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FOREWORD 

The enclosed document forms part of the Kiggavik Project Environmental Impact Statement 
(EIS) submission. 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)”.  

The EIS 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 
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.  

 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.  
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EXECUTIVE SUMMARY – PROJECT DESCRIPTION 

As per the guidelines issued by the Nunavut Impact Review Board (NIRB 2011), AREVA 
Resources Canada Inc. (AREVA) has prepared this document as part of the Environmental 
Impact Statement (EIS) to assess the potential environmental effects associated with the 
Kiggavik Project (the Project). This volume of the EIS describes the construction, operation, and 
decommissioning activities and infrastructure, and associated management systems, required 
to implement the Project. The Project legal and regulatory framework is also described. 

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. Uranium 
in the Kiggavik area was identified during the 1970s and 1980s. In 1993, AREVA Resources 
Canada Inc. became the operator of the Kiggavik Project. As the uranium market improved 
during the first half of 2005, AREVA re-established community and territory contacts in Baker 
Lake and Nunavut. Field activities, engineering studies and environmental assessment studies 
resumed in 2007. These studies have been used to develop the Project plans presented in this 
document.

There are three main geographical areas incorporated in the Kiggavik Project; these are the 
Kiggavik site, the Sissons site and the Baker Lake dock site. The main base of operations will 
be the Kiggavik site, which will include open pit mining, power generation, ore processing, 
warehousing, administration and personnel accommodation. The proposed activities at the 
Sissons site, which is approximately 17 km to the south-south-west of Kiggavik, include open pit 
mining, underground mining, power generation and the ancillary activities required to support 
these mining operations. The dock site on the north shore of Baker Lake, to the east of the 
community, will serve as a transfer and storage facility for materials and supplies. Access to the 
Kiggavik site will be provided by a winter road between Baker Lake and the Kiggavik site. 
However, uncertainty surrounding the potential effects of climate change over the life of the 
mine suggests that it is prudent to also include in the EIS an all-season road option in case the 
winter road cannot adequately support the Project through to decommissioning and closure. 

Legal and Regulatory Framework 

Nunavut Tunngavik Incorporated (NTI) and the Government of Canada signed the Nunavut 
Comprehensive Land Claim Agreement (NLCA) in 1993. The agreement included is the primary 
legislation directing the regulatory process in Nunavut. Federally, the Canadian Nuclear Safety 
Commission (CNSC), the federal nuclear regulatory agency, has jurisdiction over all nuclear 
energy projects in Canada, including the Kiggavik Project, through the federal Nuclear Safety 
Control Act (NSCA) Additional federal and territorial legislation and federal, territorial and Inuit 
guidelines are applicable to the proposed Kiggavik Project. 

Since the Nunavut Lands Claim Agreement, 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 
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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 Government of Nunavut. 

The Sissons site is located on Inuit-Owned Surface/Subsurface Land and the Kiggavik site is 
located on Crown Land. Administration of surface and subsurface rights on Crown Land is the 
responsibility of Aboriginal Affairs and Northern Development Canada (AANDC). Surface rights 
on the five parcels of Inuit-Owned Land are administered by the Kivalliq Inuit Association. The 
Kiggavik leases predate the NLCA, and therefore the subsurface rights for these parcels are 
“grandfathered” and are administered by AANDC. 

The Kiggavik Project is subject to a NLCA Article 12 Part 5 review which is coordinated by the 
NIRB. Numerous federal and territorial departments and Inuit Organizations participate in the 
NIRB review providing technical expertise. Non-Governmental Organizations and any interested 
person can also participate in the NIRB review. Upon completion of the environmental impact 
assessment, which is concluded with the issuance of a Project Certificate by NIRB, AREVA will 
require a number of major licences, approvals and agreements prior to development of the 
Project.

Approach to Design 

In accordance with AREVA’s approach to sustainable development, Project design is 
recognized as one of the first opportunities to mitigate potential environmental effects and 
enhance benefits to the community. 

To ensure that appropriate information is available to the project design team, AREVA’s 
approach incorporates integrated design, environmental assessment, and public engagement 
activities. Preliminary assessment and engagement results are used by the design team to 
improve predicted environmental performance and address community concerns wherever 
possible. The approach enhances mitigation by design, optimizes costs, maximizes operability 
and ensures that broad considerations are used in the selection of preferred options. 

A precautionary design approach, using conservative assumptions for design criteria and 
performance forecasting provides for a robust design and conservative predictions of 
environmental interactions. A continuous improvement process will be used throughout the life 
of the Project to optimize environmental performance and operability on an on-going basis. 
Monitoring results will be compared to predicted performance, and an adaptive management 
approach implemented, if needed, to ensure that predicted performance is achieved. 

Construction Activities 

Construction activities will begin at the Baker Lake dock site, where a temporary spud barge 
dock will be installed for offloading barges. A fuel tank farm and offloading lines will be installed. 
A laydown area and secured storage area for explosives will be cleared. 

During the first winter of the construction phase, a winter road will be constructed between the 
Baker Lake dock site and the Kiggavik site. The road will likely cross Baker Lake and travel to 
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the west using large ice-covered lakes. Some flooding will be required to prepare the road. 
Some over-land sections will require flooding or placement of a granular base. 

Construction activities will include quarrying and crushing to generate fill for construction of 
roads and site pads. Potential borrow sources have been located along the Baker Lake – 
Kiggavik access route and near the Kiggavik site. Mine rock may also be used as a source of 
aggregate.

The airstrip will be constructed south of the Kiggavik site. A temporary ice airstrip on Pointer 
Lake may also be used for materials and personnel transport during the construction phase. 

Project construction will also include preparing foundations and construction of the mill, 
accommodation complex, warehouse and maintenance facilities, fuel tanks, explosives storage, 
water treatment plants, administration buildings, and site roads. The combined site footprint of 
the Kiggavik site, the Sissons site, the Kiggavik-Sissons access road, and the airstrip is 
expected to be 1,021 hectares. 

Freshwater diversion channels will be constructed early in the construction phase to reduce the 
amount of water entering the construction area. Surface drainage from within the site areas will 
be collected and treated using a temporary water treatment plant if required. 

To gain access to the Andrew Lake deposit at the Sissons site, a portion of Andrew Lake will be 
dewatered by constructing a dewatering structure across the northern section of the lake. 

A temporary construction camp will be used to house the construction workforce until the 
permanent accommodations complex is erected. It is anticipated that construction will require 
approximately 4 years to complete. 

Operating Activities 

The Project includes the development of three open pit mines (East Zone, Center Zone, and 
Main Zone) at the Kiggavik site and both an open pit mine (Andrew Lake) and an underground 
mine (End Grid) at the Sissons site. The ore will be mined using excavating equipment and then 
hauled, using trucks, to a designated ore stockpile. 

Mine rock from the mines containing background to low levels of uranium will be segregated into 
3 types: Type 1 mine rock, which is considered suitable for use as construction material; Type 2 
mine rock, which is considered suitable for permanent storage on surface; and, Type 3 mine 
rock, which is considered to require specific management. Type 3 mine rock will be temporarily 
stored on surface and back-filled into the mined-out open pits during decommissioning. 

The ore from the stockpile will be directed to the mill at the Kiggavik site to produce up to 4,000 
tonnes of uranium (U) as an ore concentrate, commonly referred to as yellowcake, per year. 

Tailings resulting from the extraction of uranium from the ore will be treated in the mill and 
deposited in the three Kiggavik mined-out open pits (East Zone, Centre Zone, Main Zone) 
converted for use as tailings management facilities (TMFs). The tailings will be stored 
underneath a layer of water during the operational period to prevent freezing. 
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Freshwater will be drawn from nearby lakes for potable and industrial uses. A small purpose-
built-pit will also be excavated on the Kiggavik site for use as a water management facility to 
maximize site drainage containment, storage and recycling. Water treatment plants will be 
operated at both the Kiggavik and Sissons sites to meet treated effluent discharge requirements 
for protection of the environment. The treated effluent will be discharged to Judge Sissons Lake. 

Power will be generated using on-site diesel powerhouses at the Kiggavik and Sissons sites. 

During the open water season, reagents, fuel and operating supplies will be transported to 
Hudson Bay using either tankers and containerships or possibly rail to Churchill. The materials 
will then be transferred to barges and transported to the Baker Lake dock facility for off-loading 
and storage. These materials will then be transported to the Kiggavik site by truck on the Baker 
Lake – Kiggavik access road. If the winter road proves unable to adequately support the Project, 
an all-season access road, crossing the Thelon River with a cable ferry, may be constructed 
during the operations phase. 

A 2,000 m airstrip will be constructed on site for the transport of both employees and materials. 
The airstrip will also be used to transport containerized drums of uranium concentrate by air to 
southern Canada. 

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

Based on the known resources and production schedule, operating activities will be complete 
after approximately 14 years. However, it is expected that additional resources will be found; the 
Project could operate for up to 25 years. 

Decommissioning and Closure Activities 

On completion of mining and milling activities, all Project sites will be returned as close as 
practical to their natural states. The decommissioning plans include demolition and removal of 
all facilities and remediation of all Project areas. 

Closure of the three tailings management facilities at the Kiggavik site will include pumping and 
treatment of the water layer, followed by the placement of a cover layer and an erosion barrier 
of mine rock over the tailings. Type 3 mine rock at the Kiggavik site will be placed into the Main 
Zone tailings management facility prior to covering. The surface of the final cover will be graded 
to blend into the existing topography. 

Type 3 mine rock at the Sissons site will be placed into the mined-out Andrew Lake open pit and 
covered. The Andrew Lake pit will then be flooded to create a pit lake. The Type 2 mine rock 
piles at both the Kiggavik and Sissons sites will be covered, where possible, with clean 
overburden material to encourage revegetation. 

Site access facilities, including the Baker Lake dock facility and Kiggavik – Baker Lake access 
road(s) will be removed unless community or government agencies choose to take over 
ownership of this infrastructure. 
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It is anticipated that decommissioning activities and post-decommissioning monitoring will 
require up to 15 years to complete. 

Benefits

Benefits of the Project to the Territory of Nunavut and the Kivalliq region include employment of 
local residents and Inuit. The Project is expected to employ an average of 750 people during 
construction and an average of 550 people during operations. Indirect and induced jobs may be 
as high as 400 during construction and 1,300 during operations. Business development 
programs will be implemented to ensure Inuit and local residents benefit from inducted 
employment and business opportunities. 

Training of local residents is anticipated to begin up to 18 months prior to production at Nunavut 
Institutions and at AREVA’s McClean Lake Operation in northern Saskatchewan. AREVA is 
committed to training and development of employees throughout the life of the Project. 

Total taxes and royalties to be paid are estimated at $1 billion. Of this, it is estimated that 
approximately 25% will be paid to NTI, approximately 25% will be paid to the Government of 
Nunavut, and the remaining approximately 50% will be paid to the Government of Canada. 

Other benefits will be detailed as part of the Inuit Impact Benefit Agreement (IIBA). 

Management Plans and Programs 

The Project will be managed through an Integrated Quality Management System. This system 
will administer a number of management plans and programs to address environmental 
protection, tailings management, mine rock management, water management, wastes and 
hazardous materials, radiation protection, occupational health and safety, human resources, 
and community involvement. These plans and programs will be in place, and will be 
continuously improved, over the life of the Project. 

Preliminary versions of these plans have been developed for the purpose of this EIS and to 
ensure that appropriate measures are fully considered in the current Project design. Further 
program definition will be conducted during the licensing phase of the Project. 

In addition to the above plans and programs, AREVA has committed to the further development 
of a Mine Rock Optimization and Validation Program, a Tailings Optimization and Validation 
Program, and a Dust Management Program. 
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1 INTRODUCTION

1.1 BACKGROUND

The Kiggavik Project (Project) is a proposed uranium ore mining and milling operation located in 
the Kivalliq region of Nunavut approximately 80 km west of the community of Baker Lake 
(Figure 1.1-1). The Project is operated by AREVA Resources Canada Inc. (AREVA), in joint 
venture partnership with JCU (Canada) Exploration Co., Ltd. and Daewoo International Corp. 

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

All ore extracted from the mine sites will be processed through the Kiggavik mill. Mined out pits 
at the Kiggavik site will sequentially be used as tailings management facilities (TMFs) with East 
Zone being the initial TMF. The uranium product will be packaged and transported via aircraft to 
southern transportation networks. Initially, mill reagents, fuel and other supplies will be 
transported by barge to Baker Lake and then by truck to the mine site over a winter access 
road. An all-season road between Baker Lake and the Kiggavik Site is carried as a secondary 
option proposed as a contingency in case the winter road cannot adequately support the Project 
over its life-span. 
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Decommissioning of the Project will include demolition of site facilities, clean up and reclamation 
of any disturbed areas, closure of the TMFs and reclamation of mine rock piles to promote 
vegetative growth and to provide wildlife access. 

The Kiggavik Project is subject to the environmental review and related licensing and permitting 
processes established by the Nunavut Land Claims Agreement (NLCA) (NIRB 2011), and to the 
licensing requirements of the Canadian Nuclear Safety Commission (CNSC). The Minister of 
Indian and Northern Affairs Canada referred the Kiggavik Project to the Nunavut Impact Review 
Board (NIRB) for a Review under Part 5 of Article 12 of the NLCA in March of 2010. Pursuant to 
Section 12.5.2 of the Nunavut Land Claims Agreement (NLCA): 

“When a project proposal has been referred to NIRB by the Minister for review, NIRB shall, 
upon soliciting any advice it considers appropriate, issue guidelines to the Proponent for the 
preparation of an impact statement. It is the responsibility of the Proponent to prepare an impact 
statement in accordance with any guidelines issued by NIRB...” (NIRB 2011) 

The final NIRB “Guidelines for the Preparation of an Environmental Impact Statement for 
AREVA Resources Canada Inc.’s Kiggavik Project (NIRB File No. 09MN003)” (NIRB 2011) 
were issued in May of 2011. 

1.2 NUNAVUT IMPACT REVIEW BOARD GUIDELINES FOR THE 
ENVIRONMENTAL IMPACT STATEMENT 

This volume is intended to address Section 6.6 of the NIRB “Guidelines for the Preparation of 
an Environmental Impact Statement for AREVA Resources Canada Inc.’s Kiggavik Project 
(NIRB File No. 09MN003)” (NIRB 2011), whereby: 

“The Proponent shall describe the Project components and all activities associated with each in 
a systematic way. The description shall encompass all phases of development in sufficient 
detail to allow the Proponent to predict potential adverse environmental effects and address 
public concerns about the Project; from site preparation through to construction, operations, 
maintenance, any potential modifications and/or expansions that may be required during the 
operations phase based on exploration results, temporary closure (care & maintenance), final 
closure (decommission & reclamation), and post closure activities. The description must include 
an approximate timeline for each Project component and all activities associated with each 
component, if applicable. The description should also include changes that would occur in the 
vicinity as a consequence of mining the uranium deposit.” 

The location of information related to each individual guideline is noted in the Environmental 
Impact Statement (EIS) Conformity Table (Appendix 1). 
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1.3 PURPOSE AND SCOPE 

The purpose of this document is to describe the Project components and activities, with a focus 
on detailing those components and activities that have the potential to interact with the 
environment. The overall objective of the Project Description is to provide sufficient detail on the 
Project to facilitate robust assessments of the potential effects of the Project on the biophysical 
and socio-economic environments. 

For some Project components, a number of options or a range of potential operating conditions 
are presented. To ensure that the assessments of effects account for potential adjustment in 
final design parameters, AREVA has endeavoured to use conservative assumptions and 
bounding scenarios for the assessments. To clarify the assumptions and parameters used 
throughout the effects assessments, the final Section of this report presents the Assessment 
Basis, which summarizes the bounding cases used by the assessment team. 

1.4 REPORT CONTENT AND RELATED DOCUMENTS 

This report is organized to focus the Project Description on the key activities that have potential 
for Project-environment interactions and/or that are recognized as a particular interest for 
regulatory agencies or the public. The initial sections are focused primarily on operational 
activities, as these provide context to the activities to be completed during the construction and 
decommissioning phases. The latter sections describe construction and decommissioning 
activities and AREVA’s management programs which will be in place for all Project phases. This 
report describes activities conducted under routine construction, operating, and 
decommissioning scenarios. Potential accidents and malfunctions and related Emergency 
Response and Spill Contingency Plans are described and assessed in Volume 10 and 
associated appendices. 

In addition to this introduction, this report contains the following sections: 

Section 2 presents AREVA’s understanding of the regulatory and legal framework within which 
the Project will operate. 

Section 3 describes current and historical activities on the Project site. Future exploration 
activities are also discussed. 

Section 4 outlines AREVA’s approach to design of the Kiggavik Project, including 
considerations and results of the alternatives assessment, site-specific design challenges, and 
environmental design features. 

Section 5 provides a description of mining activities during the operational phase of the Project. 

Section 6 describes mine rock characterization and management practices. 

Section 7 describes the milling activities and related infrastructure required during the 
operational phase. 
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Section 8 describes the tailings characteristics that the mill is forecast to produce and outlines 
tailings management activities and facilities. 

Section 9 outlines the water management facilities and practices proposed to minimize water 
usage and ensure containment. The predicted treated effluent discharge characteristics are also 
outlined.

Section 10 describes logistics and related transportation infrastructure required to support the 
Project, including marine transportation and the Baker Lake dock and storage facility, Baker 
Lake-Kiggavik access roads, and the Pointer Lake airstrip. 

Section 11 describes additional support infrastructure and activities, including power generation 
and on-site personnel accommodations. 

Section 12 presents the site preparation and construction activities planned to implement the 
Project. Supporting activities, including development of borrow pits and quarries, waste 
management, and temporary transportation modes, are also described. 

Section 13 describes decommissioning and reclamation activities proposed to safely close the 
Project at the end of mine life. 

Section 14 describes hazardous materials and general waste management for the Project. 

Section 15 presents a summary of the Radiation Protection Program and radiation protection 
measures for the mines and mill. 

Section 16 outlines the proposed Occupational Health and Safety Program and specific 
measures and design features. 

Section 17 presents the Environmental Protection Program. 

Section 18 describes anticipated workforce requirements and presents AREVA’s approach to 
human resources management and community involvement. 

Section 19 presents a potential future development scenario for the Kiggavik area. 

Section 20 summarizes the Project activities and parameters used as the assessment basis in 
other Tier 2 reports for evaluation of the potential effects of the Project on the environment. 

This report is intended to provide a comprehensive summary of the Kiggavik Project. Tier 3 
documents are appended to this Volume to provide further details. These Technical Appendices 
are as follows: 

 2A – Alternatives Assessment 

 2B – Drilling and Blasting Design and Related Regulatory Considerations 

 2C – Explosives Management Plan 

 2D – Conceptual Design for Ore and Special Waste Pads and Ponds 

 2E – Conceptual Freshwater Diversions and Wasterock Collection Channels 

 2F – Conceptual Design for Andrew Lake Pit Dewatering Structure 
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 2G – Kiggavik-Sissons Access Road Report 

 2H – Ore Storage Management Plan 

 2I – Water Management Plan 

 2J – Marine Transportation 

 2K – Winter Road Report 

 2L – All-season Roads Report 

 2M – Roads Management Plan 

 2N – Borrow Pits and Quarry Management Plan 

 2O – Mine Site Airstrip Report 

 2P – Occupational Health and Safety Plan 

 2Q – Radiation Protection Plan 

 2R – Preliminary Decommissioning Plan 

 2S – Waste Management Plan 

 2T – Environmental Management Plan 

 2U – Hazardous Materials Management Plan 

Tier 3 documents appended to other volumes in this EIS that provide more detailed information 
relevant to the Project Description include: 

 5J – Tailings Characterization and Management 

 5F – Mine Rock Characterization and Management 



2 PROJECT LEGAL AND REGULATORY FRAMEWORK 

2.1 LAND AND MINERAL TENURE 

There are four classifications of land in Nunavut: 

 Crown Land; 

 Inuit-Owned Land – surface land; 

 Inuit-Owned land – surface/subsurface (mineral) land; and 

 Commissioners Land. 

The administration of rights and associated legislation for all types of land in Nunavut are 
presented in Table 2.1-1. 
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Table 2.1-1: Land Ownership and Administration of Rights in Nunavut 

Land Ownership Surface/Mineral
Rights

Grandfathered
Rights

Administered
By: Legislation

Surface

Aboriginal
Affairs and 
Northern
Development 
Canada

Territorial
Lands Act 

Crown

Mineral

Aboriginal
Affairs and 
Northern
Development 
Canada

Canada Mining 
Regulations

Surface Regional Inuit 
Association 

Nunavut Land 
Claim 
Agreement 

Inuit-Owned
Surface

Mineral

Aboriginal
Affairs and 
Northern
Development 
Canada

Canada Mining 
Regulations

Surface Regional Inuit 
Associations 

Nunavut Land 
Claim 
Agreement 

No pre-existing 
rights at signing 
of Land Claim 

Nunavut
Tunngavik
Incorporated 

Nunavut Land 
Claim 
Agreement Inuit-Owned

Surface/Subsurface
Mineral Pre-existing

rights at signing 
of Land Claim 

Aboriginal
Affairs and 
Northern
Development 
Canada

Canada Mining 
Regulations

Commissioner 

Government of 
Nunavut – 
Department of 
Community and 
Government 
Services

Commissioners 
Land Act 

2.2 EXISTING LAND AND MINERAL TENURE 

The Kiggavik Project consists of two main sites: Kiggavik and Sissons, which are collectively 
composed of 37 mineral leases covering 45,638.5 acres located within the Kivalliq Region of 
Nunavut. Thirty two of the 37 leases covering 33,936.5 acres are on Crown Land with the 
remaining five leases covering 11,702 acres located on surface/subsurface (mineral) parcels 
that are Inuit-Owned. As shown in Figure 2.2-1, the Andrew Lake and End Grid deposits at the 
Sissons site are located on Inuit-Owned Surface/Subsurface Land and the Main, Center and 
East Zone deposits at the Kiggavik site are located on Crown Land. 

AREVA Resources Canada Inc. 
Kiggavik Project EIS 
December 2011 

Page 2-2 
Tier 2 Volume 2 

Project Description & Assessment Basis 
Section 2 – Legal and Regulatory Framework





Administration of surface and subsurface rights on Crown Land is the responsibility of Aboriginal 
Affairs and Northern Development Canada (AANDC). Surface rights on the five parcels of Inuit-
Owned Land are administered by the Kivalliq Inuit Association. The Kiggavik leases predate the 
May 25, 1993 Nunavut Land Claims Agreement, and therefore the subsurface rights for these 
parcels are “grandfathered” and are administered by AANDC. 

Leases have a 21 year term and are renewable. Thirty-one (31) of the Project leases were 
recorded in 1988 and renewed in 2011. The remaining six (6) leases were recorded in 1998 and 
will be due for renewal in 2019 (Table 2.2-1). 

Table 2.2-1: Current Dispositions on the Kiggavik Project 

Lease # Acres Ownership Recorded Renewal 
Due

ML3232 426 Crown 1988-Mar-31 2033 
ML3233 492 Crown 1988-Mar-31 2033 
ML3234 772 Crown 1988-Mar-31 2033 
ML3235 498 Crown 1988-Mar-31 2033 
ML3236 623 Crown 1988-Mar-31 2033 
ML3237 360 Crown 1988-Mar-31 2033 
ML3238 434 Crown 1988-Mar-31 2033 
ML3239 867 Crown 1988-Mar-31 2033 
ML3241 709 Crown 1988-Mar-31 2033 
ML3242 294 Crown 1988-Mar-31 2033 
ML3243 1027 Crown 1988-Mar-31 2033 
ML3244 484 Crown 1988-Mar-31 2033 
ML3245 713 Crown 1988-Mar-31 2033 
ML3246 698 Crown 1988-Mar-31 2033 
ML3247 870 Crown 1988-Mar-31 2033 

ML3291 2132 Inuit – 
Surface/Mineral 1988-Apr-12 2033 

ML3292 2205 Crown 1988-Apr-12 2033 
ML3293 2326 Crown 1988-Apr-12 2033 
ML3294 2349 Crown 1988-Apr-12 2033 
ML3295 2459 Crown 1988-Apr-12 2033 
ML3296 2641 Crown 1988-Apr-12 2033 
ML3297 2311 Crown 1988-Apr-12 2033 
ML3298 690 Crown 1988-Apr-12 2033 

ML3300 2149 Inuit – 
Surface/Mineral 1988-Apr-12 2033 

ML3301 2615 Inuit – 
Surface/Mineral 1988-Apr-12 2033 

ML3302 2180 Inuit – 
Surface/Mineral 1988-Apr-12 2033 

ML3303 2626 Inuit – 
Surface/Mineral 1988-Apr-12 2033 

ML3304 2382 Crown 1988-Apr-12 2033 
ML3305 2337.5 Crown 1988-Apr-12 2033 
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Lease # Acres Ownership Recorded Renewal 
Due

ML3306 571 Crown 1988-Apr-12 2033 
ML3307 604 Crown 1988-Apr-12 2033 
ML3748 677 Crown 1998-Sep-04 2019 
ML3749 597 Crown 1998-Sep-04 2019 
ML3750 573 Crown 1998-Sep-04 2019 
ML3751 688 Crown 1998-Sep-04 2019 
ML3752 651 Crown 1998-Sep-04 2019 
ML3753 608 Crown 1998-Sep-04 2019 

An additional set of claims held by AREVA exist on the St. Tropez site, however no mine 
development is currently planned for the site, which is at an early exploration stage. The St. 
Tropez site is composed of 18 claims covering 41,222.66 acres (Figure 2.2-2). All 18 claims 
were recorded on September 15, 2005 with an expiry of September 15, 2013 and are eligible for 
conversion to lease on September 15, 2015. The proposed development outlined in this 
document will be located exclusively on Kiggavik and Sissons leases. Planned activities on the 
St. Tropez claims are related solely to exploration. 





2.3 POLICY AND REGULATORY FRAMEWORK 

2.3.1 Overview

Nunavut Tunngavik Incorporated (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 it is the primary legislation directing 
the regulatory process in Nunavut. Federally, the Canadian Nuclear Safety Commission 
(CNSC), the federal nuclear regulatory agency, has jurisdiction over all nuclear energy projects 
in Canada, including the Kiggavik Project, through the federal Nuclear Safety Control Act 
(NSCA) Additional federal and territorial legislation and federal, territorial and Inuit guidelines 
applicable to the proposed Kiggavik Project are outlined in Tables 2.3-1 and 2.3-2. 

2.3.1.1 Nunavut Land Claims Agreement 

Among numerous other rights outlined in the NLCA, the agreement included rights to 
environmental protection resulting from non-renewable resource development, establishment of 
new public boards and a development decision-making process. 

Nunavut Tunngavik Incorporated (NTI) represents the Inuit beneficiaries under the Nunavut 
Comprehensive Land Claim Agreement. NTI implements Inuit obligations under the Land Claim 
and ensures that other parties to the NLCA meet their obligations. NTI is governed by a Board 
of Directors elected by Nunavut Inuit. NTI has a Regional Inuit Association in each of three 
regions, the Kivalliq, Kitikmeot and Qikiqtani. Leaders of these organizations are elected by Inuit 
beneficiaries. The Kiggavik Project is located in the Kivalliq region. 

Five Institutions of Public Government were established under the NLCA with a general 
mandate to manage resources together for the benefit of all Nunavummiut. 

The Nunavut Planning Commission (NPC) is responsible for land use planning. The NPC 
develops broad planning policies for Nunavut and develops and administers land use plans to 
guide and direct short and long-term resource use and development. The nine Board members 
are appointed by NTI, the Government of Nunavut and the Government of Canada. 

The Nunavut Impact Review Board (NIRB) has the responsibility to assess and monitor the 
ecosystem and socio-economic impacts of project proposals. On receipt of a complete project 
application, the NIRB screens the impact potential of the project. If the project is approved 
following a screening the NIRB may recommend terms and conditions to be included in the 
authorizations for the project. The NIRB may recommend that a further review is required under 
Part 5 or Part 6 of Article 12 of the NLCA. A report detailing the issues and concerns, and the 
rationale behind the recommendation, is sent to the responsible Minister who then makes a 
determination on the type of review to be conducted. Part 5 reviews are conducted by the NIRB, 
and Part 6 reviews are conducted, under the authority of the Canadian Environmental 
Assessment Act, by a federal environmental assessment panel (with the participation of the 
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Nunavut Impact Review Board) reporting to the Minister of Environment Canada. Projects that 
are approved to proceed following a Part 5 or Part 6 review are issued a project certificate 
stipulating terms and conditions, as accepted or varied by the relevant Minister. These terms 
and conditions are implemented by government departments and agencies in accordance with 
their authorities for granting approvals for the project. The board consists of nine members who 
are supported by technical and administrative staff. The board make up includes four members 
appointed by the Federal Minister after nomination by the Designated Inuit Organization, two 
members appointed by one or more Ministers of the Government of Canada, two members 
appointed by one or more Ministers of the Territorial Government (at least one by the Minister 
responsible for Renewable Resources). The chairperson is nominated by the appointed board 
members and then appointed by the Minister responsible for Northern Affairs in consultation 
with the Territorial Minister. 

The Nunavut Water Board (NWB) has responsibilities and powers over the use, management 
and regulation of inland water in Nunavut, including licensing. In accordance with the Nunavut 
Waters and Nunavut Surface Rights Tribunal Act, the NWB licenses the use of water and the 
deposit of waste into inland waters in Nunavut. Companies or individuals cannot begin any 
operations until approval has been granted and a water licence issued. The nine Board 
members are appointed by NTI, GN and the Government of Canada. 

The Nunavut Surface Rights Tribunal (NSRT) is an independent quasi-judicial body with a 
mandate to settle disputes on access, on compensation for access, wildlife compensation 
claims and rights to carving stone or specified substances. The disputing parties are 
encouraged to negotiate and try to settle before applying to the NSRT for assistance. On receipt 
of an application, the NSRT arranges a pre-hearing conference for the parties to submit 
documents, identify the issues and be briefed on the NSRT process. Under the Nunavut Waters 
and Nunavut Surface Rights Tribunal Act the tribunal can have three to 11 members including a 
chair that is appointed by the Government of Canada. 

The Nunavut Wildlife Management Board (NWMB) is the main instrument of wildlife 
management and the main regulator of access to wildlife in Nunavut. Ultimate responsibility for 
wildlife management rests with the Government of Nunavut and the Government of Canada. It 
is the government that carries out NWMB decisions. The Nunavut Wildlife Management Board 
consists of nine members appointed from the federal departments of Environment Canada, 
Fisheries and Oceans Canada and Indian and Northern Affairs Canada as well as 
representatives from the Government of Nunavut. 

2.3.1.2 Summary of Requirements 

It can be seen that the Kiggavik Project has numerous obligations to departments within federal 
and territorial governments, Inuit Organizations and Inuit Institutions of Public Government. To 
proceed, the Kiggavik Project must be compliant with any applicable uranium-related policies 
and land use plans, successfully obtain a NIRB project certificate through the environmental 
assessment process and finally obtain required permits and licences. 
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Table 2.3-1: Applicable Federal Acts and Regulations 
ACT REGULATION/GUIDELINE RESPONSIBLE AGENCY 

NUNAVUT LAND CLAIMS AGREEMENT 
NUNAVUT LAND CLAIMS 

AGREEMENT NTI 

ARTICLE 11 – LAND USE PLANNING NPC

ARTICLE 12 – DEVELOPMENT IMPACT NIRB

ARTICLE 13 – WATER MANAGEMENT NWB

ARTICLE 20 – INUIT WATER RIGHTS 
DESIGNATED INUIT 

ORGANIZATION 
(KIA)/NWB

ARTICLE 26 – INUIT IMPACT AND BENEFIT 
AGREEMENTS

DESIGNATED INUIT 
ORGANIZATION(KIA)

FEDERAL 

AERONATICS ACT CANADIAN AVIATION REGULATIONS TC 

ARCTIC WATERS POLLUTION PREVENTION 
REGULATIONS 

ARCTIC SHIPPING POLLUTION PREVENTION 
REGULATIONS 

ARCTIC WATERS 
POLLUTION PREVENTION 

ACT 
A GUIDE TO CANADA’S BALLAST WATER 

CONTROL AND MANAGEMENT REGULATIONS 

TC/AANDC 

CANADA WATER ACT EC

CANADA WILDLIFE ACT WILDLIFE AREA REGULATIONS EC

ENVIRONMENTAL EMERGENCY REGULATIONS 

FEDERAL REGISTRATION OF STORAGE TANK 
SYSTEMS FOR PETROLEUM PRODUCTS AND 

ALLIED PETROLEUM PRODUCTS ON FEDERAL 
LANDS OR ABORIGINAL LANDS REGULATIONS 

FUELS INFORMATION REGULATIONS 

INTERPROVINCIAL MOVEMENT OF HAZARDOUS 
WASTE REGULATIONS 

EC

STORAGE TANK SYSTEMS FOR PETROLEUM 
PRODUCTS AND ALLIED PETROLEUM 

PRODUCTS REGULATION 

CANADIAN
ENVIRONMENTAL 
PROTECTION ACT 

SULPHUR IN DIESEL FUEL REGULATIONS  

CANADA LABOUR CODE LABOUR
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ACT REGULATION/GUIDELINE RESPONSIBLE AGENCY 

AMMONIA NITRATE AND FUEL ORDER 
EXPLOSIVES ACT 

EXPLOSIVES REGULATIONS 
NRCAN

FIREARMS ACT 
PUBLIC SAFETY AND 

EMERGENCY
PREPARDNESS  

FISHERIES ACT METAL MINING EFFLUENT REGULATIONS DFO/EC

MARINE
TRANSPORTATION 

SECURITY ACT 

MARINE TRANSPORTATION SECURITY 
REGULATIONS TC 

MIGRATORY BIRDS 
CONVENTION ACT MIGRATORY BIRDS REGULATIONS EC 

NAVIGABLE WATERS BRIDGES REGULATIONS 
NAVIGABLE WATERS 

PROTECTION ACT 
NAVIGABLE WATERS WORKS REGULATIONS 

TC 

GENERAL NUCLEAR SAFETY AND CONTROL 
REGULATIONS 

NUCLEAR NON-PROLIFERATION IMPORT AND 
EXPORT CONTROL REGULATIONS 

NUCLEAR SECURITY REGULATIONS 

NUCLEAR SUBSTANCES AND RADIATION 
DEVICES REGULATIONS 

PACKAGING AND TRANSPORT OF NUCLEAR 
SUBSTANCES REGULATIONS 

RADIATION PROTECTION REGULATIONS 

URANIUM MINES AND MILLS REGULATIONS 

NUCLEAR SAFETY AND 
CONTROL ACT 

CNSC COST RECOVERY FEES REGULATIONS 

CNSC

NUNAVUT ACT NUNAVUT ARCHAEOLOGICAL AND 
PALAEONTOLOGICAL SITES REGULATIONS GN-CLEY
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ACT REGULATION/GUIDELINE RESPONSIBLE AGENCY 

NUNAVUT WATERS AND 
NUNAVUT SURFACE 

RIGHTS TRIBUNAL ACT 

NORTHWEST TERRITORIES WATERS 
REGULATIONS AANDC/NWB

SPECIES AT RISK ACT EC

NORTHWEST TERRITORIES AND NUNAVUT 
MINING REGULATIONS 

TERRITORIAL DREDGING REGULATIONS 

TERRITORIAL LAND USE REGULATIONS 

TERRITORIAL LANDS REGUALTIONS 

TERRITORIAL QUARRYING REGULATIONS 

TERRITORIAL LANDS ACT 

CANADA MINING REGULATIONS 

AANDC

TRANSPORTATION OF 
DANGEROUS GOODS ACT 

TRANSPORTATION OF DANGEROUS GOODS 
REGULATIONS TC 

In addition to the federal legislation above, a number of federal guidelines also apply to the 
proposed Kiggavik Project including: 

 AANDC Mine Site Reclamation Policy for Nunavut (2002) 

 AANDC Guideline for Spill Contingency Planning 

 Canadian Council of Ministers of the Environment (CCME) – Canadian Environmental 
Quality Guidelines 

 DFO Freshwater Intake End-of-Pipe Fish Screen Guideline (1995) 

 DFO Guidelines for the use of explosives in or near Canadian Fisheries Waters (1998) 

 DFO Habitat Conservation and Protection Guidelines, Second Edition (1998) 

 DFO Operational Statements (2007) 

 DFO Policy for the Management of Fish Habitat (1986) 

 EC Guidelines for the Assessment of Alternatives for Mine Waste Disposal (2011) 

 EC Guidelines for the Preparation of Hazardous Material Spill Contingency Plans (1990) 

 EC Metal Mining Guidance Document for Aquatic Environmental Effects Monitoring (2002) 

 HC Federal Contaminated Site Risk Assessment in Canada: Guidance Documents related 
to Human Health Risk Assessment 

 National Fire Code of Canada (2010) 

Additional guidelines under Inuit and Land Claim Organizations that must be followed include: 



 NTI A Guide to Mineral Exploration and Development on Inuit-Owned Lands in Nunavut 
(2001)

 NTI Reclamation Policy (2008) 
Table 2.3-2: Applicable Territorial Acts, Regulations and Guidelines 

ACT REGULATION/GUIDELINE RESPONSIBLE AGENCY 

APPRENTICESHIP, TRADE AND 
OCCUPATIONS CERTIFICATION 

ACT 

APPRENTICESHIP, TRADE AND 
OCCUPATIONS CERTIFICATION 

REGULATIONS 

BUSINESS CORPORATIONS 
ACT GN-DOJ

COMMISSIONERS LAND ACT COMMISSIONERS LAND REGULATIONS GN-CGS

ENVIRONMENTAL PROTECTION 
ACT 

SPILL CONTINGENCY PLANNING AND 
REPORTING REGULATIONS GN-DOE

ENVIRONMENTAL RIGHTS ACT GN-DOE

EMERGENCY MEDICAL AID ACT GN-HSS

EXPLOSIVE USE ACT EXPLOSIVE USE REGULATIONS GN-WCB

FIRE PREVENTION REGULATIONS 
FIRE PREVENTION ACT PROPANE CYLINDER STORAGE 

REGULATIONS 
GN-CGS

GAS PROTECTION ACT THE GAS PROTECTION REGULATIONS GN-CGS

LABOUR STANDARDS LABOUR STANDARDS 
BOARD

LIQUOR ACT LIQUOR LICENSING 
BOARD

MINE HEALTH AND SAFETY 
REGULATIONS 

MINE HEALTH AND SAFETY ACT 
ENVIRONMENTAL TOBACCO SMOKE 

WORKSITE REGULATIONS 

GN-WCB

CAMP SANITATION REGULATIONS 

GENERAL SANITATION REGULATIONS 

PUBLIC WATER SUPPLY REGULATION 
PUBLIC HEALTH ACT 

PUBLIC SEWERAGE SYSTEMS 
REGULATIONS 

GN-HSS

SAFETY ACT SAFETY REGULATIONS GN-WCB
TRANSPORTATION OF 

DANGEROUS GOODS ACT 
TRANSPORTATION OF DANGEROUS 

GOODS REGULATIONS GN-CGS

WILDLIFE ACT GN-DOE

WORKERS' COMPENSATION 
ACT 

WORKERS COMPENSATION 
REGULATIONS GN-WCB
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ACT REGULATION/GUIDELINE RESPONSIBLE AGENCY 

CAMP SANITATION REGULATIONS 

AANDC=Aboriginal Affairs and Northern Development, CNSC=Canadian Nuclear Safety Commission, 
DFO=Fisheries and Oceans Canada, EC=Environment Canada, GN=Government of Nunavut, 
CGS=Community and Government Services, CLEY=Culture Language Elders Youth, DOE=Department 
of Environment, DOJ=Department of Justice, HC=Health Canada, HSS=Health and Social Services, 
NRCAN=Natural Resources Canada, NTI= Nunavut Tunngavik Incorporated, NWB=Nunavut Water 
Board, TC=Transport Canada, WCB=Workers Compensation Board 

The Government of Nunavut also has numerous environmental guidelines that apply to the 
Kiggavik Project including guidelines for site remediation, management of hazardous waste and 
dust suppression. 

It is noted that the majority of the items in Tables 2.3-1 and 2.3-2 impose specific regulatory 
requirements, but do not require that an approval be issued. Section 2.3.5 describes the major 
approvals and agreements which are specifically required for the Kiggavik Project to proceed. 

2.3.2 Policy Framework for Uranium Development 

Since the Nunavut Lands Claim Agreement, 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 and the six guiding principles 
for uranium developed by the Government of Nunavut. 

2.3.2.1 Nunavut Tunngavik Inc. Uranium Policy 

In 1997, NTI released its Mining Policy. The policy did not specifically address uranium mining, 
but remained applicable to uranium exploration and mining as the policy addressed the general 
subject of the development of mineral resources in Nunavut. NTI presented general support of 
mining through the policy’s guiding principle that “NTI will support and promote the development 
of mineral resources in Nunavut if there are significant long-term social and economic benefits 
for the Inuit of Nunavut, and is consistent with protecting the eco-systemic integrity of the 
Nunavut Settlement Area”.

NTI provided a clear and consistent position on uranium mining by approving ‘A Policy 
Concerning Uranium Mining in Nunavut’ in 2007. The guiding principle of the policy is that 
“uranium exploration and mining must be carried out in an environmentally and socially 
responsible way and the uranium that results from the mining shall be used only for peaceful 
and environmentally friendly purposes”. NTI further established five objectives supported by 16 
policy statements. The five objectives are as follows: 

1. Support Responsible and Peaceful Uses of Nuclear Energy 



2. Require Benefits from Uranium Exploration and Mining 

3. Ensure Protection of Human Health 

4. Limit Impacts of Uranium Exploration and Mining 

5. Promote Participation of Inuit 

The NTI uranium policy is subject to periodic review and in March of 2011 NTI announced, “NTI
will review the policy to ensure it continues to meet the needs of Inuit in Nunavut. NTI fully 
understands that uranium development must have the full support of Inuit, especially in 
communities close to uranium development. NTI will review its uranium policy after the 
Government of Nunavut concludes its uranium consultations.”

2.3.2.2 Government of Nunavut Guiding Principles for Uranium 
Development

Parnautit: the Nunavut Mineral Exploration and Mining Strategy was released by the 
Government of Nunavut (GN) Department of Economic Development and Transportation in 
2007 to guide development and create participation opportunities for Nunavummiut in the 
sustainable development of Nunavut mineral resources. The goal of the strategy is “To create 
the conditions for a strong and sustainable minerals industry that contributes to a high and 
sustainable quality of life for all Nunavummiut.” Eighteen policy statements are given under the 
four pillars of jurisdictional framework, community benefit, infrastructure development and 
environmental stewardship. 

On June 4, 2007 the GN released Six Guiding Principles for Uranium Development. It was read 
at the Legislature by the Minister of Finance/Economic Development and Transportation; under 
its principles the GN: 

1. Regards mining, including uranium mining, as an important potential source of revenues to 
meet the needs of Nunavut’s growing population and also as a potential source of 
employment and associated skills development for Nunavummiut. 

2. Recognizes that uranium development places special responsibilities on government 
because of the nature of uranium and its by-products, the history of its use for both peaceful 
and non-peaceful purposes, and its potential risks to human health and the environment. 

3. Understands that uranium development must have the support of Nunavummiut, especially 
in communities close to uranium development. 

4. Will support uranium development in Nunavut provided that the following conditions are 
satisfied: 

a. Health and safety standards that are at least at Canada’s national standard must be 
assured for workers involved in uranium development in Nunavut; 

b. Environmental standards must be assured, especially for the land, water and wildlife; 

c. Nunavummiut must be the major beneficiaries of uranium development activities. 
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5. Believes that nuclear power generation will be an important part of global strategies for 
ensuring energy supplies while reducing reliance on greenhouse gas-emitting fossil fuels. 

6. Believes that Canadian law and international agreements provide a reasonable level of 
assurance that uranium mined in Nunavut will be used for peaceful purposes. 

The Nunavut Mineral Exploration and Mining Strategy includes a commitment for consultations 
as part of the uranium policy. In August of 2010 the Premier committed to carrying out public 
forums into uranium mining in Nunavut. These public forums were carried out in March and April 
of 2011 in Iqaluit, Baker Lake and Cambridge Bay. The Government of Nunavut has announced 
that the uranium policy will be written with consideration for the community input from the public 
forums.

2.3.3 Conformance with the Keewatin Regional Land Use Plan 

The Keewatin Regional Land Use Plan was approved in June, 2000. Uranium mining is the 
subject of two specific conditions, Terms 3.5 and 3.6. Term 3.5 of the Keewatin Regional Land 
Use Plan states: “Uranium development shall not take place until the Nunavut Planning 
Commission (NPC), the Nunavut Impact Review Board (NIRB), the Nunavut Water Board 
(NWB) and the Nunavut Wildlife Management Board (NWMB) have reviewed all of the issues 
relevant to uranium exploration and mining. Any review of uranium exploration and mining shall 
pay particular attention to questions concerning health and environmental protection”.

The Nunavut Planning Commission (NPC) organized a uranium workshop, for the benefit of 
NPC and the Boards and included participation by a range of stakeholders and experts. This 
workshop was held in Baker Lake on June 4 to 7, 2007. On June 27, 2007 the Nunavut 
Planning Commission unanimously passed a resolution stating that NPC “believes it has 
thereby complied with its obligations pursuant to Term 3.5 Keewatin Regional Land Use Plan”
(see AREVA (2008) for a copy of this resolution). 

Term 3.6 of the Keewatin Land Use Plan states: “Any future proposal to mine uranium must be 
approved by the people of the region”.

Uranium development proposals must be accompanied by approvals from the people of the 
region in order to conform to the Keewatin Regional Land Use Plan. The Nunavut Planning 
Commission has indicated that this requirement may be satisfied by the following: 

 The Kivalliq Inuit Association (KIA), as the representative of Inuit in the region, passes a 
motion in favour of uranium development, and 

 Baker Lake plus three or more other communities representing 50% of the remaining 
population in the remaining Hamlets also pass Hamlet Council Motions in favour of uranium 
development and mining. 

Motions of support and resolutions were passed by the KIA and all seven Kivalliq communities 
as follows (documentation is included in AREVA (2008)): 

 KIA passed a motion of support on January 9, 2007 
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 The Hamlet of Baker Lake passed a resolution of support on December 7, 2006 

 The Hamlet of Repulse Bay passed a resolution of support on February 28, 2007 

 The Hamlet of Rankin Inlet passed a resolution of support on March 26, 2007 

 The Hamlet of Arviat passed a motion of support on May 9, 2007 

 The Hamlet of Whale Cove passed a motion of support on August 27, 2007 

 The Hamlet of Chesterfield Inlet passed a motion of support on April 17, 2008 

 The Hamlet of Coral Harbor passed a motion of support on May 8, 2008 

The KIA motion of support was for Project advancement into the Nunavut environmental 
assessment process and support was conditional on and subject to all regulatory requirements. 
The seven community motions/resolutions also included conditions. Arviat specified that support 
extended to the environmental review and the other six Kivalliq communities supported 
advancement of the Project given the ability of AREVA to meet the highest standards for the 
protection of the environment and people and also to ensure that economic and social benefits 
were realized by the Kivalliq communities. 

