health.  

Project Design and Mitigation - Blasting setback distances are used to ensure the instantaneous 
pressure change (IPC) produced by blasting is not greater than 50 kPa (DFO guideline) in order to 
provide adequate protection for fish populations and the vibration does not exceed 13 mm/s peak 
particle velocity in a spawning bed during the period of egg incubation. Additional mitigation 
measures available for blasting near Andrew Lake and Andrew Lake outlet stream include: adhering 
to DFO’s guidelines related to use of explosives near Canadian fisheries waters, installing a fish 
exclusion barrier in Andrew Lake near the dyke, using smaller charge sizes during the open water 
and/or incubation season to reduce the blasting setback distance; plan to complete the blasting 
program during the frozen water period to protect Andrew Lake fish populations, and outside of the 
incubation period to protect Arctic grayling egg development in the Andrew Lake outlet stream. 

Potential toxicity to fish from effluent release will be mitigated by environmental control features 
incorporated into the design of the WTP. The design of the WTP will focus on the production of 
effluent which meets or exceeds appropriate water quality guidelines. Operational measures and 
other mitigation measures have also been incorporated into the current Project plans which will 
minimize Project-associated air emissions. 

Residual Project Effects - Given effective mitigation measures, neither the IPC of 50 kPa, nor the 
vibration threshold of 13mm/s peak particle velocity should be exceeded so no residual effect to fish 
populations is predicted from the blasting program.  
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Toxicity benchmarks for copper and zinc will be exceeded for predator and forage fish in one area of 
Judge Sissons Lake; however, the predicted changes are related to elevated baseline conditions 
(natural or existing conditions) and as such, no appreciable adverse effects on fish health are 
expected.  Predicted concentrations of COPCs in fish flesh are not predicted to be high enough to 
result in adverse effects or cause serious harm to fish that are part of, or support a fishery. No 
residual effects on fish health were identified in relation to treated effluent release. 

Monitoring - Monitoring programs for blasting effects will be developed and carried out on site at 
locations away from fish-bearing waterbodies to calibrate and refine the ground vibration and IPC 
predictive models. This will provide site-tested ground vibration and IPC setback distance 
thresholds, prior to commencing blasting programs near fish sensitive waterbodies. 

Fish populations will be monitored throughout the life of the Project to determine whether effluent 
discharges from the WTPs are having measurable effects on fish health. Under MMER, AREVA is 
required to conduct an EEM program to determine if effluent release is having an effect on the 
receiving environment. Effects on the use of fisheries resources by wildlife and people are examined 
in the ecological and human health risk assessment.  

8.3 Terrestrial Environment 

8.3.1 Topography, Landforms, Surficial Geology and Permafrost  

Issues and Effects - Project construction and operation activities that require surface or subsurface 
disturbance such as vegetation clearing, change in terrain slope, modification of surface water body 
and drainage pattern or changes in subsurface flow have the potential to change permafrost 
conditions, terrain stability and change or loss of landforms. Most noted disturbances will occur 
during Project construction but some will continue into operation.  

Removal of vegetation cover, organic soil insulation and snow cover generally leads to change in 
permafrost conditions due to warming and thawing of the active layer and changes the shallow 
thermal regime and drainage condition. The change in permafrost conditions will have a linkage with 
the stability of terrain and those landforms influenced by permafrost.  

Surface disturbance due to construction and operation can affect the abundance and distribution of 
landforms. Project activities such as excavation, the construction of the site camp, mill and 
infrastructure will result in the stripping or burial of surficial deposits, and can have effects on the 
various landforms. Surface disturbance will be required to level construction sites of camp, mill, 
infrastructure and roads, areas associated with storage, and excavate surface of the proposed 
mines and quarries. Gravel or fill pads will be used. Overburden, ore and mine rock stockpiles will 
also temporarily and permanently sit on the landscape. 

Project Design and Mitigation - The Project layout considered sitings that would minimize footprint 
area and avoid permafrost sensitive and uncommon landforms. Other design-based mitigation 



 

AREVA Resources Canada Inc. 
Kiggavik Project FEIS 
September 2014 

Page 109 
Tier 1 Volume 1: 
Main Document 

Section 8:  Residual Effects 

 

includes padding of surface horizons to maintain existing permafrost conditions, use of platforms for 
equipment in order 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).  

Discipline specific mitigation will include the consideration of Project activities such as construction 
in permafrost sensitive areas during the winter time when reasonable, restriction of vehicular traffic 
to approved access road, maintenance and monitoring of roads. Drainage and diversion structures 
will be built to prevent unnecessary pooling of water. 

Residual Project Effects - The residual effects from the Project on permafrost conditions and 
terrain stability will be confined to the Project footprint. Surface disturbance will occur through 
stripping and burial. These effects will mostly occur once during the construction phase, while 
activities through the life of the Project will continue to change the permafrost conditions and terrain 
stability. The effects on permafrost and terrain are assessed as not significant. 

Any surface disturbed by stripping, levelling or burial of surficial materials will result in a loss of 
landforms surface. Physical loss or change in common landforms will be confined to the Project 
footprint.  

Glaciofluvial landforms are important in terms of soils, vegetation, sensitivity to permafrost conditions 
and terrain stability. This type of landform supports warmer soils and valued vegetation 
communities. No glaciofluvial landforms will be disturbed at the mine site and approximately 0.35 ha 
(<0.01% of the road LAA) could be disturbed with the north all-season access road alternative.  

With effects all local and sensitive landforms generally avoided, effects to alluvial, glaciofluvial, 
glaciomarine, bedrock and morainal (glacial till) landforms will be low to negligible. Terrain effects 
are assessed as not significant.  

Monitoring - The progression of thaw depth due to Project activities and changes in moisture and 
ground ice content will be monitored during the construction, operation, final closure and post 
closure phases of the Project.  
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8.3.2 Soils 

Issues and Effects - The two key Project related issues for soils are change in soil quality and 
change in soil quantity. The majority of effects to soils occur during site clearing, mine construction, 
soil stripping, waste rock and soil stockpiling, vehicle traffic use, and diesel emissions during 
construction and operations. 

Soil quality can be affected through deposition of fugitive dust and contaminants from mining, and 
acidification from airborne emissions from diesel generation during operations. Soil quality can also 
be affected by admixing with unsuitable overburden or waste rock, compaction from road 
construction and traffic, and erosion of disturbed soils during construction and storage of salvaged 
soil in the overburden pile.  

Soil quantity can be affected during topsoil stripping and soil storage within the Project Footprint, as 
well as the burying of soils where topsoil stripping will likely not occur (e.g., access roads). The 
movement of disturbed materials, as well as erosion of soils from disturbed sites associated with 
construction activities’ may also affect soil quantity. 

Project Design and Mitigation - Measures to prevent soil contamination include: drainage and 
catchment that separate clean water and contact water, containment berms for waste, separation of 
acid generating waste rock from clean overburden, location of soil storage areas a sufficient distant 
from dust and acidifying emissions to maintain soil quality. Low-sulphur diesel will be used to reduce 
acidifying emissions. Dust suppression techniques will be implemented to control dust created by 
the Project, and speed limits will be enforced to prevent creating excessive dust.  

The main mitigation for ground disturbance is soil salvage and storage. Erosion and compaction 
control measures will mitigate potential effects on soil quantity.  

Residual Project Effects - The residual effects of potential acid input (PAI), based on the air quality 
modelling, estimates that measurable PAI would only occur around the Kiggavik mine site. The 
predicted PAI values were estimated to occur below 0.5 keq/ha/yr, and emissions would cover a 
total area of approximately 1,299 ha outside of the disturbed area associated with the Kiggavik mine 
site. This represents a total vegetated area to be impacted by PAI of approximately 2.92 % of the 
mine LAA. Changes in concentrations of COPC in soils within the mine LAA were predicted to be 
below the CCME soil quality guidelines in all phases of the assessment. The residual effects caused 
by soil admixing, compaction, and erosion are anticipated to be negligible with the appropriate 
mitigation measures implemented.  

Between 953 ha to 1,212 ha of area will be disturbed, which represents less than 1% of the LAA. Of 
this area, approximately 645 ha are anticipated to have the topsoil stripped and stored for 
reclamation purposes, while soil burial would range between 208 ha and 567 ha. Effects on soils is 
assessed as not significant.  
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Monitoring - An environmental monitor will be on-site during Project development to assist AREVA 
personnel and contractors with mitigation strategies to reduce the effects of the Project on soil 
quantity, such as topsoil stripping and soil storage. 

Soil quality will be monitored throughout the duration of the Project. Soil quality monitoring will 
involve collecting soil samples from permanent exposure and reference sample plots. Chemical 
analyses of the soil samples will be completed and comparisons will be made between the reference 
and exposure site values, as well as to the baseline values and CCME guidelines.  

8.3.3 Vegetation 

Issues and Effects - The Project can effect vegetation abundance, community diversity and 
vegetation quality. Clearing during construction has the greatest potential for creating Project effects 
on vegetation. During construction, operations and decommissioning there is potential for effects to 
vegetation from Project-related dusting, air emissions, and changes to soils.  

Vegetation abundance and community diversity can be reduced through direct loss due to clearing 
during construction. Vegetation quality can be deteriorated through air emissions from diesel 
generation and heavy equipment and industrial machinery during operations, as well as dust 
generation from road construction, traffic, and mining activities.  

Project Design and Mitigation - The Project footprint will be minimized where possible to reduce 
the amount of site clearing and vegetation burial required. The winter road alignment was 
determined with consideration for maximum use of waterbodies and watercourses to reduce impacts 
on upland vegetation and rugged microtopography will be avoided as practical to reduce the amount 
of granular material required to create a level travel surface. Mitigation related to dust will include 
preference for non-calcareous materials from quarry sites, dust suppression and enforcement of 
speed limits on roads. Low sulphur diesel fuel will be used and efforts made to reduce emissions 
from machinery, equipment and mill associated plants. 

Residual Project Effects - Heath tundra vegetation will have the largest decrease in area by the 
Project, with a decrease of up to 2.8% of the total area affected. Approximately 0.5% of the wetland 
area within the LAA is anticipated to be effected. Effects of the Project on disturbance to vegetation 
abundance and community diversity are anticipated to be negligible. 

Air quality modelling estimated the anticipated PAI values below the critical load value of 0.5 
keq/ha/yr. Dust deposition will be primarily confined to the disturbed mine site area and area 
adjacent to the mine site. No effects on vegetation are expected as a result of exposure to NO2 or 
SO2, as the incremental annual maximum concentrations are below the benchmark guidelines 
established by the World Health Organization (WHO).  
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Air quality modeling for dust deposition (i.e., total suspended particulates) predicted nuisance dust 
(i.e., 55 g/m2/year) only generated at the Kiggavik mine site and the dust would remain local.  Dust 
deposition of 25 g/m2/year is expected to be predominately confined at both the Kiggavik and 
Sissons mine sites; however, approximately 20 ha and 16 ha of vegetation located outside of the 
Project footprint at each mine site will likely receive dust deposition at this level, respectively. 

Predicted browse and forage concentrations of COPCs are below the minimum available phytotoxic 
concentrations, with the exception of zinc in browse and cobalt and copper in forage. These species 
are not predicted to have a substantial change in the concentration on COPC relative to baseline 
and concentrations will not exceed upper thresholds.   There is potential for a measurable change in 
concentration of several COPC in lichen at the mine site; however there are no appropriate 
benchmarks for assessing effects on lichen. Because the biological mean residence time for most 
elements in lichen ranges between two to five years, any effects on lichen are not predicted to 
extend far beyond Project life Project.  

No significant residual effects are predicted for changes to vegetation abundance and community 
diversity, or vegetation quality with implementation of mitigation and Project design measures.  

Monitoring - Vegetation sampling plots will be established to monitor changes in vegetation 
community structure over time. Vegetation quality monitoring will include collection of vegetation 
samples for chemical analysis. Vegetation quality results will be compared to reference and 
exposure site values, as well as to baseline values and CCME guidelines. 