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. 

2.3.4 Environmental Assessment Requirements 

The Nunavut Impact Review Board (NIRB) was established under Article 12 of the NLCA and 
has the responsibility to assess and monitor the ecosystemic and socioeconomic impacts of 
project proposals inside the Nunavut Settlement Area. The primary objective of NIRB is “[a]t all 
times to protect and promote the existing and future well-being of the residents and 
communities of the Nunavut Settlement Area, and to protect the ecosystemic integrity of the 
Nunavut Settlement Area. NIRB shall take into account the well-being of residents of Canada 
outside the Nunavut Settlement Area.” (NLCA 12.2.5) 

The Kiggavik Project is subject to a NLCA Article 12 Part 5 review which is coordinated by the 
NIRB. Numerous federal and territorial departments and Inuit Organizations participate in the 
NIRB review providing technical expertise. Non-Governmental Organizations and any interested 
person can also participate in the NIRB review. Government bodies participating in the NIRB 
review include: 

 Government of Canada 

 Aboriginal Affairs and Northern Development Canada 

 Canadian Nuclear Safety Commission 
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 Fisheries and Oceans Canada 

 Environment Canada 

 Health Canada 

 Natural Resources Canada 

 Parks Canada 

 Transport Canada 

 Government of Nunavut 

 Culture Language Elders and Youth 

 Community and Government Services 

 Department of Environment 

 Economic Development and Transportation 

 Education 

 Executive and Intergovernmental Affairs 

 Finance 

 Health and Social Services 

 Nunavut Arctic College and Nunavut Research Institute (Crown Corporation) 

 Inuit and Land Claim Organizations 

 Nunavut Tunngavik Inc. 

 Kivalliq Inuit Association 

 Baker Lake Hunter and Trapper Organization 

Pursuant to Article 12 of the NLCA the NIRB has screened and scoped the proposed Kiggavik 
Project and issued guidelines for the preparation of the Draft Environmental Impact Statement 
(EIS). Upon receipt of this EIS, NIRB will conduct an internal review to determine whether the 
EIS addresses the provisions of the guidelines. The EIS will then be distributed for technical 
review and community visits will be coordinated leading up to a pre-hearing conference (PHC). 
Following the PHC, the Board will issue a PHC decision which will provide direction regarding 
what is required in the Final Environmental Impact Statement (FEIS). Following review of the 
FEIS the NIRB will make a recommendation to the Minister of AANDC. Should a positive 
development recommendation be approved by the Minister, the NIRB will issue a project 
certificate and the proponent may then apply for licences, permits and other approvals. 
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2.3.5 Licensing – Required Approvals and Agreements 

Upon completion of the environmental impact assessment, which is concluded with the 
issuance of a Project Certificate by NIRB, AREVA will require a number of major licences, 
approvals and agreements prior to development of the Project. 

The major approvals are summarized in Table 2.3-3. 

Table 2.3-3: Licensing Process – Summary of Major Approvals 
Permit/License Agency 

Inuit Impact Benefit Agreement 

Water Compensation Agreement 

Land Use Licence and Surface Lease 

Kivalliq Inuit Association 

Class A Land Use Permit and Surface Lease Aboriginal Affairs and Northern Development Canada 

Licence to Prepare Site and Construct 

Licence to Operate 

Canadian Nuclear Safety Commission 

Type A Water Licence 

Nunavut Water Board 

Fisheries Authorization Fisheries and Oceans Canada 

Navigable Water Permit Transport Canada 

2.3.5.1 Kivalliq Inuit Association 

The Kivalliq Inuit Association (KIA) administers and monitors certain provisions of the NLCA 
within the Kivalliq Region of Nunavut including the administration of IOL surface rights and the 
negotiation of Inuit Impact Benefit and Water Compensation Agreements. 

Subject to the issuance of a project certificate, AREVA will require a Land Use Licence for site 
activities located on IOL. Right-of-way and quarry agreements will also be required for the 
sections of the access road on IOL. Project components proposed to be located on IOL are 
shown in Figure 2.3-1. Both the Inuit Impact Benefit Agreement and the Water Compensation 
Agreement will be negotiated with the KIA. 
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2.3.5.2 Aboriginal Affairs and Northern Development Canada 

Aboriginal Affairs and Northern Development Canada (AANDC) administers Crown Land 
through the Territorial Lands Act and the Canada Mining Regulations for surface and 
subsurface rights respectively. Approvals from AANDC will include land use permits, a land 
lease, quarry permit and right-of-way for surface and a mineral lease for subsurface. 

Surface tenure in the Territorial Land Use Regulations includes either a Class A Land Use 
Permit (Section 8) or a Class B Land Use Permit (Section 9) which can be used for advanced 
exploration but a Surface Lease under the Territorial Land Regulations is required for long term 
use and development of the site. Land use permits have maximum terms of two years and 
surface leases are issued for a maximum term of 30 years, both of which are renewable. 

2.3.5.3 Canadian Nuclear Safety Commission 

The Canadian Nuclear Safety Commission (CNSC) was established in 2000 under the Nuclear 
Safety and Control Act (NSCA) and reports to the Parliament of Canada through the Minister of 
Natural Resources. The CNSC was created to replace the former Atomic Energy Control Board 
(AECB), which was founded in 1946. The CNSC's Commission Tribunal has up to seven 
permanent members, appointed by the federal government, whose decisions are supported by 
more than 600 employees. These employees review applications for licences according to 
regulatory requirements, make recommendations to the Commission, and enforce compliance 
with the NSCA, regulations, and any licence conditions imposed by the Commission. The 
Commission Tribunal holds public hearings regarding licensing decisions. The NSCA provides 
the CNSC with the mandate to regulate the use of nuclear energy and materials to protect the 
health, safety and security of Canadians and the environment; and to implement Canada’s 
international commitments on the peaceful use of nuclear energy. 

Given an approved environmental assessment, the CNSC determines whether the proponent is 
qualified, and can construct, operate and decommission the mine in a manner that meets the 
requirements of the NSCA. This is determined on the basis of supporting documentation and 
the investigation and recommendations of the CNSC staff. The licensee must develop 
comprehensive licensing documents, quality management systems, robust monitoring 
programs, and if necessary, follow up programs. The compliance program is performed by 
CNSC staff. 

The CNSC licence would regulate the following nuclear activities related to the Kiggavik Project: 

 Mining activities and facilities; 

 Milling activities and facilities; 

 Waste management systems (including tailings management areas, water management 
systems, hazardous materials, etc); 

 Storage facilities for nuclear materials (including radiologically contaminated materials); and, 
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 Transport of Nuclear Substances. 

For planning purposes, the CNSC licensing process for the Kiggavik Project can be considered 
as separate phases: 

 Licence to Prepare the Site; 

 Licence to Construct the Site; 

 Licence to Operate; and 

 Licence to Decommission. 

It should be noted, however, that the Commission Tribunal can make a decision on more than 
one phase during one public hearing process (ex., combining the site preparation and facilities 
construction phases into a Licence to Prepare and Construct), if the supporting evidence for the 
phases to be combined is satisfactory. 

2.3.5.4 Nunavut Water Board 

The Nunavut Water Board (NWB) mandate is the management and regulation of inland surface 
and ground water in Nunavut; its objectives are to provide for the conservation and utilization of 
waters in Nunavut – except in national parks – in a manner that will provide optimum benefits for 
the residents of Nunavut in particular and Canadians in general. The Project will require a Type 
A Water Licence, as determined by Schedule V of the Northwest Territories Water Regulations1,
from the NWB for the use of water and disposal of waste into water. 

Issuance of a Type A water Licence will require a public hearing. A water licence can be issued 
for a term of 25 years with a maximum renewal term of an additional 25 years. 

AANDC is responsible for enforcing the terms and conditions of the Type A Water Licence 
under Article 13 of the NLCA and the Nunavut Waters and Nunavut Surface Rights Tribunal Act.
The posting of a security deposit based on water-related liabilities must be acceptable to the 
Minister of AANDC. 

If the NWB licence applies to any waters also covered by the Fisheries Act, the NWB terms and 
conditions must be as stringent as required under the Fisheries Act and regulations, and under 
the Canada Water Act.

If a determination that the proposed project will result in substantial impacts to the quality, 
quantity or flow of water that flows on or through IOL, and compensation is required, the NWB 
licence cannot be issued until a compensation agreement is negotiated with the KIA. 

                                                

1 Section 174(1) of the Nunavut Waters and Nunavut Surface Rights Tribunal Act references the Northwest Territories Waters Act 
and section 33(1)(c) of this Act references the Northwest Territories Waters Regulations where the criteria for type A and type B 
licences are located. 



2.3.5.5 Fisheries and Oceans Canada 

The Department of Fisheries and Oceans Canada (DFO) has legal responsibilities under the 
Fisheries Act, the Species at Risk Act (SARA), the Oceans Act and the Canadian Environmental 
Assessment Act (CEAA) to ensure that Canada's oceans and inland waterways and resources 
are protected and managed for the benefit of present and future generations. 

The Fisheries Act provides the legal framework for regulating impacts on fish and fish habitat 
associated with works, undertakings, operations and activities occurring in or around fresh and 
marine waters throughout Canada. Where it is clear that despite efforts to relocate, redesign or 
mitigate, the project will result in impacts to fish habitat, Section 35 of the Fisheries Act allows 
for authorization for the harmful alteration, disruption or destruction of fish habitat (HADD). 

For DFO to issue an authorization, the HADD must be considered acceptable. Acceptability is a 
function of the feasibility of alternate designs or project siting, nature and severity of the residual 
impact, the value/sensitivity of habitat affected, and the adequacy of a compensation plan 
prepared by AREVA. 

2.3.5.6 Transport Canada 

The Navigable Water Protection Act is a federal law designed to protect the public right of 
navigation. The Project will require an Approval Authorizing Construction in Navigable Waters 
for those Project activities that occur in, on, over, under, through or across a navigable 
waterway, should these works interfere with navigation. 

Transport Canada is also the responsible agency for the Transportation of Dangerous Goods 
Act and the associated Transportation of Dangerous Goods Regulations. The Transportation of 
Dangerous Goods Act requires an approved Emergency Response Assistance Plan (ERAP) for 
all dangerous goods listed in Column 7 of Schedule I of the TDG regulations. 

2.3.5.7 Government of Nunavut 

Commissioner’s land is defined in the Nunavut Act and generally includes land in and around 
most Nunavut communities. The current Project design does not consider use of any 
Commissioner’s Land. 

2.3.5.8 Other

In accordance with the Explosives Act, Natural Resources Canada provides licensing services 
to manufacturers, importers and distributors of explosives within Canada. The Project will 
require an Ammonium Nitrate & Fuel Oil Certificate to manufacture AN/FO explosives at the 
Kiggavik site, and potentially an Explosives User Magazine Licence to store any pre-
manufactured industrial explosives. 
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In addition to the main authorizations there will be a number of other approvals required for on-
going studies and exploration. Currently held and required permits and licences including dates 
of issue and expiry are summarized in Table 2.3-4. 

Table 2.3-4: Currently Held Approvals 
Exploration (Currently Held Permits) 
File No. Date of Issue Date of Extension or 

Amendment/Previous 
Permits

Expiry 

NIRB File No. 06AN085 April 3, 2007 August 30, 2007 
January 9, 2009 

N/A

INAC Permit 
No.

N2009C0017 January 21, 2010 N2006C0037 
N2000J0040 

April 9, 
2012

KIA Licence 
No.

KVL306C02  January 3, 2007 KVL204X36 January 
3, 2012 

NWB Licence 
No.

2BE-KIG0812 April 25, 2008 2BE-KIG0708 
2BE-SIS0607 

December 
31, 2012 

GN Business 
Licence

06-060 
06-062 

 

DIAND 
Licence to 
Prospect 

N30085 
N30012 

 

2.3.6 Regulatory History 

The Nunavut environmental impact assessment process on the proposed Kiggavik Project was 
initiated with applications for authorizations, licenses and permits submitted to the Canadian 
Nuclear Safety Commission (CNSC), the Kivalliq Inuit Association (KIA), INAC, Fisheries and 
Oceans Canada (DFO) and the Nunavut Water Board (NWB) along with a supporting Project 
Proposal on November 14, 2008. 

All applications for project proposals within the Nunavut Settlement Area must be forwarded to 
and reviewed by the Nunavut Planning Commission (NPC) for conformity with any applicable 
land use plan. The Kiggavik Project received a positive conformity determination in accordance 
with the Keewatin Regional Land Use Plan and NPC forwarded the project proposal and their 
conformity determination to the NIRB on January 16, 2009. 

The NIRB then gave notice of the Kiggavik Project screening on January 20, 2009 and invited 
comments with a deadline of February 10, 2009. During screening the project proposal is 
evaluated to determine whether the project has significant impact potential and therefore 
requires a review under Part 5 or Part 6 under NLCA Article 12. At the request of the 
Government of Nunavut the deadline for comments was extended to February 18, 2009. A total 
of 38 individuals and organizations provided screening comments for consideration by the 
NIRB.

The NIRB made its screening decision and a recommendation for a public review to the Minister 
of INAC on March 13, 2009. The NIRB makes a recommendation on whether a review is 
required but it is the Minister of INAC that decides the type of review that will take place. The 
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Minister issued a decision for a NIRB-led (NLCA Article 12 Part 5) public review on February 23, 
2010.

The NIRB called for participant funding requests to participate in the Kiggavik Project review on 
March 12, 2010 with a public notice printed in Nunavut newspapers. The deadline for intervener 
funding applications was extended from April 12 to June 1 at the request of a stakeholder. NIRB 
made funding recommendations to INAC on June 14, 2010 and INAC announced the funding 
decisions on August 3, 2010 

The first step of the NIRB review process is to scope the proposed project and identify potential 
impacts associated with developing the project. Input was solicited from members of the public, 
the proponent, federal and territorial agencies and the Regional Inuit Association. The NIRB 
visited all seven Kivalliq communities from April 25 to May 10, 2010 to conduct scoping 
meetings and information sessions on the proposed Kiggavik Project. The draft scope was 
released for public review by the NIRB on March 12, 2010, the report summarizing results from 
the community visits was released on June 15, 2010 and the revised draft scope was released 
on November 15, 2010. A total of eight comments were directly submitted to NIRB on the draft 
scope including comments from two individual citizens. The scope was finalized and released 
by the NIRB on February 9, 2011. 

The NIRB issues project-specific guidelines to AREVA and the EIS must be prepared in 
accordance with these guidelines. The NIRB prepared and then released the draft guidelines for 
public review on November 15, 2010 with a deadline of January 25, 2011 for commenting. On 
February 9, 2011 the revised draft guidelines were released with a March 2, 2011 deadline for 
comments. Seventeen comments were submitted for consideration on the draft guidelines and 
13 comments were submitted on the draft revised guidelines. 

The NIRB hosted a guideline workshop from March 22 to 24, 2011 in Baker Lake, NU. 
Workshop participants included Nunavut Tunngavik Incorporated; Kivalliq Inuit Association; the 
Government of Nunavut; the federal departments of Aboriginal Affairs and Northern 
Development Canada, the Canadian Nuclear Safety Commission, Environment Canada, 
Fisheries and Oceans Canada, and Transport Canada; the Beverly Qamanirjuaq Caribou 
Management Board; Nunavummiut Makitagunarningit; Mining Watch Canada and the Canadian 
Arctic Resources Committee. The final guidelines for the preparation of the Kiggavik Project 
Environmental Impact Statement (EIS) were released on May 3, 2011 (NIRB, 2011). 

Upon receipt of the EIS, NIRB will conduct an internal review to determine whether the EIS 
addresses the provisions of the guidelines. The EIS will then be distributed for technical review 
and community visits will be coordinated leading up to a pre-hearing conference (PHC). 
Following the PHC, the Board will issue a PHC decision which will provide direction regarding 
what is required in the FEIS. Following public review of the FEIS the NIRB will make a 
recommendation to the Minister of AANDC. Given a Ministerial approval, the NIRB will issue a 
project certificate and the proponent may then apply for licenses, permits and other approvals 



3 EXPLORATION AND CURRENT SITE ACTIVITIES 

3.1 INTRODUCTION

An exploration camp currently exists at the Kiggavik site (Figure 3.1-1). The camp was first 
established in 1977 and it was occupied for summer drill programs until 1997. This camp was 
renovated and expanded as part of the 2007 field program to accommodate approximately 30 
persons. It was further expanded in 2008 and 2009 to accommodate 60 persons. 

Three 50,000 litre double walled steel EnviroTanks are used for jet fuel storage. All diesel fuel is 
stored in five 50,000 litre double walled EnviroTanks. 

Access to the Kiggavik Project is currently restricted to the following modes of transport: 

 Helicopters; 

 Fixed wing aircrafts with tundra tires; a landing strip was created at the fuel cache esker to 
accommodate Turbo Otter flights; 

 Float planes; 

 Overland winter travel (snowmobile and Delta trucks). 

In September 2009 the Kiggavik Project was assessed and certified as meeting the 
requirements of ISO 14001:2004 under the scope “Uranium deposit appraisal and exploration 
activities in Nunavut”. The Kiggavik Project also obtained OHSAS 18001:2007 certification in 
August 2011 under the scope "Uranium Exploration and Development in Canada". 

With the resumption of field exploration activities in 2007, occupational health and safety and 
radiation protection programs have been a continuing aspect of exploration activities to ensure 
work is performed in a safe and responsible manner and that workers are not adversely 
exposed to radiation from uranium exploration activities. 

An annual report and accompanying operational plans is distributed every January since 2008 
to NIRB, INAC, KIA, NWB and GN. This report fulfills the NIRB screening recommendation, 
INAC permit conditions and NWB License for an annual report, which addresses the previous 
year of operation. 
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3.2 HISTORICAL AND CURRENT SITE ACTIVITIES 

3.2.1 Exploration Activities 

Metallgesellschaft Canada Limited initially carried out regional exploration in the Kiggavik area 
in 1974. Uranium in the area was first suspected when radioactive frost boils and rock chips 
were discovered at Lone Gull (Kiggavik) during systematic coverage with an airborne 
radiometric survey. 

In 1975, Metallgesellschaft was succeeded by Urangesellschaft Canada Ltd. (UGC). Systematic 
coverage of much of the region, including the Kiggavik area, was conducted with lake sediment 
and water surveys, airborne radiometric surveys and followed up by geological mapping and/or 
prospecting in anomalous areas. Drilling at the Kiggavik site commenced in 1977 and led to the 
discovery of the Main Zone mineralization. 

By 1985 the regional programs were terminated and UGC started to concentrate most of its 
work on the Main Zone deposit. In 1986 and 1987 further airborne geophysics surveys were 
conducted. Resistivity lows at End Grid and Andrew Lake were followed up by ground gravity 
surveys and the resulting anomalies were drilled. Uranium mineralization at End Grid and 
Andrew Lake was discovered in 1987 and 1988 respectively. Delineation of these two deposits 
was the focus of drilling up to 1993. Other uranium mineralization on the property was 
discovered at Granite (1984), Bong (1985) and at Jane (1992). 

In 1993, AREVA (formerly COGEMA Resources Inc.) became the operator of the Kiggavik 
Project. A mixture of exploration and delineation drilling programs were conducted from 1993 to 
1997 on the Kiggavik Project properties. Many exploration targets were defined by resistivity 
lows and gravity anomalies. However, no further mineralization was discovered. Delineation 
drilling in 1997 completed the definition of the Andrew Lake deposit and no further drilling was 
recommended. 

The Kiggavik Project entered a care and maintenance mode in 1998, which continued to 2002, 
when a field inspection was completed to define the work required to safely mothball the site 
until exploration activities resumed (COGEMA, 2002). The activities focused on eliminating 
radiological concerns, removing unused building and materials, and general clean up. In 2003, 
the core storage areas and historical drill sites were radiologically surveyed, core racks 
repaired, and buildings repaired and/or removed (COGEMA, 2003). Radioactive core exceeding 
a specified criterion was moved to a newly constructed fenced compound at the Kiggavik site. 
Radioactive cuttings exceeding a specified criterion were collected and buried within one of the 
historical bulk sampling trenches, an area of naturally elevated radioactivity. In 2004, further 
work was completed in the clean-up, including removing remaining drill pipes and filling in the 
remaining trench. 

Exploration work resumed in 2007 with an evaluation of historical drilling, as well as some 
outcrop visits in the Kiggavik Project area. In addition to core relogging and outcrop visits, 
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sampling for clay mineral species using spectrometry methods was undertaken. An aerial 
geophysical program was also conducted to better highlight gravity anomalies on the property 
using an airborne gravity gradiometry survey. Since 2007, exploration programs have focused 
on diamond drilling at Bong, Granite, End Grid and Andrew Lake. Ground geophysical surveys 
were also conducted to locate new drilling targets. 

Deposit appraisal and feasibility work also resumed in 2007. Activities focused on diamond 
drilling in the Kiggavik and Sissons areas for the purposes of ore and mine rock sampling to 
improve the understanding of the known mineral deposits. Activities also included geotechnical 
logging, hydrogeological testing and ground temperature measurements. 

Approximately 34,000 metres of drilling has been completed since 2007 on 109 drill holes using 
diamond drilling equipment. 

3.2.2 Environmental Baseline Studies 

Environmental baseline studies in the Kiggavik area were initiated during the 1970s. Various 
aquatic and/or terrestrial wildlife investigations were conducted from 1975, 1979 to 1980, 1986, 
and 1988 to 1991. In 1988, 1989 and 1991 stream discharge data were collected at the outlets 
of a number of lakes. 

Field work to establish a current environmental baseline resumed in 2007 and continued from 
2008 – 2011 during summer seasons and some winter seasons. Baseline and Inuit 
Qaujimajatuqangit data related to the following environmental components have been collected: 

 Meteorology 

 Topography 

 Hydrology 

 Hydrogeology 

 Permafrost and thermal regime 

 Surface water quality 

 Sediment quality 

 Limnology 

 Benthic invertebrates 

 Aquatic macrophytes 

 Plankton and periphyton communities 

 Fish habitat 

 Fish distribution, health and tissue chemistry 

 Soils and vegetation 
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 Wildlife 

 Air quality 

 Marine environment 

 Archaeology 

Recent baseline data from 2007 to 2010 and applicable historical baseline data gathered during 
the 1980s and early 1990s have been incorporated in the baseline reports attached to this EIS. 

3.3 FUTURE EXPLORATION ACTIVITIES 

Exploration activities are expected to continue through the construction and operational phases 
of the Project. These future activities will be similar to those conducted on the Project sites since 
2007. The mitigation measures undertaken by AREVA to date are expected to continue, with 
the addition of any further measures required by future permits and authorizations. 

Anticipated exploration activities include: 

 Mapping 

 Ground geophysical surveys 

 Aerial surveys 

 Exploration drilling 

 Delineation drilling and hydrogeological testing 

 Sampling of mineralized and non-mineralized core 

 Geotechnical drilling 

 Environmental baseline studies to support any future mine development proposals 

These activities are expected to take place within the Kiggavik and St. Tropez lease areas 
currently held by AREVA (Section 2). It is anticipated that one to three drills will be in operation 
during the construction and operational phases of the Project, with a potential increase in 
activity during the later stages of Project life. 

Management of drill core and wastes will follow existing protocols, whereby non-radioactive 
cuttings are placed in low-lying areas that do not drain directly to a waterbody. Radioactive 
cuttings will be collected and transported to the Kiggavik site, for storage in a radioactive 
storage compound prior to ultimately being processed through the mill. Drill core will be logged 
and stored in core racks. 
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3.3.1 Exploration Support 

Future exploration is expected to be supported primarily from the Kiggavik site, which will 
provide accommodations at the camp and air support via helicopter. 

During the summer field season, it is expected that exploration targets will be accessed via 
helicopter; no overland access will occur unless a target is located directly off a future site road. 
If winter drilling is conducted in the future, overland transport may be used to move equipment 
and personnel. 

It is anticipated that two helicopters will be required to provide support for the exploration 
activities. The helicopters will be operated intermittently over a 24 hour period, with the bulk of 
flight activity occurring during the day shift. 

3.3.2 Exploration Mitigation and Monitoring Measures 

AREVA remains committed to the mitigation and monitoring measures currently undertaken at 
the existing Kiggavik Project exploration sites. These measures are fully outlined in the following 
publicly available field program management and mitigation plans: 

 Abandonment and Restoration Plan 

 Noise Abatement Plan 

 Radiation Protection Plan 

 Spill Contingency Plan 

 Uranium Exploration Plan 

 Waste Management Plan 

 Wildlife Mitigation and Monitoring Plan 

Compliance with existing permits and authorizations is outlined in AREVA’s Kiggavik Project 
Field Program annual report (AREVA, 2011). Continuous improvement has been a key feature 
of the field programs. The exploration program holds current certifications in both ISO 14001 
(Environmental Management Systems) and OHSAS 18001 (Occupational Health and Safety 
Management Systems). 

3.3.2.1 Exploration Near Waterbodies 

Future exploration will continue to comply with licence conditions and the Fisheries and Oceans 
Canada (DFO) operational statement for mineral exploration activities (DFO, 2009). AREVA 
remains committed to the appropriate DFO timing windows and water withdrawal guidelines. 
Current and future exploration activities ensure water pump intakes prevent streambed 
disturbance and fish mortality by following the DFO Freshwater Intake End-of-Pipe Fish Screen 
Guideline (DFO, 1995). 
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AREVA will not conduct drilling within 30 m of the ordinary high water mark unless approved by 
licence amendments, there is sufficient ground stability, and the timeline is outside the spring 
and fall spawning periods for known fish species. To avoid impact to fish or fish habitat, water 
required for drilling will be withdrawn from non-fish bearing water bodies when feasible, or from 
larger water bodies capable of withstanding an outflow of water. Sumps and fuel caches will 
remain a minimum of 30 m from the ordinary high water mark and be inspected on a regular 
basis. Spill kits at the drill site will provide response capabilities to manage and minimize 
unanticipated events. Drill cuttings will be pumped to a natural low lying depression to prevent 
erosion, sedimentation, or release into aquatic habitat, and potentially contaminated cuttings will 
be collected and stored for ultimate processing in the Kiggavik mill. Drill holes will be plugged 
and permanently sealed upon completion, which will also prevent artesian flows from entering 
water bodies when encountered. Debris and waste associated with drilling activity will be 
collected following completion of activities. 

3.3.2.2 Wildlife Mitigation and Monitoring 

Current exploration-related mitigation and monitoring measures for wildlife interactions are 
outlined in the exploration Wildlife Mitigation and Monitoring Plan (AREVA, 2011). These 
measures include the following general practices: 

 AREVA employees and contractors will not feed or harass wildlife. 

 Wildlife has the “right-of-way” and will not be blocked or deterred from moving through the 
Project area. 

 Activities may be restricted or postponed if caribou are present within a specified distance of 
the activity. The specified distance is generally dependent on the season and number of 
caribou present. 

 Although AREVA does not plan to conduct activities within designated Caribou Protection 
Areas, any future activities will comply with timing windows as required by the Kivalliq Inuit 
Association (KIA) and Aboriginal Affairs and Northern Development Canada (AANDC). 

Specific mitigation for airborne geophysical surveys include: 

 If a concentration of caribou (50 or more individuals in close proximity to one another) are 
within the area to be flown at that time the aircraft will relocate to another part of the survey 
block and repeat the reconnaissance flight or the survey will be postponed until the caribou 
are at a distance of 2 km from the survey area. 

 If caribou calves are present within the area to be flown between May 15th and July 15th the 
survey will be postponed until either the calves are gone or the survey can be conducted 
outside of this time period. 

 If concentrations of caribou are not observed within the flight route(s), then the survey 
proceeds at the approved altitude 
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 A continuous watch will be kept for caribou during the survey. If concentrations of caribou 
are observed within the area to be flown during the course of the work, the survey is aborted 
and another part of the block is selected. 

3.3.2.3 Mitigation and Monitoring for Archaeological and Cultural 
Resources

Exploration-related mitigation and monitoring measures related to archaeological and cultural 
resources will include: 

 No operation of any vehicle over a known or suspected archaeological or palaeontological 
site.

 No removal, disturbance, or displacement of any archaeological artifact, site, fossil, or 
palaeontological site. 

 AREVA will follow direction from the Department of Culture, Language, Elders and Youth, 
Government of Nunavut (CLEY) in restoring disturbed archaeological or palaeontological 
site to an acceptable condition. 

 No activity that disturbs an archaeological or palaeontological site unless permitted through 
authorization of CLEY. 

3.3.2.4 Drill Site Reclamation 

The following progressive reclamation activities will be conducted as part of the exploration 
program:

 All drill sites from the current year’s field program will be inspected for fuel stained soil and 
undergo a radiation survey for radioactive contamination. Contaminated soil or cuttings will 
be collected in appropriate containers and stored in the radioactive storage compound for 
prior to processing through the mill. 

 Drill holes will be sealed by cementing/grouting the upper 30 m of bedrock or the entire 
depth of the hole, which ever is less or otherwise approved of by the Nunavut Water Board 
(NWB) in writing. 

 Drill holes that encounter uranium mineralization with a uranium content greater than 1.0% 
over a length of more than 1 m with a meter percent concentration greater than 5% will be 
sealed by cementing over the entire mineralization zone; this should be at least 10 m above 
and below each mineralization zone. This sealing will be conducted as the holes are 
completed.

 Any remaining waste will be managed in accordance with the Waste Management Plan 
(Technical Appendix 2S). 

Activities to be conducted upon final site closure include: 
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 All drill sites will be inspected for radiological or hydrocarbon contamination. Any 
contaminated material will be collected and managed in accordance with Waste 
Management Plan (Technical Appendix 2S). 

 An inspection will be conducted to ensure all drill sites have been restored and sumps have 
been covered and levelled. 



4 PROJECT DESIGN OVERVIEW 

4.1 METHODOLOGY 

In accordance with AREVA’s approach to sustainable development as described in Volume 1, 
Project design is recognized as one of the first opportunities to mitigate potential environmental 
effects and enhance benefits to the community. Proven best available technologies 
economically achievable are considered within the context of their site-specific application. From 
this basis, the potential positive and negative effects of various design scenarios are included as 
design considerations in Project engineering studies and in the assessment of alternative 
designs.

To ensure that appropriate information is available to the project design team, AREVA’s 
approach incorporates integrated design and environmental assessment activities. Preliminary 
assessments of potential Project effects were conducted at the pre-feasibility level and in an 
iterative fashion during the initial feasibility phase. The preliminary assessment results are used 
by the design team to improve predicted environmental performance and enhance mitigation by 
design, optimize costs, maximize operability and ensure that robust information is used in the 
selection of preferred options. 

A precautionary design approach, using conservative assumptions for design criteria and 
performance forecasting provides for a robust design and conservative predictions of 
environmental interactions. A continuous improvement process will be used throughout the life 
of the Project to optimize environmental performance and operability on an on-going basis. 
Monitoring results will be compared to predicted performance, and an adaptive management 
approach implemented, if needed, to ensure that predicted performance is achieved. 

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

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

 The sensitivity of the tundra environment to disturbance, including both the physical 
environment (soil, water, air) and biota (vegetation, wildlife) 

 Potential effects, both negative and positive, on socio-economics and communities 

 Comments, suggestions and concerns from communities and regulators 

 Project economics 

 Operational flexibility 

 Potential for long term liabilities/ease of decommissioning 

 Uncertainty and risk 
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Some of the central principles used to develop environmental design features include 
containment of site facilities, segregation of wastes, segregation of water streams of differing 
quality, recycling of water and materials, and closure planning early in the design cycle. These 
features are discussed in Section 4.4. 

The following sections outline key components of the design approach, including the use of IQ 
and public engagement data, alternatives assessment, and development of the overall Project 
layout and infrastructure. Examples of how community concerns and environmental 
considerations have been incorporated in the Project design are provided. 

4.2 USE OF PUBLIC ENGAGEMENT AND INUIT 
QAUJIMAJATUQANGIT 

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. This section summarizes the key comments and concerns associated with 
Project design. This section also provides selected examples of the comments received, and 
includes examples of how this input has influenced Project design. 

Frequent themes related to Project design include concerns regarding mining in the harsh arctic 
environment, the potential for wind-blown dust, protection of wildlife, management of tailings 
and wastes, road options, transportation of hazardous materials, radiation protection, and 
employment opportunities. 

Details of community engagement activities, summary of comments received by AREVA, and 
further detail regarding integration of these comments into the Project and assessments are 
included in Volume 3 and associated appendices. 

4.2.1 Mining in the Arctic 

AREVA’s experience in uranium mining in northern Saskatchewan has been used as a 
benchmark for Project design and planning. Kivalliq residents expressed uncertainty as to 
whether or not the comparison to northern Saskatchewan is relevant, since there are some 
important differences between the boreal and tundra environments. People have expressed the 
need for assurance that AREVA is designing specifically for the unique environmental 
conditions at Kiggavik, and that Inuit knowledge of the environment is incorporated. Controlling 
dust and managing effects to the Project from snow, spring freshet, and wind were identified as 
priority concerns. Some specific comments illustrative of these concerns follow: 

 Are northern Saskatchewan and Nunavut the same though? The amount of snow that we 
get or the amount of snow that goes into the mine. (BL CLC Apr 2009) 

 No trees up here but the trees stop the wind blowing the ore in Saskatchewan. What will be 
used to manage dust? (KV OH 09) 
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 We have a lot of wind in Nunavut and I am sure there is dust all around that area. Will this 
get worse with global warming and affect your Project? (KV OH 09) 

 The dust pollution coming from uranium mines, it’s totally different from southern Canada. 
Our air is different up here. In the mainland, it can be very cold in the winter and in summer 
it can be extremely hot. It fluctuates very easily. If there are contaminated lands and 
cumulative effects, how are we going to be able to maintain our wildlife? Our caribou 
habitat? Our people? We'll all be missing that. We'll be long gone. Sometimes you cannot 
see when it hurts you. (BL NPC June 2007) 

 What will you do with all the water during the high spring melt? Rock piles and tailings pit. 
North is different from south and there will be more snow piling up and spring runoff will 
create more contamination. (RI OH Nov 2010) 

While best practices from Saskatchewan uranium mines have been incorporated into the 
Kiggavik Project design, site-specific data from the region has been used for engineering 
design. Input from stakeholders has been utilized to identify important interactions between the 
Project and the environment. To support the environmental assessment of these interactions, 
meteorological stations have been installed at the Kiggavik site to be able to start to compare 
important meteorological conditions to the long term record of meteorological conditions that 
have been recorded at the Baker Lake climate station. Combined, the data from these stations 
provide important information used as design input for the Project. Specifically, this data 
provides a strong foundation to predict the potential effects from wind-blown dust through air 
dispersion modeling. Dust monitoring programs will be used to ensure performance within the 
predictions. 

Concerns over dust have been expressed in a number of public engagements. AREVA has 
committed to controlling dust using water and/or dust suppressants, and operational measures 
such as minimizing vehicle movement in ore zones where practical. Furthermore, AREVA 
commits to initiating a Dust Management Program in advance of Final EIS submission. The 
initial phase of this program is intended to identify appropriate chemical dust suppressants that 
may be applied as a control measure, in addition to further developing operational strategies 
that will assist in dust control. 

A site-specific hydrology baseline program has been conducted to ensure that the design of site 
water management structures and water management plans account for the long ice-covered 
season and sharp increase in flows expected during spring freshet. Further, the site specific 
data have been considered in the selection of freshwater sources, process water recycling 
strategies, and in the selection of treated effluent discharge receptors. 

Public input and IQ on potential risks to logistical infrastructure and benchmarking against 
existing projects in Nunavut and the Northwest Territories has been used to provide confidence 
in logistical and operational plans. Foundations, pads, and road design have been based on 
existing designs in northern areas of continuous permafrost. 
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4.2.2 Climate Change and the Project 

People have expressed the need for assurance that AREVA is taking into consideration the 
implications of climate change over the life of the Project and post-decommissioning. The 
stability of winter roads, management of waste, and scheduling of the barging season in a 
changing climate are of particular interest. Some specific comments illustrative of these 
concerns follow: 

 How will climate change affect the project? (BL NIRB April 2010) 

 About the winter road and global warming. There used to be ice on the bay by now but it is 
not frozen yet. The change is noticeable. (AR HTO Nov 2010) 

 Concerned over the potential effects of climate change on ice-roads and safety to workers 
when crossing ice-roads. (RI NIRB May 2010) 

 Will climate change affect the tailings management facility? (E.g. of putting a covered cup 
with liquid outside, then bringing it inside. It may crack. Would this happen with climate 
change?) (CI KIA 2010) 

Climate change has been considered in both medium-term and long-term Project planning. 
Over the medium-term operational period, conservative values have been used for planning 
marine transportation and winter road operation, such that the parameters used for design 
account for a decrease in the available operating window due to climate change. Over the long-
term, the tailings management and mine rock facilities have been planned to ensure a robust 
design for protecting the environment in either the presence or the absence of permafrost. 
Long-term stability of the tailings and mine rock facilities do not require permafrost 
encapsulation. 

Assessments of the Project environmental effects have considered how potential changes in 
climate may influence the predicted effects. 

4.2.3 Uranium Concentrate 

People have expressed the need for more information about uranium concentrate (also known 
as yellowcake) and identified concern about potential effects from radiation. Community 
members require emergency response plans and assurance that measures are being taken to 
prevent accidents. Some specific comments illustrative of information needs related to uranium 
concentrate follow: 

 She is happy to talk to the AREVA team because she understands now that the team is 
trying to control radiation not spread it. What kind of containers would be used to transport 
yellowcake? I wish people in Baker Lake knew what I know now. (WC OH Nov 2010) 

 Concerns about the storage of concentrated uranium/yellowcake at the dock in Baker Lake 
and the potential impacts it might to people, wildlife and the environment. Does it produce 
radiation, is it radioactive? (BL NIRB April 2010) 
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 What are the levels of radiation from yellowcake? What the potential for exposure to 
radiation from the yellowcake while in storage in Baker Lake? (BL NIRB April 2010) 

 What contingency plans/protection plans are in place for accidents while transporting, 
storing and transferring of yellowcake (roads, ships, water and land)? (BL NIRB April 2010) 

 If someone ingests yellowcake do you have something for it? So you can die from eating 
enough of it? (BL HS Nov 2010) 

AREVA recognizes that there is a need for further information in the Kivalliq communities on 
yellowcake and radiation and AREVA continues to strive to provide this information through 
open houses, workshops and worker training (see Volume 3 and associated appendices). 

Handling and transportation of yellowcake in Canada is well regulated by the Canadian Nuclear 
Safety Commission (CNSC) and Transport Canada. There is also extensive experience 
demonstrating that uranium concentrate is routinely transported safely within, and beyond, the 
many countries in which it has been, and currently is, produced. For example, over 100 million 
pounds were produced worldwide in 2010, and subsequently transported safely to refineries 
distant from the mine sites. AREVA is of the view that land and sea transport could be safely 
carried out for the Kiggavik Project. However, the shipping season from Baker Lake is short, 
and air transport is thus the preferred method for much of the year. Since it is a viable option, 
AREVA has committed to only air transport of uranium concentrate to respect community views. 
To transport uranium concentrate by air, an Emergency Response and Assistance Plan will be 
developed by AREVA to meet CNSC and Transport Canada requirements. 

The uranium concentrate packaging circuit in the Kiggavik mill has been designed based on 
best practices for personnel protection and containment of the product. 

4.2.4 Tailings and Mine Rock 

People have expressed concern that contamination from the tailings and mine rock may affect 
the environment. Some specific comments follow: 

 Concerns over the tailings facility and proper coverage to prevent radiation from releasing. 
Will the tailings pond be safe after it is properly covered or will it only be effective for a 
certain time period? (RB NIRB April 2010) 

 Can you drink the water from the tailings when you release it? (after treatment) (BL OH Nov 
2010)

 There is concern about drinking water. People in Baker Lake not being able to use the water 
from their usual source because of pollution. (AR OH Nov 2010) 

 Concern with groundwater contamination, how do you prevent tailings from seeping out? (RI 
OH Nov 2010) 

 Concerns regarding treatment of mine rock and impacts to the environment. Mine rock at the 
Meadowbank mine site are contaminated but they are still covered by tarps, what happens 
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during the spring run-off in the areas? Will there be runoff into the water systems from the 
waste rock, especially when it is covered? (RB NIRB April 2010) 

Tailings and mine rock management facilities are designed to control interactions with the 
environment, both during operational and post-decommissioning periods. These interactions are 
assessed and then monitored to ensure that the environment is protected in both the short-term 
during operations, and in the long-term after decommissioning. 

The tailings management facilities (TMFs) have been designed using in-pit technology. 
Decommissioning activities are designed to ensure that the tailings mass remains stable over 
time.

Water containment and treatment, including contingency measures, have been designed to 
minimize the potential for un-controlled releases of un-treated water. Treatment processes have 
been selected based on site-specific conditions to minimize the potential for adverse effects to 
the environment. 

4.2.5 Transportation

Transportation logistics and infrastructure were identified early as one of the key issues of 
concern to the public as well as one of the key cost drivers for the Project. Therefore, numerous 
public engagement sessions have been focused upon these components and a number of 
options have been evaluated for cost, operability, environmental impacts, and public 
acceptability.

Marine Transportation 

A key concern expressed by the communities along the shipping route is the potential for spills 
during offshore transfers from large vessels to barges or spills from barges transiting from 
Churchill through to Baker Lake. Section 10.3 provides more information on marine transport. 

Since the community members know the waters well, they want IQ to be incorporated into the 
routing and scheduling decisions. They are concerned with the shallow depth of Baker Lake and 
that the increased barging may disturb wildlife, particularly in Chesterfield Inlet. There is concern 
that spills could harm the wildlife and travel downstream into drinking water sources. Ice 
breaking and the varying timing of the ice break up is also a concern. Some specific comments 
follow:

 Will there be sea travel? Sept-Nov not good because of high winds. Major spill would be 
bad. (CH OH Nov 2010) 

 We do not want to see barges stuck in Baker Lake again. (BL CLC Apr 2010) 

 People are very concerned about the effects of increased marine traffic on the marine 
mammals living in Chesterfield Inlet. E.g. many of the people believe that increased marine 
traffic in the inlet resulting from existing projects has already caused many beluga whales 
and seals to move away, and further increases will make the problem worse. (CI01 (2009); 
CI04 (2009); CI05 (2009); CI07 (2009); CI08 (2009); CIHT (2009)) 
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 If ships travel during the winter months, wildlife will be affected. Summer barging would have 
less of an impact on marine life. If the barge is anchored for a period of time it may have an 
affect on marine life. (CHJ (2011)) 

 Shipping during the regular season between ice break-up and freeze-up will not affect ice 
formation. (ARVJ (2011)) 

Project studies have focused on the reduction of shipping volumes to address community 
concerns and reduce Project costs. It is anticipated that the number of barge trips will be 
reduced during operations as opportunities to optimize reagent use are identified. The shipping 
window assumed for Project planning is conservative, to avoid the need to ship late in the 
season. Preliminary marine emergency response plans include consideration for community 
involvement in the development and execution of any emergency response action. Community 
representatives will be contracted as independent marine mammal observers during transit 
through Chesterfield Inlet, and on to Baker Lake. 

Road Options 

People expressed the need for IQ and community input to be utilized in the alternatives 
assessment for road options (see Technical Appendix 2A). Although there is not a consensus 
among community members as to which road option is best, it is generally desired that the 
caribou and other wildlife not be disturbed by the road. Some specific comments follow: 

 A group from Baker Lake indicated that their preference and likely that of most of the 
community is the northern route with the bridge. A bridge over the Thelon is seen as an 
advantage to most in the community. They do not wish to take the lead on discussions with 
the community and would like the project team to involve the community of Baker Lake 
more. (BL MC Jan 2009) 

 I used to support the north all weather road but now I prefer the winter. The South is too 
shallow and the north all weather road crosses the Thelon in an area of a caribou crossing. I 
thought I would use the north all weather road, but when I think of the caribou and fish, I 
prefer the winter road (BL OH Nov 2010) 

 I would prefer the winter road to Kiggavik than the all weather road because although it 
would provide road use for the short term it might be better for the caribou in the long term. 
Maybe you should consider using as much of the Meadowbank road as possible. (CH OH 
Nov 2010) 

 Blue and red options (south All season and winter options) are on the spring caribou 
migration route. The last time we saw (the migration) there was 8,000 bulls and cows. If we 
disturb this area, we have caribou. Last winter, one of the concerns was roads across lakes. 
As we said last year, across the lake is too shallow. We worry about spills. With new road, 
everybody has access to caribou. Now caribou are gone. (BQCMB Nov 2009) 
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 Are you in the calving grounds? What will be the effects on those herds? I am concerned 
about migration of caribou. More conceded about migration impacts from the road than the 
mine site. The caribou here seem to move over the road ok. (CH OH Nov 2010) 

 One Elder suggested that if a road is built from Baker Lake to the Kiggavik mine site, it may 
cause the caribou to stop and go to Chesterfield. Another Elder pointed out that the caribou 
using the calving area around Josephine Lake have not been affected by the Shear Minerals 
camp located there. (CI03 (2009); CI01 (2009)) 

 Participants in the young adults’ focus group were concerned that Project-related roads may 
affect caribou migration, which in turn may require Elders to travel farther for food. (RIYA 
(2009))

 One of the Elders said they would not support any development south of Baker Lake as that 
is an important caribou route, and that the area around Hagliq is too shallow for barges or 
boats. (BL09 (2008)) 

Based on community concerns and the shallow depth of the water on the south shore of Baker 
Lake, AREVA has removed the south all-season route from further consideration. AREVA has 
further developed studies of the winter road option to provide additional confidence in its 
viability. Road options are further discussed in Section 10. 

Thelon River Crossing 

If the northern all-weather road is built and a Thelon crossing is made, the community members 
want the traditional uses of the Thelon to be remembered and preserved. IQ and Elders’ 
opinions should be incorporated. They believe that this knowledge will be useful in choosing the 
best route/place and avoiding damage to infrastructure. Specific comments include: 

 Thelon River is recognized as the Heritage River and this has to be considered. (BL CLC 
Feb 2007) 

 I would like to ask how about at Mamautit at the very mouth of Thelon River? It is very deep; 
I don’t want any fishing spots to be destroyed. (BL CLC May 2008) 

 The bridge proposed at Kiggayuk is too shallow and the bridge would be plugged with ice 
bergs in no time; perhaps deeper spot would be safer place to put it in; if the bridge is build 
where it is shallower it would break in no time at all; and the big broken part would be too 
costly and too much to take them out of the strong current of the Thelon River. (BL CLC Mar 
2009)

 Most of the Elders indicated that they would support a bridge over the Thelon River, and 
would not like to see any developments near Hagliq. In particular, a bridge at either 
Anaqtalik or Kinngarjuit (Half Way Hills) was described as a good option. Another person 
thought that a ferry would be better than a bridge. (BL13 (2008); BL 18 (2008)) 

 People were concerned that a bridge over the Thelon River would cause problems with ice 
being pushed up on shore, or possible damage to the bridge by ice. (BL04 (2008); BL10 
(2008))
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As recommended by the Community Liaison Committee, a number of visits to the proposed 
Thelon River crossing have been made with the Project engineering team and community 
members. AREVA respects the concerns raised regarding ice break-up on the Thelon and has 
monitored break-up over the last several years in order to ensure that any infrastructure is 
designed appropriately. Based on community concerns and benchmarking against other 
northern bridges, an additional contingency factor was included in the bridge cost estimate in 
order to account for unforeseen construction difficulties. The bridge option was subsequently 
removed from further consideration. Therefore the remaining options are the winter road 
(preferred) and the north all-season road with a cable ferry – ice bridge crossing if the winter 
road is unable to adequately serve Project needs. 