A dust deposition monitoring program will be designed to determine the amount of dust created by 
the Project and its dispersal. The dust deposition monitoring program will help verify the 
conservatism of the atmospheric dispersion model predictions. 

Decommissioning vegetation monitoring requirements will be determined during the mine 
decommissioning effects assessment. This monitoring will ensure that the goals of the reclamation 
plan are achieved. 

8.3.4 Wildlife and Wildlife Habitat 

8.3.4.1 Terrestrial Wildlife and Habitat 

Issues and Effects - Caribou , muskox and wolves are the key indicators of environmental effects 
for terrestrial wildlife and habitat. The Project has the potential to adversely affect caribou and 
muskox through changes to mortality risk, habitat availability, health and potentially caribou 
movement to and from calving grounds.  Wolves were assessed for potential Project effects on 
denning habitat 

Mortality - Project-related activities could directly cause wildlife mortality through vehicle collisions or 
through problem animal kills. 
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Habitat availability - The Project footprint and human activity will reduce habitat availability and 
effectiveness for caribou, muskox and wolf denning. Indirect, or functional, habitat loss will occur 
because of sensory disturbance and/or dust associated with human activities that cause reduced 
use of habitat around the Project footprint.  

Health - As a result of emissions from the Project to the atmosphere and water there is the potential 
for caribou, muskox and wolves to be exposed to COPCs.  

Movement - Project infrastructure and activities could change caribou movement by blocking or 
altering movement routes used for seasonal migrations to and from calving areas. Changes to 
seasonal migrations could have implications on reproductive success and survival.  

Project Design and Mitigation 

Mortality - Design-based mitigation to reduce mortality includes selection of road alignments that 
minimize blind spots for drivers and construction so that road profile specifications and snow bank 
treatments allow animals to get off the road to avoid traffic. Increased mortality risk will also be 
mitigated by road shutdowns when caribou migrations are crossing the road corridor, controlling 
road speed and traffic to reduce the potential for collisions and coordinating radio communication 
among mine personnel to alert mine staff of wildlife presence near Project infrastructure. Other 
mitigation includes worker awareness of potential wildlife mortality risks. 

Habitat Availability - Design-based mitigation to reduce loss of habitat availability and quality 
includes a site layout that minimizes the footprint as much as reasonable and mine site dust 
minimization and control measures. Loss of habitat quality can be mitigated with reductions in road 
activity during important seasonal caribou migrations and during the post-calving period to reduce 
sensory disturbance. AREVA will progressively reclaim disturbed sites. 

Movement - Design-based mitigation to minimize disturbance to caribou movement include a 
reduction of road embankments as much as reasonable and construction of roads to facilitate 
caribou crossings. AREVA will not construct a road within 10 km of a designated caribou water 
crossing. 

Temporary access road shutdowns in the presence of large groups of caribou will help to reduce 
disturbance that may alter caribou movements. Snow will be managed along roadways to prevent 
long continuous cuts or piles of snow that could restrict spring migration.  
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Residual Project Effects 

Although difficult to quantify due to several technical limitations, the residual Project effects on 
caribou mortality risk, caribou, muskox and wolf denning habitat, caribou movement, and caribou, 
muskox and wolf health are assessed as not significant. IQ, baseline data, and collar data from the 
local and regional herds shows that few caribou are expected to interact with the Project. Caribou 
from the Qamanirjuaq and Ahiak caribou herds are the most likely to occur within the RAA during the 
growing and winter seasons, respectively.  

Mortality - The Projects potential to affect mortality is low and readily mitigated by controlling human 
access and by speed limits on the proposed roadways.  

Habitat availability - The effect of the Project on habitat will be small at the scale of the caribou herd 
ranges (0.2-0.3% of habitat units). Muskox are expected to experience a reduction in habitat 
availability of 3.1-3.7% at the scale of the GN’s wildlife management unit MX/21. Project effects on 
wolf denning habitat was evaluated to be about 1.0%.   

Movement – Although difficult to quantify, the Project is not anticipated to result in significant 
adverse effects to caribou movement because the Project is not located on any major migratory 
routes, is not within 10 km of any designated water crossing, and mitigations will reduce potential 
Project effects on caribou movement.  

Health – There are not expected to be any decernable change from baseline exposure of COPC to 
caribou, muskox or wolf because of the Project. No residual effects on caribou, muskox and wolf 
health are anticipated from exposure to COPC.  

Monitoring - Caribou and muskox mortality will be monitored through mandatory reporting of known 
wildlife mortality by mine personnel and implementation of a hunter-harvest monitoring study 
(potential coordination with other caribou stakeholders). On-going satellite collar data may provide 
insight into caribou habitat use and possible avoidance of habitats due to sensory disturbance. 
Caribou and muskox exposure to COPC can be monitored in coordination with a hunter-harvest 
study. Hunters will be asked to voluntarily provide caribou, muskox and wolf tissue samples and 
body condition measurements to monitor species’ health. Understanding that caribou are a shared 
resource and a shared responsibility, AREVA will continue to work collaboratively with other 
organizations with wildlife responsibilities in Nunavut. Localized monitoring of caribou will be shared 
with other organizations for integration with long-term population level research on caribou herds 
and the company support of government-led population monitoring will be defined.   
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8.3.4.2 Raptors and Habitat 

Issues and Effects - Peregrine Falcon is the key indicator species of environmental effects for 
raptors and habitat. The Project has the potential to adversely affect raptors through changes to 
habitat availability through direct loss due to the Project footprint and indirect habitat loss due to 
reduction in quality from disturbance. Nest productivity may be reduced due to disturbance and 
potential increased exposure to emissions and dust may impact health.  

Project Design and Mitigation - Design-based mitigation to reduce loss of habitat availability and 
quality includes a site layout that minimizes the footprint as much as reasonable, minimizing Project 
activities that will occur outside the footprint and dust minimization and control measures. AREVA 
will progressively reclaim disturbed sites. 

Reduced nest productivity will be mitigated by increasing worker awareness of nests near mining 
activity and minimizing construction activity near active nests. During construction, blasting required 
within proximity of a known nest location will occur outside the raptor territory occupancy and nesting 
season (mid-May through to end of August), land-based activities within a defined radius of active 
nest sites will be restricted, and a nest-site-specific construction mitigation plan will be developed if 
necessary and will include territory activity monitoring when construction is occurring within the 
defined radius of a known nest site. 

Reduced health will be mitigated by design aspects, operational measures and other mitigation 
measures which have been incorporated into the current Project plans which will minimize Project-
associated emissions and/or the potential effect of Project-related emissions.  

Residual Project Effects 

Habitat availability - The Project is anticipated to cause an overall reduction of 5.9% of suitable 
peregrine falcon habitat units within the RAA and a much smaller loss of suitable habitat across the 
peregrine falcon range.  

Nest productivity - Project residual effects on peregrine falcon productivity will be limited to those 
nests closest to the all-season road (winter road the preferred option) with disturbance primarily 
limited to the construction period. The Project footprint does not interact with known raptor nest 
sites.  

Health - No residual Project effects on health are expected after mitigation. Project emissions will not 
result in a discernible change in raptor exposure to COPC. Exposure to the peregrine falcon will not 
exceed exposure levels associated with adverse effects. As the level of exposure for falcon is not 
expected to change from baseline and the exposure will remain below exposure levels associated 
with adverse effects, no residual effects are expected on the health of raptors. 

Changes to raptor habitat availability, nest productivity and health are assessed as not significant. 
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Monitoring - A nest monitoring program will be conducted during early stages of Project 
construction and operation to monitor nest productivity. There are several nest sites that are located 
near the proposed all-season road. These will be the key nest sites for follow-up monitoring if the all-
season road becomes the final option for the Project. No specific monitoring requirements are 
recommended based on the assessment for change in health of raptors. 

8.3.4.3 Migratory Birds and Habitat 

Issues and Effects - Long-tailed duck, lapland longspur and shorebirds are the indicators of 
environmental effects for migratory birds and habitat. The Project has the potential to adversely 
affect migratory birds through changes to availability and quality of habitat affected by Project sitting 
and disturbance and potential increased exposure to emissions and dust may impact health.  

Project Design and Mitigation - Reduced habitat availability will be mitigated by minimizing the 
Project footprint, progressively reclaiming disturbed areas, actions to reduce dust generation and 
dust suppression. 

Reduced health will be mitigated by design aspects, operational measures and other mitigation 
measures which have been incorporated into the current Project plans which will minimize project-
associated emissions and/or the potential effect of project-related emissions. 

Residual Project Effects - The Kiggavik mine site and all-season road (conservative estimate as 
preferred winter road will result in less habitat loss) will result in a direct loss of 1,704 hectares of 
previously usable habitat. The Kiggavik Project is expected to result in an overall reduction of 4.0%, 
2.7%, 2.3% and 4.0% of habitat units within the RAA for lapland longspur long-tailed duck, wetland-
associated shorebirds, and upland-associated shorebirds, respectively.  

Emissions from the Project are not expected to result in a discernable change in exposure to COPC 
for lapland longspur, long-tailed duck, or semipalmated sandpiper (as a representative shorebird), 
Results show that exposure thresholds associated with adverse effects will not be exceeded.  

Effects on migratory birds are assessed as not significant.  

Monitoring - No specific monitoring requirements are recommended based on the assessment for 
change in health of migratory birds. The monitoring of other environmental media (e.g. water, fish) 
will provide valuable information for confirming the results of the assessment.  
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8.3.5 Species at Risk 

Issues and Effects - Short-eared owl, grizzly bear and wolverine are terrestrial wildlife of 
conservation concern that are known to occur in the RAA; peregrine falcon are also a species at risk 
but are assessed as an indicator of raptors. The Project has the potential to adversely affect species 
at risk through changes to habitat availability and health. The Project will both reduce the availability 
of habitat due to the Project footprint and reduce the use of habitat close to Project infrastructure 
because of disturbance effects. The Project could affect health by increasing exposure to Project 
emissions. 

The Project area does not contain any identified high quality or critical habitat for grizzly bears and 
wolverine. Few grizzly bears and wolverine were observed during baseline field studies suggesting 
the area is marginal habitat for these species. The Project will have minimal potential to interact with 
grizzly bears and wolverine. Short-eared owl were observed during 2008 to 2010 field studies in the 
RAA but no nests were located. 

Project Design and Mitigation - Standard mitigations to manage potential attractants and avoid 
grizzly bear and wolverine den sites are expected to mitigate the potential for the Kiggavik Project to 
interact with these animals.  

Prior to clearing activities during the breeding bird season, all areas within the clearing footprint will 
be searched for nests. Active nests will be identified and for short-eared owl, a no-disturbance buffer 
will be applied until nesting is complete and chicks have fledged. All on-site observations of short-
eared owl will be investigated to determine presence of nests sites. 

Reduced health will be mitigated by design aspects, operational measures and other mitigation 
measures which have been incorporated into the current Project plans which will minimize project-
associated emissions and/or the potential effect of project-related emissions.  

Residual Project Effects - Similar effects to these species are anticipated as with those indicators 
assessed in the remainder of the terrestrial assessment.  A small proportion of available habitat 
within the RAA and across species range will be affected and no change to health is predicted due 
to strong Project design and effective mitigation. 

Monitoring - Grizzly bear and wolverine health will be monitored in coordination with a caribou and 
muskox hunter-harvest study. Hunters will be asked to voluntarily provide grizzly bear and wolverine 
tissue samples and body condition measurements to monitor species’ health.  
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8.4 Marine Environment 

Interactions are expected to occur between the marine environment and Project activities during 
construction, operations and decommissioning. The components of the marine environment 
considered in the EIS include marine wildlife (marine mammals, marine fish, marine birds, and 
marine benthos) and physical features of the marine environment (sediment and water quality, and 
marine vegetation). Routine operations of marine transportation (including construction and 
decommissioning related activities) associated with the Project are not expected to affect marine 
birds, benthic invertebrates, marine vegetation, sediment quality, water quality, or species at risk. 

8.4.1 Marine Fish 

Issues and Effects - Key issues concerning Project-related marine transportation and marine fish 
relate predominantly to underwater noise from marine vessels transporting fuel and dry cargo to the 
Baker Lake dock and its potential to physically harm, disrupt, and/or displace fish from habitat in 
Hudson Bay and Chesterfield Inlet. Noise disturbance can elicit a change in behaviour and cause 
fish to temporarily move away from suitable habitat (displacement) or change their natural 
movements (diversion from a migratory path). IQ comments support these key issues and extend to 
include concerns regarding disruption of marine fishing, which occurs at fish camps along 
Chesterfield Inlet.  

Project Design and Mitigation - Operating procedures to reduce underwater noise will include 
maintaining a constant course and speed whenever possible, avoidance of unnecessary 
acceleration, and routine maintenance of propellers.  

Residual Project Effects - Potential effects on marine fish resulting from marine transportation 
activities are limited to change in behaviour due to underwater noise. Although acoustic modelling 
determined that underwater noise from transiting vessels will be audible to marine fish and may elicit 
a behavioural reaction, the short-term nature of the response and the low magnitude of the effect will 
not result in any long term or irreversible effects on the distribution or abundance of fish populations 
in the RAA. Effects on marine fish from Project activities associated with marine transportation are 
assessed as not significant.  

Monitoring - There are no monitoring programs recommended for marine fish. 

8.4.2 Marine Mammals 

Three taxonomic groups of marine mammals are present within the LAA and RAA during the open-
water season: whales (e.g., belugas from the Western Hudson Bay population), seals (e.g., ringed), 
and polar bears. While various other marine mammal species are known to occur in the area (e.g., 
walrus, killer whale, harp seal, narwhal), these species are considered uncommon and are unlikely 
to interact with the Project.  
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Marine transportation is not expected to result in environmental effects on polar bears since shipping 
and barging will only occur during the open-water season when the bears are forced onto land in the 
Hudson Bay region for several months to wait for new ice to form. Although polar bears use coastal 
habitats during the summer months, vessels will typically be in the range of 30-60 km offshore when 
transiting past shorelines in Hudson Bay and Hudson Strait.  As a result, transiting vessels are not 
expected to result in effects on polar bears from acoustic or vessel wake disturbance. 

Project effects are assessed with respect to the common marine mammal species in the area; 
ringed seal and beluga whale. 

Issues and Effects - Key issues for marine mammals relate predominantly to marine vessel traffic 
and its potential to physically harm, disrupt, and/or displace the animals from summer habitat in 
Hudson Bay and Chesterfield Inlet. Potential effects to marine mammals associated with the Project 
relate primarily to the presence of marine shipping vessels and associated underwater noise. IQ 
supports these as key concerns related to the Project and includes the potential for disruption of 
marine mammal harvesting, in particular beluga whale and ringed seal. 

Project Design and Mitigation - A variety of strategies will be employed to reduce the potential of a 
Project-related vessel-mammal strike from occurring and to reduce behavioural changes such as 
avoidance of underwater noise and changes in migration routes or herding due to vessel presence.  

Specific vessel transit routes will be used taking into account navigational safety, so that acoustical 
inputs are limited to similar and predictable areas during marine transportation. When individual or 
groupings of marine mammals are observed within specific radii of the vessel, operating protocols 
will be implemented by the vessel captain in consultation with a local monitor or in advance with the 
Hunter and Trapper organization. For example, the vessels will stop if marine mammals appear to 
be inadvertently herded by an approaching vessel, and it is navigationally safe to do so. 

Operating procedures to reduce noise and strikes will include maintaining a constant course 
whenever possible and avoidance of unnecessary acceleration and maintenance of propellers. 
Vessel speed will be limited to 8 to 10 knots in Chesterfield Inlet and in important beluga whale 
habitat near Churchill and to less than 13 knots throughout the rest of the RAA, unless otherwise 
required for safe navigation. 

AREVA is prepared to cooperate with other current and future project operators, participating Inuit 
communities in the NSA (Baker Lake, Repulse Bay, Coral Harbour, Chesterfield Inlet, Arviat, Whale 
Cove and Rankin Inlet), government and other stakeholders to reduce effects of vessel presence 
and increased mortality risk due to vessel collisions with marine mammals.  
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Residual Project Effects - Over the life of the Project, between 7 and 31 vessel transits are 
expected to be required annually to deliver fuel and dry cargo to the Baker Lake dock and storage 
facility. Vessels will only be traveling during the open-water season. Given the duration of marine 
vessel operations and the frequency of transiting vessels, there is potential that a vessel-mammal 
collision could occur over the life of the Project. With the proposed mitigation in place, collisions are 
more likely to result in non-lethal incisions from propellers and non-lethal blunt force trauma, except 
in the case of collisions involving calves and young animals, where injuries may be more severe.  

Potential residual environmental effects of increased mortality risk to marine mammals populations 
are expected to be site specific and low in frequency. Larger, faster vessels have the potential to 
strike whales with greater force, causing greater physical injury and trauma. The probability of a 
lethal or severe vessel strike is expected to be low. The effect of a collision with a marine mammal is 
potentially fatal (i.e., irreversible), but effects on marine mammal populations are expected to be 
reversible through natural recruitment.  

Results of the acoustic modelling indicate that beluga whales and ringed seals will be exposed to 
almost half of the required level of sound required to elicit a behavioural response in marine 
mammals. Noise levels generated by the marine traffic are not expected to cause changes in 
behaviour of beluga whales and ringed seals.  

The effect on marine mammals is assessed as not significant. 

Monitoring - All incidents of vessel collisions with marine mammals, near-misses, and mammal 
sightings will be recorded by the MMO or maritime crew. Ship logs will record course adjustments, 
vessel speed, and speed reductions in important areas. 

8.4.3 Species at Risk 

The Northern, Atlantic, and spotted wolffish which are listed on Schedule 1 of SARA occur in the 
marine RAA. However, there is insufficient information on the distribution, habitat use and 
abundance of these wolffish populations in the RAA to consider these species specifically in the 
assessment. It is therefore assumed that effects will be similar to those described in the effects 
assessment for marine fish. Given the distribution range of the two listed marine bird species, the 
harlequin duck and peregrine falcon, there is very limited potential for spatial overlap with the 
Project. Consequently, they are not considered further in the assessment.  
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8.5 Human Health 

8.5.1 Exposure to Hazardous Substances and COPCs 

Issues and Effects - Workers in the construction, milling, mining, decommissioning and reclamation 
process for the Kiggavik Project may be exposed to hazardous substances. A thorough review of the 
proposed activities for the Kiggavik project was conducted. The reagents used in the process were 
evaluated to determine whether they pose a human health risk. Similarly, workplace exposure 
assessments were conducted of constituents of potential concern (COPCs) contained in the ore,  
including arsenic, cadmium, cobalt, copper, lead, molybdenum, nickel, selenium, uranium, zinc.  
Workers are exposed to these COPCs primarily through inhalation of dust during mining operations. 

The American Conference of Governmental Industrial Hygienists (ACGIH) is a well-respected, non-
governmental organization by those in the field of industrial hygiene and worker health and safety. 
The best known of ACGIH's activities is the development of Threshold Limit Values (TLVs) for 
Chemical Substances. The TLVs refer to airborne concentrations of chemical substances and 
represent conditions under which it is believed that nearly all workers may be repeatedly exposed to 
daily over a working lifetime without adverse health effects. 

The mining and milling processes at AREVA’s northern Saskatchewan operations use many of the 
same chemicals that will be used at the Kiggavik mine and mill and therefore the operational 
experience provides a basis for the Kiggavik Project evaluation. The TLV or other applicable 
guideline for each substance or COPC was identified to evaluate exposures. The controls for each 
chemical identified were reviewed and evaluated for adequacy to determine if they were sufficient to 
control exposures below the occupational exposure values. 

Project Design and Mitigation - Standard work practices, together with practices implemented for 
the protection of workers from particulate matter, radon and long-lived radioactive dusts as part of a 
radiation protection program, in uranium mining and milling are effective at minimizing exposures to 
hazardous substances and COPCs found in the mine rock and ore. These include: 

• Control Through Design; 
• Ventilation; 
• Maintenance and Housekeeping; 
• Education and Training; and 
• Personal Protective Equipment (PPE). 

The primary and most effective method to control of exposure to nearly all the chemicals is at the 
design stage and this approach was adopted for the Kiggavik Project.  
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Residual Project Effects - Worker exposures to hazardous substances and COPCs have been 
evaluated for the Kiggavik project. With the proposed mitigation measures in place, there are no 
exposures to workplace hazardous substances or COPCs expected to exceed the TLV established 
by the ACGIH. 

Monitoring - For the Kiggavik project, workplace baseline monitoring will be performed during the 
post-construction, pre-operation period. Periodic air sampling will be conducted to verify the 
adequacy of engineering controls.  

8.5.2 Exposure to Radiation 

Issues and Effects - The amount of radiation which a worker is exposed to is measured in terms of 
radiation dose, typically in units of millisieverts (mSv). Exposure to radiation has been found to 
increase the likelihood of detrimental effects occurring, in those exposed. For the purposes of 
radiation protection, a precautionary approach is applied (i.e., it is assumed that the likelihood of 
detrimental effects is proportional to the dose received, even at low doses below the levels where 
statistical effects can be observed). Dose limits for individuals have been developed to protect 
against the radiation risk. 

In Canada, the Canadian Nuclear Safety Commission (CNSC) regulates the nuclear industry. 
General regulations under the Nuclear Safety and Control Act governing work with uranium mines 
and mills may be found in the Uranium Mines and Mills Regulations (CNSC 2000a) and regulations 
regarding radiation protection are outlined in the Radiation Protection Regulations (CNSC 2000b). 
These regulations specify the limits on exposure to radiation for workers and for members of the 
general public. Doses to Nuclear Energy Workers (NEWs) must be below 50 mSv per year and 100 
mSv per 5 years. Effectively, this means the annual exposure of a NEW should be less than 20 
mSv/y on average. In addition, pregnant NEWs must not exceed 4 mSv during the balance of a 
pregnancy. Further to the requirements established by the Radiation Protection Regulations, the 
CNSC has provided the document, Regulatory Guide G-129 Rev.1 Keeping Radiation Exposures 
and Doses As low as Reasonably Achievable (ALARA), which is instrumental in the design and 
operation of facilities and the development of radiation protection programs. 

In uranium mining and milling, effective dose is determined from evaluation of radiation exposure 
from three dose components: 

• Gamma radiation; 
• Radon and radon progeny; and  
• Long-lived radioactive dust (LLRD)s: These are aerosols (fine materials that can become 

airborne as dry dust as well as mist) that contain radioactive materials, and may be 
inhaled or ingested, resulting in an internal exposure.  

Exposure to each of these three dose components are converted to units of effective dose, in 
seiverts (Sv), and then summed to form a worker’s total effective dose for comparison to dose limits.  
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Mitigation and Project Design - The operating principle of radiation protection is “As Low As 
Reasonably Achievable (ALARA), social and economic factors considered”. The process of radiation 
dose optimization involves assessing the sources of radiation exposure and designing facilities, 
processes, equipment, and work practices to minimize radiation doses to workers and the public. 
Dose rate constraints are established as objectives, below the dose limit, to be achieved during 
operations. They are useful in the design of facilities and are a practical implementation of the 
ALARA principle. AREVA has established workplace exposure rate design objectives for the 
Kiggavik mill, open pit and underground mines for each dose component. 

A Radiation Protection Plan (RPP) is implemented at uranium mine sites to effectively mitigate risks 
from radiation exposure to workers, the public and the environment. The RPP is a multi-faceted 
approach consisting of a combination of: design features of equipment (e.g. sealed and lead-lined 
mobile equipment cabs, ventilation), operational practices (e.g. minimize time spent in areas with 
significant radiation levels, dust suppression) and worker awareness. The Radiation Code of 
Practice (RCOP) is a document, required by the CNSC under the Uranium Mines and Mills 
regulations, which describes a set of workplace radiological levels and worker exposure levels used 
for operational control of radiation doses, referred to as administrative and action levels.  