4.2.6 Health and Safety 

Comments regarding Project health and safety tend to focus on radiation; the following are 
some examples: 

 If I get a job, how will I know if radiation is affecting me? (KV OH 09) 

 Do I accumulate radiation in my body when working at a uranium mine? (AR OH Nov 2010) 

 What can happen to the body after prolonged exposure to radiation? (BL HS Nov 2010) 

 Are safety courses provided? (KV OH 09) 

 Elders expressed concern about the potential effects of uranium dust travelling and affecting 
many people. (RIE (2009)) 

 The potential effects of the Project on Rankin Inlet through airborne contaminants were 
expressed during the HTO focus group, Elders focus group and the women’s focus groups. 
Hunters explained that the wind travels from Baker Lake towards Rankin Inlet, and that any 
airborne contaminants, such as dust, would find their way to Rankin Inlet. (RIHT (2009)) 

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

 For some, there is a larger concern that people may become contaminated by the Project. 
(BLE (2009)) 

AREVA has developed a preliminary radiation protection plan to provide additional information 
regarding measures taken during operation to protect personnel from radiation (Section 15). 
Refer also to Section 4.2.1 for a discussion on concerns related to dust. 

4.2.7 Decommissioning

Some of the comments regarding Project decommissioning include: 
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 There used to be a nickel mine in Rankin Inlet, but when they closed, they just left it (i.e. no 
decommissioning). I don’t want to oppose the mine; I know that people came to Rankin Inlet 
because of the mine. I want to say I support it. (RI KIA 2010) 

 Concerns with areas that have not been cleaned up properly/reclaimed. Community 
members, especially hunters travel everywhere on the land by ATVs/Hondas and 
sometimes go through old exploration sites that have not been reclaimed properly. Areas 
need to be reclaimed properly so that people can travel through without any incidents or 
concerns. Also noticed garbage around the road to Meadowbank and this should be cleaned 
up. (BL NIRB April 2010) 

 The most important part is the environment and returning it to its state before mining. (CH 
OH Nov 2010) 

 It is nice to have all these nice jobs, I’m worried about the environment, what is the plan to 
clean up the land when you are done? (BL HS Mar 2009) 

 If there was a uranium mine I would like this to be cleaned thoroughly before you abandon it, 
I don’t want our game, our caribou habitat to be damaged (BL NPC June 2007) 

AREVA’s integrated approach includes decommissioning considerations during the initial design 
phase. The objective is to ensure that the end state of the Project area is suitable for traditional 
activities. AREVA will require a licence from the Canadian Nuclear Safety Commission prior to 
beginning decommissioning. Detailed decommissioning and monitoring plans will be developed 
as part of AREVA’s application for this licence. 

As required by the NIRB, a preliminary decommissioning plan (Technical Appendix 2R) has 
been included with the EIS submission. 

4.2.8 Employment and Benefits 

The Kivalliq communities expect locals to be hired at all stages of the Project and that the 
workplace will be safe. It is perceived that the opportunities for jobs created by AREVA will 
encourage the communities’ youth to become educated. It is also desired to couple the 
traditional lifestyle with working at a mine. Some illustrative comments follow: 

 I was impressed to see some Baker Lake people working up there. (BL CLC Sep 2007) 

 We need to focus on our young people; I dealt with young people, and some have talked to 
me about creation of jobs. Some one said maybe Uranium maybe dangerous. (BL CLC Feb 
2007)

 Kids are encouraged to finish school and see they can work and still live at home – seeing 
options. (AR OH Nov 2010) 

 We had 13 grade 12 graduates last year. They are unemployed because there are no jobs 
here. Thank you for coming here. We are now getting information we never knew. We can 
now give you support because we have this information. (RI KIA 2010) 
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 Rotational workers said that having employment means they can afford hunting gear, such 
as ATVs or snowmobiles, and that combined with a two week on and two week off rotation, 
they can go on the land and hunt more than they were able to prior to employment. (BLRW 
(2009))

 Young people indicated that traditional skills are being adapted into modern ones that 
providing for their family now means earning money. They added that they feel under a lot of 
pressure to get a higher education, get employment and learn traditional ways. (BLY (2009)) 

Kivalliq employees will expect to see the benefits of fair and competitive wages and on site 
training in a variety of fields. The following are some selected comments: 

 How many employees will be hired from Kivalliq? Are they prepared to train Inuit people for 
heavy machinery operation and safety? I wouldn’t just want to be a janitor or cook’s helper. 
Will you help people develop the required skills to be employed at the mine? (AR KIA 2010) 

 Would like Inuit trained in environmental monitoring to monitor the project properly. Planning 
needs to be put in place to ensure things run smoothly. (AR NIRB May 2010) 

 Would like to see Inuit employed by the mining companies – Inuit learn quickly when on the 
job training is offered. (RB NIRB April 2010) 

People would also like AREVA to support recreational, health, and social services in the 
community so all residents could benefit. Example comments include: 

 Have you met with NTI and KIA about how Baker Lake can get help? NTI and KIA are 
getting royalties and we are not. I went on radio. We signed an agreement. Now we are 
getting nothing. How can we get half of royalties? I think Baker Lake should get more 
money. We have been appointed to be on this committee. We should make a motion and 
get a health centre. (BL CLC Oct 2010) 

 I know that NTI/KIA get taxes and stuff from the mines but do you guys ever support 
sporting events and other community things? Sports are so important to these communities. 
It is what makes kids belong and gives opportunity for travel. (RB PM Nov 2010) 

 What about the people who are unable to work? What about the elders, will they see any 
benefits? (KV OH 09) 

AREVA’s commitments as listed below and within other documents in the EIS are expected to 
be included in the IIBA negotiated with KIA. The measures are derived from lessons learned 
elsewhere in Nunavut and northern Canada, precedents set in earlier IIBAs, and suggestions 
during engagement. AREVA’s corporate experience in Saskatchewan has also been drawn 
upon. These measures and others are described in more detail in Section 19.2. 

AREVA recognizes the importance of local employment and has committed to developing 
training programs that maximize the participation of Kivalliq residents in the Project. Included 
will be preferential hiring; points of hire in each of the Kivalliq communities; education, training 
and scholarship programs; and, accommodating Inuit culture in the workplace as practical for 
improved job satisfaction. Employee benefits include an Employee Family Assistance Program 
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that provides counselling services to both the employee and their family, staffing the mine site 
and community offices with peer and elder counsellors; providing communication systems for 
people to stay in touch with families; and supporting community initiatives to address community 
priorities towards enhanced wellbeing, including as examples, assistance to elder and child care 
and recreational opportunities for youth. 

Development and support of local businesses will be facilitated through a Business 
Development program. This will include preferential contracting, and helping businesses to 
overcome barriers to accessing Project contracting and wide dissemination of information on 
available business opportunities 

AREVA recognizes that Elders play an important role in the community and encourages Elder 
participation in monitoring committees, in addition to providing positions for Elder advisors at the 
mine site. 

4.3 ALTERNATIVES ASSESSMENT 

The assessment of Project alternatives is detailed in Technical Appendix 2A. The following 
sections provide a summary of the alternatives developed to clarify the options described in this 
report and assessed within other documents in this EIS. 

4.3.1 Alternatives Assessment Criteria 

Numerous criteria were used to evaluate alternatives; these criteria can be broadly summarized 
as follows: 

 Potential effects on the physical environment, including groundwater, surface water, 
geology, terrain, air quality, and noise; 

 Potential effects on the biological environment, including fauna and flora; 

 Potential effects on socio-economics, including demographics, employment and family; 

 Potential effects on land use, including harvesting, recreational and community uses; 

 Potential effects on culture; 

 Public acceptability; 

 Technical challenges and considerations; and, 

 Economics and costs. 

AREVA Resources Canada Inc. 
Kiggavik Project EIS 
December 2011 

Page 4-12 
Tier 2 Volume 2 

Project Description and Assessment Basis 
Section 4 – Project Design Overview



4.3.2 Results of Alternatives Assessments 

Table 4.3-1 summarizes the results of the alternatives assessments. The preferred option and 
secondary option(s), if any, are presented in more detail in subsequent sections of this 
document and are considered in the assessment of Project effects presented in the EIS. The 
alternatives listed are those that were identified and eliminated from further consideration by the 
alternatives assessment process. 

Table 4.3-1: Summary of Project Options and Alternatives 
Project 

Component 
Preferred Option Secondary Option Alternatives 

Power 
generation. 

Diesel generators in 
centralised or de-
centralised 
powerhouse. 

 None.  Wind and diesel co-generation. 
 Gas turbines in centralised or de-

centralised powerhouse. 

Source of 
freshwater. 

Siamese and 
Mushroom Lakes. 

 Ridge Lake during 
construction.

 Judge Sissons Lake. 
 Kavisilik Lake. 
 Scotch Lake. 
 Skinny Lake. 
 Squiggly Lake. 

Kiggavik Effluent 
treatment
(Construction) 

Temporary water 
treatment plant used 
for construction at the 
Kiggavik site and 
operations at the 
Sissons site. 

Staging of the permanent 
Kiggavik (Operations) water 
treatment plant. 

Kiggavik Effluent 
treatment
(Operations) 

Membrane treatment 
followed by chemical 
treatment.

Possible variations on 
process:
 Addition of softening 

stage.
 Segregation of feed 

stream.
 Chemical treatment only. 

 Membrane treatment with evaporation 
of brine. 

Sissons Effluent 
treatment
(Construction and 
Operations) 

Chemical treatment at 
Sissons site. 

 Piping or trucking 
untreated effluent to the 
Kiggavik site for 
treatment.

Discharge of 
treated effluents. 

Year-round discharge 
to Judge Sissons 
Lake; single or dual 
outfall.

None.  Zero liquid discharge. 
 Seasonal discharge to Pointer Lake. 
 Year-round discharge to Sik Sik Lake 

engineered. 
Mine waste 
management. 

Defined in waste 
management plans. 
Summary in this 
report.

None. None. 

Andrew Lake 
dewatering. 

Partial dewatering 
(maintain natural 
inflow/outflow). 

None.  Full dewatering. 
 Partial dewatering (construct drainage 

connections). 
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Project 
Component 

Preferred Option Secondary Option Alternatives 

Andrew Lake 
mining.

Open-Pit. None.  Open-pit + underground. 
 Other means of accessing ore 

underneath Andrew Lake. 

Mill Location. Kiggavik site. None. Sissons site. 

Mill Process.  Resin-in pulp. 
 Calcined uranium 

concentrate. 

 Resin-in pulp with solvent 
extraction. 

 Counter-current 
decantation with solvent 
extraction. 

 Non-calcined uranium 
concentrate. 

 Filtration with solvent extraction. 

Mine rock 
storage.

Temporary surface 
storage of Type 3 mine 
rock; permanent 
surface storage Type 1 
and 2 mine rock. 

None. None. 

Tailings 
management. 

Natural surround in-pit 
(subaqueous). 

Pit liner.  Underdrain. 
 Above-ground. 

Access from 
Baker Lake to the 
Kiggavik site. 

Winter road. All season road North Route 
with cable ferry. 

 All season road North Route with 
Thelon River bridge. 

 All season road South route. 

Airstrip location. Pointer Lake. None. Drumlin. 

Baker Lake dock 
location. 

North shore site 1. North shore sites 2 – 4.  South shore. 
 Sagliq Island. 
 Chesterfield Inlet dock. 

Yellowcake 
shipment.

Air only None. Air and marine. 

Marine routes.  Barge Churchill-
Baker Lake. 

 Lighter ships at 
Helicopter Island, 
barge to Baker. 

 Barge East Coast 
to Baker Lake. 

None.  Barge from Chesterfield Inlet dock 
site.

 Ferry transport through Narrows 
(Churchill to Baker). 

Decommissioning 
and reclamation. 

 Progressive 
rehabilitation with 
decommissioning 
and closure plan. 

 Main Zone TMF 
fully backfilled. 

Main Zone pit lake None.



4.4 PROJECT LAYOUTS AND INFRASTRUCTURE 

4.4.1 Environmental Design Features 

Environmental design features are considered a key component of mitigation by design. These 
features are represented in part by best practices as incorporated from AREVA’s experience in 
Saskatchewan and also consider site-specific environmental conditions in the Kivalliq region. 

Key environmental design features include: 

 Location of the main mill terrace upgradient of the Kiggavik open pits to ensure contingency 
containment of potentially contaminated materials 

 Layout of the Kiggavik and Sissons infrastructure to optimize air quality by placing primary 
air emitters downwind of other infrastructure and camps. This included several iterations of 
air quality modelling to ensure the powerhouse was placed in an optimal location for air 
quality at the camp. 

 Layout of the mill circuits to facilitate contamination control and ventilation requirements. 

 Selection of mill process to reduce water requirements and effluent discharge volume. 

 Increase in crushing capacity to reduce the amount of dry ore handling and obviate the need 
for a crushed ore stockpile. 

 Use of a water storage pit and ponds to maximize recycling of site drainage and mine water 

 Identification of site-specific treated effluent Derived Effluent Release targets to inform water 
treatment process selection 

 Development of water treatment options to maximize recycling of water 

 Segregation of mine rock to facilitate containment and decommissioning of potentially 
problematic materials 

 Design of pads and drainage systems for ore and mine rock storage. 

 Development of design contingencies for the TMFs to account for uncertainties with respect 
to sub-permafrost pressures and potential fractures in the bedrock. 

 Identification of minimum TMF water layer requirements to prevent freezing of tailings and 
maximize consolidation. 

 Design of foundations, pads, roads, pipelines and diversion ditches with sufficient thickness 
to prevent melting of permafrost 

 Design of roads and pipe corridors with gradients to accommodate wildlife crossing 

 Design of water crossings to facilitate fish passage 

 Selection of temporary dock design to minimize interaction with fish habitat. 
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4.4.2 Kiggavik Site 

The Kiggavik site location and layout has been selected based on the following considerations: 

 to ensure containment of the mill terrace by placing it up-gradient from the open pits/TMFs 

 to minimize pumping distance from the mill to the TMFs while maintaining appropriate blast 
clearances around the open pits 

 to maintain safe workflow within the site footprint 

 to maintain an appropriate distance from the airstrip flight direction while minimizing travel 
distance from the airstrip to the Kiggavik site 

 to take advantage of predominant wind directions and minimize the potential for emissions 
to affect air quality in the main camp areas 

 to minimize distance to freshwater sources and treated effluent discharge receptors 

 to minimize the potential effect of the site footprint on fish-bearing waterbodies 

 to retain the potential for future site expansion 

Infrastructure associated with the Kiggavik Site is shown in Figures 4.4-1 and 4.4-2. The 
facilities are summarized in Table 4.4-1; those facilities that will be contained within the mill 
terrace system or include specifically designed secondary containment are indicated. 
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Table 4.4-1: Summary of Kiggavik Site Infrastructure 
ContainmentFacility 
Yes No

Key Features Reference for 
Detail

Mining 
Mine Shop Section 5 

Explosive Storage Section 5
Milling 

Mill  To produce up to 4,000 
tonnes U per year 

Section 7 

Acid Plant Section 7 
Oxygen Plant Section 7 

Peroxide Storage Section 7 
Tailings

Management 
 3 in-pit TMFs: East Zone, 

Centre Zone, Main Zone 
Section 8 

Water Management 
Water Treatment 

Plant
Section 9 

Monitoring Ponds Section 9 
Freshwater Pipe  To Siamese Lake 

 8.7 km long 
Section 9 

Treated Effluent 
Discharge Pipe 

 Discharge to Judge Sissons 
Lake

 14 km long 

Section 9 

Purpose Built Pit  Storage of site drainage Section
Water Diversion 

Structures 
 Freshwater diversion Section 9 

Snow Fences Section 9
Power

Power Plant Section 11 
Tank Farm  10 ML tanks Section 11 

Warehousing 
Container Yard 
Clean Storage 

Accommodation 
Permanent Camp Section 11

Construction Camp Section 12
Access 

Kiggavik – Sissons 
Access Road 

 18 km long Section 10 

Access Road to 
Siamese Lake 

 Service road for freshwater 
line, includes power line 

 Overlays portion of the winter 
road route 

 7 km long 

Section 10 

Access Road 
Kiggavik to Judge 

Sissons Lake 

 Service road for treated 
effluent discharge line, 
includes power line 

 13 km long 

Section 10 

Pointer Lake Airstrip  Gravel airstrip 
 Includes fuel tanks 

Section 10 
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4.4.3 Sissons Site 

The Sissons site location and layout has been selected based on the following considerations: 

 to ensure containment of the site by placing it up-gradient from the open pit 

 to maintain safe workflow within the site footprint 

 to take advantage of predominant wind directions and minimize the potential for emissions 
to affect air quality in the camp areas 

 to minimize distance to freshwater sources and treated effluent discharge receptors 

 to minimize the potential effect of the site footprint on fish-bearing waterbodies 

 to retain the potential for future site expansion 

Infrastructure associated with the Sissons Site is shown on Figures 4.4-3 and 4.4-4. The 
facilities are summarized in Table 4.4-2; those facilities that will be contained within the site pad 
or will include specifically designed secondary containment are indicated. 
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Table 4.4-2: Summary of Sissons Site Infrastructure 
ContainmentFacility 
Yes No

Key Features Reference 
for Detail 

Mining 
Mine Shop and 
Offices/dry 

 Services underground and 
surface fleets – light duty 
function

Section 5 

Explosive Magazines  Long term storage at 
Kiggavik

Section 5 

Cemented Rock Fill 
Plant

 60 tonnes CRF per hour Section 5 

Water Management 
Water Treatment Plant  Chemical treatment 

 1,475 m3/d nominal capacity 
Section 9 

Monitoring Ponds Section 9 

Water Diversion 
Structures 

 Freshwater diversion Section 9 

Snow Fences Section 9
Power

Power Plant  7.65 MW Section 11 
Tank Farm  2 – 10 ML tanks Section 11 

Warehousing 
Container Yard 

Emergency Camp Section 11
Access 

Access Road to 
Mushroom Lake 

 Service road for freshwater 
line, includes power line 

 1 km long 

Section 10 

Access Road Sissons to 
Judge Sissons Lake 

 Service road for treated 
effluent discharge line, 
includes power line 

 10 km long 

Section 10 

4.4.4 Baker Lake Dock Facility and Site Access 

The preferred Baker Lake dock location and layout has been selected based on natural 
topographic features, Lake Bathymetry, and proximity to existing industrial infrastructure. The 
winter access road is the preferred access option, and has been selected following extensive 
community engagement and logistical studies. The north route all-season access road is 
assessed as a secondary option. 

The infrastructure and road routes are shown on Figure 4.4-5 and summarized in Table 4.4-3. 
These facilities are described in more detail in Section 10. 
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Table 4.4-3: Summary of Baker Lake Dock Facility and Access Infrastructure 
ContainmentFacility 
Yes No

Key Features 

Temporary Dock  7,500 t barge docking 
 80 – 100 m long 

Marshalling Area 
Tank Farm  6 -10 ML tanks 

Reagents Container 
Storage

 Sized for approximately 4200 
containers stacked 4 high 

Other Container Storage  Sized for approximately 4200 
containers stacked 4 high 

Explosive Storage  300 tonne capacity 
Offices 

Access 
Baker Lake – Kiggavik 
Winter Access Road 

 3 month seasonal road 
 Includes emergency shelters 
 105 km long 

Baker Lake – Kiggavik
All-Season Access Road 

 All-season road with cable 
ferry – ice bridge crossing 
Thelon

 8 month service 
 Includes emergency shelters 
 110 km long 

Road to Baker Lake  connects into AEM 
Meadowbank dock road 

 1.5 km long 

4.5 PROJECT SCHEDULE 

Pending a positive NIRB recommendation and acceptance by the Minister and taking into 
consideration the anticipated regulatory and internal AREVA preparation schedule, the earliest 
Project construction could begin is in 2017, given favourable market conditions. Construction 
would begin with preparation of the Baker Lake dock facility in time for the first shipping season 
occurring in 2017. Construction at the Kiggavik site is then expected to begin in early 2018 in 
concert with the winter haul season. The anticipated Project schedule is shown in Figure 4.5-1. 
The phases consist of the activities shown in Table 4.5-1. 
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Table 4.5-1: 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 

Operations Mining
Mine rock management 
Milling
Tailings management 
Water and waste management 
Support activities (power generation, logistics) 

Decommissioning and Reclamation Completion of EA for decommissioning 
Removal of infrastructure 
Closure of rock stockpiles 
Treatment of tailings porewater 
Closure of TMFs 

Post-decommissioning  Monitoring and any required follow-ups 
Completion of EA for final closure 

Figure 4.5-1: Anticipated Project Schedule 
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5 MINING

5.1 RESOURCES

The current resource estimates for the Kiggavik Project deposits were performed according to 
Form F1 of National Instrument 43-101 (NI43-101) Standards of Disclosure for Mineral Projects. 

The following mineral resource estimates were used to design the project: 

 It is estimated that at a 1,000 ppm U cut-off, the East Zone, Centre Zone, Main Zone and 
Andrew Lake deposits contain a combined Indicated and Measured Mineral Resource of 7.9 
million tonnes, approximately, grading 4,700 ppm U (37,200 t U) and 0.18 million tonnes, 
approximately, grading 2,640 ppm U (474 t U) classified as Inferred Mineral Resource. 

 It is estimated that at a 2,000 ppm U cut-off, the End Grid deposit contain a combined 
Indicated Mineral Resource of 2.52 million tonnes, approximately, grading 4,660 ppm U 
(11,750 t U) and 0.5 million tonnes, approximately, grading 3,750 ppm U (1,900 t U) 
classified as Inferred Mineral Resource. 

These estimates result in total estimated Project resources of approximately 48,950 t U 
classified as Indicated and Measured Mineral Resource and 2,374 t U classified as Inferred 
Mineral Resource. Reserves are estimated at approximately 10 million tones grading 0.42% 
(Table 5.3-1). 

5.2 GENERAL MINE DESIGN CONSIDERATIONS 

Both open pit and underground mining methods have been selected for the Kiggavik Project. 
Open pit mines are proposed for the three Kiggavik deposits (Main, Center and East) and the 
Andrew Lake deposit, while an underground mine is proposed for the End Grid deposit. The 
Kiggavik and Sissons general site layouts are shown in Figures 4.4-1 and 4.4-3, respectively. 
Three-dimensional perspectives of the Kiggavik and Sissons site are included in Figures 4.4-2 
and 4.4-4, respectively. 

The development of the mining plan has drawn upon operational experience gained during the 
mining of the open pit mines at the McClean Lake Operation, benchmarking against 
underground uranium mines operating in northern Saskatchewan, and benchmarking against 
recent mining projects in sub-arctic conditions in Nunavut and the Northwest Territories. Site-
specific considerations include the influence of severe weather and associated operating 
delays, snow drifting and required road maintenance, high winds and dusting, and management 
of spring freshet. 
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5.3 MINING SCHEDULE 

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. To achieve this outcome, mining 
and stockpiling of the East Zone deposit at the Kiggavik site would begin as early as possible in 
the Project schedule, while mill start-up would be delayed until the first tailings management 
facility is available. Figure 5.3-1 shows the overall development schedule for both the Kiggavik 
and Sissons sites, including both open pit and underground excavations. 

Ore mined at the Sissons site will be hauled to the Kiggavik mill for processing. There will also 
be a pad constructed at the Sissons site to provide ore storage capacity and facilitate blending 
of ore prior to transport to the stockpile at the Kiggavik site. This pad will be constructed to the 
same general specifications as the larger Kiggavik ore pad, including installation of a synthetic 
membrane, berms, and ditches for drainage control and water management. Ore will be hauled 
from Sissons to the Kiggavik ore pad on a dedicated access road using dedicated trailers that 
can be transported using standard tractors (Section 10.5). 

Mine rock will be managed at the Kiggavik and Sissons sites. Mine rock material deemed 
acceptable in terms of uranium content, acid-generating potential and metals leaching will be 
used for construction. Mine rock not utilized for construction will be managed on surface. Mine 
rock that requires specific management due to uranium content, acid-generating potential or 
metals leaching potential will be segregated during mining and managed in a separate 
temporary stockpile. Drainage from the stockpile will be collected, treated as necessary, and 
released. During decommissioning, Kiggavik Type 3 mine rock will be backfilled into the Main 
Zone TMF, while Sissons Type 3 mine rock will be backfilled into Andrew Lake pit. Section 6 
addresses mine rock management in more detail. 

The proposed production schedule is shown in Table 5.3-1. This schedule is based upon a 
nominal annual mill production rate of 3,800 tonnes U, which requires a mine production rate of 
one million tonnes of ore per year, approximately. The maximum total movement/extraction 
considered to develop the proposed production schedule is 90,000 tonnes per day based on 
operability and equipment fleet. To account for severe weather conditions and associated 
delays, the average number of operating days per year for open pit mining is conservatively 
assumed to be less than 310. This schedule will be reviewed and further optimized at the time 
of licensing application. 
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Table 5.3-1: Preliminary Production Schedule  
Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Yr 6 Yr 7 Yr 8 Yr 9 Yr 10 Yr 11 Yr 12 Yr 13 Yr 14 Total

East Zone Open Pit
Volume (BCM*1000) 2,685 2,685

Mine Rock (t*1000) 6,665 6,665
Ore (t*1000) 84 84

Centre Zone Open Pit
Volume (BCM*1000) 6,853 6,853

Mine Rock (t*1000) 16,044 16,044
Ore (t*1000) 824 824

Main Zone Open Pit
Volume (BCM*1000) 2,064 9,066 4,923 8,894 3,794 28,741

Mine Rock (t*1000) 3,917 23,372 10,315 22,646 9,231 69,481
Ore (t*1000) 5 388 405 1,122 830 2,750

Andrew Lake Open Pit
Volume (BCM*1000) 1,955 6,230 1,397 6,900 10,233 3,219 2,314 2,299 1,149 1,155 1,179 393 38,422

Mine Rock (t*1000) 3,780 16,820 3,772 17,345 27,047 8,305 5,435 5,638 2,911 2,775 2,526 383 96,738
Ore (t*1000) 134 493 335 685 482 149 285 534 570 3,666

End Grid Undeground Mine
Mine Rock (t*1000) 150 194 98 53 59 59 62 52 727

Ore (t*1000) 1 2 124 247 357 366 375 355 380 358 148 2,713

Mill Feed
Ore (t*1000) 71 750 687 946 963 718 655 792 664 754 977 747 946 368 10,038

Grade U% 0.49% 0.47% 0.54% 0.38% 0.37% 0.52% 0.56% 0.46% 0.52% 0.46% 0.28% 0.33% 0.39% 0.29% 0.42%

Uranium Production (tU) 333 3,404 3,583 3,474 3,395 3,594 3,536 3,533 3,309 3,357 2,627 2,403 3,562 1,023 41,133
(96.5% recovery)

5.4 KIGGAVIK SITE 

5.4.1 Local Geology 

The geology of the Kiggavik deposits has been studied since the 1970s. Drilling and ore 
sampling activities conducted since 2007 have essentially confirmed the local geological 
conditions and previous interpretations in terms of distribution of grade and lithology. The 
current section summarizes local geology; more detail is included in Technical Appendix 5B 
(Geology and Hydrogeology Baseline). 

The Main Zone, Centre Zone and East Zone deposits are located between two regional ancient 
fault zones. The Thelon fault is located to the north, while the Sissons fault is located to the 
south. The Main and Center zones are located 600 m apart and follow the same 65 degrees (o) 
east-northeast trending shear zone. The East Zone is located approximately 500 m further to 
the east of Center Zone. 

Basement host rocks are composed of metasediments, and to a lesser extent altered granite 
and intrusive rocks. Metasediments are sedimentary rocks that have been metamorphosed 
(altered by heat, pressure or chemically active fluids). Intrusive rocks are igneous rocks that 
intrude into pre-existing rocks, along some structure. Uranium mineralization in the Kiggavik 
area is hosted for the most part in altered metasedimentary rocks (mainly meta-arkose, 
metapelites and sericite schist), and to a much lesser extent in altered granite and intrusive 
rocks. There is no mineralization hosted in the Mackenzie diabase which cuts through the 
Kiggavik property. 
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In general the mineralization is finely disseminated along foliation planes and/or in veinlets 
parallel to the foliation, but can also be found as fracture infill and coating along cross-cutting 
structures. The two major uranium minerals are pitchblende and coffinite. Secondary uranium 
minerals are not common. Fine-grained uranophane occurs in weathered rocks outcropping at 
surface but also occasionally at greater depth. Pitchblende and coffinite are often associated 
with marcasite and pyrite. Other sulphides or accessory metals are present only in minor 
amounts, indicating the single elemental composition characteristic of the Kiggavik ore zones. 
The uranium mineralization is associated with an intensive alteration halo. The alteration is 
characterized by desilification and by the conversion of feldspar and mica to clay minerals 
consisting mainly of illite and sericite which is somewhat typical of unconformity type deposits. 

5.4.2 Mine Development 

Of the alternatives examined, the open pit mining method has been chosen to mine the Kiggavik 
deposits for the following reasons: 

 the mineralization is relatively close to surface so that open pit mining methods are 
economically favourable; 

 open pit mining is a proven and reliable mining method and provides enhanced 
opportunities for local employment of equipment operators; 

 potential radiation exposure to workers can be minimized due to natural ventilation and 
increased working distances from the ore in the open pit mining method versus conventional 
underground methods; 

 water inflows are more easily controlled and can be readily isolated to prevent radon 
exposure to workers; and 

 AREVA has extensive experience operating open pit mines with a number of deposits 
successfully mined at the McClean Lake Operation in northern Saskatchewan (JEB, Sue C, 
Sue A, Sue B, Sue E). 

The proposed Kiggavik site includes three deposits: East Zone, Center Zone and Main Zone. 
The proposed mine plan at the Kiggavik site is to: 

 Excavate East Zone and stockpile the ore until completion of the open pit. Once this initial 
zone has been mined out the pit will be converted into an in-pit tailings management facility 
(TMF).

 Excavate Center Zone and process the East and Center ore; the tailings produced will be 
disposed of in East Zone TMF. Once Centre Zone has been mined out the pit will be 
converted to a second TMF. 

 Excavate Main Zone East and process the ore; the tailings produced will be disposed of in 
Center TMF. Once Main Zone East has been mined out the pit will be converted to a third 
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TMF to accommodate some of the tailings produced from the processing of Main Zone 
West.

 Pushback Main Zone West and process the ore; the tailings produced will be disposed of in 
Center TMF and/or Main Zone East TMF. Once Main Zone has been completely mined out 
the pit will be converted into a larger TMF to accommodate tailings from the Andrew Lake, 
End Grid and other potential deposits. 

In addition to the mineralized zones described in the preceding section, a purpose-built-pit 
(PBP) will be mined to provide construction materials and to act as a reservoir for plant process 
water. This facility will be excavated and developed prior to the start of mining in East Zone and 
Centre Zone. 

5.4.2.1 Mine Design 

The design for the Kiggavik pits draws upon operational experience gained during the mining of 
the open pit mines at the McClean Lake Operation and from recent mining projects in sub-arctic 
conditions in Nunavut and the Northwest Territories. 

The open pit designs are based on geological models of the deposits complete with an 
associated mineral inventory. This information combined with all the relevant economic factors, 
site topography, slope stability analysis, and pertinent government regulations relating to the 
design of open pit mines, were used in an open pit economic evaluation software package to 
form the basis of the proposed pit designs. 

The three Kiggavik open pits, which will be converted into TMFs, will be excavated in what has 
been generally classified as competent to very competent rocks, which exhibit brittle rock 
characteristics. The othoquartzites and the granitic intrusive in particular are very strong rocks. 
The metasediments are not of the same strength, but are still very competent with respect to 
providing a stable wall for an open pit. The only low strength materials within the ultimate pits 
are the altered rocks associated with the mineralization and thus these will generally be 
removed as ore. It should be noted that all rock strength testing was conducted on thawed core. 
The strength characteristics of rock types tested are unlikely to differ significantly in a frozen 
state due to very low content/void ratios. The altered rocks such as the ore zone materials have 
a relatively higher void ratio which implies that they are likely to be significantly stronger in a 
frozen state than in an unfrozen condition. The potential reduction in strength with thawing may 
contribute to unravelling of the rock on the slope face, which would be exacerbated in the blocky 
rock conditions associated with high alterations. 

The stability of slopes excavated under these conditions will therefore be primarily controlled by 
the orientations, spacing, persistence and strength of the discontinuities that exist within the 
rock mass. 

Interpretations of outcrop mapping and oriented core data suggest that the major controlling 
structural systems in the vicinity of the open pits are very consistent. A stereographic study of 
the kinematics of failure was conducted for a range of proposed slope orientations to identify 
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discontinuities oriented such that they could give rise to slope failure. The kinematics of failure 
study showed that the most likely potential modes of failure are planes and wedges. Information 
on horizontal and sub-vertical joint spacing suggests that block shapes with potential toppling 
are not likely. Rather, blocks will occur, and ravel rather than topple. This type of failure is likely 
to be confined to near surface, bench scale instability in some walls of the pits. The potential for 
small scale wedge and planar type failures has also been identified but is again likely to be 
confined to bench scale. The conclusion of the kinematic study is that slopes of 50° to 55° could 
be mined however the requirement for safety berms to contain bench scale failure will determine 
the inter-ramp slope geometry. 

The open pit final walls will be benched in stepped profile, with bench faces and catch berms to 
control and contain local failures, with overall slopes of between 42° and 51°. The open pits will 
be accessed by 25 m wide ramps to allow for two-way truck traffic with a safety berm on the pit 
crest side and a water collection ditch on the pit wall side. 

In the formulation of the slope configurations, a series of mine design guidelines were used on 
the basis of standard practices and the Nunavut Mine Health and Safety Regulations (2009). 
The current pit parameters are summarized in Table 5.4-1. The current mine designs will be 
further optimized and a review of the pit design will be required at the time of licensing 
application and after final equipment selection. 

Table 5.4-1: Slope Design Parameters used for the Kiggavik Open Pits 
Pit East Zone Center Zone Main Zone 
BFA 75° 75° 75°
IRA 49.6° 49.6° – 52.5° 49.6° – 54° 
OSA 42° 49.5° 51°
Catch berm 12 m-14 m 12 m-14 m 11 m-1 4 m 
Bench height* 24 m 24 m 24 m 

BFA = bench face angle 
IRA = inter ramp angle 
OSA = overall slope angle 
*working bench height is 12 m, with double bench configuration for slope design 

5.4.2.2 Mining Fleet 

The proposed open pits at the Kiggavik site will be mined using conventional drilling and 
blasting techniques, with ore and mine rock removal using mechanical excavators and trucks. 
Mine rock will be excavated using hydraulic shovels that will load a fleet of 133 t trucks. Ore will 
be loaded with a backhoe for ore selectivity purposes. 

Blastholes will be drilled using a fleet of drills capable of drilling 140 mm to 270 mm diameter 
holes. These drills will be allocated to the various pits as required by the mining schedule. 

Dozers will service the mine rock stockpiles, clean-up around loading equipment and perform 
berm clean-up as required. Also during winter and spring freshet, considerable road and ramp 
maintenance is anticipated. Wheel loaders will be available for general site duty, stockpile re-
handling, loading Sissons haul trucks and backup to primary loading equipment. Other mining 
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equipment will include graders, water trucks, fuel/lubrication/service trucks, explosives transport 
and mixing truck and pick-up trucks. 

Mine rock materials mined at all stages of pit development will be sampled and monitored, to 
ensure the materials are properly classified and separated for transport to the appropriate 
stockpile area. Mine rock and overburden will be loaded, using hydraulic shovels, into 133 t haul 
trucks. Type 1 and Type 2 mine rock (Section 6) will be hauled to designated piles adjacent to 
each pit. 

Ore material will be radiometrically scanned and weighed using an overhead truck scanner 
located near the pit entrance. The overhead scanner is used to assign the truck destinations, 
based on uranium grade. Ore will be assigned to an ore stockpile. 

5.4.2.3 Mining Fleet Maintenance 

The mining fleet at the Kiggavik site will be maintained in a shop facility located near the open 
pits and situated within the area of the site set aside for surface facilities. The Kiggavik mobile 
fleet maintenance shop will be a steel clad structure that will house the shops, warehouse and 
offices for the maintenance crews and staff. 

The proposed maintenance shop building will contain facilities that will include large equipment 
service drive-through bays that will accommodate the haul trucks. The shop-bay area will 
include wash bays, lube bays, tire repair bays and high repair bays. Wastewater will be 
collected in local holding tanks for treatment at the Kiggavik water treatment plant (WTP). 
Overhead cranes will be included. The building will also contain smaller service bays to service 
the support fleet of tracked dozers and motor graders as well as welding, electrical and 
mechanical maintenance. A light vehicle maintenance bay and an instrumentation shop will also 
be part of the shop building. 

In addition to the shop facilities, the maintenance building will contain offices and meeting rooms 
and interior warehouse space for parts and small material storage and an outside storage area. 
Adequate clearance around the shop building will be required for both storage and for drive-
through traffic in the high-bay section of the building. 

5.4.2.4 Blasting and Explosives 

Mining involves drilling large diameter holes (blast holes) and loading these holes with an 
explosive to blast the material into sizes that can be handled. The depth of these blast holes is 
determined by the bench height. Blasted materials are then loaded into trucks using a hydraulic 
shovel, loader, or backhoe, and hauled to an appropriate stockpile. 

The blasting practices at the Kiggavik site will change as the mine ramps up and test blasting 
will be required to optimize loads, burdens, powder factors and delay sequencing of the holes. 
At the beginning of the operation, it is anticipated that the mined rock will be blasted using a 
bulk form of Emulsion and Ammonium Nitrate (AN) mixture (70% Emulsion to 30% ANFO). A 
bulk explosive truck will mix the appropriate blend of emulsion and AN prill and transfer this 
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product to the pit for loading of blast holes. A powder factor of 0.66 kg/bcm (0.25 kg/t) has been 
used for design purposes. Blasts are typically envisioned to be 200,000 to 300,000 tonnes each 
and will occur approximately two or three times per week. 

The potential for wet holes at the Kiggavik site is considered to be relatively low due to the land-
based nature of the pits and the presence of permafrost. However, it is anticipated that during 
run-off events, or the drilling of material with high ice content, a water resistant emulsion/AN 
blend will be required. Typically the explosive delivered to the blast hole will be a 70% emulsion 
30% ANFO blend. Blasting operations in the pit will be simplified by using one primary explosive 
product and one optimized drill pattern in both dry and wet hole conditions. The percentage of 
wet holes encountered during the first year of operations will be used as an indicator for 
determining the most suitable method to manage wet holes in subsequent years. This could 
include using 100% emulsion product to simplify the blasting procedure. Emulsion materials will 
be stored at the emulsion plant. 

Explosive components will be shipped to the Kiggavik site and the Emulsion/ANFO blend will be 
mixed at site. Bulk storage facilities for emulsion and ammonium nitrate products will be 
constructed at the Kiggavik main site. The explosive supplier will be responsible for designing 
and constructing the on-site manufacturing facility. Detonators, primers, pre-split explosives and 
miscellaneous blasting products will be shipped to site and stored in the Kiggavik magazines. It 
is expected that four 4 m by 11 m magazines will be required for the following: two magazines 
for pre-split and miscellaneous explosives; one for primers and detonating cords; and, one for 
detonators.

Figure 4.4-1 shows the proposed location of the ammonium nitrate storage area and emulsion 
plant. The powder magazine will be located on the same road 100 m beyond the detonator 
magazine. The roadway will be 5 wide, approximately, allowing only one-way traffic. It is 
estimated that the facility will contain a 40,000 kg capacity explosives magazine (presplit 
powder and miscellaneous cartridge powder, primers and detonating cord), a magazine for 
blasting accessories (detonators, wire, etc.), bulk storage silos and a garage to house 
explosives delivery vehicles. The access road leading to this area will be located within the 
Kiggavik surface lease and access to the storage area will be controlled. The explosives truck 
wash will be located at the emulsion plant. Water from the truck wash will be collected in a 
sump, pumped out as required and trucked to the water treatment facility. 

Regulations governing the storage of explosives require that powder and detonators are stored 
in independent magazines separated by a minimum distance based on the amount of powder 
being stored. For a powder magazine containing up to 40,000 kg, the minimum distance 
between magazines is 83 m provided there is an effective barricade between them. Regulations 
also require the explosives magazines to be a minimum distance away from the camp and mill 
site buildings, as well as from traveled roadways. For instance a powder magazine containing 
up to 40,000 kg must be a minimum of 760 m from the camp and mill buildings (i.e. buildings 
where people may assemble), and a minimum of 275 m from a very lightly travelled road (i.e. 20 
to 500 vehicles per day). 
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The explosives magazines will be comprised of a 2 m thick pad with surface areas of 
approximately 430 m2 and 630 m2 for the detonator and powder magazines, respectively. The 
explosives magazines will be designed to Type 4 magazine standards. There will be only one 
main magazine location for both the Kiggavik and Sissons sites. Explosives and accessories will 
be delivered to the pits by truck. Similarly, portal delivery to the underground mine will also be 
done by truck and temporary storage locations will be used as required. 

Furthers details on drilling and blasting are included in Technical Appendix 2B (Drilling and 
Blasting and Related Regulatory Considerations). 

5.4.2.5 Slope Monitoring During Mining 

The ongoing development of the open pits will require an iterative observational approach. With 
this method, which is common practice in the mining industry, the initial pit excavations are 
monitored and the pit slope designs are modified on an ongoing basis throughout the life of the 
pit. As mining exposes subsurface geology in the proposed pits, it is expected that the wall and 
bench designs will be revised based on continued review, mapping and stability performance 
monitoring.

A pit slope monitoring program will be established early in the life of the pits. The monitoring 
program is intended to both confirm the assumptions made regarding the structural and 
geologic models and to detect unexpected conditions so that remedial measures can be 
adopted. This program will include both pit mapping to confirm the engineering geology model 
upon which the designs are based, as well as monitoring to detect any movement in the slopes. 

The program will be conducted largely by the mine geotechnical staff; with periodic reviews by 
an experienced rock slope design engineer. The monitoring program will include aspects 
relating to the following two components: 

 Geologic Mapping – in order to confirm the geological model on which the current slope 
designs are based and assess the potential for slope steepening, routine geologic mapping 
will be carried out as the slopes are excavated; and, 

 Slope Monitoring – regular visual inspections of the bench faces and the crest areas will be 
conducted for early evidence of slope instability. Occurrences of tension cracks behind the 
slope crest are indicators of movements and the beginning of instability in the slopes. 
Instrumentation will also be installed around the perimeter of each pit to monitor slope 
movement as the excavation progresses. 

Structural measurements will be collected over the full depth of the pits. 

5.4.2.6 Material Handling 

During the development of the open pit, the overburden and mine rock will be stripped to 
expose and extract the uranium bearing material called ore. Mining advances in ‘steps’, 
commonly referred to as mining benches. The mining bench height, or the height of the working 
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face, will be up to 12 m high in waste; once the mineralized zone is reached, the bench height 
may be reduced to optimize recovery and to minimize dilution of ore by mine rock. 

The majority of the material removed from the Kiggavik pits will be overburden material or mine 
rock material (granite and metasediments). Together, they constitute more than 95% of the 
overall volume of material to be removed from the Kiggavik pits. Overburden from the Kiggavik 
pits will be stockpiled and utilized during site decommissioning activities. Mine rock from all 
three open pits will be managed at the Kiggavik site according to the following three criteria 
(Section 6): 

 Mine rock material deemed acceptable from the perspective of acid rock drainage and metal 
leaching (Type 1) will be used for construction. 

 Mine rock not utilized for construction and deemed acceptable from the perspective of acid 
rock drainage and metal leaching (Type 2) will be permanently stockpiled at two locations to 
the north and to the south of the pits. 

 Mine rock with a potential for acid rock drainage and metal leaching (Type 3) will be 
segregated and temporarily stored during operation in a stockpile adjacent to the Main Zone 
pit. Runoff and water percolating through the temporary pile will be collected using ditches 
and a holding pond, such that the water can be recycled for use in the mill and/or treated 
before release. During decommissioning of the site, all Type 3 mine rock from the Kiggavik 
pits will be hauled and disposed of within the Kiggavik Main Zone pit. 

The average grade of ore from the Kiggavik deposits will be approximately 0.42% U. Monitoring 
efforts during mining aim to maximize the grade and recovery of all the mineable resources 
through radiometric probing, continuous supervision of the mining operation, and overhead 
scanning of trucks loaded with ore. Probing will be done using instruments that are calibrated 
and correlated with uranium grade. The probing results will be used to produce maps which 
outline the ore and waste zones and show the grade distribution for the mining bench. 
Separation of ore from waste and grade control will be achieved during mining by geological 
technicians. As well, all trucks loaded with mineralized material will be scanned by the overhead 
scanner which has the capacity to confirm classification of the load, based on uranium content, 
as Type 1, Type 2 or Type 3 mine rock, and low, medium or high grade ore material. 

5.4.2.7 Ore Stockpile 

Ore placed on the ore stockpile will be categorized by grade using scanner results. The ore pad 
will be lined with a synthetic membrane and bermed for collection of drainage. All drainage will 
be collected and either treated or recycled for use in the mill. Management of drainage from the 
ore pad does not rely on permafrost encapsulation and it has been conservatively assumed that 
the pile will not freeze or otherwise store water; therefore potential climate change is not 
expected to affect stockpile management. 

The design for the ore pad and pond at the Kiggavik site includes a double liner system with a 
leak detection system. Due to the permafrost foundation conditions, the liners will be 
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constructed on a rockfill pad. The pad grading will be designed to drain into the sedimentation 
ponds.

During operation of the mill, all drainage from the ore stockpile will be recycled to the mill via the 
purpose-built pit for use as process water. Prior to mill commissioning, drainage will be treated 
in the site water treatment plant prior to discharge. The Kiggavik ore pad is sized to 
accommodate approximately 1,000 kt of ore. 

Additional details are included in the Ore Storage Management Plan (Technical Appendix 2H). 

5.4.2.8 Dust Management 

Dust generation from the mines and ore pads 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. 

AREVA is committed to implementing a dust management follow-up program. This program will 
include monitoring of dust levels and pilot testing various dust suppressants for efficacy, cost, 
potential interaction with the mill process and potential environmental effects. The pilot program 
will be initiated at AREVA’s McClean Lake Operation prior to submission of the final EIS. 