Residual Project Effects - Radiation dose rates to workers were estimated based on experience 
gained from mining of uranium ores in northern Saskatchewan, particularly the mining of the open 
pits at AREVA’s McClean Lake Operation, as well as through the use of computer programs. The 
base case and upper bound case radiation doses estimated for routine operations in the 
underground mine, surface mines, mill and transport sections are presented inTable 8.5-1. 

Table 8.5-1 Summary of Potential Radiological Exposure to Workers During Operation 

 Base Case Upper Bound Case 

Project Activities/Physical Works Average Worker Radiation 
Dose (mSv/y) 

Maximum Worker Radiation 
Dose (mSv/y) 

Mining - Underground 5.2 10.5 

Mining - Open Pit 0.76 5.9 

Milling 0.66 4.2 

Transportation – Air transport of yellowcake 1.5 4.1 

From the above table it can be seen that there are no workers expected to receive radiation doses 
higher than the dose limits set by the Canadian Nuclear Safety Commission of 50 mSv in a single 
year or 100 mSv in a 5 year period (an effective annualized dose limit of 20 mSv/year).  
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Monitoring - Gamma radiation, radon/radon progeny (RnP), and long-lived radioactive dust (LLRD) 
will be monitored routinely throughout the Kiggavik Project in order to promptly detect potentially 
abnormal radiological conditions, to estimate worker doses, and to document radiological conditions. 
A network of monitoring locations, parameters and frequencies will be established for each of the 
Kiggavik Mill, Open Pit Mines, Underground Mine, and Associated Facilities in the Routine 
Radiological Monitoring Schedule procedure. The radiological monitoring program is developed to 
comply with applicable federal and territorial regulations; describes instrument requirements and 
sampling methods; refer to Administrative Levels and mitigative measures; and identify reporting 
responsibilities and methods. 

Dosimetry monitoring is conducted to document worker exposures to radiological components. The 
goal of radiation protection is to keep all worker doses below regulatory limits and to maintain worker 
doses As Low As Reasonable Achievable (ALARA). For the Kiggavik Project, a procedure has been 
designed to ensure worker doses from each radiological component are determined (or estimated), 
recorded, evaluated and monitored in an appropriate manner. 

8.5.3 Members of the Public 

A critical step in the overall assessment is the evaluation of potential human health effects 
associated with releases from the Project. To cover a variety of potential exposure situations a 
number of different representative individuals were incorporated in the assessment. These include 
permanent residents of the Baker Lake community (adult, child and toddler family members), 
hunters at Judge Sissons Lake that take game back to their families and non-nuclear workers (non-
NEW) at the project site (e.g. camp cook, security guard).  

Based on IQ for Baker Lake, caribou and fish were consistently named the primary food sources, 
with ptarmigan, arctic hare and squirrel also mentioned. These food items were accounted for in the 
human health assessment.  

Issues and Effects - Atmospheric and aquatic emissions from the Kiggavik Project were used to 
predict the levels of COPC in the environment. The pathways framework used in this assessment 
involves consideration of various pathways, or routes of exposure, by which humans may be 
exposed (Figure 8.5-1). Thus, the pathways model or framework assesses the integrated 
contribution of emissions to the atmospheric and aquatic environments from all sources (Figure 
8.5-2). The pathways model comprises inhalation and ingestion models; airborne dust and radon 
account for the inhalation dose while consumption of water, fish, vegetables, berries, and wildlife 
account for the ingestion dose. In addition, an external dose is evaluated from gamma radiation 
associated with the radionuclide content of dust deposited on the ground. 
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Figure 8.5-1 Representation of Exposure Pathways for Human Receptors 
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Figure 8.5-2 Linkages Between Human Health and other Environmental Components  

Project Design and Mitigation - The design of the Kiggavik and Sissons WTPs ensures that the 
effluent will meet all appropriate regulations such as the Metal Mining Effluent Regulation (MMER) 
as well as site-specific discharge limits. Environmental considerations were paramount in the 
selection of the appropriate technology for the WTP. Further detail on the design of the water 
treatment plant can be found in Volume 2. Similarly, design aspects, operational measures and 
other mitigation measures have been incorporated into the current Project plans which will minimize 
project-associated air emissions and/or the potential effect of project-related emissions. These have 
been discussed in Volume 4 (atmospheric environment). 
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Residual Project Effects - Three general groups of COPC were evaluated: Criteria Air 
Contaminants such as NOx, SOx and particulate matter (PM) which have respiratory effects; non-
radionuclide COPC (including arsenic, cadmium, cobalt, copper, lead, molybdenum, nickel, 
selenium, uranium, zinc); and, radioactivity. The findings are as follows: 

• Maximum concentrations of SO2 are well within the health-based limits. Similarly, annual 
NO2 concentrations meet applicable criteria;  

• There may be infrequent, short-term NO2 concentrations above the WHO health-based 
criterion at the Kiggavik camp; however, the levels at Baker Lake are well below any level 
of concern.  Exceedances at the camp can be attributed to potential emissions of NOx 
from open pit mining activities, including diesel-powered mining equipment and 
blasting.  Short-term elevated concentrations are well below levels that WHO indicates 
may be a concern in healthy adults. NO2 concentrations at the Kiggavik Camp do not 
exceed ambient air quality guidelines nor do they exceed Threshold Limit Values (TLVs) 
established by American Conference of Governmental Industrial Hygienists, which were 
developed to be protective of repeated exposure in a working environment; 

• In terms of exposure to fine particulate matter (PM), the levels at Baker Lake are well 
below any levels of concern. There may be some short-term concentrations at the 
Kiggavik camp which exceed the health-based value designed to be protective of 
sensitive individuals (e.g. children, older adults, pre-existing respiratory disease). The 
probability of adverse effects related to fine PM exposure is likely to be low; 

• Exposures to non-radionuclides were evaluated. The predicted intakes are below levels 
identified by regulatory agencies such as Health Canada and the US EPA as being safe 
for individuals. Fish and caribou ingestion are the biggest contributors for most COPC, 
along with berries; and 

• Figure 8.5-3 presents the predicted average incremental dose to people from radiation for 
the Project activities. The majority of the incremental radiation dose for all receptors 
except for the non-NEW worker is from Po-210 in caribou. As seen from the figure, the 
highest exposure is for the on-site non-NEW who is expected to receive most of his/her 
incremental dose from radon and inhalation of dust. None of the doses estimated are 
expected to exceed the Health Canada dose constraint value of 0.3 mSv or the CNSC 
allowable dose for members of the public of 1 mSv. Many cautious assumptions were 
used in the assessment; for example it was assumed that caribou would typically spend 
2% of their time in the LAA, which is near Judge Sisson Lake, and 4% of their time in the 
Regional Assessment Area which is over 10 times higher than that suggested by 
telemetry data. 
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Figure 8.5-3 Breakdown of Incremental Annual Radiation Dose to Members of the Public 
from the Kiggavik Project 

To help place the dose in perspective Figure 8.5-4 provides a summary of the doses associated with 
some typical activities (e.g. dental x-rays, airplane flights) as well as those associated with 
emissions from the Kiggavik Project. 
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Figure 8.5-4 Comparison of Radiation Dose to Members of the Public from the Kiggavik 
Project to Dose from Other Sources 

Monitoring - No specific monitoring plans have been developed to directly assess human health; 
rather the monitoring programs for the other environmental components (air, water, vegetation) are 
used to evaluate the affect the Project has on exposure to people from emissions from the Project. 

Significance of Residual Effects  - No residual effects on human health for workers were 
identified. No residual effects on human health were identified for residents of Baker Lake.  
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The assessment for members of the public included individuals that would reside half-time at the 
Kiggavik camp. A residual effect was identified with respect to NO2 and fine particulate matter for 
people at the camp attributed to potential emissions of NOx from open pit mining activities, including 
diesel-powered mining equipment and blasting.  Short-term elevated concentrations are well below 
levels that the World Health Organization indicates may be a concern in healthy adults. NO2 
concentrations at the Kiggavik Camp do not exceed ambient air quality guidelines nor do they 
exceed Threshold Limit Values (TLVs) established by American Conference of Governmental 
Industrial Hygienists, which were developed to be protective of repeated exposure in a working 
environment. 

A residual effect was also identified for radiation exposure to toddlers in families of hunters in the 
Judge Sissons Lake area due the presence of radionuclides in caribou. As a very cautious approach 
was taken to estimate the exposure and the exposure is expected to remain well below the CNSC 
allowable incremental dose, this is not considered to be a significant effect. 

8.6 Socio-Economic Environment 

8.6.1 Socio-Economics 

With thousands of engagement, IQ and socio-economic comments from people in Kivalliq and 
governments, there are very many issues that people have said are important to assess. For 
purposes of the EIS, these have been grouped into six major socio-economic components: i) 
community economies; ii) traditional culture; iii) community wellbeing; iv) public infrastructure and 
services; v) non-traditional land use and land use planning; and vi) the economy of Nunavut. Each of 
these major socio-economic components has been further broken down into VSECs, including such 
things as employment, harvesting levels, language, health, family function, savings, demand for 
housing, policing, tourism, land use in Baker Lake and revenues to GN and NTI.  

Issues and Effects 

Community Economies - There are many interactions not just between VSECs and the Project, but 
between one VSEC and another. For example, the Project will create jobs, which in turn can affect 
the practice of traditional culture, which in turn can affect wellbeing. Different individuals or groups of 
people can respond differently to an effect. For example, some individuals can respond badly to 
rotational work with poor personal choices, and a rotational job will have a different effect on the 
worker than on the spouse, who is more likely to be a woman. Generalizing about effects quickly 
becomes unsatisfactory to many people, but is necessary.   
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Very broadly the Project’s primary effect is the creation of economic opportunities for Kivalliq labour 
and businesses, during both construction and operations. Because such direct benefits have ripple 
effects throughout economies, more people that just Kiggavik workers and suppliers will see new 
economic opportunities. Community economies will grow, and job experience, education and 
training, and contracting experience will enhance the capacity of the labour force. The benefits of 
economic opportunities to Kivalliq residents are expected to gain momentum with time.  

Rotational work does not require people to move, but enables them to, and most jobs created in 
community economies are expected to be in Baker Lake and Rankin Inlet as these two hamlets 
have the competitive advantages of geography and experience to date.  

Traditional Culture - Taking up these new economic opportunities has implications for traditional 
culture, as more people transition into the wage based economy and adapt to the expectations and 
requirements of operating in cross cultural working environment. Particularly in concert with ongoing 
cultural change in Kivalliq, this process is expected to contribute to a cultural shift. 

Income and rotational work provide resources and opportunities for harvesting. But a cultural shift 
can result in less practice of traditional activity, more use of English, and less commitment to the 
application of traditional values and knowledge. Any reduction of harvesting, or sharing of harvest, 
has potential for effect on food security (particularly of the more vulnerable), nutrition and thus 
health.  

Ongoing government support for traditional culture is expected to ensure that at least some 
proportion of the population retains traditional skills, language, values and knowledge. The effect, 
again not only of Kiggavik but also of other factors, is expected to one of reduced practice rather 
than loss.  

Wellbeing - Both increased incomes and cultural shifts have implications for wellbeing at the 
individual, family and community levels. Many people thrive with expanded economic opportunity, 
securing their roles as providers within families and having the incomes and savings to increase 
their standards of living and household economic security. But some people do not. In failing to 
personally manage stresses, they can harm their families. As well, any erosion of traditional culture 
can have negative effects on some individuals’ sense of wellbeing and also sets up potential for 
discord within families, including between genders and between generations.  

Individual challenges with new economic opportunities are not expected to manifest in reduced 
individual, family or community wellbeing overall. Unemployment and poverty also are causes of 
negative social behaviours, and many people will respond well to new economic opportunities. To 
the extent that people do struggle with transitioning to the wage economy, this is likely to be most 
often seen during the construction phase and early years of operations, until such time as 
adjustments and adaptations can be made.  