5.4.2.9 Mine Water Management 

The open pits proposed for the Kiggavik area will be excavated in competent low permeability 
bedrock and therefore significant issues relating to dewatering and groundwater quality and 
quantity management are not expected. Furthermore the mines will be excavated entirely (East 
Zone and Centre Zone) or partially (Main Zone) in permafrost, where the frozen ground 
conditions are expected to further reduce the permeability of the rock mass. 

For the open pits snowmelt in early summer months is expected to be the dominant source of 
water inflow. Diversion ditches will be used to direct surface runoff away from the open pits. In 
total some limited inflow of water into the pits may occur from the following sources of water 
flows:

 Pit wall – seepage from melting of permafrost, seepage from unfrozen zones 

 Direct precipitation (rainfall and snowfall), drifting snow and un-diverted surface run-off 

 Groundwater (sub-permafrost) inflow 

The results of water balance and groundwater flow model simulations suggest that the 
groundwater flow component will be very limited (< 100 m3/day). Snowmelt within the pits in 
early summer months will be the dominant source of water inflow to the pits. For Main Zone 
ultimate pit a peak rate of approximately 800 m3/day is predicted in July. Inflow rates are much 
smaller for Centre Zone and East Zones pits. There is no groundwater inflow component for 
these open pits and the total inflows are predicted to be less than 500 m3/day. Water that drains 
into the pits will be collected and pumped from submersible sump pumps. Staged pumping 
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using an intermediate sump will be required in the deeper pits. The water will be pumped to the 
purpose-built pit for recycling or treatment prior to discharge. 

Section 9 addresses water management at the Kiggavik site in more detail. 

5.4.3 Purpose Built Pit 

During the initial mine site development phases of the Project, a purpose built pit (PBP) will be 
excavated at the Kiggavik site. The PBP serves two project needs; it provides good quality 
aggregate for the construction of site infrastructure and it serves as a reservoir for mill water 
needs. 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 total designed pit volume is approximately 350,000 m3.

The PBP is required to provide construction material (Type 1 mine rock) for site pads and for 
mine waste water storage during the initial construction of the Kiggavik site. The pit design was 
premised on a need for aggregate and water storage and not for ore production. 

The PBP design will be further reviewed at the time of licensing application. 

5.4.4 East Zone Pit 

East Zone pit has been scheduled and designed to accommodate the need for a tailings 
management facility (TMF) early in the Project. The pit will be mined in a single phase. The pit 
was designed to extract the East Zone ore and be large enough to ensure there was sufficient 
tailings capacity for the duration of the mill start up. The design is sized appropriately to 
accommodate the tailings generated while Center Zone pit is being developed. Based on East 
Zone’s proximity to the Center Zone deposit, the East Zone pit was designed using similar 
geotechnical parameters as Center Zone. 

A bench height of 12 m and face angles of 75° were used in the East Zone pit design. This 
corresponds to an inter-ramp angle of about 49.6° and overall final pit slopes of about 42°. In 
the overburden material the bench slope has been designed at 35°. 

To enhance the stability of the slopes within the pit, safety berms will be constructed every 
second bench. These safety berms will be accessible from the haulage roads, provide 
catchment plateaus for possible falling material, allow scaling of pit walls, and will be cleared 
periodically to remove any fallen material, to the extent possible. The width of the safety berms 
will be 12 m. 

Access to the pit will be provided by a truck haulage ramp. The ramp is designed to allow for 
two-way traffic from the pit entrance to the 92 m elevation and then single lane for the final 
bench. The ramp width was designed to allow two 133 t trucks to pass each other safely without 
the need for turnouts. Haul road running surfaces will be graded on a regular basis to remove 
fallen rock and ensure runoff is directed towards the drainage ditches. Roads will be sanded, as 
needed, to ensure a safe non-sliding running surface. 
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East Zone Tailings Management Facility (TMF) 

Based on the proposed design, the East Zone pit will have a footprint of approximately 8 ha and 
be 100 m deep. The dimensions across the pit rim are approximately 308 m in the north-to-
south direction and 326 m in the east-to-west direction. The total pit volume available for tailings 
will be approximately 1.96 Mm3, as shown in Figure 5.4-1. This tailings containment volume 
accounts for a 10 m water/rock cover to achieve the designed decommissioned state. The 
preliminary East Zone pit design is based on conservative estimates which will be further 
reviewed at the time of licensing application. 
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5.4.5 Centre Zone Pit 

Center Zone pit has also been scheduled and designed to accommodate the need for a tailings 
management facility (TMF). First, the optimum pit from a mining perspective was determined 
and then the pit was expanded to achieve tailings management objectives. 

Optimum Pit Design 

A geotechnical study of the wall stability of the Centre Zone recommended working bench 
heights of 12 m with bench face angles of 75°. This corresponds to an inter-ramp angle varying 
from 49.6° to 52.5° and overall final pit slopes of approximately 49.5°. The bench slope has 
been designed at 35° in the overburden material. 

In order to enhance the stability of the pit wall slopes, safety berms will be constructed every 
second bench. These safety berms will be accessible from the haulage roads, provide 
catchment plateaus for possible falling material, allow scaling of pit walls, and be cleared 
periodically to remove any fallen material, to the extent possible. The width of the safety berms 
will be 12 to 14 m. 

Access to the pit will be provided by a two-way truck haulage ramp (10% gradient). Haul road 
running surfaces will be graded on a regular basis to remove fallen rock and ensure runoff is 
directed towards the drainage ditches. 

Centre Zone TMF Pit Design 

The Centre Zone TMF design will have a footprint of approximately 15 ha and be 110 m deep. 
The dimensions across the mine rim are approximately 425 m in a north-to-south direction and 
445 m in an east-to-west direction. The total pit volume is about 7 Mm3, while the available pit 
volume for tailings will be approximately 5.4 Mm3, as shown in Figure 5.4-2. As with the East 
Zone TMF, a freeboard is provided in order to accommodate the water layer during operation 
and placement of the rock cover during decommissioning. The preliminary Centre Zone pit 
design is based on conservative estimates which will be further reviewed at the time of licensing 
application. 

A small intermittent stream currently runs through the proposed location of the open pit. It is 
proposed that this intermittent stream be diverted to the east via the freshwater diversion 
structures (Section 9). 
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5.4.6 Main Zone Pit 

5.4.6.1 Extraction of Main Ore Lenses 

The plan for the Main Zone pit is to mine it in two stages to ensure sufficient tailings storage 
capacity for the Kiggavik Project. The shallower eastern lens of Main Zone will be mined first. A 
final pushback will then mine the remaining material in the western lens. The final Main Zone pit 
design forms a “figure-8” configuration, as shown in Figure 5.4-3. 

A geotechnical study of the Main Zone wall stability recommended working bench heights of 12 
m with back slope (face) angles of 75°. This corresponds to an inter-ramp angle varying from 
49.6° to 54° and overall final pit slopes of approximately 51°. In the overburden material the 
bench slope has been designed at 35°. 

Bench and slope stability within the pit is also addressed with safety berms, which were 
designed on every second bench. These safety berms will be accessible from the haulage 
roads at regular bench height intervals, and provide catchment plateaus for possible falling 
material. The design allows for scaling the pit walls where practicable. The width of the safety 
berms will be a minimum of 11 m in the Main Zone pit. 

Access to the pit will be provided by a truck haulage ramp. The ramp is designed to allow for 
two-way traffic above the 10 m elevation with a maximum inside radius gradient of 10%. The 
ramp width was designed to allow two 133 t trucks to pass each other safely without the need 
for turnouts. Below 10 m elevation the ramp is designed for single lane traffic. Haul road running 
surfaces will be graded on a regular basis to remove fallen rock and ensure runoff is directed 
towards the drainage ditches. 

Based on the preliminary design, the proposed Main Zone pit will have a footprint of 
approximately 39.2 ha and be 235 m deep. The dimensions across the mine rim are 
approximately 600 m in a north-to-south direction and 840 m in an east-to-west direction. The 
total pit volume will be approximately 30 Mm3. The main zone design was done in two stages to 
allow excess tailings material to be backfilled into the shallow section of the pit. The staging of 
the pits allows for potentially 1.2 Mm3 tailings to be placed in the Main Zone east pit, if 
necessary, while Main Zone west pit is being completed. 

The preliminary Main Zone pit design is based on conservative estimates which will be further 
reviewed and optimized at the time of licensing application. 
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5.4.6.2 Pit Floor Heave 

Pressure readings taken from vibrating wire piezometers installed in the proposed Main Zone pit 
location indicate that groundwater is present at pressure under the zone of permafrost 
(Technical Appendix 5B). As the pit is excavated, this groundwater pressure should remain 
relatively unchanged, while the rock above the permafrost interface will be reduced. This may 
lead to pit floor heave in the Main Zone pit. If pit floor heave is anticipated vertical pressure relief 
drains will be installed in the pit floor as the pit excavation progresses, with preference for a ring 
of drains on a geotechnical bench at a suitable elevation above the base of permafrost. These 
will depressurize the pit floor, and reduce the potential for heave. Water from the drain holes will 
be collected within the Main Zone pit sumps and removed from the pit as part of the water 
management program. 

5.4.6.3 Extraction of Deep Ore Lenses 

The current Main Zone pit design indicates that some potentially economic material is left below 
the floor of the excavated pit. The material is currently shown to be unprofitable to mine using 
conventional open pit mining. However there may be an opportunity to explore alternative 
underground mining methods which could be used to recover some of this deeper material. 

Since 2007 AREVA has been carrying out a Mining Equipment Development (MED) program to 
develop and evaluate a jet-boring technology deployed from surface to extract ore from small 
ore bodies that cannot be economically recovered using conventional open pit and underground 
methods. This program is being carried out at the McClean Lake Operation and may lead to the 
development of an innovative and economically feasible mining technology that can be applied 
in conjunction with open pit mining in northern Saskatchewan and at Kiggavik. The MED 
technology may be used to extract mineralization extending further in depth beneath the Main 
Zone open pit bottom. Typically the MED utilizes a series of large holes that are carved in the 
ore zone. Within the mined cavity the rock (ore) cuttings produced by the jetting mix with water 
to form slurry and are brought to the surface via an airlift system. At Main Zone ore mined by the 
MED will be transported to the Kiggavik mill from the open pit bottom using a modified haul 
truck.

The borehole mining operation begins with a specialty drilling/mining rig being placed vertically 
over the target mineralization. Typically an access hole to the ore is drilled and cased. 

The water cycle at the MED tests have demonstrated water balance where the quantities of 
water used for mining roughly equal the quantities of water produced out of the mined cavity. In 
the relatively low permeability rock at the Kiggavik site a near-equilibrium water balance 
situation should be maintained. 

Once jetting in the cavity is complete, the ore will be lifted to surface and the cemented backfill 
will be pumped into the bottom of the cavity utilizing a tremie line or the mining pipe. During 
pumping the higher density backfill will rise from the bottom of the cavity displacing water above 
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out of the top of the hole. The mining plan will consist of a time delay between a target cavity 
and an adjacently mined backfilled cavity; this will allow the previously mined cavity sufficient 
time to strengthen. 

The proposed backfill composition includes a bentonite mix which will provide sufficient time to 
strengthen and result in low conductivity. Laboratory test results indicate that 5% bentonite mix 
obtained 15.85 MPa in unconfined compressive strength and 4.4x10-10 m/s in hydraulic 
conductivity. Operationally, it may be advantageous to use filler in the concrete (aggregate mix) 
to reduce backfill costs. Additional information regarding the backfill composition will be 
provided at the time of licensing application. 

5.5 SISSONS SITE 

5.5.1 Local Geology 

Andrew Lake 

The Andrew Lake deposit is located in metasediments overlying granitic gneiss (banded 
metamorphic rocks) and granodiorite (an igneous rock). These formations have been strongly 
metamorphosed and altered, tectonized, and intruded. The rocks have gently dipping foliation, 
small scale recumbent folding, and low angle thrusting. The Andrew Lake deposit is located on 
a major east-northeast structure. This region has seen several episodes of hydraulic 
brecciation, mainly within the granite and syenite rocks, and to a lesser extent in the 
metasediment units. The subvertical faulting associated with the Andrew Lake deposit governs 
the extension of the mineralization. 

Three main mineralized lenses have been identified at the Andrew Lake deposit. These are 
associated with strongly altered metasediments, altered paragneiss (gneiss metamorphosed 
from a sedimentary parent), and less altered metasediments. The zones overlie each other, and 
are separated by a quartz breccia (a poorly sorted rock commonly containing rock fragments), 
and paragneiss. Mineralization within the Andrew Lake area occurs between 70 and 300 m 
below ground surface. 

Abundant interspersions of syenite and lamprophyre intrusive units are common throughout the 
Andrew Lake deposit area. The entire deposit area is overlain by approximately 10 to 20 m of 
unconsolidated overburden material. 

End Grid 

The End Grid deposit is located in an east-northeast sequence of metasediments, which are 
intruded by granite, porphyries, syenites and lamprophyres. It is related to the same major 
structure as the Andrew Lake deposit, but with a northeasterly trend. The mineralization within 
the deposit is controlled by horst and graben structures created by subvertical faulting. 

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 
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dipping tension faults and hydraulic breccias. Mineralization at the End Grid deposit occurs 
between 75 m and 475 m below ground surface. 

The 2009 drilling program on the North Pod confirmed that a thick oxidised horizon is 
encountered from surface to 80-300 m below the surface. It is traditionally interpreted as a 
paleoweathering profile emplaced before the sub-Thelon formations deposit. The mineralization 
envelopes are limited upwards by this oxidised horizon, which is interpreted to postdate the 
hydraulic silica breccias and granitic veins. 

The primary low grade mineralization is disseminated within the foliation and in association with 
microfractures. Several examples show an association of granitic to quartzic small intrusions 
with the mineralization. The global trend of the primary mineralization is ENE/WSW. This trend 
is parallel to a former quartz breccias trend. No direct relation between breccias and 
mineralization has been observed. The secondary medium to high grade mineralization is 
associated with a late tectonic event. NNW/SSE faults are formed and the ENE/WSW silica 
breccias trend is reactivated by brittle faults cutting across the primary mineralization and 
oxidising fluids have remobilized it. Fractures with pitchblende are encountered around the main 
deformation fault zone and in association with Redox fronts surrounding the late faults. Redox 
fronts and associated mineralization are also common along foliation and former ductile shear 
zones parallel to foliation. 

More detailed information regarding the geology of the Andrew Lake and End Grid sites is 
included in Technical Appendix 5B (Geology and Hydrogeology Baseline). 

5.5.2 Andrew Lake Open Pit 

5.5.2.1 Mine Design 

The Andrew Lake deposit extends to approximately 320 m below surface and therefore potential 
extraction methods include both open pit and underground techniques. Presently, surface 
mining at Andrew Lake is considered to be more advantageous than underground mining in 
terms of reliability, costs, operating flexibility and diation protection. 

The Andrew Lake pit design is based on a geological model of the deposit complete with an 
associated mineral inventory. This information combined with all the relevant economic factors, 
site topography, slope stability analysis, and pertinent government regulations relating to the 
design of open pit mines form the basis of the proposed pit design. The mine design process 
used for designing the Kiggavik pits was also used for Andrew Lake. 

A geotechnical review of the pit slope stability was completed to confirm the pit design, which 
included additional field investigations and a laboratory program. A final review of the pit 
sequencing will be required prior to start of mining; any changes to this sequencing will remain 
within the current pit design consideration, and thus it is not anticipated to affect either the 
ultimate pit dimensions or the stability of the slopes significantly. 
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The proposed Andrew Lake final pit is illustrated in Figure 5.5-1. The pit will cover an area of 
about 44 ha on surface and is 275 m deep. The maximum dimensions at the pit rim are 
expected to be approximately 790 m north to south and 715 m east to west. Including 
overburden material, the pit has a total in situ volume of approximately 38.4 Mm³. The bottom of 
the Andrew Lake pit is expected to extend below the permafrost horizon, which is estimated to 
occur at 250 m below surface. 

The design bench angle for the overburden located at the rim of the pit will be 35°. Bench face 
angles within the pit are expected to vary between 70° and 75° depending on rock type and 
geotechnical domains. An inter-ramp angle varying from 44° to 47° is considered. Safety or 
catchment berms will be constructed as the pit is continuously mined to depth by sequentially 
removing 12 m benches of rock. An 8 m berm will remain at the completion of each bench. The 
berms will enhance the overall pit slope stability by reducing the overall slope angle of the final 
wall.

An access ramp (truck haul road) will enter the pit perimeter from the north. The ramp gradient 
will be maintained at -10%, and designed 25 m wide to allow for the safe passage of two 133 t 
capacity mining trucks without the need for turnouts. The ramp will provide access to the 
catchment berms at regular intervals. The overall slope angle for the Andrew Lake pit design will 
range from 40° to 45°. 

The preliminary Andrew Lake pit design is based on conservative assumptions which will be 
further reviewed at the time of licensing application. 
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5.5.2.2 Mining Fleet 

The mining cycle and equipment used at the Andrew Lake pit will be similar to that proposed for 
the Kiggavik open pits (Section 5.4). The fleet used at the East, Centre and Main Zone pits will 
be progressively transferred to the Sissons site to mine at Andrew Lake. 

The surface mining fleet at Sissons will be maintained at both the Sissons site and at Kiggavik. 
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 will either 
drive itself or be transported by heavy-duty low-bed trailer to Kiggavik. 

The facility at Sissons will be a temporary steel building, approximately 560 m2 in plan area that 
will house office and meeting space as well as a small warehouse to supply both the Andrew 
Lake and End Grid underground operations. 

5.5.2.3 Blasting and Explosive Management 

In general, the explosive management practices used at Andrew Lake are expected to be 
similar to that proposed for the Kiggavik open pits as discussed in Section 5.4. Since Sissons is 
17 km away from the Kiggavik site, however, the blasting practices may require alteration as the 
mine ramps up and test blasting will be required to optimize loads, burdens, powder factors and 
sleep time of the loaded holes. Explosive products used at the Sissons site will be manufactured 
and stored at the Kiggavik site and trucked over for blasting operations. 

5.5.2.4 Material Handling 

All rock mined at all stages of the pit development will be sampled and monitored, to ensure the 
materials are properly classified and separated for transport to the appropriate stockpile area. 

Monitoring efforts during mining at Andrew Lake will be similar to that proposed for the Kiggavik 
open pits. Ore material will be radiometrically scanned and weighed using an overhead truck 
scanner located near the Andrew Lake pit. The scanner will identify and assign ore to the 
transfer pad. On an intermittent basis, the ore will be subsequently re-scanned and hauled to 
the Kiggavik ore pad prior to processing through the mill. Section 10.5.1 addresses the 
Kiggavik-Sissons access road between the Kiggavik site and the Sisson site in more detail. 

Haulage roads will be maintained to ensure safe hauling conditions and to minimize road dust 
generation. A mobile water truck will be used to distribute water on haulage road surfaces as 
required in dry road surface conditions. 

5.5.2.5 Ore Transfer Stockpile 

The movement of materials from the Sissons site to the Kiggavik site will necessitate a well 
developed transfer pad. The transfer pad will also make it possible to better classify mined ore 
in terms of uranium grade to achieve a more consistent mill feed grade. The Sissons transfer 
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pad will be built with a synthetic liner to prevent migration of potential constituents of concern to 
the environment. Typically the synthetic liner will be covered with a prepared soil layer and 
woven geotextile and surfaced with a coarse granular material to protect the liner from vehicular 
traffic while dumping. It is proposed to construct the transfer pad near the Andrew Lake pit. The 
transfer pad will be surrounded by a perimeter ditch designed to contain any water reporting to 
the pad. All water collected in the perimeter ditch will be directed towards nearby collection 
ponds and treated before release to the environment. Both the pad and the perimeter ditch will 
meet existing Construction Guidelines for Pollution Control Facilities at Uranium Mining and 
Milling Operations (SERM, 2000). 

An additional stockpile may also be located near the End Grid mine decline. Material temporarily 
placed here from underground would be transferred to the main Sissons pad. Design of the End 
Grid pad will be as described for the Sissons transfer pad. 

5.5.2.6 Surface Dewatering 

At the Sissons site, the south west portion of the Andrew Lake open pit extends into Andrew 
Lake and a structure is required to allow this end of the lake to be dewatered for the proposed 
pit development. Although Andrew Lake is a shallow lake, with an average depth of 1 m, 
aquatics studies have indicated that small fish frequent the lake and, therefore, 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 dyke. 

The dewatering structure will extend through shallow water which is expected to be less than 1 
m deep. The general design basis for this dewatering structure includes: 

 Maintaining a suitable setback between the open pit limit and the dewatering structure; 

 Meeting or exceeding the required safety factors for stability and hydrotechnical design 
criteria according to the consequence classification as set out by the Canadian Dam 
Association 2007; and, 

 Managing seepage into the open pit. 

The construction of the structure is summarized in Section 12 and the design is described in 
detail in Technical Appendix 2F (Conceptual Design for Andrew Lake Pit Dewatering Structure). 

5.5.2.7 Mine Water Management 

The Andrew Lake open pit will be excavated in competent low permeability bedrock and 
therefore significant issues relating to dewatering and groundwater quality and quantity 
management are not expected. Furthermore the mine will be excavated partially in permafrost, 
where the frozen ground conditions are expected to further reduce the permeability of the rock 
mass. 
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As outlined for the Kiggavik pits, some limited inflow of water into the Andrew Lake pit may 
occur from the following sources of water flows: 

 Pit wall – seepage from melting of permafrost, seepage from unfrozen zones; 

 Direct precipitation (rainfall and snowfall), drifting snow and un-diverted surface run-off; and, 

 Groundwater (subpermafrost) inflow. 

Water balance estimates for the open pits suggest that the snowmelt in early summer months 
will be the dominant source of water inflow to the pits. The total inflow predicted for the Andrew 
Lake open pit is approximately 1,000 m3/day in July (see Technical Appendix 5E “Prediction of 
Mine Inflows”). Water that drains into the pits will be collected using a sump to be driven below 
the active mining level. Water pumped from the sump will be directed to the Sissons Water 
Treatment Plant prior to discharge. 

Section 9 addresses water management at the Sissons site in more detail. 

5.5.3 End Grid Underground Mine 

5.5.3.1 Proposed Mining Method 

The End Grid mineralization is located from 200 m to 420 m below surface, therefore only 
underground mining methods are considered for this deposit. Due to the distribution of rock 
types and rock mass quality within the proposed underground mining areas a Drift and Fill 
(DAF) mining method is proposed. DAF mining is a subset of various fill-dependent 
underground mining methods where mining areas require backfill and ground support. DAF is 
very similar to Cut and Fill (CAF), one of the most widely used mining methods in underground 
mining, except that overall back spans are limited in DAF mining due to ground conditions. The 
two mining methods within DAF mining are underhand (UHDAF), where the mining direction is 
downward, and overhand (OHDAF) where the mining advances upward. For the End Grid 
deposit the proposed primary method is OHDAF. However, in some areas of the deposit, mining 
underneath cemented rockfill may be needed. 

Figure 5.5-2 shows a plan view of a typical OHDAF cut and the herringbone primary-secondary 
drift mining sequence. At each mining cut a main footwall access drift is driven along the ore 
contact, within the ore. A typical cross section illustrating the cut sequence for overhand mining 
is presented in Figure 5.5-3 (Section A-A from Figure 5.5-2). 
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5.5.3.2 Mine Design 

The complete mine design is shown in Figure 5.5-4 which shows the portal access on surface 
(165 mASL) and the main decline that extends down 210 m to a main access near the top of the 
ore zone (-45 mASL). 

A ramp is the preferred option for access to the underground workings due to the depth of 
mineralization, planned production rate and the need for an internal ramp when using the 
OHDAF method. However, a shaft is also a possible option. A shaft would be required from 
surface to 420 m depth but an internal ramp would still be required from 200 m to 420 m depth 
to provide equipment access for production mining. 

The plan for the End Grid deposit is to provide access by a portal and single ramp driven from 
surface (165 mASL). This ramp will accommodate all access for personnel, mobile equipment 
and truck haulage and also acts as one of the two fresh air sources for the mine. The portal will 
be located to the South of the deposit and, since it will act as a fresh air source, will be situated 
a sufficient stand-off distance (~200 m) from the main exhaust raise. 

The 5 m wide by 5 m high decline will be 3.3 km long with an overall gradient of -13%. Main 
access levels are planned at every 25 vertical meters with the top level at -45 mASL and the 
bottom sill at -245 mASL. Each main access will have a re-muck bay, connected to an exhaust 
raise, a fresh air intake and escapeway connection, a truck loading bay and cut-outs for sumps 
and mine power. 

An average production rate of 840 tonnes per day is planned for the End Grid mine for operating 
nearly 365 days per year. This productivity assumes two production mining (jumbo) crews, one 
each on two active production horizons (or main access levels) and a third crew backfilling on a 
third horizon. 

Material from the mining operation will be separated into mine rock, mineralized material below 
economic cut-off at the time of mining and ore. This will be done using a combination of 
geologic grade control and load-haul-dump or truck bucket scanning. The level stockpiles will 
require regular drawdown to ensure adequate space for material segregation. Once hauled to 
surface each of the three material types will be placed in a corresponding temporary stockpile 
prior to transfer to the main Sissons stockpiles (Technical Appendix 2H). 

At a 2,100 ppm U cut-off the End Grid underground mine is currently estimated to yield 
approximately 2,710 kt of ore averaging approximately 0.31%U for a total resource of about 
8,460 tonnes of contained U metal (approximately 22 million lbs U3O8 equivalent); and 1,400 kt 
of Type 3 mine rock. 
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5.5.3.3 Drilling and Blasting 

When necessary, development and production drilling will use a recirculating brine solution to 
prevent drills from freezing in the permafrost. The water distribution network may need to be 
fully insulated and heat traced to ensure a regular feed of water to workplaces. 

A conservative powder factor of 2.5 kg/tonne of ammonium nitrate and fuel oil (ANFO) is 
estimated for underground blasting. Blasting will be primarily in 5 m wide by 5 m high 
development rounds with 60 to 70 – 47 mm diameter blastholes that are 3.6 m long (with 4 
empty cut holes reamed to 89 mm). 

Underground explosive management systems and procedures will be implemented to minimize 
the concentrations of ammonia and nitrate levels in mine effluents. ANFO has no water 
resistance and will dissolve readily in water so spillage and blowback during loading operations 
will be controlled. Wet holes will be loaded with a packaged emulsion product rather than 
ANFO.

5.5.3.4 Material Handling 

Mine rock and ore handling at the End Grid underground mine will be by load/haul/dump units 
(LHD) and 45-tonne haul trucks. Mine rock from development drifting will be loaded into one 
truck and hauled up-ramp to a temporary storage location near the portal. As the main decline is 
advanced, temporary rock storage bays will be developed at intervals along the decline to 
facilitate mucking and truck loading. Similarly, mine rock from main access development will be 
handled with the same equipment and placed in the corresponding surface stockpiles. 

Ore will be scanned and then hauled to surface for placement on the ore transfer stockpile. 

5.5.3.5 Mine Ventilation 

Ventilation is a critical factor in an 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 and air will not be re-used. 
The mine ventilation requirements are based on a design rate of 4.75 m3/min per effective kW 
(125 cfm/hp). The proposed mining fleet translates to 2,600 kW of installed diesel equipment 
effectively working at any time (Table 5.5-1). 
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Table 5.5-1: Underground Equipment Ventilation Requirements 

Mobile Equipment Required
Unit
kW

Gross 
kW

Mechanical 
Availability 

Job
Utilization 

Effective 
kW

Production Loaders 2 263 526 0.85 0.85 380
Development Loaders 1 263 263 0.85 0.85 190
Rammer-Jammer Loader 1 263 263 0.85 0.85 190
Production Haulage Trucks 2 437 875 0.85 0.85 632
Development Haulage Trucks 1 437 437 0.85 0.85 316
Backfill Truck 1 437 437 0.85 0.85 316
Production Drill Jumbo 2 110 219 0.85 0.25 47
Development Drill Jumbo 1 110 110 0.85 0.25 23
Explosive Truck 1 110 110 0.85 0.30 28
Production Bolter 2 110 219 0.85 0.25 47
Development Bolter 1 110 110 0.85 0.25 23
Grader 1 123 123 0.85 0.50 52
Shotcrete Machine 2 110 219 0.85 0.25 47
Scissorlifts 2 86 172 0.85 0.30 44
Fuel Truck 1 110 110 0.85 0.50 47
Boom truck 1 37 37 0.85 0.30 9
Jeeps 4 67 268 0.85 0.55 125
Surveyor Jeep 1 67 67 0.85 0.30 17
Mechanics truck 1 110 110 0.85 0.30 28
Electrician Truck 1 110 110 0.85 0.30 28
Personnel Carrier 1 110 110 0.85 0.25 23
Totals 30 4892 0.85 0.63 2612

Using this conventional approach the total fresh air to be supplied to the underground workings 
is estimated to be 209 m3/s; however, in addition to this minimum requirement, air will also be 
needed to dilute and control radon in the workings. It is planned to separate the decline 
ventilation from the access levels and production mining areas by installing ventilation doors at 
each level access from the main decline. Thus fresh air entering through the main decline will 
not re-used to ventilate levels or stopes. This will also ensure that potentially radon 
contaminated air from the production areas will not enter the main decline system. 

Each active level will receive 73 m3/s to control radon dispersion in the ore stockpile bay (13 
m3/s) and to ventilate up to four active ore headings (one at 21 m3/s (loader) and three at 13 
m3/s (jumbo, bolter or open heading)) for a total of 219 m3/s over three active levels. The active 
headings will initially employ a “pull” ventilation system that uses rigid ventilation ducting that 
exhausts the face to the central exhaust raise. The negative pressure developed in the rigid 
ducting by the main surface exhaust raise fans will pull fresh air from the fresh air raise to the 
headings. A bulkhead positioned at the exhaust raise access will ensure separation of airflows. 
Once the west footwall drift intersects the westerly located exhaust raise this side can be 
converted to a flow-through ventilation circuit and ducting will only be required in the active ore 
headings. The level sump will also require a small fan to exhaust any radon generated from the 
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mine water back to the exhaust raise. In addition to this, 100 m3/s is needed for up to three 
trucks in the decline giving a total mine requirement of 320 m3/s, approximately. 

Based on the anticipated mine pressure drop it is estimated that 600 kW of surface fan power 
will be needed. It is proposed to ventilate the mine using one main exhaust fan installation 
comprising 2-300 kW fans installed in parallel. A primary exhaust raise will consist of a 5 m 
diameter raise borehole from surface to an exhaust ventilation airway at the -50 m Level. A 
secondary exhaust raise will also be installed to connect the stockpiles on each main access 
level to this exhaust airway. The fresh air intake will consist of the main decline portal and a 4 m 
diameter raisebore hole. 

The fresh air raise will also contain an escapeway ladder for secondary egress from the mine in 
case of emergency. The proposed system consists of a pre-fabricated aluminum ladderway that 
is bolted to the shotcreted wall of the raise. 

The distance between the fresh air intakes and the exhaust fans will be approximately 200 m to 
ensure contaminated air does not re-enter the mine workings. A total of approximately 1,400 m 
of vertical raise development will be required for the mine. 

It should be noted that the total fresh air requirements will vary over the life of the mine with a 
peak when the mine is fully developed and production rate is at a maximum. 

The End Grid mine ventilation network is a functional design that can move adequate volumes 
of air through the mine workings as modelled. The ventilation system will require ongoing design 
revisions and optimizations to maximise the efficiency and effectiveness of the network and 
components such as fans and raise locations. It will also require daily management of air flows 
in active headings depending on the scheduled activities. This can be done using variable 
speed fans and/or adjustable dampers in the rigid ductwork. 

5.5.3.6 Mine Heating 

It is proposed to heat the mine air to maintain an air temperature slightly above freezing to 2°C It 
is estimated that a total of 160 Billion BTU of heat will be required per year (over 8 winter 
months) to maintain a fresh air temperature slightly above freezing. Heaters will be required at 
both the portal fresh air fan building and at the fresh air raise building. 

5.5.3.7 Mine Water Management 

Water management is a critical element of the safe and efficient operations of any underground 
mine. Uranium mines have the additional challenge of preventing water build-up in the mine as 
a radon control measure, since groundwater hosts radon and can potentially circulate radon 
through the mine openings. The operating philosophy of this management system is to ensure 
that water collects only in a well-ventilated main sump located at the bottom of the mine. The 
mine water collected in this sump is pumped to surface and treated. The main sump is vented 
directly to the exhaust air system to minimize the accumulation of radon in the sump and the 
mine.
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Mine water at the End Grid mine will include three components: 

 groundwater inflows to the mine; 

 technical water (i.e., drilling, wall and mine equipment washing, dust suppression, backfill, 
combustion); and, 

 surface water entering the mine. 

The sum of these three components is not expected to exceed 1,000 m3/day for the final mine 
configuration and during the peak production phases of the operation. 

Groundwater Inflows 

Although End Grid extends into the groundwater regime beneath the permafrost, groundwater 
inflows into the mine openings are expected to be small due to the low hydraulic conductivity of 
the rock mass. Model results suggest that inflow to the End Grid underground mine may vary 
between approximately 30 m3/day and 160 m3/day as development progresses below the 
permafrost horizon. 

Technical Water 

During development and production, technical water requirements are estimated to be 400 
m3/day, approximately. This water will come from a number of sources within the mine however 
the drilling jumbos and bolters are the prime source of the technical water. Of the total technical 
water generated most is produced by drilling and a small fraction (15 m3/day, approximately) is 
generated from the combustion of diesel fuel by the mobile fleet in internal combustion engines. 

In mine areas within permafrost, the drill process water will be a brine mixture, which will be 
used to maintain the frozen ground and to cool the drilling string. This solution will be captured 
and treated with all of the other sources of water in the End Grid mine. 

Surface Water 

Surface water run-off into the mine will be abated through surface infrastructure, such as 
ditching and collection ponds. On surface, all of the fans will be installed on graded concrete 
pads with curbs to prevent water inflow via the raises. The portal will be a decline, and surface 
water will be captured at the portal by designing the entrance with a short run at a positive 
gradient which will drain into a small sump. This water will be pumped into the main water 
treatment system on surface. Surface water that does reach the mine will be confined to the 
ramp and managed in the ramp water handling system. 

The management and treatment of water collected at the Sissons site is discussed in further 
detail in Section 9. 

Mine De-watering System 

The underground dewatering system will be comprised of a series of drainholes, pumps and 
pipelines to control water in the mine and to convey the mine water to surface. 
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The individual mine levels are designed to manage and control groundwater and technical water 
through the development gradients, excavating sumps and a network of drainholes 
supplemented by piping. Each sump on each level will be connected to the other by means of a 
drain hole that will be drilled as each of the levels are developed. All of the water will flow to the 
sump located just before the start of the primary ore access cuts. The initial two declines will 
require a small wall slash to collect water that will then be pumped to the sump and into the 
main drainage system for the mine. 

The proposed mine water management system will handle all of the technical and groundwater 
in the mine. Inflows from surface will be managed either by complete abatement, such as curbs 
around fan installations, or by a ditch system in the main ramp. Water in the ramp is expected 
during the spring run-off season and heavy rainfall events. All of the water in the ramp will report 
to the main sump on the bottom level. 

The mine extends to approximately 400 m below topography. Sufficient pumping capacity will 
be installed to move the water from the main sump to the treatment area on surface. 

Depressurization 

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 boreholes could either be allowed to flow under 
artesian conditions, or pumps could be installed (if larger diameter holes are drilled) to provide 
additional lowering of water levels. The water would then be pumped to surface for treatment. 

Detailed designs for such depressurization systems, and for handling the inflow water, and the 
containment of the radon gas likely to be associated with this inflow, are not considered to be 
necessary at this stage given the predicted low groundwater inflows. Depressurization and 
radon control procedures, if necessary, will be described at the licensing stage. This will include 
analyses of the rates of depressurization that are achieved with vertical boreholes, and 
determinations of the number of boreholes, the lead time required to drill the holes, and the 
inflows that will result. 

5.5.3.8 Electrical System 

Underground electrical power demand for the End Grid mine is estimated at 1.7 MW. 

Electrical power will feed the underground loads using two feeders installed in two boreholes 
from surface. This will provide redundant power supply to the underground mine in the event 
that one feeder fails. However, in order to develop the main decline, a cable will be installed as 
the ramp is developed using messenger wires. This cable will be continually extended as the 
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ramp progresses to the time when a Mine Power Centre (MPC) can be installed. The MPC will 
be centrally located underground to minimize long cable runs to Mine Load Centres. 

The estimated electrical power demand for surface equipment required for the End Grid Mine is 
1.3 MW, approximately. The surface loads will be supplied from the surface 4,160 V switchgear. 
A standalone back-up generator will be available to provide sufficient emergency power to the 
mine if primary power fails (see Section 11). 



6 MINE ROCK MANAGEMENT 

6.1 CONCEPT

Mine rock is the material that must be excavated to gain access to an ore body during mining 
operations. 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 rock as construction material; and, 

 To ensure the long-term protection of the terrestrial, aquatic and human environment 
surrounding the Kiggavik Project. 

6.2 CHARACTERIZATION

An assessment of the mine rock material that will be excavated from the Kiggavik and Andrew 
Lake open pits and the End Grid underground mine during the mining operation is provided in 
Technical Appendix 5F (Mine Rock Characterization and Management). A summary is provided 
in this section. 

A portion of the mine rock material that will be produced during the mining operation contains 
small quantities of naturally-occurring sulphide minerals which were conservatively assessed as 
having potential acid generation and/or metal leaching behaviour. The objective of this 
investigation was to characterize and evaluate the mine rock material to be generated at both 
the Kiggavik and Sissons sites during operation and post-operation. The results of this 
investigation were intended to characterize the elemental makeup and acid generating potential 
of the mine rock material, as well as produce estimates of the loadings of constituents of 
potential concern (COPC) from the mine rock in order to assess the potential to affect water 
quality.

Static testing was completed on samples of mine rock material that included elemental solids 
analysis and acid base accounting (ABA), from both the Kiggavik and Sissons sites. Kinetic 
tests in the form of simplified Special Waste Extraction Procedure (SWEP), laboratory humidity 
cells, field test cells, and columns with submerged rock were also completed on the various 
materials. The test results were used to establish segregation criteria for the expected mine rock 
material in order to determine the appropriate management strategy or potential use (i.e. 
construction) of the material. Humidity cell results were used to calculate anticipated loading 
rates in the field, according to the mine rock type, by applying adjustments for grain size and 
temperature. The field loading rates were used to estimate COPC loads and pore water 
concentrations expected from the permanently stored Kiggavik and Andrew Lake rock in the 
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proposed stockpiles. Currently only mine rock excavated during development activities for the 
End Grid mine will be stored in the permanent stockpiles. 

6.3 SEGREGATION CRITERIA 

Evaluation of the mine rock characterization test work suggests that, if properly segregated and 
managed, the mine rock materials will not pose an environmental risk. Based on the 
geochemical evaluation results, segregation criteria for mine rock are proposed as follows: 

 Type 1: for mine rock that can be used as construction material (i.e., access road, pad, fill, 
etc.), it is proposed that concentrations of uranium be less than the unconditional clearance 
level as per the Nuclear Substances and Radiation Devices Regulations issued pursuant to 
the Nuclear Safety and Control Act (1 Bq/g which equates to approximately 40 ppm based 
on the specific activity for Unat) and have total sulphur content less than 0.1%; 

 Type 2: for mine rock that can be permanently stockpiled and managed above ground, it is 
proposed that uranium contents be less than 250 ppm and total sulphur content be less than 
0.1%; and, 

 Type 3: for mine rock that requires specific management (e.g. in-pit disposal), it is proposed 
that all material not described as Type 1 or 2, nor considered to be ore be included in this 
category.

These segregation criteria are consistent with mine rock management practices developed and 
applied in northern Saskatchewan. 

The three types of mine rock material expected at the Kiggavik and Sissons sites were 
assessed for potential effects on site water quality in accordance with the proposed 
management strategies. The application of segregation criteria outlined above, result in the 
following average characteristics for each mine rock type. 

 The Type 1 mine rock material from the Kiggavik open pits is predicted to be non-acid 
generating with a geometric mean (geomean) total sulphur content of 0.019% S. The Type 1 
mine rock material from the Andrew Lake pit is also predicted to be non-acid generating with 
a geomean total sulphur content of 0.015% S. End Grid material is predicted to similar to the 
Andrew Lake material. The loading rates for the Type 1 and Type 2 materials were derived 
from the same kinetic tests because the bulk-constituent contents were nearly identical, with 
the exception of uranium. The use of the Type 1 mine rock material for construction 
purposes will not present a risk of acid generation or substantial metal leaching. 

 The Type 2 mine rock material from the Kiggavik open pits is expected to be non-acid 
generating with a geomean total sulphur content of 0.02% S. The Type 2 mine rock material 
from the Andrew Lake pit is expected to be non-acid generating with a geomean total 
sulphur content of 0.016% S. End Grid material is predicted to be similar to the Andrew Lake 
material. The loading rates calculated for the Type 2 material were used to calculate the 
expected pore water concentrations in the permanent stockpiles. Results show that the 
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permanently stored Type 2 mine rock material will not present an acid generating issue, 
although the initial contact water may require management prior to discharge in order to 
reduce any COPC concentrations that may exceed water quality guidelines. 

 The Type 3 mine rock material is predicted to have the potential to generate acid if stored on 
land. Acid generation can be mitigated, however, if the rock is properly managed over the 
long term with in-pit, underwater disposal, for example. The geomean total sulphur content 
of the Type 3 mine rock samples from the Kiggavik deposits was 0.35% S. The geomean 
total sulphur content of the Type 3 mine rock samples from Andrew Lake material was very 
low at 0.05% S and is therefore unlikely to produce acidic drainage. Type 3 mine rock 
samples from the End Grid deposit were chemically similar to those from the Andrew Lake 
deposit. During the operational phase the Type 3 mine rock will be placed on lined pads to 
collect and treat the water as required. After operation this material will be placed for the 
long-term in the mined out pits, and thus eventually submerged underwater as the pits fill. 

Based on initial test work and assessment (Technical Appendix 5F), the proposed mine rock 
management strategy will have minimal environmental effects. Additional test work is on-going. 

The classification of the samples that were tested can be seen graphically in Figure 6.3-1. 
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6.4 SEGREGATION 

During open pit mining, mine rock will be segregated according to uranium grade as determined 
by radiometric scanning. Operational procedures will be used to ensure that Type 2 and Type 3 
mine rock are effectively categorized, separated and transported to the appropriate disposal 
area. Segregation of mine rock will be based on the following: 

 radiometric scanning of blast hole cuttings in clean rock zones to detect anomalous 
radioactivity levels; 

 sampling of blast hole cuttings and, if necessary, analysis by the x-ray fluorescence (XRF) 
method to detect anomalous metal content (e.g., arsenic, nickel); 

 radiometric probing of blast holes in ore zones to define ore/waste boundaries; 

 radiometric scanning of working faces during excavation to confirm blast hole 
scanning/probing results; 

 overhead scanning of mine rock in the proximity of Type 3 material or ore once loaded onto 
trucks;

 daily scanning of the clean mine rock disposal area to ensure that no potentially problematic 
mine rock or ore was inadvertently placed; 

 sampling to assess acid generation potential of clean waste rock; and, 

 if uncertainty as to classification exists, all questionable Type 2 mine rock will be considered 
as Type 3 for long term disposal in the Main Zone and Andrew Lake open pits as a 
mitigation method. 

The uranium content of mine rock will be estimated in the field by radiometric techniques and 
subsequently confirmed with drill cutting assay results. In addition, XRF technology has been 
identified as a reliable field evaluation tool that can be used to directly determine potentially 
problematic metals in mine rock during mining. The XRF technology has greatly advanced in 
recent years, and it is generally accepted as a quantitative screening tool for environmental 
investigations and industrial site clean up activities. 

The above measures have been successfully used for mine rock segregation at the McClean 
Lake Operation and it is proposed to apply them during mining of the Kiggavik and Andrew Lake 
pits.

Mine rock from the End Grid mine is expected to be Type 1 and Type 2 during initial 
development activities and mainly Type 3 during operation. Type 3 mine rock generated from 
the End Grid mine will be managed with the Type 3 mine rock from Andrew Lake. 
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6.5 QUANTITIES

A production mining rate for waste rock material has been estimated based on the proposed 
mine plan. Table 6.5-1 provides an estimate of material volumes. The “split” between Type 2 
and Type 3 is considered a conservative estimate, such that the volume of Type 3 material is 
likely over-estimated. The overburden will be comprised mainly of frozen sand and gravel, and 
granite boulders with some zones of silt and glacial till. The clean overburden will be stockpiled 
for use in reclamation while the contaminated overburden, if any, will be stored with the Type 3 
mine rock and disposed of within Main Zone Tailings Management Facility during 
decommissioning.

Table 6.5-1: Estimated Quantities of Mine Rock and Overburden Materials 

In Situ overburden
 (Mbcm)

Type 1 + Type 2 Type 3 Type 1 Type 2 Type 3
Kiggavik
Purpose Built Pit 0.3 0.3 0.0 0.1 0.4 0.0

East Zone 0.6 2.0 0.1 0.5 2.1 0.1
Centre Zone 1.8 4.6 0.1 1.2 4.8 0.2

Main Zone 6.0 21.3 0.3 5.5 22.2 0.5
Sissons

Andrew Lake 3.3 33.1 0.5 8.6 34.4 0.8
End Grid 0.3 0.1 0.1 0.3 0.2

In Situ Mine Rock Mine Rock Estimates
(MBCM) (MLCM)

Notes:
Open pits: the volume/tonnages are at a cut off grade of 900 ppm and post mining recovery 
End Grid: the volume/tonnage are at a cut off grade of 2,100 ppm and are post mining recovery 
In Situ Mine rock estimates are in million bank cubic meters (MBCM) 
Mine rock broken estimates 

Volumes are in million loose cubic meters (MLCM) 
A swelling factor of 1.30 is considered 
A Type 1/ Type 2 ratio of 20%/80% is considered for Kiggavik and Andrew Lake deposits 
A Type 1/ Type 2 ratio of 75%/25% is considered for the Purpose Built Pit 
Type 3 estimates conservatively include a 30% contingency 

6.6 MINE ROCK DISPOSAL 

6.6.1 Kiggavik Site 

6.6.1.1 Permanent Stockpiles 

Mine rock not utilized for construction and deemed to have very low potential for acid rock 
drainage and metal leaching will be permanently stockpiled at the Kiggavik site. It is proposed to 
construct two stockpiles to accommodate the Type 2 material excavated from the Kiggavik pits. 

Approximately 23 million m3 (unbroken) of Type 2 mine rock material will be generated. The 
cumulative volume of the two stockpiles is estimated to be on the order of 30 MLCM, based on 
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a swelling factor of 1.3. Excavated mine rock will be loaded on trucks and hauled to the 
stockpile. 