Not everybody will have access to new economic opportunities. Some of these will be the more 
vulnerable segments of the population, such as single female parents of young children and the 
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more unemployable. Any erosion of traditional culture, particularly of harvesting and sharing – a 
safety net for the less fortunate – has potential for harm, including to elders no longer able to 
harvest. Inuit values of sharing, consensus decision making and equity have some potential to give 
some way to the more individualistic ethic of southern culture, with consequent effects on, for 
example, crime levels and social cohesion.  

Public Infrastructure and Services - In the expectation that overall, community wellbeing will 
increase, need for some social services should also decrease, particularly social assistance. There 
is however a correlation between increased income and increased demand for health, housing and 
municipal services. Increased incomes also imply more need for police, as people are out and about 
more. Improving economic opportunities are expected to motivate more demand for education.  

These are benefits to the extent that government is able to deliver in a timely way, but where there is 
some disconnect between new demand and supply response, the more vulnerable are expected to 
disbenefit disproportionately. There are also some cost implications where capacity constraints are 
identified, however AREVA’s payments of royalties and taxes will provide significant additional 
revenues to GN (as well as NTI). As with most other potential negative effects of the Project, any 
disconnects between supply and demand are expected to be resolved with time.  

Non-Traditional Land Use - The Project, if approved, is expected to be a stimulus to mining 
development, including uranium mining development, in western Kivalliq. Mining development is a 
stated goal of both territorial and regional governing agencies, and would bring more of the same 
effects described above for Kiggavik. The Nunavut Planning Commission is advancing a territory-
wide land use plan that will designate land uses or considerations for land uses that promote and 
facilitate the health of both land and wage based economies.  

Economy of Nunavut - As the Meadowbank Project has demonstrated, large mining projects can be 
expected to have enormous effects on Nunavut’s economic indicators. GDP, employment, labour 
income and investment levels will change dramatically for the better in response to both the 
construction and operations phases of Kiggavik. As noted above, revenues of GN (taxes) and NTI 
(royalties) will also increase.   
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Project Design and Mitigation - Socio-Economic Management 

To manage socio-economic effects, AREVA has developed a Community Involvement Plan 
(Technical Appendix 3C) and a Human Resource Development Plan (Technical Appendix 9C). 
Project design has been adjusted in response to community input and to protect environmental 
resources (and consequences on harvesting). Socio-economic management however is primarily 
effected through the implementation of measures to mitigate the potential for negative effects and 
more importantly to enhance benefits for Inuit. Socio-economic management also includes extensive 
opportunities for community engagement and participation in Project decision making, and 
collaborative monitoring.  

It is noted that proposed socio-economic mitigation focused on benefit enhancement is anticipated 
to be further detailed in the IIBA negotiated with KIA. The measures are derived from lessons 
learned elsewhere in Nunavut and northern Canada and suggestions during engagement. AREVA’s 
corporate experience in Saskatchewan will also be drawn upon.  

AREVA intends to maximize employment and contracting opportunities for people in Kivalliq 
communities. The major elements of this are i) preferential hiring, including points of hire in each of 
the Kivalliq communities; ii) preferential contracting, and helping businesses to overcome barriers to 
accessing Project contracting; iii) education, training and scholarship programs; iv) accommodating 
Inuit culture in the workplace as practical for improved job satisfaction; and v) wide dissemination of 
information on available employment and business opportunities.  

It is noted that education and training will include a range of programming, for example pre-
employment, life skills, high school completion, postsecondary, on-the-job, and mentoring programs 
for workers and prospective workers are anticipated. AREVA will also collaborate with Kivalliq 
education authorities on school based programs for children, to contribute to their ability over the 
longer term to successfully participate in both the wage and land based economic activity.  

Work force management policies are largely intended to ensure that Inuit employees are equitably 
compensated, have the opportunity to engage in traditional activity and are provided workplace 
conditions that accommodate Inuit culture. There is also the expectation that all workers will conduct 
themselves appropriately both at the mine site and when in communities. Workforce management 
measures emphasize; i) rotational work schedules to enable trips on the land in weeks off work; ii) 
respectful workplace policies and worker codes of conduct (including expectations of respect for 
difference) iii) facilitating, where appropriate, use of Inuktitut and traditional practices at the mine 
site.  AREVA’s initiatives to support individual, family and community wellbeing include: i) providing a 
confidential employee and family assistance program; ii)  making available at the mine site and 
community offices with peer or elder counselors; iii) providing communication systems for people to 
stay in touch with families; and iv) supporting community initiatives to address community priorities 
towards enhanced wellbeing, including as potential examples, assistance to elder and child care and 
recreational opportunities for youth. 
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Risks to worker and public health and safety are managed through i) the application of best health 
and safety practice; ii) emergency response planning; and iii) avoiding and minimizing any 
environmental effects that have potential to affect livelihood resources and/or public health. 
Nevertheless heightened perception of risk is expected. This will be addressed through continuing 
education on uranium mining, and its environmental and socio-economic effects.  

AREVA will continue to engage, including with elders to capture IQ, for input on socio-economic 
management measures and needed adjustments (adaptive management). AREVA will also continue 
to provide the information people need to engage and participate in the Project effectively. AREVA 
fully acknowledges the importance of conducting meetings and providing information in English and 
Inuktitut.  

Residual Project Effects  

It is fully acknowledged that the detail of effects on different individuals, genders, age groups, 
vulnerable groups and communities in Kivalliq, many of which can be negative in a context of overall 
benefit are not captured by single conclusions on each of the VSECs identified. Further, many actual 
effects will depend on the socio-economic conditions of the Kivalliq Region at time of construction 
and beyond. The effects of the Project will be additional to those of Meliadine, which is fully 
expected to be in construction, and perhaps operation, by the time the Kiggavik Project moves to 
construction. Overall, as people adjust to change with time, most negative effects are expected to be 
moderate and positive effects are expected to gain momentum. At closure, the same processes may 
reverse, however in 2035, or 2046, the socio-economic conditions in Kivalliq will again be quite 
different. 

Effects on community economies are positive and significant. The Project will preferentially employ, 
educate and train and contract in Kivalliq. Incomes will increase for many people and community 
economies will grow. A small net in migration is anticipated to continue in the Kivalliq Region with 
most new comers expected to settle in Rankin Inlet or Baker Lake. Although the Project will come to 
an end, the life-long benefits of job experience and learning are not reversed.  

Effects on traditional culture are overall expected to be negative and substantial. The Project will not 
force or require changes to traditional culture– AREVA’s mitigation measures are intended to 
support and facilitate people’s choices. However some drift away from harvesting, use of Inuktitut, 
and traditional values and knowledge may be expected, particularly in the context of other forces of 
cultural change. Climate change is also a factor.  

Effects on individual, family and community wellbeing are overall expected to be positive and 
significant. Although negative effects on traditional culture have the potential to erode wellbeing for 
some, broadening choices and opportunities for livelihoods are counteracting factors. There will be 
individual exceptions to improved wellbeing, and there is some expectation that crime, or awareness 
of crime, could increase in response to, for example, any developing inequities.  
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Increased demand for public infrastructure and services would be a negative effect if the 
government is unable to meet that demand. However, the assessment shows the effect of the 
Project is positive and significant. Revenues to GN and NTI will allow the provision of additional 
services, to the benefit of people. In this regard it is noted that the Project itself is not expected to be 
a source of increased demand.  

The Project is expected to stimulate exploration and mining interest in western Kivalliq. This is a 
benefit, and significant, insofar as the ongoing land use planning process determines that this is the 
path forward Nunavut and Kivalliq choose. The consequent negative effect on tourism is considered 
of low magnitude because of little current use of the area by tourists. Land use effects in Baker Lake 
(including use of the shipping channel) are considered highly manageable, and therefore not 
significant.  

Economic and fiscal effects at the territorial level are positive and significant. There will be very large 
jumps in gross domestic product, employment, labour income, own source GN revenues and 
payments to NTI. Subsequently the Kiggavik Project will represent a sustained contribution to the 
economy and revenues until closure.  

Monitoring and Closure - Monitoring will include reporting on the uptake of economic opportunities, 
but AREVA also expects to collaborate with communities, KIA, GN and AANDC to develop a 
framework for collaborative monitoring of community wellbeing, primarily through participation with 
the Kivalliq SEMC. Details remain to be worked out as the Project moves towards construction.  

Closure (premature or final) effects are most keenly felt in the coming to an end of employment and 
business opportunities and the consequent negative social effects of an economic downturn. The 
measures described above include a number of elements that are intended to enhance the 
economic and social resiliency in communities, which will go some way to attenuating the potential 
for negative closure effects. Work and business experience will give people a competitive edge in 
competing elsewhere in the economy. The emphasis on education and training will enhance 
workforce and business capacity to offer services. As well, at closure retrenchment programs and 
alternative livelihood training will be offered where necessary.  

It is noted that many of the residual effects are contributions of Kiggavik to the ongoing socio-
economic dynamic and trends in Kivalliq. As such, governments already have in place a large 
number of legal instruments and programs that have been developed to address the same kinds of 
socio-economic change, positive and negative, that has potential to result from the Project. 
Examples include language preservation, support to traditional harvesting, expansion of 
postsecondary education and public health programs.   
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8.6.2 Heritage Resources 

Issues and Effects - Direct impacts to archaeological resources can occur during the Construction, 
Operation and Decommissioning Stages of the Project.  This applies to both the mine site and site 
access.  Direct impacts are primarily related to activities that involve surface disturbance of 
sediments.  Indirect impacts to archaeological resources can also occur as a result of unanticipated 
activities resulting from one of the stages of the project.  For example, increased access to the 
landscape from an access may result in an archaeological site being vandalized by people who 
otherwise may not have had access to that location.   

Project Design and Mitigation - A number of mitigation measures can be implemented to manage 
potential effects to archaeological resources including avoidance, protection, systematic data 
recovery,  education and an archaeological mitigation plan. 

During the course of archaeological surveys conducted in advance of the Project, many 
archaeological sites are observed and documented.  Most of these archaeological resources are 
documented for the first time and provide additional data on the past occupation of the region.  
Documentation for each site is kept on file with the Canadian Museum of Civilization as well as with 
the Government of Nunavut.  The direction is positive and given the large number of sites that have 
been documented during baseline surveys, the magnitude is considered moderate.  The records are 
kept on file indefinitely and are available for future researchers and regulators. 

Residual Effects - Although direct impacts to sites will have an adverse impact to archaeological 
sites, it is anticipated that all project components will have been assessed by a qualified 
archaeologist and appropriate mitigation measures would be applied prior to the actual ground 
disturbance occurring.  Therefore, the magnitude is considered low.  Impacts to archaeological sites 
are directly related to the actual ground disturbance and are local in nature.  Archaeological sites are 
non-renewable resources and any disturbance is permanent and irreversible. 

Indirect impacts are adverse in nature but because they are unanticipated, they considered being 
moderate in magnitude.  The geographic extent of an indirect impact to an archaeological resource 
is considered to be regional as some sites outside of the LSA or in areas that haven’t been surveyed 
by an archaeologist may be impacted.  All archaeological sites are non-renewable and any impact is 
irreversible. 

Monitoring - Implementation of an archaeological mitigation plan for the fortuitous discovery of 
archaeological resource.  
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8.7 Cumulative Effects 

Those project-environment interactions resulting in a residual effect were screened for potential 
cumulative effects by determining if the effect could act in combination with effects with past, present 
and reasonably foreseeable projects and/or activities. This section presents a summary of 
cumulative effects considering projects and/or activities in some form of regulatory approval. A far 
future scenario is also considered in the cumulative effects assessment (see Technical Appendix 
1E).  

Residual effects identified for the disciplines of noise, vibration, surface hydrology, hydrogeology, 
water quality, sediment quality, aquatic organisms and fish habitat, fish, terrain, soils, vegetation, 
raptors, migratory birds, marine fish or mammals and archaeology were determined to not have 
potential to act in a cumulative way. Terrestrial wildlife, health and socioeconomics were assessed 
for cumulative effects. 

Air Quality Cumulative Effects - No other projects or activities are located close enough to interact 
spatially with the air quality effects from the Kiggavik Project mine site. With the preferred Kiggavik 
Project dock site located approximately 1 km away from the Meadowbank dock and storage facility 
operations, the Project effects may act cumulatively potentially resulting in an increase in ambient 
NO2 concentrations. 