Stockpiles will be located to the north and south of the Kiggavik pits (refer to Figures 4.4-1 and 
4.4-2). Both stockpiles will be surrounded by perimeter ditches designed to collect runoff water 
from the stockpiles. Drainage water from the Kiggavik stockpiles will largely consist of direct 
precipitation (i.e., rainfall and snowfall), with minor amounts of blowing snow and surrounding 
catchment runoff, impinging the pile perimeter. Berms will be constructed along the outer edge 
of each ditch. These berms 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. A 
layered approach to stockpile construction is proposed to increase the overall stockpile stability. 
The layered placement creates a high uniform density while minimizing segregation to create a 
stockpile with minimal permeability to air and water penetration. The method also reduces 
settlement and therefore further enhances overall stockpile stability. It is expected that the 
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. An angle of repose of 37° and an overall stockpile slope 
of 26.5° are considered at this stage. The catchments will also act as a slope break and 
minimize erosion caused by surface runoff. 

More detailed information regarding the hydrology and thermal behaviour of permanent piles is 
included in Technical Appendix 5G (Thermal and Water Transport Modeling for the Waste Rock 
Piles and TMF), Technical Appendix 5H (Waste Rock Water Balance) and Technical Appendix 
5I (Hydrology of Waste Rock Piles in Cold Climates). 

6.6.1.2 Temporary Stockpiles 

Type 3 mine rock will be segregated and temporarily stored during operation in a stockpile along 
the north perimeter of the Main Zone pit. Runoff and water percolating through the temporary 
stockpile will be collected using ditches and a holding pond, such that the water can be recycled 
for use in the mill and/or treated before release. During decommissioning of the site, all Type 3 
mine rock from the Kiggavik pits will be hauled and placed within the Main Zone TMF. 

It is estimated that the volume of Type 3 mine rock from the Kiggavik Pits will fall within the 
range of 700,000 to 1,400,000 MLCM. 

The proposed design for the Type 3 mine rock pad for the Kiggavik site includes a single liner 
system, with the corresponding sedimentation pond consisting of a double liner system. Due to 
the permafrost foundation conditions, the liners are required to be constructed on a rockfill pad. 
The pad footprint will be stripped of organic materials and ice rich soils (soils containing ice 
lenses or high ice contents) which may be prone to creep when loaded. Excavations in 
permafrost ground will be covered immediately using Type 1 mine rock fill to prevent permafrost 
degradation. Fill material will include non-potentially acid generating free draining rock 
materials. Pad grading will be designed to drain into the sedimentation ponds. 
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The rockfill pad will include perimeter berms. The pad liner system will run up the perimeter 
berms and will be anchored in a trench at the berm crest to provide control for runoff. More 
detailed information regarding pads is included in Technical Appendix 2D (Conceptual Design 
for Ore and Special Waste Pads and Ponds). 

The option of using a base drain, constructed of crushed Type 1 mine rock, as an alternative to 
the liner will be further evaluated during the licensing phase. 

6.6.2 Sissons Site 

6.6.2.1 Permanent Stockpiles 

At the Sissons site it is proposed to manage the Type 2 mine rock in one stockpile. This 
stockpile is designed in a manner similar to that of the Kiggavik stockpiles. The volume of the 
Sissons mine rock stockpile is estimated to be on the order 35 MLCM, based on a swelling 
factor of 1.3. Excavated mine rock will be loaded on trucks and hauled to the mine rock pile. 

It is proposed to stockpile End Grid mine rock from mine development with the Andrew Lake 
mine rock. Some mine rock from End Grid will be stockpiled separately and crushed to be used 
in mine backfill. 

6.6.2.2 Temporary Stockpiles 

It is proposed to manage Type 3 mine rock from the Sissons site during operation in a 
temporary surface stockpile with drainage collection and treatment of surface runoff. This 
material will then be placed at the bottom of the Andrew Lake pit during the decommissioning 
phase. The design concept for the Sissons temporary stockpile will be similar to that of the 
Kiggavik site temporary stockpiles (Section 6.6.1.2). 

6.7 MINE ROCK MONITORING 

Contingency plans are intended to address unforeseen circumstances which could result in a 
substantial increase in predicted environmental impacts. Extensive investigations into the 
chemical properties of mine rock at Kiggavik and Sissons sites will continue to be undertaken 
during operation as part of a Mine Rock Optimization and Validation Program (MROVP). This 
program will focus on Type 3 mine rock and will provide further insight into the geochemical 
characteristics of the materials to validate AREVA’s proposed long-term management plan. 



7 MILLING

7.1 INTRODUCTION

The Kiggavik Project will include the construction, operation and decommissioning of a mill 
facility. The purpose of the mill will be 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 product 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 mill. 

The key circuits included in the proposed Kiggavik mill are: 

 Crushing and grinding where the rock is reduced in size and mixed with water to create a 
slurry;

 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 gangue material is separated from the metal-bearing 
solution;

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

 Precipitation, drying and packaging of the uranium as a granular concentrate (yellowcake). 

7.2 MILL DESIGN CONSIDERATIONS AND CRITERIA 

The milling process is an important factor in the environmental and economic performance of 
the Kiggavik Project. 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 
Kiggavik present several unique challenges and opportunities. 

The primary mill design considerations are as follows: 

 Production requirement of 3,800 tonnes U per year nominally with uranium concentrate 
conforming to International refinery specifications and operational flexibility to increase 
production to 4,000 tonnes U per annum. 

 Water management considerations, noting that the milling process is the key consumer of 
freshwater and determines the effluent treatment required. 

 Tailings characteristics, noting that the milling and tailings neutralization processes will 
determine the geochemical and physical properties of the tailings. In turn, the tailings 
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physical properties impact the water balance as the water expulsed from the tailings during 
consolidation requires treatment. 

 Reagents. The type of reagents used will influence the quality of mill effluent and hence the 
water treatment processes required. In addition, the quantities of reagents required impact 
significantly upon the transportation logistics. 

 Radiation protection. While the current grade estimates of Kiggavik and Sissons ores are 
considerably less than that of deposits typically mined in northern Saskatchewan, radiation 
protection measures similar to those applied at the McClean Lake Operation will be 
implemented at Kiggavik (see Section 15 for proposed measures). 

7.3 MILL DESIGN OPTIONS 

There are 2 options proposed for the Kiggavik mill: 

 Preferred option: Resin-in-pulp (RIP); and 

 Secondary option: Counter-current decantation and solvent extraction (CCD/SX) 

RIP is the preferred process based on the relative simplicity of the process and potential for 
water conservation. The use of CCD/SX is expected to require a slightly larger footprint, 
additional water use and the use of additional flammable reagents. However, this process has 
been successfully operated for decades in Saskatchewan and it remains a viable option for the 
Kiggavik mill. The CCD/SX process could be operated within the bounding scenarios presented 
in the assessment basis (Section 20). 

Solvent extraction may also be implemented in the future if additional deposits are developed 
that require further purification. The current deposits planned for processing are low in common 
contaminants and the resin process will be sufficient to produce uranium concentrate meeting 
purity specifications. However, future deposits could contain higher levels of contaminants and 
may require further processing by SX, which either the RIP/SX or CCD/SX processes could 
provide.

The design of the preferred mill process includes standard acid leaching, resin-in-pulp, elution 
and resin regeneration, gypsum precipitation, uranium precipitation, drying/calcining, packaging, 
and tailings neutralization. The CCD/SX option would replace the resin-in-pulp, elution, and 
resin regeneration circuits with counter-current decantation, solvent extraction, stripping and 
solvent regeneration. The capacity of the current mill design is approximately 3,200 tonnes of 
ore at 0.4% U per day, to produce 3,800 tonnes of U per year, however, the mill has been 
designed with sufficient flexibility that up to 4,000 tonnes of U per year could be produced. It is 
expected that the mill will operate for an average of 310 days per year. 
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7.4 MILL FACILITIES AND STRUCTURES 

The mill complex will consist of a central mill building, housing the milling process equipment 
and services, and several ancillary buildings which will support the mill. These buildings will be 
joined by arctic corridors with cable trays and pipe racks. A plan view of the mill and ancillary 
facilities is shown in Figure 7.4-1. 

7.4.1 Mill Building 

The mill and other building foundations were based upon site-specific geotechnical information 
and best practices for construction in a permafrost environment. The proposed concept, which 
is described in more detail in Section 12.6, is to remove overburden and fractured rock and 
replace it with engineered fill (compacted crushed rock). 

The mill foundation concept will utilize a structural slab on the engineered fill with piles as 
needed to support heavy equipment foundations. Insulation around the perimeter of the 
buildings, the buildings themselves and a sub-surface pumping system will ensure that the 
permafrost is protected and the building foundations stay on a warm dry bed with little risk of 
frost heaving. 

The mill building will be steel construction with insulated steel clad walls. The roof height ranges 
from 22 m to 40 m. The interior of the building is divided with interior walls and ceilings to create 
separate areas to control ventilation. The interior walls are generally steel clad. The area 
containing crushing and grinding has concrete walls for noise and dust control purposes. 
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7.4.1.1 Mill Layout 

The mill layout has been designed based on the following considerations: 

 Maintaining segregation between slurry flow and solution flow (i.e. Crushing through to 
Tailings Neutralization versus Elution through to Uranium Precipitation); 

 Maintaining service access to circuits as necessary (i.e. Crushing, Reagents, Uranium 
Precipitation); 

 Minimizing opportunities for short-circuiting between process exhaust and fresh-air intakes; 

 Maintaining areas with higher potential for dust and radon emissions (ore pad and crushing) 
down-wind of other activities (predominant wind direction is from the NNW); 

 Minimizing pipe runs and elevation head within the mill and from the mill to the WTP and 
TMFs;

 Facilitating single pass ventilation design and radiation protection requirements; and, 

 Maintaining areas with potential for spills up-gradient of containment ponds and TMFs. 

The mill building layout has also been designed to facilitate the flow of process materials. The 
slurry will flow along the east side of the building from south (crushing) to north (tailings 
neutralization). The resin and solution phases will travel back down the middle of the building so 
that uranium packaging and shipping will be at the south end of the building and accessible by 
truck.

General layouts of mill equipment have been prepared with consideration of maintenance 
requirements and safe access. A mill maintenance facility will be included in the mill building. 
Whenever possible, equipment repairs and re-builds will be completed on-site to maximize self-
sufficiency and minimize transport requirements. 

The design of each circuit incorporates primary, secondary, and tertiary containment. All 
process solutions and slurries are contained within covered vessels, which are further contained 
within bermed areas graded towards sump and pump systems. Exterior doorways will also be 
bermed to provide additional containment. 

The entire mill building will be crossed by two corridors. The purpose of these corridors is to 
facilitate safe transportation of materials, personnel and equipment within the mill and to provide 
for the ventilation system. Services such as utilities and maintenance shops will be located on 
the outside wall of the west side of the building and the administration offices, nurses’ station, 
garage and warehouse will be in the northwest quadrant. 

7.4.1.2 Fire Suppression 

The Fire Suppression System will be centered in the mill building. The bottom portion of the raw 
water tank will be dedicated to fire suppression. A heat-traced fire loop will run through the 
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facility from the dedicated fire water tank through a Jockey pump to maintain pressure in the 
loop. The sprinkler system, hydrants, stand pipes, deluge and pre-action systems will be 
connected to the fire water loop. Pressure sensors will be connected to the control system to 
provide notification and control of the main fire pump. A diesel fire pump will be available for 
backup in case of power failure. 

7.4.1.3 Laboratories and Metallurgy 

There will be 3 laboratories located within the Kiggavik mill: the Radiation Laboratory, the 
Chemical Laboratory, and the Metallurgical Laboratory. 

The Radiation Protection Laboratory will be used to analyze radiation samples collected in the 
mill, the mines and ancillary facilities. 

The Chemical Laboratory will be used to analyze mill samples collected for metallurgical 
accounting and control. Analysis of environmental samples and urinalysis may also be 
conducted in the Chemical Laboratory; however sample preparation will be segregated to 
prevent cross-contamination between mill and environmental samples. The Kiggavik Chemical 
Laboratory will be designated as a Basic Level Radioisotope Laboratory. It will comply with 
CNSC Regulatory Document R-52, Design Guide for Basic and Intermediate Level 
Radioisotope Laboratories.

The Metallurgical Laboratory will be used to prepare slurry samples for analysis in the Chemical 
Laboratory and will also be used for on-going metallurgical test programs and optimization. 

Laboratories will be primarily staffed by technicians and technician trainees, and supported by 
metallurgists, chemists, and radiation protection coordinators. 

7.4.2 Ancillary Buildings 

There will be 4 key ancillary buildings supporting mill operations; these are: 

 Acid Plant; 

 Oxygen Plant; 

 Hydrogen Peroxide Storage; and, 

 Powerhouse. 

7.5 PROCESS DESCRIPTION 

Extraction of uranium from ore is typically achieved via hydrometallurgical processes whereby 
the uranium is solubilized and purified in solution form prior to precipitation as solid uranium 
oxide. The preferred Kiggavik mill process includes acid leaching, resin-in-pulp extraction and 
acid elution, gypsum precipitation and uranium precipitation. All remaining rock materials and 
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solid byproducts will be treated in a Tailings Neutralization circuit. Solution streams will be 
recycled where possible, with bleed streams treated in Tailings Neutralization. 

The overall Process Flow Diagram for the proposed mill is shown in Figure 7.5-1. The following 
sections provide summary descriptions of each stage of the process. 

7.5.1 Ore Handling, Crushing and Grinding 

Ore from the mines will be transported to the ore stockpiles (Section 5). The design average ore 
feed grade is 0.4% U, however the actual grade of ore contained within a haul truck may vary 
from 0.2% to 0.8% U. Separate stockpiles will be maintained on the ore pad, with the following 
approximate grade ranges: < 0.25% U, 0.25 – 0.5% U, >0.5% U. The distribution of stockpile 
grades will be adjusted over the life of the Kiggavik Project to maintain mill feed consistency. 

The Crushing and Grinding circuits will be enclosed at the southwest corner of the mill facility. 
Front-end loaders will be used to deliver approximately 3,200 tonnes of ore per day to Feed 
Hoppers. Ore will be drawn from the feed hoppers to the crushers, which will reduce the ore 
size to approximately 300 mm. 

The wet-grinding circuit will reduce the ore from 300 mm to less than 300 μm. The circuit will 
consist of a semi-autogenous grinding (SAG) mill, ball mill and hydrocyclones for classification. 
The storage pachucas will provide surge capacity between Crushing and Grinding and Leaching 
in case of weather delays or maintenance downtime. 

A dedicated scrubber will be used to control dust emissions from the Crushing and Grinding 
circuits. 

7.5.2 Leaching

Slurry from the storage pachucas will be pumped to the Leaching circuit. The purpose of the 
leach circuit will be to dissolve uranium from the ore into the solution phase. Sulphuric acid, 
oxygen and steam will be added to control pH, oxidation-reduction potential and temperature in 
the ranges suitable for uranium leaching. If required, hydrogen peroxide and/or ferric sulphate 
may also be used. 

Slurry will flow by gravity through the leach pachucas until it discharges from the final vessel to 
the leach discharge surge tank. The slurry will then be pumped to the RIP circuit for recovery of 
soluble uranium. 

AREVA Resources Canada Inc. 
Kiggavik Project EIS 
December 2011 

Page 7-7 
Tier 2 Volume 2 

Project Description and Assessment Basis 
Section 7 – Milling





7.5.3 Resin-In-Pulp

The resin-in-pulp (RIP) circuit will use small resin beads to recover uranium from the leached 
slurry. Uranium preferentially adsorbs onto the beads, which can then be easily separated from 
the barren slurry using industrial screens. 

The resin and slurry will be contacted in large vessels that allow slurry movement from vessel to 
vessel while retaining resin within each vessel. As the slurry moves through the vessels, the 
uranium in solution progressively adsorbs on the resin, until more than 99% of the uranium in 
solution has been adsorbed. The barren slurry will then pass through a safety screen to recover 
any entrained resin before being pumped to the Tailings Neutralization circuit. 

Once the resin inventory in a tank is loaded with uranium, it will be taken off-line and the 
resin/slurry mixture pumped to the dewatering screen. The screen separates the resin from the 
slurry. Wash water used for resin washing will be directed to a clarifier and recycled within the 
mill.

7.5.4 Elution 

The Elution Circuit will recover uranium from the loaded resin. This circuit will include two sub-
unit processes: Resin Elution, which will recover the uranium into solution and Resin 
Regeneration, which will replenish the resin for re-use in RIP. 

Uranium will be recovered from the resin in Elution Columns which contact the loaded resin with 
sulphuric acid or sodium carbonate eluant. The resin will be counter-currently washed with 
process water as needed before and after elution. The wash solutions will be recycled where 
possible for further use within the mill. 

A portion of the eluted resin from the Elution Circuit will be regenerated as required to mitigate 
the effects of impurity build up by regeneration with sodium hydroxide (NaOH) and sodium 
sulphate (Na2SO4) solution. Following regeneration, the waste regenerant solution will be 
pumped to Tailings Neutralization. The pH and impurity levels of the solution are expected to 
render it non-recyclable. 

Regenerated resin will then be rinsed with process water to remove any entrained regenerant 
prior to return to the RIP circuit for re-loading. The spent wash solution will be recycled for use 
in regenerant make-up. 

7.5.5 Gypsum Precipitation 

Eluate from Resin Elution will contain sulphate and possibly iron in excess of that suitable for 
uranium precipitation. The Gypsum Precipitation circuit will remove these impurities to 
appropriate levels. 
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The circuit will consist of a number of mix tanks where lime will be added to achieve pH 3.5 to 
3.8, thereby precipitating gypsum and iron oxide. The purified eluate will then be separated from 
the gypsum cake in a thickening and filtration circuit. The solution will be transferred to Uranium 
Precipitation. The filter cake will be washed counter currently with process water and recycled 
filtrate.

The filter cake from Gypsum Precipitation will be re-slurried and pumped back to RIP Circuit to 
recover any uranium entrained or co-precipitated with the gypsum. 

7.5.6 Uranium Precipitation 

Uranium peroxide will be precipitated from purified eluate by contact with hydrogen peroxide 
(H2O2) at pH 3.4. Sodium hydroxide (NaOH) will be used to maintain pH. 

Precipitated solids will be dewatered using thickening and filtration prior to entering the drying 
circuit. Barren eluate will be recycled where possible within the mill with the remainder bleeding 
to Tailings Neutralization. 

7.5.7 Yellowcake Drying and Calcining 

Yellowcake from uranium precipitation will be dried at 120°C to less than 2% moisture, 
producing UO4.2H2O. The product may then be calcined at approximately 800°C to produce 
U3O8 and discharged to the Yellowcake Storage Bin. 

A dedicated scrubber and HEPA filter will be used to control dust emissions from the drying and 
calcining area. 

7.5.8 Yellowcake Packaging 

Product packaging will be accomplished in a semi-automated packaging system that will fill 
steel drums with up to 434 kg of yellowcake each. The essential components of the system will 
be:

 Sectional roller conveyor, with some selected sections operated automatically; 

 A series of air locking sections to control workplace dust; 

 A drum filling station; 

 A drum lidding station; 

 A drum weighing station; and, 

 A drum washing and drying station. 

Following packaging, the drums will be placed in a secure storage area for loading into shipping 
containers. Drums are scanned by the Radiation Protection Department (Section 15) for surface 
contamination prior to loading shipping containers. 
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7.5.9 Tailings Neutralization 

The tailings neutralization process has been designed to produce tailings suitable for 
management within the in-pit tailings management facilities. The process is described in Section 
8.2.

7.5.10 Process Control 

The process control philosophy includes advanced process control capabilities to reduce the 
likelihood of incidents resulting from operator error, but allows rapid intervention from operators 
if needed. There will be a central mill control room with an operator who will oversee the 
operation of each unit process. Each unit process will in turn have a process control station 
where the area operator can independently monitor and operate their circuit. The area operators 
will have the responsibility of ensuring the circuit and associated equipment is functioning safely 
and efficiently. When required, the central control room operator may directly control the unit 
process(s) with field support from the area operator. The system will incorporate operational 
redundancy in order to ensure smooth operation during early years when it is expected that a 
large portion of the workforce will be inexperienced. 

Automatic samplers will be installed at appropriate locations to monitor the performance of each 
unit process and overall metallurgical efficiency of the facility. The samplers are intended to 
supplement routine process composite and grab samples collected by operators. 

7.6 PROCESS REAGENTS 

A number of reagents will be required to operate the mill process; these reagents and the 
proposed methods of preparation are described in the following sections. Handling and storage 
of hazardous materials are also discussed in Section 14. 

The mill will also provide some reagents to the Water Treatment Plants (WTP) at the Kiggavik 
and Sissons sites (Section 9). Tote-filling or truck/tanker-filling stations will be installed as 
required to transfer these reagents. 

Conservative estimates of the annual consumption of process reagents are shown in Table 7.6-
1. It is anticipated that lime and sulphur requirements will be reduced as a result of on-going 
tests and studies. Annual consumption will be updated at the time of licensing application. 
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Table 7.6-1: Process Reagents 
Reagent Use Annual Consumption (tonnes)
Lime pH modifier 47,200
Sulphur Sulphuric acid generation 26,700
Hydrogen peroxide Uranium precipitation 1,502
Sodium hydroxide pH modifer 1,348
Ferric sulphate Transition metal precipitation 130
Barium chloride Radium precipitation 194
Sodium sulphate Resin regeneration 553
Resin Uranium extraction 137
Flocculants Solid-liquid separation 95
Kerosene (SX option) Uranium extraction 40
Isodecanol (SX option) Uranium extraction 40
Tertiary amine (SX option) Uranium extraction 790

Sodium hydroxide, ferric sulphate, barium chloride, sodium sulphate, and flocculants will be 
received in drums or bags and stored in a covered building or in sea containers. These reagents 
will then be diluted with water and used in the process. Preparations of the remaining reagents, 
which require more complex storage and/or further processing, are described as follows. 

7.6.1 Sulphuric Acid 

Sulphuric acid (93% H2SO4) will be produced in an on-site acid plant located near the mill. Acid 
will be supplied via pipelines to Leaching, Elution, and the Kiggavik WTP. A tote filling station 
will be required to provide acid to the Sissons WTP. 

The production of sulphuric acid involves the process of burning sulphur in the presence of dried 
ambient air, reaction of the products in a catalyst bed, and recovering the reacted components 
in an air absorption solution to produce sulphuric acid. Waste heat in the form of superheated 
steam is also produced as part of the reaction. A portion of this heat may be recovered and 
used in the mill process. 

Sulphur will be received as solid prills or agglomerated high purity solid sulphur and stored in 
cold storage. 

The plant will be designed to emit less than 75 g SO2 per tonne of acid produced. Emissions will 
be controlled by two systems: 

 Excess SO2 will be absorbed in the last pass by a cesium-promoted catalyst with a lower 
working temperature in one or several layers; and, 

 A scrubber installed on the exhaust stack will remove particulates, acid mist and excess 
SO2.
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7.6.2 Oxygen 

Oxygen (O2) for leaching will be produced in an on-site Vacuum Pressure Swing Adsorption 
(VPSA) oxygen plant. 

The oxygen plant will consist of two adsorber vessels filled with a Zeolite Molecular Sieve, a 
valve assembly, air compressor, air filters, main pressure regulator, and air and product receiver 
tanks. Dry, compressed air is passed through the air filters, which remove particles and oil 
vapour, and then through the air inlet regulator, which reduces the air to the final operating 
pressure. Clean dry air will be directed to one of the adsorber beds where nitrogen and water 
vapour adsorb faster than oxygen in the pore structure of the molecular sieve, thus increasing 
the oxygen purity of the product gas stream to 93.0% or higher. Oxygen product will exit at the 
top of the adsorber bed into the product receiver for delivery to the mill as needed. 

Nitrogen enriched waste gas will be discharged to the atmosphere through a silencer. 

7.6.3 Lime

Milk of lime will be used for pH adjustment in Tailings Neutralization, Gypsum Precipitation, the 
Kiggavik WTP and the Sissons WTP. The lime preparation circuit will be located in the mill. 

Quicklime (CaO) will be received as a solid and thawed indoors if required. The quicklime will be 
blended with steam-heated water in a lime slaking ball mill in closed circuit with a set of 
cyclones.

The slaked lime will then be stored in lime slurry storage tanks for use in the process. A filling 
station will be installed to provide lime to the Sissons WTP. 

7.6.4 Hydrogen Peroxide 

Hydrogen peroxide will be used in the yellowcake precipitation circuit to precipitate uranium 
peroxide. The reagent will be delivered in ISO containers at a strength of 50 – 70% hydrogen 
peroxide.

Hydrogen peroxide is a strong oxidant and therefore is a risk for fire and explosion if 
concentrated solution is mixed with organics such as oil or grease. To minimize the risk of 
accidents, peroxide will be stored in a dedicated building and strictly managed. 

Within the hydrogen peroxide storage building, the solution will be stored in a covered and 
vented container constructed from compatible materials. The storage containers will be located 
within a containment berm that can accommodate 110% of the largest container volume. The 
containment area will have a deluge system for diluting any spillage and leak detection tied into 
the distributed control system (DCS) and local building alarms. Safety equipment in the building 
will include detectors for signs of oxidation. Cleanliness will minimize possible sources of 
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combustion. Entry to the building will be restricted to those trained in the safe handling of 
concentrated peroxide. 

7.6.5 Solvent Extraction Reagents 

Kerosene, amine and isodecanol would be used in the Solvent Extraction circuit (if installed). 
Amine extracts the uranium from the pregnant aqueous solution. Isodecanol would be used as a 
phase modifier and kerosene used as a diluent. The reagents would be delivered to site via ISO 
containers. Kerosene would be stored in storage tanks, while amine and isodecanol would be 
transferred to totes and pumped to the Solvent Extraction circuit. 

Sodium carbonate would be used for regenerating organic. The reagent would be delivered to 
site by container and transferred to a storage silo with vent and activator. Steam and process 
water would be added to the sodium carbonate mix tank to prepare the solution prior to use in 
the plant. 

These reagents will not be used in the mill if the SX option is not implemented. 

7.7 PROCESS WATER MANAGEMENT

The mill process design has been adapted to reduce water consumption and maximize internal 
recycle. The overall Kiggavik and Sissons site water balances are discussed in detail in Section 
9.

The 3 systems providing water to the mill, listed in order of decreasing quality, will be: 

 Raw water from Siamese Lake; 

 Permeate from the Kiggavik water treatment plant; and, 

 Process water, which includes recycled site run-off from the outdoor purpose-built pit and 
water recycled internally in the mill. 

Permeate is expected to be of high quality, such that it will be suitable for use in most 
applications in the mill. Potable and fire water will be sourced solely from raw water. Site-runoff 
water is expected to be low in sulphates but potentially containing dissolved metals and radium. 
Process water in general will have moderate levels of sulphates ( 1 g SO4/L), dissolved metals 
and radium. Therefore it is assumed suitable for general process use but not suitable for cake 
washing or reagent preparation. In order to maximize recycling and use of on-site water, all 
permeate and site run-off/process water will be used in the mill and any additional mill water 
make-up required, due to lack of availability of permeate or process water, will be supplied from 
raw water. 

Maximum expected mill water requirements and the minimum water quality type required for 
each use are shown in Table 7.7-1. These inputs, along with known and potential recycle 
streams, are shown in Figure 7.7-1. 
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Table 7.7-1: Mill Water Requirements – Base Case 

Process Area 
Max Flowrate 

m³/d
Minimum Water Quality 

Requirements 
Crushing 10 Process
Grinding

Grinding Scrubber 80 Permeate
Mill Make-up 2,800 Process

Leaching 10 Process
Resin Adsorption 

Safety Screen Wash 50 Process
Resin Dewatering 

No.1 Screen Wash 50 Process
No.2 Screen Wash 50 Process

Resin Elution 
130 g/L Acid Dilution 550 Permeate

Resin Regeneration 
Regenerant Make-up 90 Permeate

Gypsum Precipitation 
Belt Filter Wash 70 Permeate

Uranium Precipitation 
Recycle Cooler Cooling Water 10 Permeate

Belt Filter Wash 80 Permeate
Drying and Packaging 

YC Drum Washing 20 Permeate
Tailings Neutralization 10 Permeate
Barium Chloride Make-up 10 Permeate
Lime Preparation 

Lime Mill Make-up Water 400 Permeate
Lime Mill Pump Box Dilution 600 Process

Miscellaneous Reagent Make-
up Water 20 Permeate
Acid Plant 1,500 Raw Water 
Steam Boilers 500 Raw Water 
Miscellaneous Usage Included 
as Allowance Only 

Pump Gland Water 800 Permeate
Washdown Hosing 50 Permeate

Sand Filter Backwash Waters 50 Permeate
Ventilation Cooling Water 100 Permeate

Total Requirements 7,910
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The majority of the water entering the process, not accounting for miscellaneous allowances, 
will be used to slurry mill feed for grinding (approximately 40% of 6,910 m3/day) and prepare 
reagents and steam (approximately 44% of 6,910 m3/day). This water will be essentially non-
recyclable on a unit operation basis as it enters the general process flow. 

Screen spray wash and resin column rinse water will be recycled to process water. Key streams 
that can provide additional substantial sources of recycling include barren eluate and tailings 
thickener overflow. The proportions of these streams that can be recycled will be dependent on 
actual process gypsum and impurity concentrations and will vary over the life of the Project. For 
the purposes of Figure 7.7-1, approximately 30% of barren eluate and tailings thickener 
overflow are shown as potentially recyclable, however, these recycle streams have not been 
included in the conservative calculation of water requirements. 

Ranges for the expected use of each water type are shown in Table 7.7-2. It is expected that 
the volumes actually available for each type of water will vary on a seasonal basis as well as 
over the life of the Project. If insufficient permeate is available (i.e. less than 2,340 m3/d), this 
water will be supplemented by raw water. As it is expected that average permeate production 
from the WTP will be 1,707 m3/d, it is likely that average supplementation of permeate will be 
683 m3/d during periods of maximum mill production. In turn, if insufficient process water is 
available due to a lack of stored site drainage, process water flows can be supplemented by 
either permeate (if available) or raw water. In the extreme case where no permeate or process 
water is available, a conservative maximum of 7,910 m3/d of raw water would be required for the 
mill.

Table 7.7-2: Expected Average and Ranges for Mill Water Use (m3/d)
Mill Water Type Average  Range 
Raw Water 2,633 2,000 – 7,910 
Permeate 1,707 0 – 2,340 
Process Water 3,570 0 – 3,570 

Water will exit the mill process via the tailings circuit. A thickener has been included in the 
design to increase the recovery of water prior to tailings discharge to the TMF. Both the tailings 
thickener overflow and expulsed porewater from the TMF will report to the Kiggavik WTP 
(Section 9). 



8 TAILINGS MANAGEMENT 

8.1 CONCEPT

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

 To avoid interaction between tailings and natural water bodies; 

 To maximize the use of mine workings for long-term management of tailings; and, 

 To ensure the long-term protection of Kiggavik’s terrestrial, aquatic and human environment. 

Historically, non-uranium northern mines in the continuous permafrost zone have benefited from 
the presence of permafrost conditions around the area of tailings management. The continuous 
permafrost in the ground provides a hydraulic barrier, which prevents the migration of potential 
contaminants from the tailings facility into the environment. Above ground tailings 
impoundments were engineered to allow the permafrost to aggrade into the tailings, thereby 
creating a stabilized mass, encapsulated by frozen conditions. It is now considered possible that 
climate change may threaten the integrity of tailings management structures that rely on 
maintaining present temperatures and permafrost conditions for stability and integrity. 

The proposed tailings management approach for the Kiggavik Project is modelled after 
AREVA’s McClean Lake Operation in northern Saskatchewan and is based on the “in-pit tailings 
management facility” concept. This approach has been accepted by the regulatory agencies for 
the currently operating TMFs at three uranium mills in non-permafrost conditions in northern 
Saskatchewan. 

In-pit disposal of tailings in the mined pits is considered to be the best tailings management 
option at the Kiggavik Project for minimizing potential operating and post-closure impacts to the 
receiving environment. In-pit disposal will also reduce the footprint of the tailings management 
facilities (TMFs), and will provide the most secure, long-term containment for the tailings at the 
Kiggavik site. 

The preferred option for tailings management at the Kiggavik site is summarized in Figure 8.1-1. 
The preferred option consists of producing thickened tailings that will be neutralized and treated 
to control uranium, radium-226 and trace metal concentrations. Tailings will be deposited 
subaqueously. Subaqueous placement of tailings will prevent freezing of the tailings, prevent 
dust generation and enhance radiation protection during the operational and consolidation 
period.
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The natural surround concept will be used. At closure, the tailings will be covered using mine 
rock to enhance consolidation and prevent wind and water erosion. A final cover of overburden 
will be added to facilitate revegetation. 

Tailings will be deposited in three open pits at the Kiggavik site. Based on the current mine 
schedule, tailings will be deposited into the East Zone Pit, followed by the Centre Zone and 
Main Zone pits. The East Zone Pit is sized to store tailings from the milling of the East Zone, 
Centre Zone and initial Main Zone ore, until such time as the Centre Zone Pit is ready to accept 
tailings. Similarly the Centre Zone Pit is sized to store tailings from the milling of the Main Zone 
ore. The Main Zone pit is sized more traditionally to optimize resource extraction. The Main 
Zone pit is the largest of the three open-pits mined at Kiggavik. As such it is also proposed to 
use the Main Zone pit for long-term management of Type 3 mine rock resulting from open-pit 
mining of the Kiggavik deposits. 

8.2 TAILINGS PREPARATION 

Waste Streams 

In the Kiggavik mill, the following process waste streams will be received in the Tailings 
Neutralization Feed Tank: 

 Pulp Residue from the RIP (preferred option) or CCD Circuit (secondary option); 

 Raffinate from the Solvent Extraction Circuit (secondary option); 

 Waste regenerant from the Resin Regeneration Circuit (preferred option) or Solvent 
Extraction Regeneration Circuit (secondary option); 

 Sand filter filtrate from the Uranium Precipitation Circuit (both options); 

 Water Treatment Plant (WTP) sludge (both options); and, 

 Discharge from the area Sump & Pump (both options). 

Neutralization and Thickening Processes 

In the treatment process ferric sulphate (Fe2(SO4)3), lime (Ca(OH)2), and barium chloride 
(BaCl2) will be used to promote the removal of metals and radium from the discharge water. 
These reagents will be contained in tanks in the reagent area of the plant and pumped to the 
tailings preparation circuit. 

 Ferric Sulphate (Fe2(SO4)3) will be added to the flash mix tank. Ferric Sulphate can also be 
added to the 2nd Tailings Neutralization Tank in the event that the 1st tank is bypassed. 

 Lime (Ca(OH)2) will be added to the first Tailings Neutralization Tank to adjust the pH of the 
slurry to 4.0 and will be also added to the remaining two Tailings Neutralization Tanks to 
maintain a slurry discharge pH of between 7.0 and 8.0. 
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 Barium Chloride (BaCl2) will be added to the 2nd Tailings Neutralization tank to reduce 
radium in solution. 

There will be 3 Tailings Neutralization Tanks operating in series. The Feed Tank (flash mix) will 
discharge by gravity to the 1st agitated Tailings Neutralization Tank. The 1st tank and piping will 
be arranged to allow bypassing of each tank for maintenance with minimum disruption to the 
operation of the circuit. Process air can be added to the bottom of the Tailings Neutralization 
Tanks, if required, to ensure that contaminants are in their oxidized state. 

The last Tailings Neutralization Tank will discharge to the high rate Tailings Neutralization 
Thickener where a flocculant will be added to the feed pipe and/or feed well to promote settling 
of the solids. Tailings Thickener Underflow Pumps will transfer the thickened underflow at a 
nominal average of 38% (w/w) solids to the TMF for long term management of the solids. The 
thickener overflow will discharge to the Tailings Overflow Tank from where it will be pumped by 
Discharge Pumps to either the Water Treatment Plant (WTP) or the TMF. 

A relatively comparable process has been proven to be successful at AREVA’s McClean Lake 
Operation in reducing trace metals concentrations in tailings pore water. Based upon a review of 
Kiggavik laboratory test data and coupled with a series of geochemical models it is anticipated 
that the proposed neutralization process for the Kiggavik mill tailings will produce stable tailings 
with long-term uranium and trace metal concentrations of less than 1 mg/L. 

8.3 CHARACTERIZATION

An assessment of the tailings that will be produced from the Kiggavik mill is provided in 
Technical Appendix 5J (Tailings Characterization and Management). A summary is provided in 
this section. 

8.3.1 Geotechnical Properties 

Geotechnical testing was conducted on laboratory produced tailings from the various ores to be 
processed at the Kiggavik mill. Additional tests were completed on tailings produced from the 
mill pilot plant testing program. The objectives of these tests were to estimate permeability, void 
ratio, water content and dry density during consolidation under increasing loads. Grain size 
distribution analysis was also conducted. Laboratory data was cross-referenced with field data 
from measurements at the McClean Lake Operation tailings management facility and the results 
were used to estimate field properties at Kiggavik. 

Geotechnical properties of tailings that are of primary interest for predicting post-
decommissioning effects include the density and hydraulic conductivity. The relationship 
between applied load and tailings density, or void ratio, was used to predict the volume that 
tailings will occupy within the decommissioned TMFs. The relationship between tailings 
hydraulic conductivity and void ratio, or effective stress, was used to predict the final hydraulic 
conductivity of consolidated tailings within the decommissioned TMFs. 
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Consolidation is dependent on hydraulic conductivity and it is known from observations at 
existing TMFs that it can range over four orders of magnitude – depending on particle size of 
the tailings from the mill as well as depositional segregation of coarse and fine materials. For 
the Kiggavik TMFs, the average solids content of the tailings in pit is predicted to increase from 
40% to 70% during the consolidation process. 

Figure 8.3-1 shows a comparison of measured, observed and design base properties. Based on 
laboratory consolidation test results, the hydraulic conductivity of the consolidated tailings is 
estimated to range between 4x10-9 m/s and 1x10-8 m/s. However it is considered that laboratory 
tests may not fully capture the complex consolidation processes and potential segregation 
between coarse and fine zones within a TMF. For that reason, the design base values were 
chosen to be somewhat conservative in their predicted time response for consolidation. 
Furthermore, observations at existing TMFs show that the actual field conductivity varies 
spatially and over time (as a function of consolidation) and, in general, is difficult to capture with 
great certainty in a model at the design stage. As a result, approximations and best judgment 
were applied based on a combination of measured and observed values and on the anticipated 
process at the site. As such a design value of 5x10-8 m/s was used for the tailings hydraulic 
conductivity in modelling of the consolidated tailings mass following cover placement (Technical 
Appendix 5J). 
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8.3.2 Geochemical Properties 

An evaluation of the data generated as part of the pilot plant testing program of Kiggavik Project 
ore samples was performed to determine the nature and extent of geochemical reactions that 
could potentially control uranium concentrations in the neutralized tailings. The analysis was first 
conducted for a worst case scenario with elevated uranium concentration in the tailings pore 
water under malfunction conditions. Typical operating conditions were then considered to 
produce tailings according to the flowsheet presented in Section 8.2. A series of geochemical 
models were constructed to analyze the test results and to estimate uranium and trace metal 
concentrations expected to be sent to the TMF from the tailings treatment circuit in the proposed 
Kiggavik mill. 

A series of aging tests were then performed on these tailings to assess the changes in potential 
constituents of concern concentrations as a function of time. The assessment of the malfunction 
case test results focused on uranium since preliminary results suggested that other 
constituents, such as arsenic and nickel, are not expected to be of concern. The behaviour of all 
potential constituents of concern was assessed through the normal operational case laboratory 
tests.

From the aging tests a series of geochemical models were constructed to analyze the test 
results and to estimate the portion of chemical constituents available for transport out of the 
tailings mass. A long term tailings pore water concentration was predicted for each key 
constituent of concern. Table 8.3-1 summarizes the predicted long-term tailings pore water 
concentrations used to calculate mass flux for the decommissioned Kiggavik TMFs. 

8.3.3 Thermal Properties 

Thermal properties of the tailings under fully frozen and fully thawed conditions were estimated 
over a range of likely saturated water content. The measured values were used to back-
calculate the likely quartz content and mineral specific heat capacity and then those values were 
applied to a range of water content and void ratios as may be experienced by the tailings. This 
is considered as a very accurate method of developing thermal model input properties. 

The influence of dissolved ions on the freezing point depression was also estimated. Freezing 
point depression is a phenomenon by which water in porous materials does not freeze at 0°C. 
There are two main mechanisms that contribute to lowering the freezing point below zero. First, 
capillary forces in porous material develop surface tensions between water, ice and soil 
particles and this tension must be overcome by reducing the temperature in order to change 
phase. Secondly, dissolved ions in the pore-water, such as the addition of salts, can further 
reduce the freezing point depression. Calculation results show that the ion related freezing point 
depression is expected to be very limited, at about 0.18 degrees. 
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Table 8.3-1: Predicted Long-Term Tailings Pore Water Concentrations 
Constituent Units Concentration in Tailings 

Pore Water 

Aluminium Al mg/L 0.50

Arsenic As mg/L 0.02

Cadmium Cd mg/L 0.003

Chromium Cr mg/L 0.35

Cobalt Co mg/L 0.10

Copper Cu mg/L 0.40

Iron Fe mg/L 5.0 to 0.1 

Lead Pb mg/L 0.04

Manganese Mn mg/L 10 to less than 1.0 

Molybdenum Mo mg/L 0.20

Nickel Ni mg/L 0.40

Radium-226 226Ra Bq/L 10

Selenium Se mg/L 0.05

Uranium U mg/L 0.14

Vanadium V mg/L 0.70

Zinc Zn mg/L 3.0
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8.3.4 Quantities

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 40% (by weight) translating to a low dry density of 0.533 tonnes/m3

while the average solids content of the tailings in pit is predicted to increase from 40% to 70%. 
Under this conservative assumption the containment requirement was estimated at 22 million 
m3, approximately. 

8.4 OPERATIONAL CONSIDERATIONS 

8.4.1 TMF Preparation 

Mining

A number of pre-development activities, and activities to be conducted during mining, are 
required to prepare the TMFs prior to tailings disposal. These activities are described in Section 
5 “Mining” and include: 

 Open pits rock slope designs (see Section 5.2.1.1); 

 Monitoring during mining (see Section 5.1.2.4); and, 

 Management of pit floor heave (see Section 5.2.4.2). 

Drainage

The Kiggavik TMFs have been designed to rely on consolidation by upward drainage of excess 
pore water to the tailings surface only and a base drain has not been incorporated into the 
Kiggavik TMFs design. 

Incorporation of a drainage system within the pits in a permafrost environment poses 
operational challenges. The efficiency of the underdrain option is dependant on the permeability 
of the drain. To be efficient, the drain needs to remain sufficiently permeable over time; that is 
the potential for permeability reduction factors such as chemical precipitation, sand plugging or 
freezing needs to be low. In permafrost conditions any underdrain installed with a pumping 
system in host rock risks freeze off. 

Pit Liner 

The Kiggavik TMFs have been designed to take advantage of the low hydraulic conductivity of 
the surrounding rock mass, regardless of the permafrost conditions, and a pit liner has not been 
incorporated into the Kiggavik TMFs design. 

However it is recognized that a liner installed on the floor of the deepest part of Main Zone pit 
might be a reasonable TMF engineering option reinforcing the isolation of the tailings from the 
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sub-permafrost aquifer, especially if borehole mining activities are used to extract mineralization 
extending further in depth beneath the Main Zone open pit bottom. 

The Kiggavik Main Zone environment presents specific features that would increase the 
efficiency of a base liner. This includes limited groundwater inflows under dewatered conditions 
due to the low hydraulic conductivity of the surrounding rock mass, including the sub-permafrost 
aquifer. As a result the liner would be installed under relatively dry conditions allowing for proper 
construction QA/QC. The liner would be constructed using suitable native materials and the 
hydraulic conductivity of the native materials would be lowered using an amendment material 
such as bentonite. In the Kiggavik area, potential sources of suitable native material include 
shallow overburden soils, metasedimentary and granitic rocks. Typically this material would be 
crushed and amended with bentonite to reach a low hydraulic conductivity, in the order of 1x10-9

m/s to 1x10-8 m/s, comparable to the hydraulic conductivity of the surrounding rock mass. 

8.4.2 Tailings Pipeline 

The Tailings Neutralization thickener underflow will be pumped to one of three TMFs which will 
be mined out open pits, located south of the mill (Centre, East, and Main). Initially, only the East 
Pit will be available to receive tailings when the mill first begins operation. 

Tailings will be pumped from the Tailings Neutralization circuit through a dual contained High 
Density Polyethylene (HDPE) pipe to the pump house, located south of the purpose built pit 
(PBP), and then directed towards the active TMF. The pipe will be dual contained, insulated, 
with a leak detection system and will be about 2 km in length. To prevent freezing, the pipe will 
also be equipped with an electric heat tracing system. 

The pipeline will run along a trestle and then along the ground, with permafrost protection 
measures in place if required. At road crossings the pipeline will go underneath the road through 
larger HDPE pipe. The current design considers that the pipeline will discharge through a tremie 
at a barge on the TMF. The barge will be complete with a walkway to shore, pumps, bubbler 
system to maintain open water around the barge, and will be enclosed. The barge will be 
movable to aid in the even deposition of tailings. Alternatives to the barge option, allowing for 
increased operational flexibility, will be assessed and may be proposed at the time of licensing 
application. 

8.4.3 Tailings Thickener Overflow Pipeline 

The Tailings Thickener overflow, which may periodically be in excess of the Kiggavik WTP 
capacity, will travel by pipeline from the mill to the TMF. The flow will be pumped through the 
pump house to the barge, or alternative, in the TMF. The pipeline will be supported with the 
same system as the tailings line. The pipeline will be an HDPE dual contained pipe with 
insulation, heat trace and leak detection. 

AREVA Resources Canada Inc. 
Kiggavik Project EIS 
December 2011 

Page 8-10 
Tier 2 Volume 2 

Project Description and Assessment Basis 
Section 8 – Tailings Management



8.4.4 Benefit of the Water Cover 

Thermal analysis of tailings deposition was modeled in a series of staged models which 
considered the change in elevation of tailings over time as well as the alternating placement of 
tailings in winter and summer seasons. The modeling shows that over time, in the absence of 
mitigation measures, layers of frozen and unfrozen tailings could develop within the TMF. This 
result is supported by observation of an existing in-pit TMF in northern Saskatchewan which has 
less severe winter climate conditions. Based on these analytical and observed findings, 
deposition of tailings with the possibility of their freezing and affecting consolidation is deemed 
important to avoid. 

Sub-aqueous deposition of tailings is one possible means to prevent the freezing of tailings 
during winter deposition. A water cover holds high latent heat which must be removed prior to 
temperatures at the base of the water dropping below zero Celsius, whereupon freezing of 
tailings would occur. Analysis was carried out to determine the minimum depth of water cover to 
maintain in place on a year round basis such that the temperature at the base of the water cover 
does not drop below the freezing point. Results show that with a 5 m deep water cover in place, 
the base temperature is buffered from the climate at surface and maintains a year round 
temperature of approximately 3°C, which corresponds with observed under ice lake temperature 
values in arctic environments. 