Mitigation Measures - NO2 emissions from the dock and storage facilities can be reduced through 
use of appropriate exhaust emissions controls, optimization of the number of heavy equipment 
movements, and overall minimization of travel distances, the number of barge shipments and 
offloading activities, as well as the extent and duration of barge or tug-barge engine idling at each 
dock. 

Residual Cumulative Effect - Identical operations and emissions were assumed to be occurring 
simultaneously at both the Project dock and the Meadowbank dock location for modeling and 
assessment of potential effects. The maximum predicted incremental 1- and 24-hour NO2 
concentrations at the receptor representing the Community of Baker Lake were below applicable 
Indicator Thresholds, but exceed them in the area immediately surrounding dock facilities. However, 
exceedances were limited to within 2 km from the Project footprint, and occurred infrequently. As a 
result, with proposed mitigation and environmental protection measures, the cumulative residual 
effect of increased ambient NO2 concentrations from the Project and Meadowbank dock operations 
is assessed as not significant. 

Monitoring - Short-term local monitoring can be undertaken at Baker Lake for NO2 during one 
shipping season to confirm the model predictions.  
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Terrestrial Wildlife and Habitat Cumulative Effects - The alternate option of an all-season access 
road (winter road preferred option) may act in combination with hunter harvest resulting in a 
cumulative mortality effect on caribou. Higher caribou mortality rates may result from increased 
hunter harvest due to improved access to hunting areas through use of the all-season road or 
greater knowledge about caribou in the area. An access road may shift current harvest locations and 
therefore proportional take of different herds and/or increase future hunting rates. Without 
compromising safety, and providing the all-season access road is required and approved, some 
controlled public access would be anticipated. The details of this use have not yet been defined.  

The Project also has the potential to act cumulatively with activities and regional communities to 
reduce habitat availability for caribou and muskox through additional direct and indirect habitat loss.  

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 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 by 
responsible authorities for actions and activities beyond the control or responsibility 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.Mitigation – Caribou are a 
shared responsibility with proponents, communities, Inuit and Land Claim Organizations and the 
Territorial Government all playing a role to ensure caribou remain abundant, healthy and available 
for harvest. The Baker Lake Hunters and Trappers Organization (HTO) currently co-manages 
community access to the Meadowbank road with Agnico-Eagle and they have expressed interest to 
work with AREVA in determining how to control and manage public access on a potential Kiggavik 
access road in ways that respect safety, the environment and company use of the road. AREVA 
plans to further engage the HTO and other caribou stakeholders in determining acceptable 
management of public access including use of temporary road closure, no-shooting corridors along 
the road for safety reasons and possibly providing support to the HTO in order for them to promote 
IQ principles in the community or other agreed initiatives.  

Cumulative effects to terrestrial wildlife are assessed as not significant. 
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Monitoring – No monitoring is currently planned as the winter road in the preferred option for 
development negating this potential cumulative effect.  Should the all-season alternative be 
approved, required monitoring programs (e.g. participation in hunter harvest studies) deemed 
acceptable would be developed and implemented in coordination and collaboration with caribou 
stakeholders. 

Worker Health - As the future projects considered in the cumulative effects assessment are located 
a significant distance from the Project site, there is not expected to be any interactions that would 
have a measurable effect on human health. A cumulative effect that was considered is that a non-
NEW worker at the Kiggavik site may also reside in Baker Lake. The total dose for a person living in 
Baker Lake and working at the site (as a non-NEW) is estimated to be 0.1 mSv/y, well below the 
CNSC allowable dose for members of the public and the Health Canada dose constraint. 

Human Health - The only cumulative effect that was considered to be relevant for the occupational 
worker exposure is a worker at the Kiggavik Project that may also reside in Baker Lake. The 
additional dose to this worker who would be present for half of their time at Baker Lake is estimated 
to be 0.04 mSv/y. Even with the consideration of this additional exposure, all workers are expected 
to remain well below the CNSC dose limit.  

Socio-Economic Cumulative Effects - For purposes of assessing cumulative socio-economic 
effects, the scenario is construction and operations of a total of nine large mining projects in Nunavut 
over the period to 2028. The projects are Meadowbank, Kiggavik, Meliadine, Mary River, Doris North 
phases 1 and 2, Hackett River, Izok Lake and Back River. Most of these projects are not in the 
Kivalliq Region. However their very high demands for labour and goods, the imperative to maximize 
Project benefits to Inuit and rapidly growing capacity in the Kivalliq Region to supply the mining 
sector suggest that there will be spill-over effects into the Kivalliq Region even where projects are 
located elsewhere in Nunavut.  

These projects are expected to have the same types of socio-economic effects as the Kiggavik 
Project. Most of these effects will be additive, for example more people will be employed, economies 
will grow more quickly, and the wellbeing of more people will be improved. However there is some 
potential that the total effects of all these projects together could be more, or less, than additive.  

In the shorter term, if the combined demand for labour and goods outstrips supply capacity (simply 
on account of shortages of people in the labour force), mining proponents may be forced to meet the 
supply from the south and benefits that notionally could have been retained by Inuit will not be. 
Nunavut’s labour force is growing so quickly this is a short term versus a longer term concern.  

The integrity of traditional culture will in the longer term depend on a significant proportion of people 
maintaining its practice. The Project alone will not create economic opportunities for everyone but 
the potential for much fuller employment, particularly of the young, may have long term negative 
implications for traditional culture.  
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Government programs in support of traditional culture and ongoing importance given by people to 
maintaining cultural integrity will mitigate the potential for this to some extent, and Inuit do accept 
that culture evolves.  

Finally, the cumulative effects of multiple projects will be a significant benefit to the economy of 
Nunavut. Mining projects eventually close, with potential to cause severe economic and consequent 
social dislocation for both individuals and the territorial economy. The availability of new projects to 
take the place of older ones provides alternative jobs and markets for labour and business. 

As stated in Socioeconomic Project effects section, effects on different individuals, genders, age 
groups, vulnerable groups and communities in the Kivalliq Region can be negative in a context of 
overall benefit.  

8.8 Transboundary Effects 

A transboundary effect may occur when a residual effect occurs outside the Nunavut Settlement 
Area or when animals move across jurisdictional boundaries.  

Terrestrial Transboundary Effects - The Qamanirjuaq, Beverly and Ahiak caribou herds migrate 
across political boundaries into the provinces of Manitoba and Saskatchewan and the Northwest 
Territories. Aboriginal harvesters of these herds outside the Nunavut Settlement Area have raised 
concerns that any impact to these caribou herds will subsequently impact their harvest rights in 
addition to their Aboriginal culture and identity, which is closely tied to caribou. Predicted Project 
effects on caribou include direct mortality (collisions), direct and indirect habitat loss (Project 
footprint, dust and sensory disturbance), possible avoidance of Project area but no alteration to 
migration patterns and no change to health. Predicted cumulative effects to caribou include a 
possible shift in proportional caribou herd take or an overall increase in harvest to the Qamanirjuaq 
herd given the development of the alternative all-season access road option and changes in harvest 
patterns. Considering that neither the Project nor cumulative effects to caribou are significant, no 
significant adverse transboundary effects are predicted for caribou. 

Transportation – All resource development projects require the transport of goods to the project 
site and the transport of product to market. There are existing, charted shipping lanes and flight 
routes throughout Canada and internationally. The assessment has included an assessment of 
marine transport in Hudson Bay and Strait and a risk assessment for transport of uranium ore 
concentrate (UOC) that considers the flight path from the Kiggavik site to the airstrip at Points North, 
Saskatchewan. Transport of UOC will be in accordance with regulations governing the safe transport 
of radioactive materials including the Transportation of Dangerous Goods Regulations and the 
Packaging and Transport of Nuclear Substances Regulations. Development of an Emergency 
Response Assistance plan (ERAP) is a post-environmental assessment requirement that must be 
accepted by Transport Canada prior to shipment. AREVA currently maintains an ERAP for UOC 
transport in Canada. 
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9 Effects of the Environment on the Project 

The natural environment has the potential to affect the Project through a number of mechanisms, 
these include: extreme weather, such as blizzards, high winds, extreme precipitation, storm surges, 
fog; climate factors, such as thaw susceptible soils; seismic activity; wildlife encounters; and fires. 
The potential for these occurrences to cause accidents and malfunctions was assessed as part of 
the screening risk assessment.  

Extreme weather conditions could potentially have the following impacts on the Project: 

• Increased risk to personnel safety; 
• Damage to infrastructure and process stream containment; 
• Upsets to the site water balance resulting in excess effluent or lack of sufficient fresh 

water; and 
• Difficulties in transporting personnel, supplies and perishable goods to site due to 

decreased time to ship materials. 

The effects of extreme weather conditions and proposed mitigation measures are summarized in 
Table 9-1. 
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Table 9-1 Potential Effects of Extreme Weather on the Project 

Hazard Potential Effects on the Project Mitigation Measures 

Extended drought • Need for increased freshwater 
withdrawals 

• Potential mill operational difficulties if 
sufficient water is not available  

• Additional dust control measures (i.e. 
watering of roads) 

• Monitoring of effects on fresh water 
withdrawal lake (Siamese Lake) 

• Increased monitoring frequency 
• Robust water management system; use of 

TMFs and Purpose Built Pit (PBP) to store 
site drainage for recycle.  

• Increased use of TMF reclaim for 
processing 

• Use of a secondary water source with 
regulatory approval 

Extreme precipitation 
and flooding 

• Increase in treated effluent discharge 
• Potential loss of pond containment 

• Over-topping site diversion and 
dewatering structures  

• Flooding open pits 

• Back-up of drainage at culverts; over-
topping roads 

• Bridge wash-out 

• Ferry capsize 

• Damage to ferry infrastructure 
• Damage to dock site 

• Containment ponds and diversion 
structures designed to handle PMP 

• Conservative WTP design 
• Contingency containment in PBP and 

TMFs  
• Monitoring and maintenance of bridges, 

roads and culverts 

Extended blizzard • Personnel injury or fatality 

• Spill / loss of containment 

• Increased snow loading on infrastructure 

• Design to building codes for snow loads 

• Emergency shelters 

• Arctic corridors 
• Curtailment of outdoor work 

• Emergency Response and Spill 
Contingency procedures 

Severe wind • Personnel injury or fatality 

• Damage to infrastructure and potential 
loss of containment 

• Design to building code 

• Ultimate containment within mill terrace, 
open pits 

• Curtail outdoor work, particularly work at 
heights 

• Work shelters to minimize wind 
• Emergency Response procedures 

Extreme temperature 
lows 

• Personnel injury or fatality 

• Damage to mobile equipment 
 

• Design to building code 

• Curtail outdoor work, work shelters where 
possible to minimize effects of cold 
temperatures 

• Emergency Response procedures to 
ensure personnel safety 
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Table 9-2 Potential Effects of Climate Change on the Project 

Hazard Potential Effects on the Project Mitigation Measures 

Reduction in Permafrost and 
ice-rich soils 

 Creep settlement or thermal degradation 
of roads, stockpiles, buildings 

 Failure of road embankments 
 Slumping or failure of pit slopes 
 Instabilities in underground openings 
 Slumping or landslide on large 

landforms 
 Increase in artesian pressures 

underneath pits, TMFs, underground 

 Geotechnical investigations in areas of 
critical infrastructure 

 Appropriate design in potential problem 
areas 

 Appropriate design of bridges and 
foundations 

 Inspections and repair of roads and 
foundations 

 Pit slope stability monitoring 
 Underground ground control monitoring 

Increase in run-off  Loss of site containment 

 Increase in treated effluent discharge 
 Over-topping site diversion and 

dewatering structures  
 Flooding open pits 
 Back-up of drainage at culverts; over-

topping roads 

 Containment ponds and diversion 
structures designed to handle PMP 

 Conservative WTP design 
 Contingency containment in PBP and 

TMFs  

Decrease in winter-road 
operating window 

 Logistics challenges and associated 
costs 

 Spill / loss of containment 

 Loss of power  
 Fire and/or explosion 

 All-season road option 

Change in open water 
season 

 Logistical challenges and associated 
costs 

 Multiple marine transport options 

Accidents and malfunctions, including those caused or compounded by environmental hazards, are 
predicted to have no residual effects on the environment. Preventative measures, including design 
features, inspections and checks, containment systems, management plans, preventative 
maintenance, routine operational and environmental monitoring, safe work plans, and training 
programs will be in place to reduce the probability of the incident occurring. Response measures, 
including trained emergency response teams, an emergency response plan, a spill contingency 
plan, spill kits, monitoring programs and trained first responders, will be in place to reduce the 
consequences of an incident should an incident occur.  
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10 Accidents and Malfunctions 

The objective of the Accidents and Malfunctions section is to identify and qualitatively assess 
potential accidents and malfunctions associated with the Kiggavik Project. The key Project 
components that were assessed include marine transport, activities at the Baker Lake dock facility, 
transportation on the Baker Lake - Kiggavik site access road, open pit mining, underground mining 
and the milling operation. 

Early risk identification enabled mitigation by design and focused assessment and further risk 
specific mitigation on those potential accidents and malfunctions of concern. Mitigation measures 
consider personnel, local communities, the environment, and the operation and include: 1) 
measures to reduce the risk of an occurrence (design features such as site containment, 
management programs and routine monitoring); 2) measures to minimize the consequences if the 
event occurs (emergency response, spill contingency, management and monitoring programs); and 
3) measures to ensure control is regained before activities re-commence.  

To fully characterize and evaluate the potential accidents and malfunctions associated with the 
Project, a number of risk assessments using varying methodologies have been conducted. A broad 
range of potential accidents and malfunctions were identified using a screening level assessment for 
the entire Project.  Risks were then characterized based on the likelihood of the incident occurring 
and the potential consequences to the environment, radiation exposure or health and safety. These 
risks were further evaluated to identify preventative measures, response measures, and mitigation 
measures to minimize potential effects to health, safety and the environment.  

The screening-level assessment of accidents and malfunctions identified most on-site environmental 
risks as low, while some health and safety risks, such as the risk of fire or explosion, as moderate. 
Spills of fuel and other hazardous materials, including uranium concentrate, outside of site 
containment boundaries, were generally identified as moderate risk. Based on these results, coupled 
with concerns expressed by local communities, additional assessments were conducted on potential 
transportation accidents and malfunctions through the general and marine-specific transportation 
risk assessments. These were assessed in more detail. 

The transportation risk assessment identified some moderate risk if a release of yellowcake were to 
occur. The risk of a rollover is highly unlikely and the consequences minor. For an air plane crash, 
the likelihood is unlikely while the consequences would be higher as some aquatic species may be 
affected if the crash occurred in a waterbody with complete loss of containment. There would be 
minimal risk to human receptors if a yellowcake release were to occur as doses are expected to be 
well below the accepted limits. Similarly, an assessment of the transportation of uranium ore 
concentrates by road and rail throughout Canada was evaluated and concluded that risks were low 
to moderate if a release were to occur as a result of an accident.  There will be stringent protocols, 
emergency response plans and preventative measures to ensure yellowcake release does not 
occur. Similar protocols will be in place to ensure fuel and reagents spills do not occur. 
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The marine risk assessment identified moderate risk activities that are considered acceptable with 
stringent controls. A number of these generally involve the potential for tug/barge grounding in 
Chesterfield Narrows. A moderate risk of a fuel spill in Baker Lake was identified. Further moderate 
risks were identified to occupational health and safety during anchoring operations in Chesterfield 
Inlet and barge docking activities at the Baker Lake dock site. Stringent protocols, emergency 
response capability, preventative measures such as double-hulled fuel barges, appropriate personal 
protective equipment, and pre-installed anchor systems will be implemented to mitigate these risks.  

The results of the marine transportation risk assessment indicate that there is an unacceptable risk 
of a tug/barge grounding in Chesterfield Narrows due to navigational or maneuvering error during 
passage of a tug towing two barges. Therefore, the marine transportation plan includes passage of 
only one barge per tug while transiting the Narrows.  

A preliminary Emergency Response Plan (ERP) has been prepared for the Project. The ERP 
provides general guidance for all emergencies related to the Project; describes the responsibilities, 
tasks and reporting requirements involved in an emergency; and details various emergency 
response situations including necessities of life emergencies, personnel emergencies, natural 
environment-related emergencies and operational emergencies. There will be additional procedures 
and work instructions to ensure tasks are completed safely for high risk activities. There will also be 
an additional Underground Emergency Response Plan for underground mining operations.  

Preventative and emergency response measures will be in place to minimize the occurrence and 
extent of potential accidents and malfunctions. 
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11 Sustainability 

The Minerals and Metals Policy of the Government of Canada: Partnerships for Sustainable 
Development (NRCan 1996) defines sustainable development in the context of minerals and metals 
as incorporating the following elements: 

• “finding, extracting, producing, adding value to, using, re-using, recycling and, when 
necessary, disposing of mineral and metal products in the most efficient, competitive and 
environmentally responsible manner possible, utilizing best practices;  

• respecting the needs and values of all resource users, and considering those needs and 
values in government decision-making; 

• maintaining or enhancing the quality of life and the environment for present and future 
generations; and 

• securing the involvement and participation of stakeholders, individuals and communities 
in decision-making.” 

Strong Project design, implementation of effective mitigation and comprehensive monitoring, 
continuing two-way communication and partnership with communities and a commitment to adaptive 
management and continual improvement ensure adverse effects are minimized and benefits 
maximized throughout Project life as identified within the balance of environment, people and 
economics. 

During the Bruntland Commission, the World Commission on Environment and Development 
defined sustainable development as “development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs (UN 1987).” NRCan (2006) 
recognized “that the economic and social benefits of mineral development are not all consumed by 
the present generation [but rather, current investments in human and physical capital benefit future 
as well as present generations.” 

Acknowledging residual effects associated with development, the development of the Kiggavik 
Project will not compromise ecosystem integrity. Socioeconomic impacts will be positive overall with 
existing and future well-being of Nunavut residents protected and promoted. 
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Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK   
S7L 5X2 
(306) 343-4500 

Golder Associates 
Ltd. 
1721 8th Street East  
Saskatoon, SK  S7H 
0T4 
(306) 665 7989 
Golder Associates 
Ltd. 
2535 3 Avenue 
Southeast 
Calgary, AB T2A 7W5 
(403) 299-5600 

SENES Consultants 
Limited 
121 Granton Drive 
Richmond Hill, ON 
L4B 3N4 
(905) 764-9380 

2 6 Terrestrial 
Environment  

Bibek Shrestha and 
Denis Dean 
(AREVA), Mike 
Setterington (EDI 
Dynamics), Stacey 
Fernandes 
(SENES) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

Environmental 
Dynamics Inc. (EDI) 
3-478 Range Road 
Whitehorse YT  
(867) 393-4882 

SENES Consultants 
Limited 
121 Granton Drive 
Richmond Hill, ON 
L4B 3N4 
(905) 764-9380 



 

AREVA Resources Canada Inc. 
Kiggavik Project FEIS 
September 2014 

Page 155 
Tier 1 Volume 1: 
Main Document 

Section 13:  List of Document Contributors 

 

Table 13- 2 Draft Environmental Assessment Authors 
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2 7 Marine 
Environment  

Janine Beckett and 
Michelle Marcotte 
(Stantec) 

Stantec 
4370 Dominion Street - 
5th Floor 
Burnaby,  
British Columbia   
V5G 4L7   
(604) 436 - 3014   

  

2 8 Human Health  Dale Huffman, 
Kristine Stewart,  
and Mary Lo 
(AREVA), Stacey 
Fernandes and 
Abby Salb (SENES)  

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

SENES Consultants 
Limited 
121 Granton Drive 
Richmond Hill, ON 
L4B 3N4 
(905) 764-9380   

2 9 Socio-Economic 
Environment 

Susan Ross 
(1421356 Alberta 
Ltd.), Linda Havers 
(Golder - Calgary), 
and Brad 
Novecosky (Golder 
- Saskatoon)  

1421356 Alberta Ltd.  
P.O. Box 1485 
Antigonish, NS   
B2G 2M5  (902) 870 - 
7152 

Golder Associates 
Ltd. 
2535 3 Avenue 
Southeast 
Calgary, AB T2A 7W5 
(403) 299-5600 

Golder Associates 
Ltd. 
1721 8th Street East  
Saskatoon, SK  S7H 
0T4 
(306) 665 7989 

2 10 Accidents and 
Malfunctions 

Arden Rosaasen 
(AREVA) 
Nicola Banton 
(BHP Billiton) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

BHP Billiton 
130 3rd Ave S., 
Saskatoon, SK S7K 
1L3 
(306) 385-8400  

  

3 2A Alternatives 
Assessment 

Mark Vendrig 
(Consult5) 

Consult 5 Inc. 
4-1576 Tatlow Avenue 
North Vancouver, BC  
V7P 2Z7 
(778) 338-3743 

    

3 2B Drilling and 
Blasting 

Dan Corkery and 
David Sprott 
(Golder) 

Golder Associates Ltd. 
1010 Lorne Street 
Sudbury, ON   
P3C 4R9 
(705) 524-6861 

    

3 2C Explosives 
Management Plan 

Nathan Drake 
(AREVA) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

    

3 2D Ore Pad and 
Special Waste 
Pads and Ponds 
Design 

Ben Wickland and 
John Cunning 
(Golder) 

Golder Associates Ltd. 
500 - 4260 Still Creek 
Drive  
Burnaby, BC   
V5C 6C6 
(604) 296-4200 
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3 2E Water Diversion 
Structures Design 

Saul Marin and 
Brent Topp (Golder) 

Golder Associates Ltd. 
1721 8th Street East  
Saskatoon, SK  S7H 
0T4 
(306) 665 7989 

    

3 2F Andrew Lake 
Dewatering 

Justin Bieber and 
John Cunning 
(Golder) 

Golder Associates Ltd. 
500 - 4260 Still Creek 
Drive 
Burnaby, BC V5C 6C6 
(604) 296-4200 

    

3 2G Kiggavik Sissons 
Access Road 
Report 

Graham Wilkins and 
Kevin Jones (EBA) 

EBA Engineering 
Consultants Ltd. 
Oceanic Plaza, 9th 
Floor 
1066 West Hastings 
Street 
Vancouver, BC V6E 
3X2 
p. 604.685.0275 

    

3 2H Ore Storage 
Management Plan 

 
Nicola Banton  
(BHP Billiton) 

BHP Billiton 
130 3rd Ave S., 
Saskatoon, SK  
S7K 1L3 
(306) 385-8400  

    

3 2I Water 
Management Plan 

Nicola Banton (BHP 
Billiton) 

BHP Billiton 
130 3rd Ave S., 
Saskatoon, SK  
S7K 1L3 
(306) 385-8400  

    

3 2J Marine 
transportation 

Frederic Guerin 
(AREVA), Jim 
Andrews (Oms) 

AREVA Resources 
Canada Inc. 
2600 Koyl Avenue 
Saskatoon, SK  S7L 
5X9 
(306) 343-4500 

OMS Consultants 
5943 Spring Garden 
Rd, 
Halifax NS, B3H 1Y4  
(902) 422-9354 

  

3 2K Winter Road 
Report 

Graham Wilkins and 
Kevin Jones (EBA) 

EBA Engineering 
Consultants Ltd. 
Oceanic Plaza, 9th 
Floor 
1066 West Hastings 
Street 
Vancouver, BC V6E 
3X2 
p. 604.685.0275 

    

3 2L All-Season Road 
Report 

Graham Wilkins and 
Kevin Jones (EBA) 

EBA Engineering 
Consultants Ltd. 
Oceanic Plaza, 9th 
Floor 
1066 West Hastings 
Street 
Vancouver, BC V6E 
3X2 
p. 604.685.0275 
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3 2M Roads 
Management Plan 

Nathan Drake 
(AREVA) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

    