Based on this analytical result and on observed arctic lake temperature profiles, it was 
concluded that a 5 m deep winter water cover would be maintained throughout the period of 
tailings deposition and early consolidation. Once significant consolidation is observed then the 
water cover would be replaced with a rock surcharge load and eventually a final cover system. 

8.4.5 Tailings Deposition and Reclaim System 

The tailings will be routed to a deposition system, which will be used to deposit the tailings 
subaqueously, using the tremie technique, under the surface of the TMF pond. The tailings will 
be deposited subaqueously near the surface of the previously deposited tailings on the bottom 
of the pond. As the tailings level builds up, the TMF water level and deposition pipe will be 
raised to maintain the proper tremie depth. To prevent winter freezing the pond will contain at 
least five metres of water cover. 

Reclaim from the TMF will be pumped to the water treatment plant for treatment. The reclaim 
pumps will be located on the opposite site of the deposition system to prevent disruptions to 
reclaim collection from tailings discharge. Each TMF will have 2 reclaim pumps installed, one in 
operation with a second standby pump. Reclaim water may be pumped from more than one pit 
at a time, dependent on the pumping needs. The reclaim waters will be pumped to a tank in the 
reclaim pumphouse via a dual-contained, insulated, and heat-traced HDPE pipeline. The 
reclaim tank discharge will be pumped to the water treatment plant via a dual-contained, 
insulated and heat-traced HDPE pipeline. The pumping rates from each TMF will be controlled 

AREVA Resources Canada Inc. 
Kiggavik Project EIS 
December 2011 

Page 8-11 
Tier 2 Volume 2 

Project Description and Assessment Basis 
Section 8 – Tailings Management



AREVA Resources Canada Inc. 
Kiggavik Project EIS 
December 2011 

Page 8-12 
Tier 2 Volume 2 

Project Description and Assessment Basis 
Section 8 – Tailings Management

to maintain the minimum water cover in each TMF, and to provide a consistent flow to the water 
treatment plant that is within the plant design capabilities. 

8.5 TAILINGS MONITORING 

Contingency plans are intended to address unforeseen circumstances which could result in a in 
a significant increase in predicted environmental impacts. Extensive investigations into the 
chemical and physical properties of tailings have been undertaken at Kiggavik and will continue 
to be undertaken as part of a Tailings Optimization and Validation Program (TOVP), similar to 
the program that was initiated at McClean Lake Operation and has been a successful audit 
program for the behaviour of the tailing produced at that site in northern Saskatchewan. 



9 WATER MANAGEMENT 

9.1 INTRODUCTION

The proposed water management strategy for the Project is consistent with AREVA’s 
experience in Northern Saskatchewan and with recent mining projects developed in sub-arctic 
conditions. The overall objective of the strategy is to minimize both the intake of freshwater from 
lakes and the release of treated effluents to surface water receptors. Project design and water 
recycling are the key factors used to achieve this objective. Conservative assumptions have 
been used at this stage of design; continuous improvement will be used during operation to 
further reduce water consumption and discharge. 

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

 surface runoff from the mil terrace and mining areas; 

 surface runoff from lined 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 unlined clean rock piles. 

All contact water will be intercepted, contained, analyzed and treated when required. All water 
released to the environment will meet the discharge quality criteria; furthermore discharge 
quality objectives have been selected to minimize potential environmental effects associated 
with the release of treated effluent. 

Non-contact water includes runoff originating from areas unaffected by site activities and that 
will not come into contact with mining and milling areas. Non-contact water will be diverted away 
from site activities to the surrounding natural drainage systems. 

The water management strategy is based on the following concepts: 

 Minimize contact water by diverting local drainage prior to contact with the site and the use 
of snow fences to minimize on-site drifts; 

 Contain all contact water and provide contingency storage; 

 Contain all mine water; and, 

 Maximize recycling of on-site contact water. 
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Water management strategies for the Kiggavik and Sissons sites are depicted in Figures 9.1-1 
and 9.1-2, respectively. 

At the Kiggavik site, the milling process is the primary consumer of freshwater and dictates the 
type of effluent treatment required. Other key components of the water balance are surface 
runoff and water expulsed as a result of tailings consolidation in the Tailings Management 
Facilities (TMFs). 

At the Sissons site, freshwater is required primarily for potable use. Surface drainage and 
recycled water will be used for most industrial purposes. 

The following sub-sections outline operational water requirements, freshwater sources and 
pumping, and water treatment plants for the Kiggavik and Sissons sites. Water management 
during construction is addressed in Section 12.9.7. Sewage will be treated in a separate sewage 
treatment process described in Section 14. A water management plan has also been developed 
and is included in Technical Appendix 2I. 

AREVA Resources Canada Inc. 
Kiggavik Project EIS 
December 2011 

Page 9-2 
Tier 2 Volume 2 

Project Description and Assessment Basis 
Section 9 – Project Water Management







9.2 PROJECT WATER REQUIREMENTS 

At the Kiggavik site, water is required for the following uses: 

 Potable uses; 

 Mill process and reagent preparation; 

 Mine shop and wash bays; 

 Dust suppression; and, 

 Fire suppression 

Some of these needs can be met using contact water rather than freshwater. Requirements for 
freshwater during mill operation are expected to range from 2,000 –8,000 m3/day, depending 
on:

 The availability of permeate from the Kiggavik water treatment plant; and, 

 The availability of site recycle water from the water storage pit. 

The mill process will be the primary consumer of water and the use of recycled water will be 
maximized. In the extreme case where no permeate or stored site drainage is available for use 
in the mill, a conservative maximum of 8,000 m3/d of raw water would be required to operate the 
Kiggavik site. 

At the Sissons site, water is required for the following uses: 

 Potable uses; 

 Technical water for underground drilling; 

 Mine shop and wash bays; 

 Dust suppression; and, 

 Pit flooding (decommissioning). 

Most of the industrial needs at Sissons will be met using recycled contact water, while 
freshwater will be required for potable uses. 

At the Baker Lake dock site, water will be required for potable use. 

Additional water will be required for winter road flooding, dust suppression along access roads, 
and exploration drilling. 

The overall volume of water required is summarized in Table 9.2-1. 
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Table 9.2-1: Estimated Overall Project Water Requirements (includes recycled water) 
Estimated Water Requirements by Phase (m3/year) Use Source
Construction Operations Decommissioning 

Potable (camp, 
mill, mine 
shops) 

Fresh 73,000 365,000 18,000 

Mill, WTP and 
reagents 

Fresh and 
recycled 15,500 2,452,100 31,000 

Mine shop and 
wash bays 

Fresh and 
recycled 18,250 73,000 18,250 

Dust 
suppression 
(pits, roads) 

Fresh 

10,800 36,000 3,600 

Kiggavik Site 

Fire
Suppression 

Fresh 
0 0 0 

Potable (camp, 
mine shops 
and
underground) 

Fresh 

36,500 18,250 9,125 
Technical 
water
(underground) 

Recycled 

0 146,000 0 
Mine shop and 
wash bays 

Fresh and 
recycled 18,250 73,000 18,250 

Dust 
suppression 
(pits, roads) 

Fresh 

10,800 18,000 3,600 

Sissons Site 

Pit flooding Fresh and 
recycled 0 0 2,000,000 

Potable Fresh 365 365 365
Winter road 
flooding

Fresh 75,000 75,000 75,000 
Access and 
Baker Lake 
Dock Site 

Dust 
suppression 
(all-season 
roads) 

Fresh 

1,200 12,000 2,400 
Exploration
Activities 

Drilling Fresh
6,500 19,500 0 

9.3 TREATED EFFLUENT DISCHARGE CRITERIA 

Water treatment options have been developed to ensure compliance with the Metal Mining 
Effluent Regulations (MMER) discharge limits and to maintain ecological risk assessment 
objectives to minimize potential environmental effects of treated effluent discharge (see 
Technical Appendix 8A). AREVA will comply with treated effluent discharge criteria developed 
during CNSC and Nunavut Water Board licensing processes. In addition, best management 
practices, including the development of administrative and action levels, will be incorporated into 
the management of treated effluent discharge and to ensure ecological risk assessment 
objectives are achieved. 
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9.4 FRESHWATER DIVERSIONS 

Two key methods are used to divert freshwater from the site and thereby minimize the volume 
of contact water: 

 Freshwater diversion channels; and, 

 Snow fences. 

Freshwater diversion channels have been designed to isolate clean runoff which drains toward 
site facilities (see Technical Appendix 4E). The runoff would be intercepted and directed around 
the core facilities area and returned to the channels which carried the flow from these areas 
prior to development. LiDAR topographic surfaces and the GIS application ARC-Hydro was 
used to define contributing drainage areas and identify flow pathways. The US Army Corps of 
Engineers model HEC-HMS was used to derive peak flows and to accumulate runoff in the 
drainage areas and through the channel sections to the outlets. The channels are designed to 
carry runoff from a Probable Maximum Precipitation (PMP) which has been calculated for the 
Kiggavik area at 184 mm in 24 hours (Technical Appendix 4A). The PMP is very conservative 
and the proposed designs will be more than adequate for managing heavy rainfall and 
maximum snowmelt runoff. These designs will be optimized at the time of licensing application. 

The design strategy is to minimize excavation depths and use berms to control flow where 
possible. A minimum channel invert gradient of 0.2% has been adopted to facilitate drainage 
and reduce channel cross-sectional areas. Channels oriented perpendicular to runoff slopes will 
be shallow cut on the upslope side and bermed on the downslope side. Channel sideslopes will 
be 3H:1V and riprap protection will be required for longitudinal gradients greater that 2%. 
Channel base widths will vary with longitudinal gradient, and with distance downstream as 
increasingly larger conveyance capacity is required. Construction approaches for the diversion 
channels are provided in Section 12. 

Based on the results of hydrological investigations, the maximum peak flow is normally 
associated with spring snowmelt and occurs over a period of days or weeks in late May or June, 
with the duration of peak flows related to drainage area size and storage with in the watershed. 
High flows may also be associated with extreme rainfall. As peak discharges occur when areas 
below and adjacent to the channels remain frozen, the likelihood of introduction of large 
amounts for sediment into the channel is greatly reduced. Following the spring freshet, flow in 
the channels will drop substantially and in some cases be dry over much of the summer. 

There is potential for some sediment transport where sediment laden runoff from adjacent 
disturbed area could report to the channel. However, Best Management Practices for erosion 
and sediment control will be implemented with the intention of trapping sediment close to the 
source (i.e., silt fences, check dams in flow pathways, revegetation, etc.) during construction 
and operations where required. Where flow velocities exceed the erosion resistance, armouring 
in the diversion channels using riprap and geotextile where required will reduce the potential for 
erosion and sediment transport within the channels. 
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Figures 9.4-1 and 9.4-2 indicates the proposed channel alignments and flow directions for the 
Kiggavik and Sissons sites, respectively. The freshwater diversion channels will report to natural 
pre-development stream channels. 

Snow fences will be installed at the Kiggavik and Sissons sites to limit snow accumulation on 
site and reduce water runoff from snow melt within the site. The snow fences will be located 
north of site infrastructure to reduce wind speeds from the prevailing winds. The reduction of 
wind speed will shorten the distance travelled by snow into site. The collected snow will be 
diverted during spring runoff. 
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9.5 KIGGAVIK SITE WATER MANAGEMENT 

9.5.1 Freshwater Intake 

The proposed freshwater pumping system for the Kiggavik site will primarily draw water from 
Siamese Lake. Siamese Lake is located approximately 8 km east of the site (Figure 9.5-1). 
Given average ice depths of 2 m, the screened intake will be located at a minimum depth of 4 m 
and will be located approximately 400 meters off-shore. The main pumping station will be 
located along the shore. 

The freshwater pipeline will be approximately 10 km long and will include allowances elevation 
changes and snaking to reduce the risk of a pipeline break. The pipeline will be insulated, heat 
traced, and placed along a fill pad to prevent melting of the permafrost. A power line and 
maintenance road will be required in order to supply access and electricity to the heat trace and 
the pumping station. This road will also be used as the final portage of the winter road between 
Baker Lake and Kiggavik. 

The freshwater pipeline will discharge into the Raw Water Tank in the mill. A backflow preventer 
will be used to ensure water from the Raw Water Tank cannot enter the freshwater line. A 
separate line will be teed off prior to the tank to deliver freshwater to the potable water 
membrane treatment system and the mine shops. 

It is expected that the volume of freshwater drawn from the lake will vary based on permeate 
availability, seasonal variation, rate of tailings consolidation, and site activities. The system is 
designed for a maximum withdrawal rate of 8,000 m3/day.

No treatment of freshwater to be used in the mill or mine shops is required. 

Potable water will be treated to meet Canadian Drinking Water Guidelines and the Nunavut 
Public Health Act. It is anticipated that a membrane treatment plant, using either microfiltration 
or ultrafiltration, followed by a chlorination stage, will be required in order to meet these 
standards. During construction and the latter stages of decommissioning, a portable UV 
treatment system may be used. 
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9.5.2 Management of Contact Water 

Key components of Kiggavik site drainage management include: 

 Containment of all drainage that has contacted the site; 

 Treatment of drainage as required; 

 Storage and recycling of drainage to mill processes where practicable; and, 

 Contingency storage through site design. 

Contact water includes site drainage, Type 2 mine rock drainage, and mine water. It has been 
assumed that all site drainage, which includes drainage from the mill terrace, ore pad, and Type 
3 mine rock pad, will either be recycled to the mill or pumped to the WTP. Mine water will also 
be either recycled or treated. Drainage from the Type 2 mine rock pile will be treated passively 
in sedimentation ponds and released to the environment. 

9.5.2.1 Site Drainage 

Site drainage will include runoff that contacts the mill terrace, ore pad, and Type 3 mine rock 
pad. This water will be contained using lined pads and ditches and collected in lined 
sedimentation ponds. Where practicable, this water will be pumped to the water storage pit for 
storage and use in the mill. Any non-recyclable water will be pumped to the WTP for treatment 
prior to discharge. Figure 4.4-1 presents the pond locations. 

9.5.2.2 Drainage Around Permanent Mine Rock Piles 

Part of the runoff management strategy within the site boundary consists of the construction of 
drainage channels around the mine rock piles to collect runoff water for passive treatment in 
unlined sedimentation ponds to reduce potential suspended sediment loads prior to releasing 
flow to the natural receiving drainages. Runoff conveyance channels have been designed to 
manage the PMP, and lesser precipitation events, using the same methods as the freshwater 
diversion channels (Section 9.4). In most cases the pile exterior will form one side of the 
channel while a berm will constrain the flow within the desired alignments. Where topography 
dictates, channels may need to be excavated over some sections. These channels will drain 
according to topographic controls and discharge to unlined sedimentation ponds. Outflow from 
the sedimentation ponds will be to natural channel flow pathways or existing channels, with the 
exception of the north pile at the Kiggavik site, which will drain to the east freshwater diversion 
channel. Where channels encounter roadways, culverts will be used to facilitate cross-drainage. 

9.5.2.3 Mine Water 

At the Kiggavik site, mine water will consist of direct precipitation and limited groundwater 
inflows entering the East Zone, Centre Zone and Main Zone open pits. During mining and TMF 
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preparation, this water will be collected in pit sumps and pumped either to the WTP for 
treatment or to the water storage pit for recycling to the mill. Once the pit has been transformed 
to a tailings management facility, this water will contribute to the total volume of tailings reclaim 
water, which is pumped to the WTP. 

9.5.2.4 Water Storage Pit 

Construction and operation of a water storage pit is proposed as a means of managing spring 
freshet. This pit will be located to reduce pumping distances to the mill, to take advantage of 
gradients and to 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. Contingency uses include storage of TMF reclaim solution. 

Water from the north Type 2 mine rock pile may be diverted directly to this pit using diversion 
channels. All other sources will be pumped to the pit as needed. The design storage volume of 
the pit is 350,000 m3. Preparation of the pit includes placement of a pump and access. The level 
of the water will be maintained 5 m below the pit crest. 

9.5.3 Water Treatment during Operations 

Water to be treated at Kiggavik during the operational phase includes: 

 Open pit mine water; 

 Site drainage; 

 Reclaim water from the tailings management facilities; 

 Tailings thickener overflow; and, 

 Domestic wastewater. 

9.5.3.1 Water Treatment Options Considered 

The following options were considered for the treatment of mill and site run-off water at the 
Kiggavik site. 

 Operation of the chemical treatment portion and discharge during the summer only with RO 
reject stored in an open pit during the winter; 

 Chemical treatment; 

 2-stage reverse osmosis, concentration of RO reject in an evaporator, brine storage in an 
open pit; 

 Single stage reverse osmosis with chemical treatment of the RO reject; 

 Softening pre-treatment, followed by reverse osmosis with chemical treatment of the RO 
reject;
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 Returning a portion of the RO reject to tailings neutralization; and, 

 Ion exchange of the chemical water treatment plant effluent for additional Cd and/or Se 
removal.

9.5.3.2 Water Treatment Process 

This section describes a base case water treatment option meeting the discharge criteria. It is 
anticipated that this option will be optimized as a result of on-going tests and studies. The 
design will be updated at the time of licensing application. 

The process consists of a single reverse osmosis (RO) stage and a chemical precipitation 
stage. The RO stage is preceded by a simple chemical precipitation/flocculation and ultra-
filtration pre-treatment. The chemical precipitation stage, for the RO reject, is a 3-stage 
treatment process for precipitation of metals. Permeate from the RO system will be recycled to 
the mill for reuse or combined with the chemical WTP effluent for discharge. A process block 
diagram is shown in Figure 9.5-2. 

Pre-treatment 

The reclaim water from the TMF, tailings thickener overflow, and runoff enter the precipitation 
tank via separate pipelines. This first treatment stage removes most of the total suspended 
solids (TSS). If heavy metal removal is required to precipitate heavy metals, lime is added at a 
pH of 10-11. Coagulant such as ferric sulphate may be added. The water flows into two reaction 
tanks, promoting the completion of the chemical reaction and the formation of crystalline solids 
(flocs). A clarifier is used to promote the flocs/water separation and ensures the turbidity of the 
clarifier overflow less than 10 NTU. Polymer is dosed before the clarifier in order to improve the 
conglomeration of the suspended flocs and thus to enhance the settling rate of flocs in the 
clarifier. The clarifier U/F sludge will be extracted and returned to the mill tailings neutralization 
circuit. The pH of the clarifier overflow is adjusted with sulphuric acid in a pH adjustment tank to 
reduce the pH of the water to a pH of 8 – 9 prior to ultrafiltration. 

A softening stage may be added to the pre-treatment if additional sulphate removal is deemed 
necessary.
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Filtration

The pH adjusted water will be filtered to remove any residual suspended solids and maintain the 
Silt Density Index (SDI) to a level which minimizes RO membrane fouling. The method of 
filtration is currently envisioned to be ultrafiltration (UF), which is described below, although 
other suitable filtration technologies such as multimedia filtration may be used. 

The clarified water from the pH adjustment tank discharges to the UF trains by a low pressure 
feed pump. The filtrate from the UF flows into the RO buffer reservoir. A portion of this filtrate 
will be used for backwash of UF membranes. 

Regular backwash (normally every hour) of the UF units is required because the permeability of 
the membranes declines due to solids build-up on the membranes. The backwash is not always 
100% effective and after a certain period, the trans-membrane pressure (TMP) will increase. 
When the TMP reaches a design limit (e.g. 2 bars), a chemical cleaning in place (CIP) step will 
be required, followed by a regular backwash. 

The wastewater of backwash will be returned to the plant feed. 

Reverse Osmosis (RO) System 

The filtrate from the UF stage feeds the RO system via high pressure pumps. Acid is added to 
the RO permeate as required for pH adjustment to approximately 7. The RO is a single-stage 
RO with a design recovery of 40%. The estimated metals rejection is 99%. The RO system is 
anticipated to produce approximately 1,861 m3/d of RO permeate, which contains low levels of 
dissolved solids. Permeate from the RO system is forwarded to a storage tank for use as 
reagent make-up water in the water treatment plant, recycled to the mill for reuse or discharged. 
The RO system will be monitored for feed and discharge pressures to provide an indication of 
the membrane performance. The permeate will be monitored for conductivity and pH, which 
may provide a preliminary indication of permeate quality. Any permeate which is deemed 
unsuitable for discharge due to off-spec pH or suspected contamination will be recycled. An 
autosampler will be in place on the permeate discharge line to collect a 12 hour composite 
sample for analysis. Reject from the RO will be treated by the chemical water treatment plant. 
To reduce fouling on the RO membranes, provisions are in place for anti-scalant addition to the 
feed of the RO system. 

The RO membranes will be cleaned periodically (approximately once every 3 months) as 
required using a Clean in Place (CIP) step. During the CIP step, the RO skid will be isolated to 
prevent cleaning solution from mixing with the permeate and reject. Cleaning solution will be 
circulated to the membranes to remove any scaling or other material that has accumulated on 
the membranes. The cleaning waste will be either sent to the tailings neutralization circuit or to 
chemical treatment. 
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3-Stage Chemical Precipitation 

The chemical precipitation process is designed to precipitate heavy metals, with 3 treatment 
stages as follows: 

 High pH precipitation stage to precipitate nickel, uranium and others metals at a high pH (10 
– 11) condition; 

 Low pH precipitation stage to precipitate radium, arsenic, molybdenum, selenium and other 
metals at a low pH (4-5); and, 

 Neutral pH stage to ensure the concentration of radium, arsenic and molybdenum in the 
final discharge, as well as the water pH, are in compliance with the discharge limits. 

Each stage consists of reagent addition, two reaction tanks, with a minimum retention time of 40 
minutes each and 1 clarifier. A retention time of 40 minutes was chosen for the reaction tanks to 
ensure sufficient time for metals precipitation. The third stage has only one reaction tank since 
this stage is mainly for pH adjustment. 

The first stage of chemical treatment involves the precipitation of heavy metals at an elevated 
pH. The feed streams enter the first of two mechanically agitated reaction tanks. Lime slurry is 
added to the tanks to raise the pH to approximately 10 – 11 for precipitation of heavy metals. 
The overflow from the first tank enters the second tank. The second reaction tank overflows to 
the high pH clarifier. The clarifier separates the solid precipitates from the partially treated water. 
Flocculant is added to the clarifier to aid in solid/liquid separation. The underflow from the 
clarifier is pumped to the combined sludge tank. 

Overflow from the hydroxide precipitation clarifier reports to the first of two low pH reaction 
tanks. Overflow from the first tank enters the second tank. Overflow from the second tank enters 
the third tank. Barium chloride is added to the first two reaction tanks to precipitate radium. 
Sulphuric acid is added to the first and second reaction tank to reduce the pH to approximately 
4 – 5. Ferric sulphate is added to the second reaction tank to precipitate As, Mo, Se and other 
transition metals. The overflow from the second reaction tank reports to the neutral pH clarifier. 
The clarifier separates the solid precipitates from the partially treated water. Flocculant is added 
to the clarifier to aid in solid/liquid separation. The underflow from the clarifier is pumped to the 
combined sludge tank. 

Overflow from the low pH clarifier reports to the neutral pH precipitation tank. Barium chloride 
will be added, if required, to precipitate radium. Ferrous sulphate is added for additional 
selenium removal. Lime is added to the second tank to raise the pH to approximately 7 -8 and to 
precipitate any residual metals remaining in solution. Overflow from the reaction tank enters the 
neutral pH clarifier. The clarifier separates the solid precipitates from the treated water. 
Flocculant is added to the clarifier to aid in solid/liquid separation. The underflow from the 
clarifier is pumped to the combined sludge tank. Overflow from the clarifier is pumped to one of 
the monitoring ponds. As the treated water is pumped to the monitoring ponds, a sample is 
taken periodically. The composite sample is sent to the chemistry lab for analysis to ensure the 
water meets the effluent discharge criteria prior to being discharged. 
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Sludge Management 

The underflow from the clarifiers will be pumped to an agitated combined sludge tank. 
Depending on the amount of sludge produced, the sludge may be pumped on either a 
continuous or intermittent basis. Provisions will be in place to clean out the sludge lines with 
either air or water to prevent plugging of the lines. The sludge from the sludge tank will be 
pumped at a controlled rate to the mill tailings neutralization circuit for stabilization and ultimate 
disposal with the tailings. A centrifuge or other means of sludge dewatering may be used to 
increase the solids density of the sludge reporting to tailings neutralization. Any liquids from 
sludge dewatering will be treated in the water treatment plant. Details of the tailings 
neutralization circuit can be found in Section 8. 

9.5.3.3 Treated Effluent Quality and Quantity 

The WTP will have two effluent streams; RO permeate and chemical WTP effluent. The RO 
permeate will either be recycled to the mill for use in mill process, or discharged with the 
chemical WTP effluent when not required. The preference will be to recycle the RO permeate. 
The chemical WTP effluent will be discharged to the environment. Average total treated effluent 
discharge from the Kiggavik WTP will be approximately 1,700 m3/day, while maximum flows are 
estimated at 3,000 m3/day. The projected discharge concentrations and annual mass loadings 
from treated effluent discharge from the Kiggavik water treatment process are shown in Table 
9.5-1.
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Table 9.5-1: Projected Treated Effluent Quality and Loadings 

Component Discharge Concentration (mg/L) 
Annual Loading 

(kg/y) 

SO4 2,199 2,112,805 

Cl 237 228,052 

As 0.021 20

Mo 0.200 192

Ni 0.020 19

U 0.002 2.0

Se 0.010 9.6

Si 5.8 5,587

Fe 8.3 7,973

Al 0.046 44

Cd 0.007 6.6

Co 0.007 6.6

Cu 0.002 1.5

Cr 0.007 6.6

Pb 0.002 1.9

Zn 0.003 3.1

Ca 470 452,068 

Mg 29 27,877

Na 94 90,205

K 880 845,816 

NH3** 17.6 16,913

Ra-226* 0.008 Bq/L 7,361 Bq/y 

Th-230* 0.011 Bq/L 10,744 Bq/y 

Pb-210* 0.052 Bq/L 49,956 Bq/y 
Po-210* 0.007 Bq/L 6,439 Bq/y 

*Note that radionuclides concentrations are in Bq/L and loading is kBq/y 

9.5.3.4 Treated Effluent Monitoring and Discharge 

The treated effluent is pumped to the monitoring ponds (Figure 4.4-1), which serve as the final 
treated water quality checkpoint before discharge. A composite sample of the discharge to the 
monitoring ponds will be taken using an autosampler for chemical analysis prior to final 
discharge to the environment. 
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Lined monitoring ponds will be constructed, each with 12 hour effluent storage capacity. Under 
normal operation, one pond will be filling, one pond will be discharging, and the other pond will 
be awaiting laboratory analysis to confirm discharge criteria have been met. The addition of a 
fourth monitoring pond may be considered in order to provide operational flexibility. Treated 
effluent not meeting discharge criteria will be recycled to the TMF or WTP for further treatment. 

Once it has been confirmed discharge criteria have been met, the monitoring pond discharge 
will be pumped to the monitoring pond pumphouse, where it will be combined with any RO 
permeate overflow. An autosampler will collect a sample of the monitoring pond discharge for 
confirmation of the initial analysis and that the pond meets specifications. RO permeate will also 
be sampled to confirm it meets specifications. The monitoring pond discharge and RO permeate 
that is discharged will be combined in an effluent discharge tank and pumped to Judge Sissons 
Lake. Grab samples for pH measurement will also be taken to confirm the pH is suitable for 
discharge. An additional autosampler will collect a sample of the combined discharge to track 
the effluent discharged to Judge Sissons Lake. 

The effluent 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 design includes a berm and containment ponds located at low points along the 
corridor. The berm will be designed such that the pipeline can be crossed by wildlife. 

Containment ponds will be located at the low points of the pipeline to hold water in the event of 
a pipeline leakage or breakage, or if the pipeline needs to be drained. The containment ponds 
will be designed for at least two pipe volumes of the section of pipe that the pond will drain into. 

Discharge of treated effluent into Judge Sissions Lake will be accomplished using a diffuser 
system to promote treated effluent mixing. The diffuser will be located approximately 500 m 
from the shoreline of Judge Sissons Lake where a water depth of at least 5 m exists. The 
diffuser will consist of a 100 m long, approximately, weeping tile pipe. 

9.5.3.5 Contingency Measures for Discharge 

Preliminary contingency measures for discharge during upset conditions have been developed. 
Table 9.5-2 shows the upset condition and the contingency measures to be taken. 
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Table 9.5-2: Contingency Measures for Discharge 
Upset Condition Contingency Measures 

Liner break in monitoring pond - Operate with 2 of 3 monitoring ponds 

- Reduce feed flow rate if required 

Major leak in pipeline Temporarily suspend discharge of effluent 
Temporarily divert treated effluent to TMF 

Monitoring pond does not meet discharge 
criteria

Recycle pond contents to front-end of water 
treatment plant or empty pond contents to 
TMF

Water treatment plant not operating and 
treated sewage effluent requires discharging 

Batch discharge of treated sewage effluent 

9.6 SISSONS WATER MANAGEMENT 

9.6.1 Freshwater Intake 

The proposed Sissons freshwater pumping system will draw water from Mushroom Lake, which 
is located approximately 2 km north of the site (Figure 9.6-1). Given average ice depths of 2 m, 
the intake will be located at a minimum depth of 4 m and will be located approximately 400 
meters off-shore. The intake will be screened in accordance with DFO guidelines. The main 
pumping station will be located along the shore. 

The freshwater pipeline will be approximately 2 km long and will include allowances for 
elevation changes and snaking, to reduce the risk of a pipeline break. The pipeline will be 
insulated, heat traced, and placed along a fill pad to prevent melting of the permafrost. A power 
line and maintenance road will be required in order to supply access and electricity to the heat 
trace and the pumping station. 

Freshwater will be pumped via an electrically heat-traced line to a storage and potable 
treatment system and then to the mine dry and kitchen facilities for potable use. Potable water 
will be treated in a separate membrane treatment system with no connection to any mine water 
or sewage streams. 

Freshwater requirements for the site are estimated at 75 m3/day, consisting primarily of potable 
use.
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9.6.2 Water Treatment During Operations 

Water to be treated at Sissons during the operational phase includes: 

 Underground mine water; 

 Pit water; 

 Site and stockpile drainage; and, 

 Domestic waste water. 

9.6.2.1 Water Treatment Options Considered 

Water treatment options considered for the Sissons site included the following: 

 Installation of a membrane treatment plant similar to the Kiggavik WTP; 

 Piping the contaminated water to Kiggavik and treating the water in the Kiggavik WTP; 

 Trucking the contaminated water to Kiggavik and treating the water in the Kiggavik WTP; 

 Installation of a 3-stage chemical WTP in a building; and, 

 Installation of a containerized 3-stage chemical WTP. 

9.6.2.2 Water Treatment Process 

The preferred water treatment option for the Sissons WTP is a 3-stage chemical water 
treatment plant located in a building. A block diagram of the Sissons WTP process is shown in 
Figure 9.6-2. If additional recycled water is desired at the Kiggavik site, the 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. 

As discussed in Section 12, a temporary WTP may be required at the Kiggavik site during 
construction. Once the permanent Kiggavik WTP is constructed and commissioned, the 
temporary water treatment plant will be moved to the Sissons site. Most of the equipment used 
in the temporary water treatment plant will be re-used in the water treatment plant building at 
Sissons. The main exception is the containerized reaction tanks and their agitators. New 
agitated reaction tanks will be constructed for the Sissons WTP to provide better mixing as well 
as improved operator access. If a temporary WTP is not required at the Kiggavik site, this plant 
will be constructed at Sissons using all new equipment.  

Each stage of water treatment at the Sissons site consists of chemical addition in reaction tanks 
followed by multimedia filtration for removal of suspended solids. Each stage has two tanks, 
each with a 40 minute retention time. Reagents are added to the first tank, designed for rapid 
mixing to promote the precipitation reactions. Flocculant is added to the second tank, which is a 
slow mix tank, to promote flocculation. 
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Effluent from the slow mix tank will be pumped to multimedia filters. Several multimedia filters 
will operate in parallel to remove suspended solids from the water. The quantity of filters will be 
specified to permit one filter unit to be taken out of service to be backwashed while the other 
filters continue to operate. Backwash from the filter will be directed to the runoff sedimentation 
pond.

High pH Treatment Train 

Contaminated runoff will be collected in a dedicated sedimentation pond and pumped to the first 
treatment train consisting of high pH treatment for removal of divalent heavy metals as sulphide 
precipitates and uranium as a hydroxide precipitate. The reaction train will consist of three 
stirred reaction tanks in series. Slaked lime and ferric sulphate are dosed to the first tank and 
mixed rapidly to increase the pH to 9.0, producing ferric hydroxide coagulant. In the second 
reaction tank, sodium bisulphide (NaHS) solution is dosed to precipitate heavy metal sulphides. 
Slaked lime will be added for fine tuning to control the pH to a value of 9.0. Polymer flocculant 
will be added to a third, slowly stirred reaction tank to produce settleable floc before the water is 
pumped to downstream media filters. 

The head space of the latter two reaction tanks will be operated at negative air pressure and 
vented to the atmosphere. Due to the low design sulphide concentration and alkaline pH, 
hydrogen sulphide odour is not expected to be an issue during normal operation. 

Low pH Treatment Train 

The filtered water from the high pH train will be forwarded to a low pH treatment train containing 
three reaction tanks. The first rapidly mixed tank will be dosed with ferric sulphate to produce 
ferric hydroxide coagulant. The pH will be controlled to 4.5 using slaked lime and/or sulphuric 
acid. Bench-scale testing will be required to determine the required addition rate for slaked lime 
or sulphuric acid. In unbuffered water, the ferric sulphate will consume alkalinity and lime may 
be required to prevent the pH from dropping below 4.5. Air will also be sparged into the reactor 
tank to strip any residual sulphide to the atmosphere. A second rapid mix tank provides 
additional residence time. Polymer flocculant is added in a third, slowly stirred reaction tank to 
produce settleable floc before the water is pumped to downstream media filters. 

Barium Precipitation Treatment Train 

Partially treated runoff and mine water from the mine water sedimentation pond will be 
combined and treated in two parallel trains for removal of radium-226. Each train consists of a 
reaction tank container followed by a media filtration container. The first reaction tank rapidly 
mixes the wastewater streams with ferric sulphate, barium chloride and slaked lime. The ferric 
sulphate produces ferric hydroxide coagulant. The barium precipitates with sulphate in the 
wastewater to produce BaSO4. Radium-226 is removed by co-precipitation. Slaked lime 
neutralizes the wastewater to pH 7 and provides alkalinity for the ferric hydroxide formation. 
Polymer flocculant is added to a second, slowly stirred reaction tank to produce settleable floc 
before the water is pumped to downstream media filters. 
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9.6.2.3 Treated Effluent Quality and Quantity 

Average treated effluent discharge from the Sissons WTP will be approximately 1,500 m3/day, 
while maximum flows are estimated at 1,700 m3/day. The projected discharge concentrations 
and annual mass loadings from treated effluent discharge from the Sissons water treatment 
process are shown in Table 9.6-1. 

Table 9.6-1: Sissons Treated Effluent Quality and Mass Loadings 
Contaminant Concentration (mg/L) Mass Loading (kg/y) 

Calcium 336.0 180,919 

Chloride 846.6 455,796 

Magnesium 84.3 45,390

Potassium 8.640 4,652

Sodium 84.2 45,354
Sulfate
Nitrate

166.9
0.083

89,893
45

Aluminum 0.003 1.48

Ammonia (as N) 3.126 1,683

Antimony 0.001 0.46

Arsenic 0.018 10

Barium 0.785 423

Beryllium 6.41E-05 0.034

Boron 0.109 59

Cadmium 1.18E-04 0.064

Chromium 3.20E-04 0.172

Cobalt 2.80E-04 0.151

Copper 0.001 0.801

Iron 0.106 57

Lead 4.77E-04 0.257

Manganese 1.467 790

Molybdenum 0.085 46

Nickel 1.20E-03 0.65

Selenium 0.004 1.97

Strontium 6.086 3,277

Uranium 0.034 18
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Vanadium 0.001 0.456 

Zinc 0.014 7

Fluoride 0.737 397

Radium-226 0.1 Bq/L 53,838 kBq/y

9.6.2.4 Treated Effluent Monitoring and Discharge 

The treated effluent is pumped to the monitoring ponds, which serve as the final treated water 
quality checkpoint before discharge. A composite sample of the discharge to the monitoring 
ponds will be taken using an autosampler for chemical analysis prior to discharge. 

The effluent will be discharged to Judge Sissons Lake on a year-round basis. The water will be 
transported via a 6” insulated, single-walled, heat-traced pipeline approximately 12 km in length. 
The system will include a berm, containment ponds and a diffuser as described for the Kiggavik 
WTP discharge line (Section 9.3.4.5). 

The discharge of treated effluents to Judge Sissons Lake on a year-round basis will also 
necessitate a service road. The road will be 12 km in length and 5.1 m wide. A power line will be 
constructed alongside the road to provide power to the discharge pipe’s heat trace system. 

9.6.2.5 Contingency Measures for Discharge 

Preliminary contingency measures for discharge during upset conditions have been developed. 
Table 9.6-2 shows the upset condition and the contingency measures to be taken. 

Table 9.6-2: Contingency Measures for Discharge 
Upset Condition Contingency Measures 

Liner break in monitoring pond Operate with 2 of 3 monitoring ponds 

Reduce feed flow rate if required 

Major leak in pipeline Temporarily suspend operation of WTP and 
discharge of effluent 

Monitoring pond does not meet discharge 
criteria

Recycle pond contents to run-off 
sedimentation pond for re-treatment in WTP 

Water treatment plant not operating and 
treated sewage effluent requires discharging 

Batch discharge of treated sewage effluent 



10 PROJECT LOGISTICS AND TRANSPORTATION 
INFRASTRUCTURE

10.1 INTRODUCTION

The logistics and transportation strategy adopted for the Kiggavik Project is similar to the 
strategies of many mining projects in northern Canada. Broadly, the strategy includes air 
transportation, and a combination of open water marine transportation, in conjunction with an all 
weather road and/or winter road access to the Project site. 

The majority of the goods required for the Project will be shipped via marine transportation 
during the open water season to a dock facility along the north shore of Baker Lake 
Transportation will then be by winter and/or all-season road to the Kiggavik site. An airstrip will 
also be constructed at the Kiggavik site for the transportation of yellowcake and the delivery of 
perishable goods, emergency supplies and personnel. This is a similar transportation strategy 
as that employed at other northern mine projects and is consistent with input received from the 
public (Volume 3). 

10.2 SHIPPING QUANTITIES 

The annual estimated quantities of supplies for the Project during the operations phase are 
summarized in Table 10.2-1. The total annual diesel fuel requirement will be approximately 
55,000 tonnes (peak) while the dry goods and reagents total approximately 91,000 tonnes 
(peak). The largest tonnages will be for diesel fuel, cement (for underground mine backfill), lime 
and sulphur (mill reagents). Lime and sulphur requirements are expected to be reduced as a 
result of on-going tests and optimization studies. The current estimate of site supplies for 
operations are greater than those required for construction. 

A number of the site supplies listed are hazardous goods; these will be shipped in accordance 
with international, federal, and territorial regulations. Fuel will be shipped in bulk. Hazardous 
goods will be transported either in product-specific ISO containers or, in the case of smaller 
volumes, as palletized sealed drums placed in standard sea containers. Additional details are 
provided in the Hazardous Materials Management Plan (Appendix 2U). 

Approximately 4,800 tonnes of packaged uranium concentrate (as U3O8) will be shipped from 
the Project to the south annually. Proposed packaging and transport of yellowcake is discussed 
in Section 10.6.1.1. 

Perishable goods and Project personnel will be transported by air. 
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Table 10.2-1: Estimated Annual Supplies 

Value Units Packaging

Blasting materials 9,000 tonnes tote bags 500
Cement 8,200 tonnes tote bags 456
Flocculant "A" 93 tonnes tote bags 5
Flocculant "B" 2 tonnes drums 0
Lime CaO 47,200 tonnes tote bags 2,622
SAG Mill Grinding Balls (3" & 4") 278 tonnes bulk 15
Ball Mill Grinding Balls (2") 370 tonnes bulk 21
Sulphur 26,700 tonnes tote bags 1,483
Barium chloride 194 tonnes tote bags 11
Ferric sulphate 130 tonnes tote bags 7
NaOH 1,348 tonnes drums 75
Na2(SO4) 553 tonnes tote bags 31
H2O2 (50%) - U 1,502 tonnes ISO containers 83
Resins Ambersep 920U - U 137 tonnes tote bags 8
Product drums - U 11,100 drums drums 617

Diesel Fuel 55,400 tonnes

Supplies TEUsMaximum Annual Shipping

TEU = Twenty-foot container equivalent unit 

10.3 MARINE TRANSPORT 

The Hamlet of Baker Lake and the Agnico-Eagle Meadowbank mine currently receive supplies 
during the annual sealift which takes place in the open water season from August to October. 
Dry cargo and fuel are loaded on ships or barges in southern ports and are then transported to 
Chesterfield Inlet. A section of the passage between Chesterfield Inlet and Baker Lake known 
as Chesterfield Narrows (the Narrows) is relatively shallow and is subject to strong currents 
which limit the size and timing of vessels passing this area. Most ocean going vessels are too 
deep drafted to pass the Narrows, therefore cargo is lightered onto barges or smaller shallow 
draft vessels east of the Narrows for transportation to Baker Lake. 

Existing sea based navigational aids are limited to manual visual aids. The use of modern 
electronic positioning verification equipment such as Laser Fan beam and Radius electronic 
targets will be considered to assist with navigation. 

Various marine transportation options have been studied for the Kiggavik Project. In accordance 
with conservative planning, the preferred strategy is similar to that currently in use by Agnico-
Eagle and the Hamlet of Baker Lake. However, given the development of the mineral industry in 
the north, the desire of communities and governments for infrastructure development, and in 
recognition of seasonal variations in northern transportation logistics, it is anticipated that a 
number of the following described options may be used within a single shipping season and/or 
over the life of the Project. 
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Responsibility for the marine transportation component to the Baker Lake dock site will remain 
with the marine shipping company. In accordance with ISO 14001 principles, AREVA is 
committed to selecting contractors that comply with all regulations and employ quality 
management systems. AREVA also commits to supporting local communities in developing 
capacity as marine mammal observers and as well as emergency response capability. 

The following sections summarize the various components of marine logistics; further details are 
available in Technical Appendix 2J. 

10.3.1 Routes

 Potential marine routes are shown in Figure 10.3-1. There are a number of primary 
proposed segments of marine transport to be considered: 

 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 or smaller self propelled 
vessels in Chesterfield Inlet and delivered to the final destination 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. 
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10.3.2 Shipping Season 

Marine transportation is scheduled around open water operations only. No ice breaking activity 
is planned. 

The Marine Shipping Plan (MSP) has been based on a conservative operating season estimate 
of 60 days, commencing in August 1 and completing on October 1. Traditional Knowledge and 
the experience of shipping companies working in the area indicates that the operating season 
may be more accurately predicted as being from mid July to mid October. The plan calls for 
operations in the open water season only, however all vessels will have an Ice Class meeting 
AWPP regulations for operating mid July to the end of October in Zone 14, 15 and 16 which 
includes the Hudson strait, Hudson Bay and Chesterfield inlet/Baker Lake. All vessels used for 
carrying fuel will be of double hull construction. 

For conservative planning purposes the first loaded vessel will arrive at the entrance to 
Chesterfield Inlet on August 1. The lightering of dry cargo or fuel will commence on arrival and 
will continue until the cargo has been delivered or October 1. If the season commences earlier, 
then the first vessel will arrive in Chesterfield Inlet to take advantage of the open water. The 
purpose of precautionary planning is to provide a contingency for unknown occurrences so that 
the Kiggavik sealift will be completed well before freeze up. 

10.3.3 Vessels

Various sizes of dry cargo ships, tugs, barges and tankers have been studied and proposed for 
the Project. In the case of fuel barges and tugs, these will have to be designed and built. Dry 
cargo ships, tankers, tugs and barges will be designed, built and operated in accordance with 
Classification requirements of a Classification Society belonging to the International Association 
of Classification Societies (IACS), such as Lloyds Register of Shipping, Det Norske Veritas, 
Bureau Veritas, American Bureau of Shipping, NK or others. 

Ocean-going vessels considered for shipment of fuel include: 

 Ice Class 30,000 DWT double hull tankers 

 Ice Class 30,000 DWT Handy size double hull tankers 

 18,300 DWT Ice Class double hull tankers 

Ocean-going vessels considered for shipment of dry goods include: 

 660 TEU geared cargo ships 

 1,000 TEU container ships 

Various tug – barge arrangements have also been studied. New tugs and barges for the 
Kiggavik Project will be designed and built in collaboration with a reputable Canadian Shipping 
Company yet to be selected. Priority will be given to tug barge arrangements which provide the 
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best maneuverability for safe and efficient operation. Tug barge arrangements must be capable 
of delivering the entire dry cargo and fuel cargo requirements within a 60 day open water 
window. The following tug barge arrangements have been studied. 

 4 New 7,500 DWT ATB Double Hull Barges and 2 New/mod 4,500 hp tugs 

 2 new 7,500 DWT & 2 New 5,000 DWT ATB Double Hull Barges and 2 new/mod 4,500 hp 
tugs

 4 new 5,000 DWT ATB Double Hull Barges and 2 new/mod 3,500 hp tugs 

 4 new 5,000 DWT Std Double Hull Barges and 2 existing 3,500 hp Std tugs 

Tugs will be equipped with the latest generation of navigation aids including electronic charting 
system (ECDIC) with AIS interface and radar overlay, Differential Global Positioning Systems, 
Automatic Identification System (AIS), Type X band radar with Automated Radar Plotting Aid 
(ARPA), Type S band radar with ARPA. Communications equipment on Tugs and other vessels 
will use the latest satellite based technology. Standard VHF, UHF and SSB communication 
equipment will also be used. 

10.3.4 Transfer Site 

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 for ocean vessel to barge transfer. 

10.3.5 Baker Lake Dock and Associated Facilities 

The Baker Lake dock site will be designed and constructed to receive barges, offload goods, 
and store goods prior to transport by road to the Kiggavik site. Since one of the Project options 
includes a winter road only, the current design considers storage of all goods required for one 
year of operation. 

A number of options for the location and design of the dock facility have been considered. The 
review of these options are discussed in detail in Technical Appendix 2A. Bathymetric 
information for the options are included in Technical Appendix 5C. 

The preferred location of the dock facility is identified as Site #1 in Figure 10.3-2. This site is 
preferred due to its potential for synergy with Agnico-Eagle operations, proximity to the 
community, and location on the north shore. Topography is such that the site is suitable for a 
dock while storage structures can be placed at sufficient elevation to accommodate changes in 
water level. 
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Consistent with the successful logistics approach used by Agnico-Eagle and applying 
conservative principles, the dock will consist of a spud barge placed from the shore out to 
sufficient depth to permit barge-docking. No dredging of the lake bottom is anticipated. The dock 
is constructed by placing fill along the shoreline, floating the barge into place and anchoring the 
barge using steel piles driven into the lake bottom. The barge retains vertical mobility along the 
steel piles such that changes in water levels and ice formation are accommodated. The spud 
barge is further secured using steel cabling anchored to the shore. The spud barge can remain 
in place during winter, be disconnected and shipped south at the end of the shipping season, or 
be pulled onto shore. The preferred approach, again consistent with Agnico-Eagle, would be to 
leave the barge in place over the winter. 

This design is anticipated to be relatively unaffected by changing water levels, ice shifting, and 
spring thaw. 

A fuel off-loading system will be constructed to pump fuel from the barges to a 60 ML fuel tank 
farm. The off-loading system will include secondary containment and redundancy as required by 
territorial regulations (reference). A preliminary spill contingency plan is included in Technical 
Appendix 10B. 

Sea containers and loose goods will be off-loaded using a crane and mobile equipment for 
transfer to the storage yard prior to loading trucks for transport to Kiggavik. The storage yard will 
include a small office area, outdoor laydown area, a cold storage building and possibly a heated 
storage building. 

A section of road to connect the dock facility to the existing road network will be required. 

A mobile generator will be installed to provide power to the dock facility. Wireless 
communications will be used to reduce infrastructure requirements. 

Security will include placarding of all hazardous goods storage areas. During periods when 
materials are stored at the site, regular inspections by trained personnel will be conducted to 
ensure containment. The site will be restricted at all times to authorized personnel with 
appropriate training. No security fence is anticipated at this time. 

The primary use of the dock will be to handle the Kiggavik annual cargo requirements. When 
the dock is not in use the unloading facilities may be used for other cargo purposes at the 
discretion of AREVA. Anticipated uses include off-loading of community re-supply or Agnico-
Eagle barges as back-up to the existing off-loading sites. 

10.4 BAKER LAKE – KIGGAVIK ACCESS ROADS 

There is currently a winter trail connecting Baker Lake to the Kiggavik site, however construction 
and maintenance of a more substantial access road will be required to support Project 
development and operation. 
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10.4.1 Truck Configurations 

During operations, up to 3,100 truck-trips would be required, approximately, broken down as 
follows: 1,200 tanker-truck loads of fuel; and, 1,900 truck-loads of dry goods. 

Truckload estimates are based on 48 tonnes of dry goods per load and Super B configurations 
of 50,000 litres average loads. It is considered that the number of trips could be decreased by 
using a truck and trailer combination that could allow for 50 to 60 tonnes dry goods per load and 
from 68,000 to 76,000 litres fuel per load. With this option, straight fuel haul trailers are fitted 
with 2 removable fuel tanks, a smaller one on the goose-neck and a larger one towards the rear 
of the trailer with a combined capacity of up to 38,000 litres per trailer. The space between the 
fuel tanks is sufficient to fit a 20 foot container and allows a combined load with the allowable 
weight being topped up with fuel. In the case of 40 foot containers the rear fuel tank would be 
removed.

With the 60 tonne truck configuration, the truckloads would be, approximately 850 to 1,000 
diesel fuel loads; and, 1,350 to 1,650 dry goods loads. 

10.4.2 Proposed Options 

A number of road alternatives have been developed and assessed, including multiple all-
weather road and winter road configurations. The road configuration determines, in part, the 
preferred location and size of the Baker Lake Storage Facility (Section 10.3.5). 

A winter road will be required during the construction phase of the Project. Analysis of 
alternatives indicates that the operational phase is likely viable with a winter road; however, 
uncertainty surrounding the potential effects of climate change over the life of the mine suggests 
that it is prudent to include an all-season road option in case the winter road cannot adequately 
support the Project through to decommissioning and closure. 

Therefore, AREVA is proposing and assessing the following two options: 

 The preferred winter road option is a winter road from north shore of Baker Lake that 
includes the following alternative segments (Figure 10.4-1): 

 north route across the Thelon River, and 

 south route across Baker Lake 

 All-season road from north shore of Baker Lake; including a cable ferry across the Thelon 
River
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10.4.3 Preferred Option: Winter Access Road 

Two potential routes for a winter road with minor alternative segments are shown on Figure 
10.4-1. These routes should be considered two kilometer wide corridors within which the actual 
routing will be established. The two options shown are considered the best alternatives for 
either a northern route or a southern route. The northern route crosses the Thelon River 
approximately 25 km upstream of its estuary in order to tie into the existing Meadowbank Road 
north of the community. The southern route follows a chain of lakes south of the Thelon River 
and crosses Baker Lake ice outside of the Thelon estuary far enough south-east of the 
community to maintain a 1 to 2 km buffer. Both routes are feasible options with the southern 
route identified as the shortest and most effective. 

The north winter route connects the Kiggavik site to the existing Meadowbank all-weather road 
approximately 11 km from Baker Lake and crosses the Thelon River, then travels via Long 
Lake, Audra Lake and Thom Lake. Portages total approximately 29 km. The total cargo haul 
would be 133 km. Although this route reduces the total distance over-land, which is preferable, it 
must cross the Thelon River, which will require considerable ice building (flooding), as well as 
some earth fill along the shores in order to design an acceptable approach to the crossing. 

The south route utilizes the extensive ice surface provided by Audra Lake and crosses Baker 
Lake either on or just offshore of the recent deltaic deposits that form the Thelon estuary. The 
route is approximately 100 km long with approximately 50 km over frozen lakes and 50 km over 
land. The road would head southeast from the port facility across Baker Lake and then travel in 
a general northwest direction over land and lakes toward the Kiggavik site. 

The topography is generally flat with the exception of a large rise of intrusive bedrock west of 
“20 km Lake” and the large marine deposits just west of Baker Lake. The elevation of the route 
varies from a low of approximately 2 m above sea level at Baker Lake, to almost 200 m at 
Kiggavik.

10.4.3.1 Over-Ice Crossings 

Over-ice crossings consist of either floating ice or ground-fast ice (ice frozen to the lake bottom). 
Floating ice supports vehicle loads through buoyancy and the flexural strength of the ice. 
Ground-fast ice has additional bearing capacity due to the sub-grade supporting the overlying 
ice cover. A stable ice surface is the preferred winter road routing for regions of cold continuous 
permafrost. The roads can be opened early by effective snow removal, and surface preparation 
is minimal. 

The road will likely need to be built to a minimum 30 m cleared width. Depending on the local 
conditions, ice road builders and operators recommend the road to be as wide as 48 to 55 
meters on the lakes. This width may be necessary to provide a 5 m buffer along the edges 
separating the vehicle traffic from the thinner ice found under snow banks. It also provides 
additional lane widths when roads are blown with drifted snow. In high wind locations it may be 
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necessary to initially open the road to widths greater than the normal 30 m. This will provide 
space for the operational width to narrow throughout the season to a minimum width of 30 m. 

10.4.3.2 Over-Land Crossings 

The natural terrain on the majority of the over-land portions of the route consists of till blankets 
and some till veneer with isolated portions over alluvial deposits in low areas which are often 
covered by thin organic layers. Between Long Lake and Audra Lake, large marine deposits and 
mixed till and marine sediments are dominant while there are aluvial (deltaic) deposits at the 
mouth of the Thelon River. 

There are two options for building over-land crossings that can meet the Project’s functional 
requirements:

 snow/ice pad over frozen subgrade; or, 

 a thin pad of granular material over frozen subgrade. 

The typical practice in NWT is to wait for the active layer to freeze to approximately 0.3 m depth, 
to will provide sufficient bearing capacity to support haul traffic. A surface course is prepared by 
spreading and compacting a thin lift of snow or saturating the surface with water to create an ice 
capped snow road. The required snow surface course can vary significantly depending on the 
local micro-topography (i.e., presence of boulders and depressions) and sensitivity of the 
underlying tundra surface. 

A granular surface pad is used in areas of rugged microtopography that would normally require 
levelling. Granular material should be well-drained, cohesion-less soil, such as esker sand or 
gravel or quarried processed rock material that can be placed in winter. Granular pad thickness 
can range from a minimum of 100 mm up to 300 mm for levelling purposes. 

Over-land roads that handle predominantly one-way traffic can be built to a 4 m width, with 
provision for the occasional pull-out for vehicles that are waiting for an opening in traffic. For two 
way traffic a minimum width of 9-10 m is recommended. Depending on the local conditions ice 
road builders and operators recommend the portages to be as wide as 12 meters. 

Portage locations will be selected to minimize the disturbance of the tundra soil and its 
vegetation and provide grades that are acceptable to traffic. In some locations it may be 
advantageous to place granular material on the tundra to lessen the effort of maintaining the 
portage, particularly during the spring period. 

Experience from the Tibbitt to Contwoyto Winter Road suggest that over-land portions of the 
winter road will evolve over several seasons as over-land crossing performance is reviewed. 
Sections typically start with compacted snow-ice surface but these are replaced with granular 
pads in areas that have shown to have poor performance in previous years. Eventually up to 
50% of the over-land crossings could consist of granular fill pads. 
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10.4.3.3 Potential Water Requirements and Water Availability 

The construction, operation and monitoring of winter roads are regulated by issuing Land Use 
Permits in consultation with the appropriate Regional Land Use Inspector. If there is a 
requirement to construct ice capped winter roads and portages, there will be a need for water 
withdrawal from lakes along the winter road routing. The Department of Fisheries and Oceans 
(DFO) has issued a Protocol, applicable to the Northwest Territories, which outlines guidelines 
for Winter Water Withdrawal during ice-covered periods. The same protocol is applicable for 
Nunavut, as stated by DFO, Eastern Arctic Area. For instance the protocol stipulates that in one 
ice-covered season, total water withdrawal from a single water source is not to exceed 10% of 
the available volume below the ice, provided the remaining water depth between the bottom of 
the ice cover and the lake bottom is maintained greater than 1.50 m. 

The required quantity of water to be placed on the compacted snow along the road depends on 
expected traffic loads and density. For the Kiggavik winter road it is considered that adding 10 
cm of water on top of the snow would increase the allowable contact pressure by a factor of 4-5, 
depending on the method of snow stabilization. Therefore assuming a road width of 10 m and 
that 50% of the winter road will be routed over land, the total quantity of water required with an 
ice cap of 10 cm would amount to approximately 50,000 m3. Any one of the five major lakes 
long the winter road routing (i.e., Qinqug Lake, Audra Lake, Long Lake, “20 km Lake” and 
Siamese Lake) has a sufficiently large water quantity to meet the DFO requirements of road 
construction. 

10.4.3.4 Operating Considerations 

The rate of ice growth on a lake surface in winter and how long it is sustained into spring can be 
estimated using the “Winter Freezing Index” (WFI). A reasonable correlation was found between 
the winter air freezing index and available operating window for the Tibitt to Contwoyto Winter 
Road (TCWR) that is constructed each year from near Yellowknife northeast to Lac de Gras. 
The total WFI is significantly greater at Baker Lake than at Yellowknife, suggesting that a winter 
road at Baker Lake could open earlier and close later than the TCWR. The estimated operating 
period based on the WFI values would be about 110 days at Baker Lake compared to 75 days 
for the TCWR. However for winter road planning purposes, a more conservative 90-day 
operating window is considered for the Kiggavik Project to account for factors such as potential 
climate warming, blizzard conditions, high winds and drifting snow management. 

It is considered that the TCWR experience base is an effective tool in estimating operating 
parameters for the Kiggavik winter road. The estimated number of loads per day for the 
Kiggavik winter road is about 43. This is well within the experience range for the TCWR. The 
TCWR Joint Venture has found it necessary to dispatch 84 to 174 loads per day because of its 
shorter operating window and longer route. This means that a smaller fleet of trucks and drivers 
would be necessary at Kiggavik to accommodate the lower dispatch numbers. Based on an 
average speed of 25 km/h for a loaded vehicle, the travel time to site is approximately 4.5 hours. 
With a slightly faster return time of 3.5 hours, and a 4-hour window for loading and unloading 
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activities, a round trip would take approximately 12 hours. Based on a 24 hour dispatch 
operation with new drivers every 12 hours, a fleet of 24 trucks operating around the clock could 
make around 48 trips in a 24 hour period. However for winter road planning purposes, a more 
conservative 40 trips is considered for the Kiggavik Project to account for downtime due to 
weather delays, equipment breakdown, or delay due to poor traffic conditions along the winter 
road.

It is proposed that winter road operations be managed from a central communications facility 
located at the shipping source (“Dispatch”). Communications of weather delay, closures, 
operational and emergency situations are Dispatch functions. Documentation will be issued and 
traffic planning and weight management will be monitored on a load by load basis. All departing 
load information will be communicated to destination allowing a minimum 4 hours for 
preparations to be made to turn around the equipment. All equipment will be radio controlled 
with GPS tracking as an option. 

Winter road truck operations will be conducted on a 24 hours, 7 days/week basis. Trucks will 
travel essentially in pairs giving a heated back-up in case of engine failure. Groups of 3 trucks 
could also be considered with the lead driver responsible for the party. It is recommended that 
the trucks be equipped with mini-sleepers as a comfort factor should they become stranded on 
the road or in the event of a breakdown. The trucks will be spread out to avoid back-ups at the 
unloading area. 

10.4.4 All-Season Access Road Option 

Numerous alternatives and variations have been developed and evaluated to arrive at the all-
season access road option presented in this section. The proposed Northern All Season Road 
(Figure 10.4-2) is 114 km in length from the Baker Lake dock site to the Kiggavik site. There are 
up to 14 bridges (less than 50 meters in length) proposed along the route and one major river 
crossing (Thelon River). At the Thelon river crossing, it is proposed to use a cable ferry in the 
summer to cross the River. The remainder of the water crossings can be accommodated with 
culverts. The road will be 10 meters wide, built with Run-of-Quarry (ROQ) rock embankment 
(fill). There will be no earth cuts along the alignment, and the only cut sections will be through 
rock, which will serve as quarry material. Material for the rock embankment and road surfacing 
will be derived from rock quarries developed along the road. 
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The route has been located generally on higher ground. The reasons for this are as follows: 

 Higher areas tend to be less ice-rich, which presents fewer geotechnical issues for 
constructing the road; 

 Higher areas tend to have fewer areas of diffuse drainage patterns, which are hard to 
accommodate in construction; 

 Higher areas have fewer cross-drainage surface flows; 

 Higher areas are less prone to snow drifts, which can become a major maintenance issue; 

 Higher areas tend to have more areas of bedrock which improves the bearing capacity of 
the road and reduces the embankment fill requirement; and, 

 Suitable quarries tend to be located in higher areas. 

Areas of geotechnical instability, environmental and archaeological constraints also guided the 
route selection. 

The criteria for the design of the Northern All Season Road are listed in Table 10.4-1. These 
criteria are based on the findings and recommendations of previous design work completed on 
similar projects in the Canadian north, and reflect information gathered from experienced 
haulers and northern road construction contractors. Since very few roads of the proposed type 
currently exist in Nunavut, reference has been made to the Government of Northwest Territories 
(GNWT) Department of Transportation where territorial highways exist in conditions similar to 
the Kiggavik Project area. 

In general, the grades are gentle, in the order of 1 to 3%. There are some sections that reach 
the maximum end of the design criteria range of 5-6%. However the longest section of this 
steep gradient is only 500 m in length and the gradient is favourable for loaded vehicles 
travelling towards the mine. 

Slopes along the roads will be suitable for wildlife crossing. Features to facilitate ATV and 
snowmobile crossings will be included with input from the community of Baker Lake. 
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Table 10.4-1: All-Weather Road North Route – Design Criteria 
Design Element Criteria Comments

Road Surface width 10 m Width based on the design vehicle in 
winter conditions. Conforms to 
Transportation Association of Canada 
(TAC) table 2.2.13.4 and typical GNWT 
Department of Transportation Practices. 

Design Speed 70 km/h maximum with 
exceptions 

Exceptions are based on topographical 
considerations and in areas in the vicinity 
of the Mine site and Baker Lake where 
conflict with other traffic is more common. 

Design Vehicle Super B-Train This is the typical haul unit currently used 
to supply mines in NWT. 

Min. Horizontal Radius 190 m This radius was selected to maintain a 10 
meter road surface width for adequate 
width for Super B-train to pass a WB-20. 
Also conforms to minimum radius for 
design speed of 70 km/h – TAC table 
2.1.2.6.
No spirals have been used in the 
development of the alignment. This is in 
keeping with ambient design conditions of 
similar roads in NWT and typical GNWT 
Department of Transportation Practices. 

Min. Crest/Sag Vertical K 
Value

20 crest 
22 sag 

Headlight Control assumed. Minimum 
curve length of 70 m. TAC tables 2.3.3.2 
and 2.3.3.4. Midrange of curves to be 
used for design 

Maximum Grade 6% Based on rural collector maximum grades 
TAC table 2.3.3.1. 

Cross Fall 3% Follows typical GNWT Department of 
Transportation Practices for gravel roads. 

Maximum Super-elevation 6% Follows typical GNWT Department of 
Transportation Practices 

Side Slopes 3:1 in fill 

0.25: 1 in rock cut 

Fill Sideslopes conform to TAC table 
2.3.13.4.

Barriers none Not considered appropriate for the typical 
operating conditions of the design vehicle. 

Bridges Canadian Highway Bridge 
Design Code. 

S6-2000 
Road Structure 19 mm gravel 

over rock fill 
Variable, depending on subsurface 
conditions

Traffic 20 year design life Must be capable of handling 3,625 loaded 
Super B-Trains and an equal number of 
return vehicles each year. 
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10.4.4.1 Thelon River Crossing 

The proposed north all-weather route generally follows alongside the existing ATV trail north of 
Baker Lake and crosses the Thelon River. Alternatives analysis has indicated that the most 
viable method of crossing the Thelon River is the cable-ferry/ice bridge option (Appendix 2A). 

The proposed cable ferry crossing the Thelon River will operate in the open water season. The 
river in this area does not carry any commercial traffic. The cable which operates the ferry lies 
on the river bottom after the ferry passes therefore small craft will be able to pass the crossing 
area without interference. 

The proposed location for the cable ferry crossing is presented in Figure 10.4-3. The cable ferry 
will be designed to withstand water current up to 6.5 knots. Night lights on the ferry and 
navigational aids will be installed to promote a safe operation. A minimum of 2 crew members 
will operate the cable ferry twenty-four hours a day, seven days a week. It is estimated that two 
shifts of 12 hours each per day will be required on a three phase rotation system, for a total of 6 
people.

Operating on a 24 hour basis, the ferry would be capable of transporting a total of four trucks 
per hour or 96 trucks per day in each direction. 

For every operating season a start-up and a winterization of the cable ferry will be required. As 
the ferry will be removed prior to freeze-up, it is not anticipated that ice will impact the 
infrastructure. 
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10.4.4.2 Other Water Crossings 

The route crosses a number of water courses along its length. During the route selection 
process the alignment was often moved to higher ground where it could run along local 
drainage divides. This eliminated many of the smaller crossings, and limited the size and flow 
that would be encountered in others. 

The route crosses many minor diffuse drainage paths, many of which are ephemeral (dry for 
most of the year). It is proposed to accommodate defined, but still minor stream crossings, using 
culverts. Larger streams (> 2 meters in width) will be spanned with bridges. 

The concept for culvert installation is similar to that commonly used in northern Canada. 
Culverts of appropriate size are laid in place with little disturbance to the existing ground, at 
locations where drainage paths have been identified in the detailed design. Fill material will be 
placed and compacted around and over the culverts. In some cases, multiple smaller diameter 
culverts may be used instead of a single large diameter culvert to avoid having to cut the 
foundation of the large culvert into the existing ground to maintain the vertical road profile, or to 
avoid having to create a crest curve or “hump” in the roadway profile where the embankment is 
constructed over the culvert. 

Appropriate culvert sizing and location will be confirmed in the detailed design stages of the 
work and will incorporate considerations for flood frequency and fish passage. 

Culverts have been used throughout the Canadian north with varying degrees of success. When 
installed in areas with permafrost, they tend to require more maintenance and fail more often 
than culverts installed in more temperate climates, especially in areas with thick organic layers 
and ice-rich ground conditions. For this reason it is suggested to use permeable rock fills to 
allow passage of water in wet lowland areas with seasonal channelized flows. Specifically 
selected coarse single graded rock would be placed to above the waterline to facilitate the cross 
drainage in this concept. 

Overall the following typical structure types are anticipated: 

 14 Single-span bridges; 

 13 Culverts; and, 

 69 Coarse rock fills. 

Further details on crossing design and surveys are included in Volume 5A. 
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10.5 SITE ROADS 

10.5.1 Kiggavik-Sissons Access Road 

A 19.6 km long access road is required to connect mining operations at the End Grid and 
Andrew Lake area (Sissons) to the main mine/mill site (Kiggavik). The designed principles 
developed for this road are based on: 

 Producing a design that is cost-effective with respect to construction costs; 

 A design that produces good operating characteristics for the design vehicles; 

 Minimal maintenance requirements, both on an annual and life-cycle basis; and, 

 Respecting environmental and archaeological constraints. 

The primary vehicles that will be using the road are: 

 Trailers that can be transported using tractors (highway trucks). The proposed unit would 
consist of a tri-drive tractor with two custom designed B-train trailers. The 12-axle unit would 
be capable of hauling a payload of 120 tonnes. 

 Buses, emergency vehicles and pick-up trucks. 

Occasionally for maintenance or repair purposes mine haul trucks will also use the road. 

The access road design criteria have been determined using the Mine Health and Safety Act, 
Northwest Territories and Nunavut. The design is based on the purpose built highway trucks 
tractor/trailer configuration. The access road design criteria are as follows: 

 Design maximum haul truck operating speed: 60 km /h; 

 Minimum width of travelling surface: 10 m; 

 Minimum safety berm height if embankment is over 3 m high: 2.2 m; 

 Maximum grade: 5%; 

 Minimum horizontal curve radius: 500 m; and, 

 Safety Berms 

The general alignment of the proposed road is shown in Figure 10.4-2. The road alignment 
avoids known archaeological sites. Twelve water crossings are identified along the road 
alignment. Two single-span bridges (less than 50 m in length) will be required along the route. 
The remainder of the water crossings can be accommodated with culverts and coarse rock fills. 

Typical cross-sections for the access road are included in Technical Appendix 2G (Kiggavik-
Sissons Access Road). In non-permafrost areas, it is common for road designs to incorporate 
both cuts and fills to establish the final grade along the alignment. However, in permafrost 
areas, disturbing sensitive overburden soils and surface vegetation can result in thaw 
degradation and the creation of unstable ground. Consequently, the design frequently calls for 
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fill-construction only, wherever the road passes over overburden soils. Minimum depth of 
embankment fill will be specified for various “terrain types”, and will be designed to be sufficient 
to construct a stable road embankment and to protect the underlying permafrost. In the current 
design, cuts have only been incorporated in bedrock. 

10.5.2 Other Site Roads 

A number of other site roads will be required, including: 

 Kiggavik site to Judge Sissons Lake, along the treated effluent pipe alignment. This road 
passes the airstrip and therefore it includes airstrip access; 

 Sissons site to Judge Sissons Lake, along the treated effluent pipe alignment; and, 

 Sissons site to Mushroom Lake along the proposed freshwater withdrawal pipe alignment. 

Access from Kiggavik site to Siamese Lake is along the final portage along the winter road 
route.

These roads will be constructed for single vehicle travel. The section of the road connecting 
Kiggavik site to the Pointer Lake airstrip will use the same design criteria as the all-season 
access road as it will be used to transport containers (Appendix 2L). All roads will use fill to 
protect the permafrost and cuts only as needed in rock. 

10.6 AIR TRANSPORTATION 

10.6.1 Air Transport Activities 

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

Aircraft that may be used include: 

 Lockheed C-130 Hercules 

 Lockheed Hercules L382G 

 Boeing 737-200 

 ATR 42-300 

 ATR 72-200 

 Beech 1900 

 King Air 

 Various single-engine helicopters 
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Exploration drilling equipment will predominantly be moved using helicopters, as is the current 
practice at the existing exploration site. It is anticipated that daily helicopter flights to transport 
personnel and drilling equipment will be required during exploration activities (Section 3). 

10.6.1.1 Transportation of Uranium Concentrate 

The air transport of uranium concentrate was carried out successfully in the past on an ongoing 
basis by Eldorado Nuclear, a Cameco Corporation predecessor, for many years. Transfers took 
place on a daily basis between the Beaverlodge Uranium Mine near Uranium City, 
Saskatchewan and Saskatoon, with the Eldorado Boeing 737 aircraft. 

Air transport in Canada is strictly regulated by Transport Canada – Canadian Aviation 
Regulations. The packaging and transport of radioactive materials is subject to the following: 

 Transport Canada Transportation of Dangerous Goods Regulations; 

 Canadian Nuclear Safety Commission (CNSC) Packaging and Transport of Nuclear 
Substances Regulations; 

 International Civil Aviation Organization Technical Instructions for Safe Transport of 
Dangerous Goods by Air; 

 International Air Transport Association Standards; and, 

 IAEA’s TS-R-1, Regulations for the Safe Transport of Radioactive Material. 

All transporters of radioactive materials in Canada are required to implement their own 
Radiation Protection Program. 

The use of Hercules Aircraft is presently envisioned to transport uranium concentrate by air from 
the Kiggavik airstrip to Points North, Saskatchewan, a distance of 800 kilometres. Alternatives 
to the Hercules and Points North options, allowing for increased operational flexibility, will be 
assessed and may be proposed at the time of licensing application. 

Approximately 4,800 tonnes of uranium concentrate will be produced each year at the Kiggavik 
site. The yellowcake will be packaged in steel 55-gallon (206-litre) steel drums and sealed 
meeting IP-1 industrial package requirements as specified in the IAEA Regulations for the Safe 
Transport of Radioactive Material. Each drum will hold approximately 434 kg of concentrate 
(eg., 454 kg gross/drum minus 19.6 kg steel) or 313 kg U (based on a concentrate of 72% U). 

The site will produce between 11,000 and 12,000 drums of uranium concentrate annually, which 
are washed after filling to remove any residual contamination prior to securely stowing within 20-
foot ISO sea freight containers. The drums and containers will be stored in a secure marked 
location on-site until an aircraft is ready for loading. The containers will remain sealed during 
transportation from the mine site to the final point of delivery. 

Limitations apply to transportation of radioactive goods, and it is estimated that a maximum of 
35 drums may be loaded into a container to maintain a Transportation Index of less than 6. 
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Dangerous Goods Regulations require that the separation between passengers (pilots) and 
radioactive material (TI index ~6) be at least 1.15 m. 

It is expected that between 310 and 350 sea-containers will be shipped to the south annually. 
Air shipment of all product containers from Kiggavik would require 5 or 6 trips per week (one 
container per flight). Typically the plane would be mobilized once per week, and it would make 5 
return trips from the site to Points North or an alternative southern destination, before returning 
to its point of origin. Alternatively, the plane may mobilize twice a week and reduce to 3 the 
number of return trips. 

On arrival at Points North, uranium concentrate will be transferred from aircraft to truck – trailer. 
If immediate transfer is not possible, secure temporary storage may be required at Points North. 
The uranium concentrate would then be transported to a North American refinery or to the Port 
of Montreal for shipment to a European destination via routes similar to those currently used 
during transport of uranium concentrate from the McClean Lake Operation. 

Companies shipping uranium concentrate require an approved Emergency Response 
Assistance Plan (ERAP) The plan is reviewed and approved annually by Transport Canada. 
The plans specify emergency response responsibilities, procedures, personnel training, 
response team roles, and available resources. The ERAP is exercised annually and can be 
limited or multi-agency in scope and include live exercises. The ERAP will be developed in 
consultation with Transport Canada, the CNSC, local communities, and any other concerned 
parties.

10.6.1.2 Transportation of Personnel 

For the transportation of personnel, the use of three primary aircraft types is envisioned: the 
ATR 42-300, ATR 72-200, and Lockheed Hercules L382G aircraft. Smaller aircraft will be used 
within the Kivalliq region when warranted by the number of personnel being transported. Weekly 
passenger traffic of up to 650 passengers is anticipated. In addition, Hercules cargo operations 
are anticipated during construction and the operating phase of the Project. 

A comprehensive Safety Management System will be developed and subject to approval by 
Transport Canada. Third party Air Carrier auditing will take place to approve carriers annually to 
operate to and from the mine site. Ground service including loading and unloading of the 
passenger aircraft will take place at the apron area. Passengers will be moved to and from the 
aircraft building by bus or van. Cargo will be moved by pickup truck. Hercules flights will be 
serviced using a front end loader, tractor trailer lowboy combination, and large forklift. 

Moving the flights onto separate days provides for less chance of a weather system affecting 
workforce availability and provides more options for connecting passengers traveling on other 
flights.

Manpower moving from outlying stations such as Yellowknife, Churchill, Winnipeg, and Iqaluit 
may use scheduled airline services to Baker Lake. If the traffic demand is sufficient charters 
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directly to the site may also be used. It is expected that the commuter transport systems will 
evolve over time to match efficiencies and aircraft availability with demand. 

10.6.2 Airstrip Design and Operation 

Pointer Lake was selected as the preferred location for the Kiggavik airstrip (Figure 10.6-1). A 
weather station was installed at Pointer Lake in August 2009 to confirm key meteorological 
parameters derived for the Kiggavik area (i.e., prevailing winds, temperatures and weather 
patterns).

All design parameters used for the proposed airstrip are based on Transport Canada’s 
Aerodrome Standards and Recommended Practices TP312E, 4th Edition. The largest aircraft to 
be used on a regular basis during construction and operation of the Kiggavik Project is the 
Hercules (Lockheed C-130 Hercules). However for design purposes, the Boeing 737-200 (Code 
C Aircraft) was conservatively chosen as the design aircraft. The runway requirements for the 
737-200 exceed those for the C-130. 
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The plan and profile of the proposed Pointer Lake airstrip is shown in Figure 10.6-2 and 
includes the following components and operational considerations: 

 A runway 2,000 m in length and 45 m in width 

 An aircraft turning D on the south end 

 A graded area capable of supporting an aircraft on either side of the runway 

 150 m long Runway End Safety Areas at both ends of the runway 

 A 23 m wide taxiway complete with 6 m wide graded shoulders 

 An apron for two aircraft, with sufficient space for servicing and independent 
arrival/departure

 A single storey pre-fabricated Air Terminal Building (ATB) to provide passenger/cargo 
shelter as well as space for the Field Electrical Centre (FEC). The ATB would have an area 
for ground vehicle parking associated with it. 

 Three-phase electrical power will be provided to the aerodrome site from the Kiggavik site. 
Electrical controls and regulators would be contained in a separate room from the ATB 
lighting/heating systems. The ATB would also contain the Aircraft Control of Aerodrome 
Lighting (ARCAL) antenna, aerodrome beacon, aircraft ground power units and apron flood 
lighting. The ARCAL will allow pilots to control the aerodrome lighting with no assistance 
from the aerodrome personnel. 

 De-icing of aircraft will be required. Boom truck(s) will be used for de-icing fluid application. 
De-icing fluid will be delivered in totes or drums and a pumping system to transfer to the 
boom truck(s) will be required. 

 Dust tends to be more prevalent during the summer months and can be problematic if the 
airport is serviced by jet aircraft. Dust clouds can linger or shift over the surrounding terrain 
and adjacent lakes. In order to reduce fugitive dust, application of an appropriate approved 
dust suppressant will be used as needed. 

 An emergency supply of jet fuel will be retained at the airstrip within secondary containment. 

 Procedures for detection of animals and birds and prevention of interactions with aircraft and 
the maneuvering areas will be necessary. This may include pre-landing and pre-take off 
runway inspections by ground personnel prior to each flight. Security and wildlife fencing 
has not been included in the design. 

 All snow clearing, cargo handling, passenger assistance, baggage handling, fuelling, 
surface maintenance and electrical maintenance will be provided by either mine site 
equipment and personnel or contractors. Maintenance of the gravel runway, taxiway and 
apron surfaces will be required on a regular basis. 
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PROPOSED POINTER LAKE AIRSTRIP
PLAN AND PROFILE

ENVIRONMENTAL IMPACT STATEMENT
VOLUME 2



11 PROJECT SUPPORT INFRASTRUCTURE 

11.1 POWER GENERATION AND DISTRIBUTION 

Project site power will be generated locally in on-site powerhouses. All equipment on site may 
be operated using a common arctic grade diesel to eliminate the need for alternate fuels 
shipping and storage. As a result, the power will be supplied by diesel fuelled generators. 

11.1.1 Selection of Design 

Power generation options examined include: 

 Use of diesel gas turbine engines (GTE) vs. diesel internal combustion engines (ICE) for a 
combined heat and power (CHP) system; 

 Central power generation (Kiggavik powerhouse and transmission line) vs. de-central power 
generation (independent power generation at Kiggavik and Sissons); and, 

 Supplementation of diesel power with wind power. 

The sulphuric acid plant can also contribute to site heat generation. An analysis was completed 
to compare two options for heat recovery in terms of steam and power production: 

 Acid plant generates power using a backpressure steam turbine and provides continuous 
steam to mill processes; or, 

 Acid plant generates power using a condensing steam turbine and provides no steam to mill 
processes.

 It was determined that having the acid plant produce steam and some power consistently 
resulted in lower fuel and operating costs for all prime movers and central vs. de-central 
cases.

 The central power generation option involves generating power at the Kiggavik site with a 
power transmission line to the Sissons site. The de-central power generation option involves 
generating power at both the Kiggavik and Sissons sites. The de-central option involves less 
risk to operations at the Sissons site arising from potential outages of the approximately 20 
km long transmission line between the two sites. 

 Alternatives assessment demonstrates that the preferred option is the use of the internal 
combustion engines at separate Kiggavik and Sissons powerhouses (Appendix 2A). 

 Design and future strategies used for optimization and conservation of power include: 

 Recovery of heat generated by the acid plant; 
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 Air-to-air heat exchange for the key HVAC systems, including the mill and End Grid 
underground mine; 

 Further study of the potential for wind power generation by installation of a tower; and, 

 Continuous improvement during operations by monitoring and optimizing key power 
consumers and minimizing sources of heat loss. 

11.1.2 Energy Requirements 

The electrical and thermal requirements (loads) of the site over an average year have been 
estimated. The electrical power requirements will be relatively constant over the year, with only 
the electric heat trace having significant seasonal variation. Conversely, the thermal load will 
vary significantly with ambient temperature. The mill will be the largest user of electrical and 
thermal energy. 

Table 11.1-1 shows a schematic summary of the electrical loads. It has been estimated that the 
Kiggavik peak load will be 13.0 MW and the Sissons peak load will be 3.8 MW; for a total site 
peak load of 16.8 MW. The sizing of the power plants is based on this peak load. Based on the 
diversity factor of operating equipment the peak loads will not be reached on a continuous 
basis, but may be reached during the startup of major equipment. 

Table 11.1-2 includes a summary of the thermal loads. Unlike the electrical loads, the thermal 
loads vary significantly with the ambient temperature. It is assumed that the Kiggavik thermal 
loads will be met primarily with saturated steam (7 bar). The estimated peak Kiggavik steam 
requirement is 34,300 kg/hr, while the estimated continuous (year round) steam consumption for 
Kiggavik is 10,700 kg/hr. Depending on the heat recovery and power plant configuration 
selected, a portion of the Kiggavik peak steam load could be offset by hot water. Thermal loads 
at the Sissons site will be met by either a hot water system, and/or indirect fired diesel burners 
as steam is not specifically required for process. 

The largest loads at Sissons occur when the End Grid underground mine is operating; thermal 
loads at Sissons will be minimal until underground mining begins. 
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Table 11.1-1: Electrical Load Summary 
Area Component Electric Load (peak kW) 
Kiggavik Process Equipment 5,345 

Building Services 1,710
Office/Lab/Administration 35
Maintenance Shop 50
Acid Plant 650
Oxygen Plant 1,140
Accommodation Complex 500
Mine Shop 50
Tailings Management Facilities 205
Surface Mine 505
Tank Farm 50
Container Storage Area 20
Area Lighting 60
Water Treatment & Pumping 2,000
Power House Auxiliary 100
Heat Tracing 580

SUB-TOTAL Kiggavik 13,000 
Sissons End Grid Underground Mine 2,806 

Andrew Lake Open Pit 467
Sissons Site (including water treatment plant) 342
Heat Trace 181

SUB-TOTAL Sissons 3,796
TOTAL Project 16,796 

Table 11.1-2: Thermal Load Summary 
Area Component Thermal Load (MJ/a) 
Kiggavik Process Steam (Acid Plant Generation Not included) 253,854,023 

Mill Ventilation Thermal load 128,368,348 
Mill Heat/Cool Thermal Load 7,683,152 
Camp Thermal Load 20,994,185 
Mine Shop Thermal Load 7,982,106 

SUB-TOTAL Kiggavik 418,881,814 
Sissons HVAC Thermal Load (WTP, Camp, Shop) 10,279,089 

Underground Mine Thermal Load 92,822,405 
SUB-TOTAL Sissons 103,101,494 
TOTAL Project 521,983,308 

11.1.3 Kiggavik Site Power Generation 

The location of the Kiggavik powerhouse is shown in Figure 4.4-1. The powerhouse will be 
located south-west of the mill, down-wind of most Project infrastructure. 

Mill failsafe systems and independent back-up generators will be in place to safely manage 
potential power outages. 

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 to 
produce 13.0 MW. 

Heat will be recovered from the diesel engines from 4 locations: exhaust gases, jacket water 
cooling system, oil lube cooling system, and after cooler system. The after cooler and oil lube 
systems will produce low grade heat which may be used locally but has not been included in the 
useful heat output from the powerhouse. Heat from the exhaust gases will be recovered by a 
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heat recovery steam generator. The peak continuous output from the generators is expected to 
be 4,000 kg/hr. Engine heat will also be recovered from the jacket water cooling system which 
circulates cooling water around the engines. This jacket water heat is transferred to a high 
grade heating loop by a plate type heat exchanger for use in the mill. 

At peak winter conditions a boiler will be required to provide up to 10,000 kg/hr of additional 
steam. At peak summer conditions exhaust gases will bypass the steam generator and be 
vented to atmosphere. The exhaust gases from the engines will be vented to a single exhaust 
stack located 10 m away from the building. 

11.1.4 Sissons Site Power Generation 

The total peak load at the Sissons site will be quite small compared to typical installed 
powerhouses. Also, the electrical load at Sissons will be minimal during construction and open 
pit mining phases and only grow to the peak value of 3.8 MW when underground mining begins. 
It is proposed that smaller (1 to 1.5 MW) skid mounted generators be used as primary power for 
the Sissons site. Using multiple skid mounted units will allow the power supply to be increased 
in stages as the electrical demand increases. It is also assumed that skid mounted construction 
power generators would be purchased for use during construction of the Kiggavik site. It is 
planned to re-use the temporary construction power generating units as the primary power 
supply at the Sissons site. 

Since steam is not specifically required for process use at the Sissons site, all available heat will 
be recovered in a hot water loop which can be used as preheat for mine air and the Sissons 
WTP if required. 

11.1.5 Wind Power Generation 

A preliminary study of the potential for wind power generation at the Kiggavik site has been 
completed. This study suggests that a small decrease in average annual fuel consumption could 
be realized through the potential installation of wind turbines. Further study of the wind resource 
available at the Kiggavik site would be required to finalize the design of a wind farm. 

11.1.6 Power Distribution 

11.1.6.1 Kiggavik Site 

The generators at Kiggavik powerhouse will feed a 15kV switchgear lineup of 15/16 feeder 
circuit breakers. These feeders will supply electrical power to all the facilities at Kiggavik site as 
well as some remote sites such as the Siamese Lake pumphouse. 

High voltage and low voltage cable trays will be installed in the mill and arctic corridors. Five 15 
kV cables from five circuit breakers will run over these cable trays to three motor-control-centres 
(MCCs) in the mill. 15 kV cables from the powerhouse will run through arctic corridors to the 
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acid plant, oxygen plant and water treatment plant. Step down transformers at each of these 
plants will convert 13.8 kV supply to 4,160 V and 600 V and will feed 4,160 V and 600 V MCCs. 
One 15 kV cable connects the steam turbine generator of the acid plant to the 15 kV switchgear 
line up in the powerhouse. 

The tank farm will be supplied with electricity through buried cable or overhead conduit. 
Depending upon the location of the tank farm, it may have its own MCC room or it may be 
supplied from a nearby facility. One 15 kV cable from the powerhouse will run through the arctic 
corridor to the camp. 

A 15 kV feeder will supply three 15 kV overhead transmission lines. One will supply power to 
surface mines, another will supply power to the Siamese Lake pumphouse and heat tracing, 
and the third will supply power to the Pointer Lake airstrip and heat tracing of the effluent 
pipeline to Judge Sissons Lake. Pole mount (13.8 kV/600 V or 13.8 kV/240 V) transformers will 
be installed every 1,000 m to 1,500 m for heat tracing. 

One 15 kV feeder will supply power to an automatic power factor improvement unit (PFI) 
installed in the powerhouse for remaining loads. 

Emergency generators in the Kiggavik mill will supply emergency power to the mill, acid plant, 
powerhouse, oxygen plant and other nearby facilities. The camp and airport will have their own 
emergency generator. The emergency generators will be an automatic start-up system in the 
event of power failure. Part of the lighting, telephone and communication network, control 
system, computer networks and the necessary process equipment will be on emergency power 
supply.

11.1.6.2 Sissons Site 

Generators at the Sissons site will generate power at 4,160 V and feed a substation. 4,160 V 
overhead transmission lines will supply power to the underground mine air intake and air 
exhaust facilities. One overhead 4,160 V line will supply power along the effluent pipe line to 
Judge Sissons Lake for heat tracing. 600 V overhead or underground cable will supply power to 
emergency camp, surface mine and mine shop. Step transformers and fused disconnects will 
be required at mine air intake and exhaust site. Pole mounted transformers will convert the 4.16 
kV supply to 600 V or 240 V for heat tracing. 

The emergency generators at the Sissons site will be located at the underground mine air 
intake, air exhaust, underground mine and surface mine. The emergency generators at the mine 
air intake and exhaust will be sized to satisfy lighting and emergency ventilation requirements. 
All the emergency generators and power distribution will come with an automatic generator 
start-up system and automatic power transfer switch. 
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11.2 FUEL STORAGE AND DISTRIBUTION 

One of the key concerns expressed by the public is the potential for fuel spills. Benchmarking 
against other northern Projects also suggests that the large volumes of fuel required to operate 
these projects can increase the likelihood that a fuel spill may occur. Accident and incident 
management and reporting for fuel transport, storage, and use is included in the Hazardous 
Materials Management Plan and the Spill Contingency Plan. 

11.2.1 Required Storage Capacity 

Diesel fuel tank farms will be required at Baker Lake, Kiggavik, and Sissons sites. The Kiggavik 
Project total peak annual fuel consumption has been estimated to be 65 million litres with an 
average of 49 million litres (ML) over the production period. This total includes all fuel required 
for:

 Heat and power based on the internal combustion engine de-centralized option; and, 

 Mobile equipment and miscellaneous loads. 

It is estimated that during the peak consumption year, fuel storage of 70 ML may be required at 
Baker Lake, 50 ML of fuel storage at Kiggavik site and 20 ML of fuel storage at Sissons site. 
Therefore there will be a maximum of seven 10 ML tanks at Baker Lake, five 10 ML tanks at the 
Kiggavik site and two 10 ML tanks at the Sissons site. The current design conservatively 
considers six tanks at Kiggavik and two tanks at Sissons. 

11.2.2 Tank Farm Design 

Secondary containment areas required to contain fuel will be designed according to the National 
Fire Code. Secondary containment volume is the sum of the size of the largest tank (10 ML) and 
of ten percent of the volume of the remaining tanks. For a tank farm of 6 tanks of 10 ML 
capacity, the containment volume is 15 ML. An example configuration of the Kiggavik site tank 
farm is shown in Figure 11.2-1. 

A base of coarse gravel of approximately 1,000 mm thickness with a 40 mm thick fine gravel 
layer will provide a foundation for the dyked area. The truck turn-around area will require a base 
of approximately 500 mm of coarse gravel and 40 mm of fine gravel. 

In order to prevent absorption of fuel by the soil if a tank leaks, a membrane will be required. To 
prevent puncture of the membrane, 80 mm of sand will be packed on both sides. A geotextile 
layer and fine gravel will be located above and below the membrane and sand. Along the top of 
berm walls, an anchoring trench will be used to secure the member and geotextile layers. Under 
tanks, a thicker layer of fine gravel will be used, with a slope of about 10 to 1 to the floor of the 
berm. A thin layer of sand will also be used to prevent high stresses to the metal on the 
underside of the tank. 

All piping will be constructed over the berm walls rather than penetrate through it. 
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11.2.3 Fuel Distribution Facilities 

All fuel being loaded onto B-train trucks will be done at a reduced pressure, by increasing the 
pipe diameter. Painting of the tanks, site pipelines and miscellaneous steel will be completed at 
the end of construction when all tanks are built. 

Based on the design of six 10 ML fuel tanks at Kiggavik, the tank farm will require a minimum of 
2 loading and fuelling stations. Two dispensing facilities will also be built at Kiggavik to service 
the mine shop and mill. Since a large quantity of the site fuel requirements will be consumed at 
the powerhouse, the placement of the fuel storage facility will allow for simple refuelling 
operations, by utilidor, between this facility and the powerhouse day tanks. 

Fuel will be delivered directly to the Sissons tank farm by B-train trucks. There will be a single 
loading and fuelling station at the tank farm. Offloading and fuelling procedures will be in place 
to reduce the potential for spills during fuel transfer. 

11.3 PERMANENT ACCOMMODATION CAMP 

A 400-room accommodation complex is envisioned during operations. The proposed complex 
will be located approximately 300 meters north (predominantly upwind) of the mill site. The 
buildings will be connected by an arctic corridor. The camp design is summarized as follows: 

 400 single-bed rooms (approximately); 

 Floor area: 12,000 to 15,700 m2;

 Modular residential wings shipped to the site (complex core may be built on site), 

 Recreational areas; 

 Infirmary; 

 Cafeteria services; and, 

 Mechanical and electrical systems designed to optimize efficiency. 

11.4 ADMINISTRATION 

An administration building will be constructed at the north end of the mill complex. This building 
will house all central administrative support functions, including senior management, human 
resources, accounting, laboratories and services. 

Satellite offices will be included in the mill, mine shops, permanent camp, Sissons site, and the 
community of Baker Lake to enable front-line supervision at all work sites. 



12 CONSTRUCTION ACTIVITIES 

12.1 CONSTRUCTION OVERVIEW 

Construction of the Project is expected to be carried out over a 4-year period, from the first 
barging season to the mechanical completion of the Kiggavik mill. Mining activities will also 
begin during the construction phase with the excavation of the purpose built pit followed by the 
excavation of East Zone pit and the conversion of the mined-out pit into an in-pit tailings 
management facility (TMF). 

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/ice road, air transport; 

 Seasonal supply windows; including a short open water season; 

 Harsh environmental stresses; including poor visibility conditions, high winds and cold 
temperatures;

 Snow drifting and construction in permafrost; 

 Material availability; and, 

 Amount and skill of the available labour force at the time of construction. 