3 2N Borrow Pits and 
Quarry 
Management Plan 

Frederic Guerin and 
Naomi Stumborg 
(AREVA) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

    

3 2O Airstrip Report Graham Wilkins and 
Kevin Jones (EBA) 

EBA Engineering 
Consultants Ltd. 
Oceanic Plaza, 9th 
Floor 
1066 West Hastings 
Street 
Vancouver, BC V6E 
3X2 
p. 604.685.0275     

3 2P Occupational 
Health and Safety 
Plan 

Mary Lo (AREVA) AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

  

  

3 2Q Radiation 
Protection Plan 

Kristine Stewart and 
Dale Huffman 
(AREVA) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

  

  

3 2R Preliminary 
Decommissioning 
Plan 

Dave Hiller 
(AREVA) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500     

3 2S Waste 
Management Plan 

Kim Jackson and 
Naomi Stumborg 
(AREVA) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500     

3 2T Environmental 
Management Plan 

Patti Simpson 
(AREVA) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 
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3 2U Hazardous 
Materials 
Management Plan 

Nathan Drake 
(AREVA) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

    

3 3A Public 
Engagement 
Documentation 

Barry McCallum 
(AREVA) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

    

3 3B IQ Documentation Barry McCallum 
(AREVA), Mitch 
Goodjohn (Golder) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

Golder Associates 
Ltd. 
2535 3 Avenue 
Southeast 
Calgary, AB T2A 7W5 
(403) 299-5600 

  

3 3C Community 
Involvement Plan 

Barry McCallum 
(AREVA) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

    

3 4A Climate Baseline Brent Topp (Golder) Golder Associates Ltd. 
1721 8th Street East,  
Saskatoon, SK  S7H 
0T4 
(306) 665 7989 

    

3 4B Air Dispersion 
Assessment 

Abby Salb (SENES)  SENES Consultants 
Limited 
121 Granton Drive 
Richmond Hill, ON  
L4B 3N4 
(905) 764-9380 

    

3 4C Air Quality 
Monitoring Plan 

Abby Salb (SENES)  SENES Consultants 
Limited 
121 Granton Drive 
Richmond Hill, ON  
L4B 3N4 
(905) 764-9380 

    

3 4D Long-term Climate 
Scenario 

Mark Vendrig 
(Consult5) 

Consult 5 Inc. 
4-1576 Tatlow Avenue 
North Vancouver, BC  
V7P 2Z7 
(778) 338-3743 

    

3 4E Noise and 
Vibration 
Assessment 

Paul Kirkby 
(SENES) 

SENES Consultants 
Limited 
121 Granton Drive 
Richmond Hill, ON  
L4B 3N4 
(905) 764-9380 
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3 4F Noise Abatement 
Plan 

Naomi Stumborg 
(AREVA) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

    

3 5A Hydrology 
Baseline 

Brent Topp (Golder) Golder Associates Ltd. 
1721 8th Street East  
Saskatoon, SK  S7H 
0T4 
(306) 665 7989 

    

3 5B Geology and 
Hydrogeology 
Baseline 

Frederic Guerin 
(AREVA) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

    

3 5C Aquatic Baseline Brian Christensen 
(Golder) 

Golder Associates Ltd. 
2535 3 Avenue 
Southeast 
Calgary, AB T2A 7W5 
(403) 299-5600 

    

3 5D Groundwater Flow 
Model 

Frederic Guerin and 
Alda Behie 
(AREVA), Michael 
Royle and Gregory 
Fagerlund (SRK) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

SRK Consulting 
(Canada) Inc. 
Suite 2200 – 1066 
West Hastings St. 
Vancouver, BC V6E 
3X2 
Tel: (604) 681-4196 

  

3 5E Prediction Water 
Inflows to Kiggavik 
Project mines 

Frederic Guerin 
(AREVA) and 
Michael Royle 
(SRK) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

SRK Consulting 
(Canada) Inc. 
Suite 2200 – 1066 
West Hastings St. 
Vancouver, BC V6E 
3X2 
Tel: (604) 681-4196 

  

3 5F Mine Rock 
Characterization 
and Management 

Frederic Guerin 
(AREVA), Ron 
Nicholson, Mike 
Venhuis (Ecometrix)  

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

Ecometrix 
Incorporated 
6800 Campobello 
Road 
Mississauga, ON L5N 
2L8 
(905) 794-2325 

  

3 5G Thermal and Water 
Transport 
Modeling 

Michel Noel (SRK) SRK Consulting 
(Canada) Inc. 
Suite 2200 – 1066 
West Hastings St. 
Vancouver, BC V6E 
3X2 
Tel: (604) 681-4196 
Fax:  (604) 687-5532 
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3 5H Waste Rock Water 
Balance 

Saul Marin, Brent 
Topp, Tracy 
McArthur (Golder) 

Golder Associates Ltd. 
1721 8th Street East  
Saskatoon, SK  S7H 
0T4 
(306) 665 7989 

    

3 5I Hydrology of 
Waste Rock Piles 
in Cold Climates 

Matthew Neuner 
(Golder - Calgary) 
and Brent Topp 
(Golder - 
Saskatoon) 

Golder Associates Ltd. 
2535 3 Avenue 
Southeast 
Calgary, AB T2A 7W5 
(403) 299-5600 

Golder Associates 
Ltd. 
1721 8th Street East  
Saskatoon, SK  S7H 
0T4 
(306) 665 7989 

  

3 5J Tailings 
Characterization 
and Management 

Frederic Guerin 
(AREVA),  Greg 
Newman (Golder), 
John Mahoney 
(MGC) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

Golder Associates 
Ltd. 
2535 3 Avenue 
Southeast 
Calgary, AB T2A 7W5 
(403) 299-5600 

Mahoney 
Geochemical 
Consulting LLC 
892 S. Newcombe 
Way  
Lakewood, CO 80226 
(303) 986 7643 

3 5K Historical and 
Climate Change 
Water Balance for 
Pointer Lake & 
Judge Sissons 
Lake 

Ashley Dubnick and 
Brent Topp (Golder) 

Golder Associates Ltd. 
1721 8th Street East  
Saskatoon, SK  S7H 
0T4 
(306) 665 7989 

    

3 5L Fisheries Offset 
Plan 

Brian Christensen 
(Golder) 

Golder Associates Ltd. 
2535 3 Avenue 
Southeast 
Calgary, AB T2A 7W5 
(403) 299-5600 

    

3 5M Aquatics Effects 
Monitoring Plan 

Brian Christensen 
(Golder) 

Golder Associates Ltd. 
2535 3 Avenue 
Southeast 
Calgary, AB T2A 7W5 
(403) 299-5600 

    

3 5N Hydrology 
Assessments 

Ashley Dubnick and 
Brent Topp (Golder) 

Golder Associates Ltd. 
1721 8th Street East  
Saskatoon, SK  S7H 
0T4 
(306) 665 7989 

    

3 6A Surficial Geology, 
Terrain & Shallow 
Geotech Cond 

Bibek Shrestha 
(AREVA) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

    

3 6B Soils and 
Vegetation 
Baseline 

Martin Gebauer 
(Gebauer & 
Associates)  

Gebauer & Associates 
403 - 1529 W 6th 
Avenue 6th & 
Granville, Vancouver, 
BC V6J 1R1 
Tel: 604 261 2716 

    

3 6C Wildlife Baseline Martin Gebauer Gebauer & Associates Environmental   
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Tier Volume Document Name Main Author(s) Contact 
(Gebauer and 
Associates) and 
Mike Setterington 
(EDI) 

403 - 1529 W 6th 
Avenue 6th & 
Granville, Vancouver, 
BC V6J 1R1 
Tel: 604 261 2716 

Dynamics Inc. (EDI) 
3-478 Range Road 
Whitehorse YT  
(867) 393-4882 

3 6D Wildlife Mitigation 
and Monitoring 

Denis Dean 
(AREVA) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

    

3 7A Marine Baseline Janine Beckett and 
Michelle Marcotte 
(Stantec) 

Stantec 
4370 Dominion Street - 
5th Floor 
Burnaby, British 
Columbia  V5G 4L7  
(604) 436 - 3014 

    

3 7B Acoustics 
Modelling 

Zizheng Li, 
Alexander 
MacGillivray, and 
Jennifer Wladichuk 
(JASCO) 

JASCO Research  
Suite 2305 – 4464 
Markham Street  
Victoria, British 
Columbia V8Z 7X8  
Tel: (250) 483 3300  

    

3 8A ERA, HRA Stacey Fernandes 
and Abby Salb 
(SENES) 

SENES Consultants 
Limited 
121 Granton Drive 
Richmond Hill, ON  
L4B 3N4 
(905) 764-9380 

    

3 8B Radiological Study Dale Huffman 
(AREVA) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

    

3 9A Socio-Economics 
Baseline 

Susan Ross 
(1421356 Alberta 
Ltd.), Linda Havers 
(Golder)  

1421356 Alberta Ltd.  
P.O. Box 1485 
Antigonish, NS  B2G 
2M5  (902) 870 - 7152 

Golder Associates 
Ltd. 
2535 3 Avenue 
Southeast 
Calgary, AB T2A 7W5 
(403) 299-5600 

  

3 9B Archaeology 
Baseline 

Brad Novecosky 
(Golder) 

Golder Associates Ltd. 
1721 8th Street East  
Saskatoon, SK  S7H 
0T4 
(306) 665 7989 

    

3 9C Human Resources 
Plan 

Rebecca Parry and 
Carolanne Inglis-
Mcquay (AREVA) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 
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3 9D Archaeological 
Mitigation Plan 

Brad Novecosky 
(Golder) 

Golder Associates Ltd. 
1721 8th Street East  
Saskatoon, SK  S7H 
0T4 
(306) 665 7989 

    

3 10A Transportation 
Risk Assessment 

Mehran Monabbati 
(SENES) 

SENES Consultants 
Limited 
121 Granton Drive 
Richmond Hill, ON  
L4B 3N4 
(905) 764-9380 

    

3 10B Spill Contingency 
and Landfarm 
Management Plan 

Nathan Drake 
(AREVA) 

AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 

    

3 10C Emergency 
Response Plan 

Mary Lo (AREVA) AREVA Resources 
Canada Inc. 
817 – 45th St. W. 
Saskatoon, SK  S7L 
5X2 
(306) 343-4500 
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14 List of Organizations Engaged 

Aboriginal Affairs and Northern Development 
Canada 

Arctic College 

Arviat Hamlet Council 

Arviat High School 

Arviat Hunter and Trappers Organization 

Baker Lake Concerned Citizen's Committee 

Baker Lake Elders 

Baker Lake High School 

Baker Lake Hunter and Trappers Organization 

Canadian Nuclear Safety Commission 

Chesterfield Hamlet Council 

Chesterfield High School 

Chesterfield Hunter and Trappers Organization 

Community Lands and Resources Committee 

Community Liaison Committee 

Coral Harbour Hamlet Council 

Coral Harbour High School 

Coral Harbour Hunter and trappers Organization 

District Education Authority 

Environment Canada 

Fisheries and Oceans Canada 

Government of Nunavut – Economic 
Development and Transportation 

Government of Nunavut – Environment 

Government of Nunavut – Health 

Kivalliq Chamber of Commerce 

Kivalliq Inuit Association 

Kivalliq Mayors 

Kivalliq Partners Outreach 

Kivalliq Socioeconomic Monitoring Committee 

Kivalliq Wildlife Board 

Lands Policy Advisory Committee 

Nunavut Cabinet 

Nunavut Impact Review Board 

Nunavut Planning Commission 

Nunavut Tunngavik Inc. 

Rankin Inlet Hamlet Council 

Rankin Inlet High School 

Rankin Inlet Hunter and Trappers Organization 

Regional Liaison Committee 

Repulse Bay Elders 

Repulse Bay Hamlet Council 

Repulse Bay Hunter and Trappers Organization 

Refer to Tier 2, Volume 3-Part1, Section 3 for 
more detail regarding organizations engaged 
including dates and purpose of engagement. 
Volume also contains details on public meetings. 