The construction schedule for the Kiggavik Project has been divided into the following 
packages:

 Pre-development; 

 Baker Lake Preparation Work; 

 Construction Shipping Phases; 

 Procurement and Shipping; 

 Construction and Commissioning; 

 Mine/Tailings Management Facility; and 

 Hand over to Operations. 

Pre-development

This package includes the basic/detailed engineering and licensing stage. Among other 
deliverables, the detailed engineering phase will produce procurement packages required for 
the procurement of services and goods for the construction phase of the project. 
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Baker Lake Preparation Work 

This package includes the preparation of the temporary dock site and laydown area at Baker 
Lake, which will be required for receiving the shipments on the barges. 

Construction Shipping Phases 

This package summarizes the shipping phases available for the construction phase of the 
project. Three distinct shipping phases are planned, each containing a summer barging shipping 
season (generally starting at the beginning of August and ending with mid October) and a winter 
road shipping season (generally starting at the beginning of January and ending with the end of 
April).

Procurement and Shipping 

This package includes the main construction scope items such as temporary and permanent 
infrastructure, power plant, water management pipelines and water treatment plant. 

Construction and Commissioning 

This package includes the construction activities on the Kiggavik site, which will end with the 
mechanical completion of the Kiggavik mill and the turnover of all systems to operations. Table 
12.1-1 summarizes the construction activities in each year of construction: It is anticipated that 
the manpower load during construction will be mainly affected by the following construction 
activities:

 Phase 1 – Construction work is expected to start with the construction of the site temporary 
infrastructure and site grading work. Later in the year, work will continue with the 
construction of the monitoring ponds; then with the concrete/structural work for the Acid 
Plant and Mill building and the erection of these buildings. 

 Phase 2 – Construction work is expected to start on the power plant, freshwater and effluent 
pipelines, and continue on these items and also on the Mill and Acid Plant buildings. At the 
same time, mechanical work will start for several mill circuits which will correspond to a peak 
of construction activities. 

 Phase 3 – With the arrival of equipment and materials for the remaining mill circuits and 
pipelines and mining equipment for the East Zone Pit, construction activities will increase 
rapidly to a maximum in the summer. In the second part of the year more items will be 
completed, which will result in a steady decrease of the workforce on site. 

A minimal contracting workforce will remain on site along with the operating workforce for the 
mill commissioning activities. 
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Table 12.1-1: Summary of Construction Phases 
Construction 

Phase
Activities 

Phase 1  Site temporary construction infrastructure, including construction camp trailers, 
construction offices, wash and lunch trailers, batch plant, crusher, access road to 
Pointer Lake and initial air strip. 

 Temporary construction power 
 Site grading work 
 Grading and excavation work for water management system 
 Mill building erection 

o Grading and excavation 
o Exterior concrete work 
o Structural steel work 
o Exterior architectural work 
o Building services (start) 

 Acid Plant building erection (concrete, structural and architectural work) 

Phase 2 
 Site permanent infrastructure 
 Site electrical power distribution system 
 Power plant including tank farm 
 Effluent pipeline to Judge Sissons Lake including power distribution line 
 Freshwater pipeline including power distribution line 
 Mine water treatment plant 
 Main water treatment plant including reclaim and effluent pump houses 

o Ponds, berms and pipelines 
o Building excavation 
o Building foundations (concrete work) 
o Structural steel work 
o Building cladding and insulation (architectural work) 
o Building services work 

 Acid Plant building services 
 Acid Plant – Mechanical and piping work 
 Oxygen Plant – Mechanical and piping work 
 Mill building erection (completion) 

o Internal concrete work 
o Internal architectural work 
o Mill building services (continuation and completion) 

 Crushing – Mechanical, piping, HVAC and E&I work 
 Drying and Packaging – Mechanical, piping and HVAC work 
 Resin Adsorption & Resin Dewatering Wash -Mechanical, piping, HVAC & electrical work 
 Process Water Distribution- Mechanical, piping, HVAC and electrical work 
 Reagents (Lime Preparation) – Mechanical, piping and HVAC work 
 Gypsum Precipitation – Mechanical work 
 Elution and Regeneration – Mechanical work 
 Waste rock storage facility (start in September) 

AREVA Resources Canada Inc. 
Kiggavik Project EIS 
December 2011 

Page 12-3 
Tier 2 Volume 2 

Project Description and Assessment Basis 
Section 12 – Construction Activities



Phase 3 
Acid Plant – Piping and E&I work 

 Oxygen Plant – Piping and E&I work 
 Drying and Packaging – E&I work 
 Grinding – Mechanical, piping, HVAC and E&I work 
 Resin Adsorption and Resin Dewatering Wash – E&I work 
 Process Water Distribution – Piping and E&I work 
 Reagents (Lime Preparation) – Piping and E&I work 
 Gypsum Precipitation – Mechanical, piping, HVAC and E&I work 
 Elution and Regeneration – Piping and E&I work 
 Tailings Neutralization – Mechanical, piping, HVAC and E&I work 
 Air Supply and Distribution – Mechanical, piping, HVAC and E&I work 
 Reagents – Flocculants – Mechanical, piping, HVAC and E&I work 
 Reagents – Barium Chloride – Mechanical, piping, HVAC and E&I work 
 Uranium Precipitation – Mechanical, piping, HVAC and E&I work 
 Waste rock storage facility (continuation of work) 
 Strip overburden for the East Zone pit 
 Mine East Zone and stockpile ore 

12.2 CONSTRUCTION AROUND ENVIRONMENTALLY SENSITIVE
AREAS

Appropriate construction mitigation measures will be employed during construction around 
environmentally sensitive areas, such as stream crossings to ensure that potential 
environmental effects will be limited and manageable. Mitigation measures will include: 

 avoiding construction activities near fish bearing waters during spring and fall fish spawning 
or migration periods; 

 scheduling in-stream work, where possible, during a low flow period to minimize erosion; 

 applying erosion and sediment control measures to prevent discharge of sediments into fish 
bearing streams (e.g., mulching, erosion control blankets, silt fences); and, 

 maintaining a minimum required distance from the location of known bird nesting areas 
during sensitive periods. 

12.3 ACCESS ROADS 

12.3.1 Winter Road 

It is proposed to construct the initial winter road from Baker Lake to the Pointer Lake airstrip. 
This initial road would be 112.5 km, approximately, 30 km of which is over land. A comparison 
with the 110 km Tibitt to Contwoyto Winter Road (TCWR) Dome Lake segment, with 28.7 km of 
land, suggests that it would take 30 days, approximately, to open this road. 
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The start-up crews would amount to 45 persons, including catering, supervision, emergency 
medical technicians and safety personnel for double-shift programs. The ice road operation 
would be separated into two steps dictated by road conditions and cargo type/volume. 

The first step, during the construction period, would involve approximately 30 km of overland 
crossing made up of labour intensive snow pad development. The first phase would be to pad 
portage crossings with snow and water. The objective would be to make these portage pads 40’ 
wide, approximately, which would leave a substantial polish zone for the snow to blow off. The 
portages would be pre-set by snow cats pulling steel drags to compact the snow and may 
require moving snow from the edge of the road or setting up temporary snow fences in areas of 
poor snow collection. 

Once the initial dragging is complete water delivered in heated modules transported on suitable 
vehicles, such as Deltas or Commanders (large tires), would be placed on the centre line and 
followed by standard heated water tank trucks. It is proposed to use slide-on-slide-off water 
tanks transported on tri-axle haul tractors. Low lying areas such as small creeks would be snow 
ramped with water saturation. 

Sections of these portages will collect snow that requires clearing. Two methods of snow 
clearing are frequently used. One is to use loaders with quick attach self-powered snow blowers 
to blow the snow clear of the road. The second method is to feather the snow banks back with 
snow cats which tend to stop the snow from accumulating on the roadway. 

Normal widths of the lake lanes are between 48 m and 55 m which tends to blow clear due to 
tight blading which polishes the ice and limits snow build-up during winds. Most of the barren 
land lakes have hard packed snow, therefore many passes will be required by graders. Lake ice 
width permitting, two lanes will be used, one for the loaded trucks going 30 km/hr and one for 
the empties travelling 65 km/hr. 

The second step, resulting from 3 built-up portage crossings, will essentially void the 
requirement for snow padding and create a reduction in snow clearing. 

12.3.2 All-Season Road Option 

The proposed all-season road, if built, will extend from the proposed Kiggavik site to the 
proposed dock site on the north shore of Baker Lake, east of the community, as shown on 
Figure 10.4-2. 

The proposed Northern All Season Road is approximately 114 km in length from Kiggavik to the 
proposed port site. There are up to 14 bridges (less than 50 meters in length) proposed along 
the route. The other water crossings will be accommodated with culverts. 

The road will be 10 meter wide, built with Run-of-Quarry rock embankment (fill). There will be no 
earth cuts along the alignment, and the only cut sections will be through rock, which will service 
as quarry material. 
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Material to be used for constructing road embankments will be either rock or granular material. 
However, there is minimal granular material of sufficient quality available along the route to 
consider using it as a source of fill. Most of the route has exposed bedrock of appropriate quality 
and quantity close to the alignment. The bedrock outcrops can be developed into suitable 
quarries for embankment fill material. 

The basic road building material used throughout the length of the road will be rock excavated 
from bedrock quarries situated at various locations along the route. The surface gravel will likely 
be 19-25 mm crushed gravel produced from the quarried rock, and will be placed in a layer 
approximately 300 mm thick. 

Preliminary estimates of material quantities were developed using the LiDAR information along 
the road. The quantities were calculated applying typical sections and from extrapolation of 
representative sections that were carefully designed along the alignment. The volume of 
embankment materials has been estimated to be in the range of 2.5 million m3. The volume of 
road surfacing materials has been estimated to be 375,000 m3.

The probable approach that a contractor would take in constructing the all season road would 
consist in dividing the road in distinct sections of construction work. This would include: 

 Construction of approximately 40 km of road from the dock site to the Thelon River Cable 
ferry crossing site. A portion of this alignment crosses and parallels portions of existing ATV 
trails. Detailed design and community input would determine the exact location of the road 
with respect to the trails; 

 Preparation of the Thelon River crossing area for the cable ferry; 

 Construction of approximately 10 km of road from the mill site to just south of Skinny Lake. 
This work would be based out of the Kiggavik construction camp; and, 

 Construction of approximately 65 km of road from the Thelon River crossing to meet the 
segment south of Skinny Lake. 

Potential quarry locations are presented in Section 12.7. 

12.3.3 Kiggavik-Sissons Access Road 

The Kiggavik-Sissons access road is outlined in this section. However, the associated 
construction activities would take place during operation, after milling has started. 

The road will be built with run-of-quarry embankment material, with safety berms where 
required. Materials for the rock embankment and road surfacing will be derived from rock 
quarries developed adjacent to the road and mine rock material obtained from open pit mine 
operations. Estimated material quantities based on the LiDAR information along the road and 
typical sections along the alignment are: 

 Embankment fill; 200 mm minus subgrade rock fill 950,600 m3

 Surfacing material; 20 mm minus 125,000 m3
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Potential quarry locations are presented in Section 12.7. 

Additional details on the Kiggavik Sissons access road can be found in Technical Appendix 2G 
(Kiggavik Sissons Access Road). 

12.4 POINTER LAKE AIRSTRIP 

12.4.1 Permanent Airstrip 

The Pointer Lake airstrip site will not be required to be stripped or grubbed. The total 
embankment structure of the airstrip will be a minimum of 2.0 m thick to protect permafrost. The 
structure will be constructed primarily from quarried rock and gravel mine rock. The sub base 
will likely be constructed in lifts to ensure proper compaction of each layer. Thicknesses of each 
lift will depend on the characteristics of the material being placed. The embankment structure 
will transition down to the existing ground at a slope of 14%, approximately. This should 
minimize blowing snow drift development. 

A 200 mm lift of crushed granular base will form the surface of the runway, shoulders, taxiway, 
apron, parking and equipment storage. The total quantities for the aerodrome at Pointer Lake 
have been estimated based on LiDAR topographical data at approximately 650,000 m3.

The equipment used to construct the embankment will consist of standard road building 
equipment; including excavators to load and place material, dump trucks (or larger alternatives) 
for hauling material, dozers or loaders to move material in place and lastly, rollers to provide 
compaction. 

Surface runoff is not expected to be a concern during construction considering the runway will 
be constructed on high ground adjacent to Pointer Lake. Construction will not require in-fill of 
any existing waterbodies or watercourses, and erosion control techniques will be adopted to 
minimize erosion. Spill contingency measures will be in place to mitigate any potential effects to 
Pointer Lake. 

Construction of the airstrip would take between 6 months to one year of on-site construction 
time, depending on winter conditions and supply logistics. The schedule will be tailored to allow 
landing of smaller aircrafts on a shorter runway in the early stages of the Project. Some use of 
borrow source material would be required during this early construction phase. 

12.5 PURPOSE BUILT PIT 

It is proposed to use a construction fleet consisting of off-highway mine trucks and front end 
loaders to excavate the purpose built pit (PBP). Magazine and package explosives for the 
excavation will be barged in the summer for the commencement of work. The PBP will consist 
mainly of Type 1 mine rock that will be used to construct haul roads to the east Pit and to the 
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plant site pad. Along with excavation, ditches and pipelines will be constructed to direct surface 
water to the treatment plant and discharge to the environment. 

It is assumed that an emulsion plant will not be available at the time of excavating the PBP. The 
contracted explosive supplier will provide storage and packaged explosive product, as well as 
loading equipment and personnel to load the holes. Magazines for the explosives and 
detonators will be barged to Baker Lake the summer before excavation and brought to site 
along the winter road. 

12.6 FOUNDATIONS AND PADS 

Common engineering practice for work in permafrost environments is to establish heavily 
loaded and sensitive mine site building foundations on competent bedrock, and to locate at-
grade structures on engineered granular backfill. If competent bedrock is too deep to practically 
locate to, or if building loads are light, then pile systems may be utilized in combination with 
elevated building designs. Engineered granular fill is acceptable for lighter structures that are at-
grade and for traffic areas. Surface pads constructed using locally quarried crushed rock (or 
natural granular materials) will be used for lay down areas, raising of grade, access roads, etc. 
and generally, to protect underlying sensitive permafrost soils around all of the permanent 
infrastructure facilities. 

It appears that major structures at the mill/plant site can be located on bedrock; however, 
outside of the main mill site, the geophysical data indicates that 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. It is expected that footings on bedrock will be the most 
appropriate foundation type for most of the mill/plant infrastructure components because 
competent bedrock appears to exist within a reasonable depth below surface (2 to 5 m depth). 

At the proposed accommodation complex site, the ground condition consists of exposed rock 
and bedrock relatively close to the surface, however, the depth to bedrock appears to be quite 
variable and the geophysical data indicates weathered or fractured bedrock. As a result, the 
relatively light accommodations building would likely be supported on grouted rock socket steel 
piles rather than removing overburden for construction of footings on bedrock or placing 
granular fill. 

The following sections review the expected foundation conditions for the Kiggavik site facilities. 

12.6.1 Mill Buildings 

Relatively good quality bedrock appears to exist close to the ground surface in the area chosen 
for the mill building. It is therefore appropriate to consider excavation of all the overburden soils 
and weathered bedrock, and then construction of footings on the surface of the competent 
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bedrock. The excavation will be backfilled around the footings with engineered structural fill that 
will support floor slabs. 

A simplified cross-section showing a typical design for footings on bedrock is shown in Figure 
12.6-1.

Minimum footing widths of 600 mm are recommended for both strip and square footings. To 
ensure that the recommended bearing value for footings founded on bedrock is appropriate, the 
rock surface will be thoroughly cleaned to provide intimate contact between the rock and 
concrete foundation. Whenever possible, foundations will be supported by a common 
foundation type. 

Dynamically loaded equipment such as the generators, ball mills, and crushers, etc. will be 
founded on competent bedrock and will gain the required resistance to dynamic loads either 
through the weight of a mass concrete block or through the use of post-tensioned rock anchors 
that can develop the required resistance by effectively developing a resisting mass of rock. 
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12.6.2 Lightly Loaded Buildings 

Spread footings on granular fill may be constructed for structures where high bearing values are 
not required. This would require removing all ice-rich overburden and frost susceptible soils to 
expose competent bedrock. Some of the lightly loaded buildings/structures in the mill site area 
may be constructed using this type of foundation. The maximum allowable bearing capacity 
should not exceed 500 kPa for footings on engineered fill. 

12.6.3 Accommodation Complex 

The accommodation building will consist of prefabricated modular units (the complex core may 
be built on site). The accommodation complex and mill will be connected by an arctic corridor 
(utilidor). Typically lightly loaded structures such as the accommodation complex can be 
supported on 114 mm or 168 mm diameter pipe piles. 

A clear unobstructed air space will be maintained below the bottom of the structure and the 
surface of the original ground or granular fill pad to reduce the potential of heat transfer into the 
underlying permafrost. 

It is estimated that onsite construction and modules installation would require two summer 
seasons; during the first summer, foundations would be installed for the core and modules. The 
core would be erected and residential wings installed the following year. 

12.6.4 Deep Overburden Conditions 

Steel pipe piles grouted into bedrock would be also an alternative foundation type for structures 
located where there is a layer of overburden that is too thick for removal for construction of 
footings on bedrock or fill. Pipe size would be chosen to support the structural loads. 

12.6.5 At Grade Buildings 

Some structures such as warehouses and maintenance facilities will be constructed at grade to 
allow access by vehicles and equipment. Slabs-on-grade may be utilized for these types of 
structures provided that all thaw strain susceptible soils are removed and competent bedrock 
exists below a layer of engineered fill. The engineered fill that supports the floor slab will be 
placed in a manner consistent with that for engineered fill. 

If the depth to bedrock is too great or the bedrock is not competent and has ice-filled fractures, 
this type of slab-on-grade will not be appropriate. In this case, either structural floor slabs will be 
required or permafrost stabilized foundations such as ventilated floor slabs or thermosyphon 
cooled foundation systems will have to be considered. These types of slab designs will require 
detailed thermal analyses to be carried out which will be provided at the time of licensing 
application. 
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12.6.6 Engineered Fill Materials 

Fill materials will be required for backfilling excavations and as engineered fill for foundations 
and slabs. Engineered fill will consist of well-graded crushed rock that will be placed in lifts and 
compacted. Typically fill placement would commence with 150 mm minus engineered fill to bring 
the grade up to within 300 mm of the underside of footing or floor slab level. This material would 
be placed in lifts and compacted until the maximum density is achieved. This initial zone of 
compacted fill would be covered with a layer of structural fill placed and compacted to 100% of 
the achievable maximum dry density. A minimum of 150 mm of 20 mm minus select fill would be 
placed immediately below the footings and, again, compacted to 100% of the achievable 
maximum dry density. 

12.6.7 Pad Design 

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 is expected to be about 1.7 m to provide thermal protection to the 
underlying permafrost overburden soils and rock. A specific thermal analysis will be completed 
and provided at the time of licensing application to determine the thickness required for optimal 
thermal protection. 

12.7 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 open pit 
mine operations. 

The potential quarry locations are shown in Figure 12.7-1. The quarry selection was based upon 
a combination of factors, including: 

 Accessibility (proximity to alignment and site); 

 Potential quarry size (enough volume); 

 Ease of excavation (relief and potential face); 

 Amount of overburden; 

 Environmental constraints such as distance from known raptor nests and watercourses; 
and,

 Acid Rock Drainage (ARD) and Metal Leaching (ML) potential. 
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Regarding ARD and ML potential, 33 rock samples from the potential quarry sites were 
collected and submitted for acid base accounting (ABA) and metals content analysis. Each 
sample was also subjected to simplified leach (SWEP) testing as described in Section 6 for 
mine rock samples. Results of ABA and metals content analyses suggest that the aggregate 
samples are non-acid generating, with paste pH values ranging from 6.1 to 9.4. The results of 
the leach tests suggest that the potential aggregate rock materials are not likely to present an 
issue with respect to leaching of constituents of potential concern. 

Additional details on aggregate sources can be found in Technical Appendix 2N (Borrow Pits 
and Quarry Management Plan). Additional geotechnical and geochemical investigations will be 
conducted at the time of licensing application to further estimate volumes and quarry limits. 

12.8 FRESHWATER DIVERSIONS AND DEWATERING 

The primary diversion structures include the freshwater diversion channels constructed around 
the Kiggavik and Sissons sites and the Andrew Lake dewatering structure. Construction 
activities associated with the Andrew Lake dewatering structure are described in this section. 
However these activities will take place during the operating phase, after milling has started. 

12.8.1 Freshwater Diversion Structures 

Freshwater diversion structures will be constructed early in the development schedule of each 
site to minimize contact between Project activities and the freshwater environment (see also 
Section 9). There is potential for erosion and sediment transport in the constructed diversion 
channels and the degree to which this occurs depends on mainly soil type, channel gradient, 
channel geometry and flow magnitude. The diversion channels will be constructed in one of 
three ways depending on topography and geotechnical conditions. These are as follows: 

 Channel with invert at existing grade with built-up berms to contain the flow; 

 Channel with excavation in overburden; and 

 Channel with excavation in bedrock. 

Geotechnical investigations along the proposed channel alignment will be undertaken and 
provided at the time of licensing application. However it is expected that each of the three 
construction cases indicated above will occur at various locations along channel alignments. 
The potential for erosion and sediment transport is greatest in the first two cases and is much 
less where the excavation occurs in bedrock. Where the channel is built-up or excavated 
through overburden, the soil type will be identified and evaluated with respect to erosion 
potential under peak flow conditions. Where peak flow velocities exceed soil material resistance 
(allowable shear stress), riprap armouring overlying a geotextile will be placed on the channel 
bottom and sideslopes. Hydraulic models will be used to determine the appropriate median 
diameter of the riprap to resist the flow velocity and the lift thickness will be about 1.5 times the 
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median diameter. Rip rap will consist of clean waste rock pit run material. These measures will 
greatly reduce the likelihood of erosion and sediment transport in the constructed diversion 
channels.

As the channels are constructed in a permafrost environment there is potential for deformation 
in the constructed channel, and while detailed geotechnical investigations have not been 
conducted in the vicinity of the proposed channels, it is assumed that the average active layer 
thickness is about 1.5 to 2 m, and channels will be constructed according to one or more of the 
three cases listed above. If the channel invert is cut to or into bedrock, then there is little 
concern with channel deformation. If the channel is constructed in till to a depth of 1.5 to 2 m, 
then there is potential for melting some permafrost below the adjacent active layer. If the 
permafrost below the pre-construction active layer is ice-rich (contains more frozen water than is 
required to fill the pore spaces) then likelihood and degree of deformation in the channel is 
greater and a modified design is required. General design approaches for the channel 
construction in ice-poor vs. ice-rich till is as follows: 

 Ice-poor – the channel is cut with the geometry depending on local topography and required 
flow capacity. If riprap is required then the channel is over excavated an addition ~0.3 m to 
allow space for the riprap while maintaining the required cross sectional area. 

 Ice rich – The channel is over-excavated by 1 to 2 m deeper into the permafrost on the base 
and sides and compacted till placed in the oversized channel and built back up to the 
required channel geometry. Little deformation is expected in the ice-rich permafrost below 
the compacted fill. 

Best Management Practices for erosion and sediment control will be implemented with the 
intention of trapping sediment close to the source (i.e., silt fences, check dams in flow pathways, 
revegetation, etc.). These will be used during construction where required. 

12.8.2 Andrew Lake Dewatering Structure 

As described in Section 5, the south west portion of the Andrew Lake open pit extends into 
Andrew Lake and a structure is required to allow this end of the lake to be dewatered for the 
proposed pit development. Although Andrew Lake is a shallow lake, with an average depth of 1 
m, aquatics studies have indicated that small fish frequent the lake and, therefore, the dyked 
area will be fished-out prior to dewatering. The fish-out will be done in consultation with the local 
communities and regulatory agencies. 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 dyke. 

The proposed design of the Andrew Lake Pit dewatering structure consists of a rockfill platform 
placed through Andrew Lake along the selected alignment (see Figure 12.8-1). A trench will 
then be excavated through the rockfill and a granular filter material will be placed underwater on 
the downstream face of the excavation based on material compatibility between the rockfill and 
till zones. Till will be placed as trench backfill under water in the excavation to act as a low 
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hydraulic conductivity core of the structure. Selected crushed rockfill will be placed as a thermal 
cap over the till to promote consolidation of the till core and to reduce the thermal variation in 
the till zone. 

Additional details on the Andrew Lake dewatering structure are included in Technical Appendix 
2F (Conceptual Design for Andrew Lake Pit Dewatering Structure). 
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12.9 CONSTRUCTION SUPPORT INFRASTRUCTURE AND 
ACTIVITIES 

12.9.1 Shipping Quantities 

The current estimates of site supplies for construction are less than those required for 
operations (Section 10). Containerization will be used as much as practical; however it is 
anticipated that construction will require the movement of more bulk materials, such as steel. 

12.9.2 Ice Airstrip 

During the early construction phase, an ice airstrip may be constructed on Pointer Lake, 
approximately 3 km south of the Kiggavik site. Construction will consist of snow clearing once a 
suitable ice layer has formed and possibly flooding to speed ice formation. Water required for 
preparation of the airstrip will be drawn from Pointer Lake. Ice to land transitions will be 
constructed using either a snow/ice ramp or a fill pad to protect the shoreline of the lake. 

12.9.3 Camp

The current 59-person Kiggavik camp and fuel cache will be expanded prior to the first 
construction shipping season to accommodate pre-development activities. The first winter will 
facilitate construction of the winter road and establishment of two temporary 43-person camps, 
including one adjacent to Pointer Lake. The temporary camps will be equipped with water 
treatment systems. Construction of the Pointer Lake airstrip and establishment of a 150-person 
construction camp near the mill site will then run concurrently during the first year. The 150-
person camp will be significantly expanded to accommodate 750-person during the second 
year. This camp will continue to be used until the permanent camp is erected. 

Emergency shelters will be positioned at strategic locations (ie airstrip, along access roads, 
water sources) throughout the construction period. 

12.9.4 Fuel Supply, Storage and Distribution 

Fuel storage capacity will be progressively increased during construction. The current fuel 
cache consists of 50,000 litre double walled steel EnviroTanks. The fuel cache will be expanded 
prior to the first construction shipping season to accommodate pre-development activities. 
Temporary bladder tank farms at the Baker Lake dock site and the Kiggavik site will be used in 
early construction, and then replaced with conventional 10 ML capacity steel fuel tanks. 
Construction of the permanent fuel tank farm will begin at the Baker Lake dock site during the 
first construction shipping season. Diesel and jet fuel will be delivered in bulk. 
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12.9.5 Power Supply 

Modular mobile diesel generators in containers will be used during the construction phase until 
the permanent power house is erected. These generators will continue to be used during 
operations, essentially on the Sissons site and as emergency power backup systems. 

12.9.6 Laydown Area 

A laydown area of approximately 85,000 m2 will be developed during construction to store 
equipment and materials for construction of the mill site. This area will continue to be used 
during operations to store and manage containers. 

12.9.7 Water Management 

12.9.7.1 Water Sources 

Water sources will be required during construction for a number of uses including potable 
drinking water, aggregate washing, concrete manufacture, explosives manufacture, truck wash, 
dust suppression, fire suppression and hydrotesting of fuel storage tanks. 

Water sources in early construction of the Kiggavik site will include Pointer Lake during 
construction of the Pointer Lake airstrip, Ridge Lake for the main construction camp and two 
unnamed lakes (located Southwest and Northwest of the existing camp) for the expanded 
Kiggavik camp (see Figure 9.3-1). 

12.9.7.2 Potable Water 

Water will be treated by UV and filtration prior to consumption. A water truck will deliver potable 
water for local consumption as needed. 

12.9.7.3 Sewage Treatment 

Waste water and sewage will be collected in local holding tanks and collected via a tanker truck 
for treatment at a packaged sewage treatment plant. 

12.9.7.4 Water Treatment during Construction 

Water to be treated at the Kiggavik site during the construction phase will include site drainage 
and potentially open pit mine water (PBP and East Zone). The freshwater diversion channels 
will be constructed early in the construction phase in order to reduce the amount of site 
drainage to be treated. 

There are two options for the treatment of water during construction. It may be possible to stage 
the construction of the permanent Kiggavik water treatment plant (WTP) to allow the chemical 
water treatment process to be constructed and used to treat mine water during initial 
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development. Further development of the construction schedule will determine if this option is 
optimal. If it is not feasible to advance construction of the permanent WTP in time for the early 
stages of construction, a temporary WTP will be installed at the Kiggavik site. This temporary 
plant will ultimately be moved and adapted for use as the Sissons permanent WTP. The re-use 
of the plant would reduce logistics requirements, optimizes scheduling, and optimizes costs. 
The temporary WTP has been designed to treat the wastewater anticipated during both the 
construction and Sissons operational phases. The remainder of this section describes the 
temporary WTP. Refer to Section 9 for a description of the chemical water treatment process 
within the permanent Kiggavik WTP. 

All of the temporary WTP components will be housed in customized 40-foot shipping containers. 
The containers will be insulated and heated for year-round operation at site conditions. Access 
doors and hatches will also be placed in strategic locations to facilitate maintenance activity and 
routine operations. The treatment operations can be generalized to require three types of 
container:

 Reaction tank containers; 

 Multimedia filtration containers; and, 

 Reagents and storage containers. 

When the temporary water treatment plant is in operation, water will be segregated into mine 
water and contaminated run-off water. It is anticipated that mine water will require treatment for 
radium only while contaminated run-off water will require treatment for metals and radium. 

The water treatment process has been selected to meet MMER effluent discharge criteria and 
meet ecological risk assessment objectives (see Section 9). 

Treatment will consist of three process stages. Each process stage will be comprised of a 
chemical precipitation/adsorption step under controlled pH conditions followed by a solid-liquid 
separation step to remove the targeted contaminants as precipitated solids. The three process 
stages will be as follows: 

 Stage 1: Removal of divalent heavy metals and uranium by precipitation at pH 9.0 using 
lime and sodium bisulphide (NaHS) with ferric sulphate as a flocculant and polymer 
coagulant; multimedia filtration for suspended solids removal; 

 Stage 2: Removal of selenium and other transition metals by precipitation/co-adsorption at 
pH 4.5 using sulphuric acid or lime (acid or lime requirement dictated by ferric sulphate 
addition and water buffering capacity) and ferric sulphate with polymer coagulant; 
multimedia filtration for suspended solids removal; and, 

 Stage 3: Removal of radium-226 by precipitation at pH 7.0 using lime and barium chloride 
(BaCl2) with ferric sulphate as a flocculant and polymer coagulant; multimedia filtration for 
suspended solids removal. 

Monitoring and discharge will use the same infrastructure as the permanent water treatment 
plant (see Section 9). During the initial construction stages, before the discharge line to Judge 
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Sissons Lake has been constructed, treated effluent may be discharged into the Pointer Lake 
system. 

Once the permanent water treatment plant is constructed and commissioned, the temporary 
water treatment plant will be re-located to the Sissons site for treatment of Sissons mine and 
runoff waters. 

Water to be treated at Sissons during the construction phase includes: 

 Site drainage; and, 

 Domestic waste water. 

This WTP system described above will be used during both the construction and operational 
phases at Sissons. Treated effluent quantities during construction are expected to be lower than 
during operations. 

12.9.7.5 Snow Clearing 

Snow clearing will be undertaken as needed during construction. Snow coming into contact with 
the construction activities on the mill site will be directed to the purpose built-pit. Snow fences 
will be installed as early as possible during the construction phase to protect construction areas 
from snow drifting. 

12.9.7.6 Waste Management 

A waste management program will be implemented throughout the life of the Project, from early 
construction to decommissioning; refer to Section 14. 



13 CLOSURE, DECOMMISSIONING, AND RECLAMATION 
ACTIVITIES 

13.1 CONCEPT

As part of the regulatory approval process, the regulatory authorities overseeing the approval 
and development of uranium mines in Canada require the proponent to develop and submit 
decommissioning plans, including financial security. 

A preliminary decommissioning plan (PDP) has been developed for the purpose of this EIS (see 
Technical Appendix 2R “Preliminary Decommissioning Plan”). The PDP provides preliminary 
plans and associated costs for decommissioning the project site in advance of the final mine 
development. It is considered that the PDP includes sufficient detail to ensure that the proposed 
decommissioning activities are, in light of existing knowledge, technically feasible and 
appropriate in the interests of health, safety, security and protection of the environment. The 
plan will be further reviewed at the time of licensing application. A summary of the PDP is 
provided in the following sections. 

13.2 CORPORATE INTENT 

The AREVA decommissioning policy is to begin clean-up and reclamation in areas soon after 
mining or when other operations are complete. By having progressive reclamation program 
during the milling and mining operational phase, a significant portion of work described in the 
decommissioning plan will be complete when operations cease. As an overall goal, once 
decommissioning is complete the mine sites will: 

 be physically sound; 

 be safe for public use; 

 meet air, soil, and water quality objectives (or agreed upon criteria) at designated locations; 
and

 impose no burden on future generations. 

In development of the PDP for the Kiggavik Project, AREVA also relied on experience gained 
developing and decommissioning Saskatchewan mining projects including: dialogue with 
provincial and federal regulators, various EISs and support documents, preliminary 
decommissioning plans for the McClean Lake Operation and Midwest Project and the actual 
decommissioning objectives and activities undertaken at the Cluff Lake Project. 
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13.3 OVERVIEW 

13.3.1 Principles of Decommissioning 

Returning the area to a near undisturbed state is of paramount importance. To accomplish this, 
the following principles will be followed: 

 Conduct all demolition activities with due regard to, and management of health and safety 
hazards to workers and to the environment; 

 Recycle or dispose of any remaining chemicals, using existing operational practices and 
waste management procedures, and in accordance with all applicable provincial and federal 
regulations; and, 

 The decommissioning radiological objectives are based on the need to keep future radiation 
doses to the general public below the regulatory limits and consistent with the ALARA (as 
low as reasonably achievable) principle. 

13.3.2 General Procedures 

The following general procedures will be adhered to throughout the decommissioning process: 

 Ventilation equipment and the dust collection systems will be cleaned prior to demolition; 

 All remaining piping will be flushed with water and blown out and disconnected at suitable 
locations;

 All remaining contaminated areas will be washed down with clean water and those waters 
directed to contaminated sumps for water treatment; 

 Equipment will be drained of oils and coolants etc. and these will be disposed of as required 
in the correct disposal areas; 

 Propane lines will be purged with an inert gas and disconnected; 

 Electrical circuitry that is not required in the decommissioning process will be physically 
disconnected; 

 Equipment that has the capacity for energy storage will be physically disconnected; 

 Fireguards will be employed when there is a possible chance of inadvertent combustion i.e. 
fuel tank reduction; 

 During times when decommissioning is not active, all buildings will be closed up and locked 
to prevent inadvertent entry; 

 Open excavations will be marked and entrances barricaded; 

 Removal of culverts from roads and re-establishment of natural flow paths; and, 
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 Materials removed from site will be “radiologically cleared” as per practice at the McClean 
Lake Operation in Saskatchewan. 

13.3.3 Stages

Decommissioning the site area will involve four stages. The first stage will involve the 
preparation of a final decommissioning plan and licensing process to obtain a Licence to 
Decommission the Kiggavik Project. Once approved, the second stage will include demolition of 
all buildings/facilities that are not required for continued decommissioning and water treatment 
activities. The third stage will be monitoring of the site to ensure that the decommissioning 
objectives will be met. The final stage will include the removal of the remaining 
buildings/facilities after water treatment is no longer required and ultimate return of the leases 
back to the land owners 

13.3.4 Logistics

Due to the high cost of mobilization and demobilization of heavy equipment and logistics of 
starting and lack of road transport into site, it is anticipated that the decommissioning work will 
be scheduled to continue throughout the entire year. The scope of work for each stage may 
change depending on the project status and schedule. 

Similar to the construction phase, the decommissioning phase will involve the use of the ice 
roads from the site to a staging area at the Baker Lake Port during the winter months to ship 
salvageable materials in preparation for sea shipping south in the spring. Shipping containers 
will be used wherever possible for ease of handling and durability. 

The Project includes facilities that are not directly involved in the mining and milling of uranium, 
such as the accommodation complex, acid plant, aerodrome, water supply, and power house; 
these buildings are not expected to contain radioactive materials and for the most part should 
be salvageable. Salvageable buildings, surface structures, and equipment will be dismantled 
and demobilized from the site. Non-salvageable buildings and structures will be dismantled or 
demolished and disposed of in either Center Zone or Main Zone TMF. 

13.4 ACTIVITIES AND SCHEDULE 

The PDP includes information and cost estimates for three planning envelopes. The planning 
envelopes cover the decommissioning activities associated with the following project 
components:

 Planning Envelope 1 – Kiggavik site 

 East and Centre TMFs 

 Main Zone TMF 
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 Permanent mine rock stockpiles 

 Mill/Camp/Maintenance complex 

 Concrete foundations and pads 

 Concrete batch plant area 

 Ore and temporary mine rock pads 

 Mine rock stockpile 

 Kiggavik effluent treatment system 

 Fuel and waste oil tanks 

 Explosive plant and magazine 

 Airstrip and small building 

 Planning Envelope 2 – Sissons site 

 Andrew Lake open pit 

 Buildings 

 Permanent mine rock stockpiles 

 Ore and temporary mine rock pads 

 Sissons effluent treatment system 

 End Grid portal and ventilation raises 

 Planning Envelope 3 – Baker Lake and Staging Facilities 

 Dock site facilities 

Table 13.4-1 and Figure 13.4-1 provide an overview of planned decommissioning activities and 
schedule outlined in the PDP, and subject to the decommissioning environmental assessment 
and decommissioning license approval. The following sections include a summary of post-
decommissioning activities for the Kiggavik TMFs and the Andrew Lake open pit. 
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Table 13.4-1: Overview of Decommissioning Activities and Schedule 
Timing Phase Key Activities 

Years 1 and 2 Progressive Rehabilitation  Cap ventilation raises and portal at the Sissons Site 
and backfill Type 3 mine rock into Main Zone and 
Andrew Lake Pit 

 Charge main Zone Pit with mine rock and complete 
consolidation process 

 Treat consolidation porewater 
Years 3 to 6 Post-Operations-Key 

Decommissioning Activities 
 Demolish all non-essential buildings at Kiggavik and 

Sissons sites and dispose of debris in Main Zone 
TMF and Andrew Lake Pit 

 Dewater purpose-built pit and Main Zone TMF 
 Revegetation of the site and removal or covering of 

all surface soils that exceed radiological clearance 
standards 

 Add soil covers to East/Centre TMFs, backfill and 
cover purpose-built pit 

 Remove all culverts and water diversion structures 
Years 7 to 12 Mainly Post-

Decommissioning Activities 
 Monitor the success of the decommissioning 

program 
 Maintenance and repair of erosion – fertilization and 

re-seeding where necessary 
 Main Zone TMF porewater treatment 

Years 13 to 16 Post Decommissioning  Pore-water treatment at main Zone TMF until 
consolidation is complete then drain the water 
cover 

 Backfill with mine rock and place soil cover as 
designed 

 Remaining portion of the camp/shops offered to 
community 
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13.4.1 Tailings Management Facilities 

Closure of the TMF facilities will be implemented as a progressive closure program as tailings 
deposition and consolidation occur. For instance closure of the East Zone TMF will likely be 
implemented during operation while the Main Zone TMF will likely be closed and 
decommissioned upon termination of the milling operation. Closure activities will be conducted 
with the objectives of: 

 stabilizing the surface of the tailings and prevent wind and water erosion; 

 controlling the release of contaminants over the long-term; and, 

 developing sustainable landform comparable with local topography. 

For East Zone and Centre Zone TMFs the conceptual decommissioning plan consists of back 
filling the TMFs above the tailings mass to surface with mine rock and installing a compacted till 
cover. 

Based on existing resources and milling schedule, the Main Zone TMF would only be partially 
filled with tailings upon termination of the milling activities. However there is the potential that 
additional resource will be found over the life of the project and that the Main Zone TMF will 
eventually be fully filled with tailings. Therefore, the base case for the decommissioning of Main 
Zone assumes that Main Zone TMF will be fully filled with tailings in a manner similar to East 
Zone and Centre Zone TMFs. The conceptual decommissioning plan consists of fully backfilling 
the TMF above the tailings mass with first Type 3 mine rock then Type 2 mine rock and 
installing a compacted till cover. The Type 3 mine rock is expected to be associated with some 
acid generation and/or metal leaching potential and/or uranium solid content greater than 250 
ppm U. 

In the unlikely case where no additional resource would be found over the life of the Project 
Main Zone TMF would be partially filled with tailings. In that case the conceptual 
decommissioning plan consists of fully backfilling Main Zone TMF above the tailings mass with 
first Type 3 mine rock then Type 2 mine rock and installing a compacted till cover. As an 
alternative, the TMF would be only partially backfilled with mine rock then a compacted till cover 
would be installed, above which a pond would be allowed to develop. 

Figure 13.4-2 summarizes the base case decommissioning concept for the Main Zone TMF. 

The post-decommissioning and long-term behaviour of the tailings and TMFs was assessed 
using a number of numerical models, in particular: 

 Three dimensional thermal modeling was performed using a combination of calibrated and 
estimated thermal properties to predict the short and long term thermal regime of the TMF 
area. Modeling efforts focused on estimating: 

 The short and long term effects of tailings deposition on the local permafrost regime; 
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 The potential effects of climate change on the local permafrost regime within and near 
the pits and in the areas not affected by tailings deposition in the TMFs; and, 

 Freeze back details in TMF mine rock covers. 

 The geotechnical behaviour of tailings during operation and following placement of the cover 
was assessed through consolidation modeling. Modeling efforts focused on estimating: 

 The time rate of consolidation of tailings for a range of likely material properties. 

 A series of geochemical models was used to model the long-term geochemical behaviour of 
the tailings. Modeling efforts focused on estimating 

 Mineral precipitation and surface complexation processes involved in the neutralized 
tailings; and, 

 Representative long-term tailings pore water concentrations for uranium, radium and 
trace metals. 

 The post-decommissioning flow regime of the Kiggavik area was modelled based on the 
regional groundwater flow model developed for the Project area. Groundwater flow 
simulations were performed under steady state conditions, as would exist following 
decommissioning. Modeling efforts focused on estimating: 

 The hydraulic head distributions in the Kiggavik area under current and no-permafrost 
conditions; and, 

 Flow through the TMFs, including tailings and covers. 

 Contaminant transport was modeled using the post-decommissioning groundwater flow 
model and source terms resulting from the geochemical models. Modeling efforts focused 
on estimating: 

 Loadings and resulting surface water concentrations to receptors. 

 Two scenarios were considered for the assessment of potential long-term post-
decommissioning effects. The first scenario considered persistence of current permafrost 
conditions. The second scenario assumed complete melting of the permafrost as a result of 
climate change. 

The model results are described in more details in Technical Appendix 5J (Tailings 
Characterization, and Management). 
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13.4.2 Andrew Lake Open Pit 

The Andrew Lake open pit will be flooded after operation to permanently store, underwater, the 
Type 3 Andrew Lake rock material that will be temporarily stored near the pit during operation. 
There are two possible scenarios for flooding after closure: 

 One scenario is to allow flooding to occur naturally as a result of the accumulation of rain 
and snow melt and the small amount of seepage that may be expected to occur in the active 
layer near ground surface. At the expected natural filling rate, complete flooding is expected 
to require approximately 480 years. 

 Alternatively, the natural filling of the pit can be complemented by flow from a larger water 
body, such as Judge Sissons Lake, during periods of high flow in order to shorten the 
flooding period. 

Experience has shown that while leaching of metals and other constituents can occur while rock 
and pit walls are exposed to the atmosphere and natural weathering processes, such leaching 
tends to be insignificant to non-measurable when the same rock is submerged below water. 
This difference in behaviour suggests that rapid flooding may have some advantages for 
maintaining good water quality within and downstream of the decommissioned pit. 

The Andrew Lake pit water quality was assessed by evaluating constituent loadings originating 
from the pit walls, rock rubble on pit floor and benches, pore water concentrations from the 
temporarily stored material, and the leaching of the relocated Type 3 material as the pit fills 
under natural conditions, as well as under accelerated pit filling conditions (see Technical 
Appendix 5F). These loadings were assessed to estimate the concentrations of constituents of 
potential concern (COPCs) in the pit water after the pit is filled. 

The calculated Andrew Lake concentrations of COPCs under the natural filling rate and 
enhanced pit filling conditions were compared to CCME guidelines for the protection of 
freshwater aquatic life. This evaluation suggested that under either pit flooding scenario, the pit 
water will not represent a risk to aquatic life and pit water could discharge to surrounding 
surface water bodies without concern after closure. 

13.4.3 Water Treatment during Decommissioning 

Water to be treated at Kiggavik during the decommissioning phase includes: 

 Site drainage; and, 

 Reclaim water from the tailings management facilities. 

The Kiggavik WTP and treated effluent discharge line as described in Section 9.5.3 will continue 
to operate as required during the decommissioning phase. When quantity and quality of the 
feed water allows, the WTP process may be adjusted such that only the chemical water 
treatment process would operate. 
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The volume of site drainage contact water is expected to progressively decrease as areas of the 
site footprint are decommissioned and reclaimed. The volume of reclaim water from the TMFs 
will continue for a number of years following mill shutdown. Therefore it is expected that feed 
flowrate will progressively reduce as the decommissioning phase proceeds. 

Water to be treated at Sissons during the decommissioning phase includes: 

 Site and stockpile drainage; and, 

 Domestic waste water. 

During decommissioning, sources of contact water, such as the underground mine, ore pad and 
Type 3 mine rock piles will be decommissioned and reclaimed. Thus, the volume of treated 
effluent will progressively decrease over the decommissioning period. 

13.4.4 Type 2 Mine Rock Stockpiles 

The Type 2 mine rock stockpiles at both the Kiggavik and Sissons sites will be re-contoured and 
covered where necessary to encourage revegetation. AREVA will conduct studies on mine rock 
test plots during the operations phase to evaluate methods of revegetation. Mine rock stockpiles 
will be progressively reclaimed where possible. 

Surface drainage channels will be removed where possible and left in place where necessary to 
prevent ponding around the mine rock piles. 

13.4.5 Waste Management during Decommissioning 

A waste management program will be implemented throughout the life of the Project, from 
construction to decommissioning; refer to Section 14 for management practices. 

Upon decommissioning of the Project, all remaining contaminated landfarm materials will be 
sampled to determine contaminant concentrations. These materials will likely be disposed of in 
a TMF and capped with a clean soil cover. Alternatively these materials could be shipped to a 
treatment facility. 

13.5 POST-DECOMMISSIONING MONITORING AND FOLLOW-UP 
PROGRAMS 

13.5.1 Monitoring Program 

Following the completion of the decommissioning activities a post-closure monitoring program 
will be implemented. The objectives of the monitoring program will be to: 

 Monitor on-going operations such as effluent treatment facilities to ensure that they conform 
to regulatory requirements with respect to environmental protection; 
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 Verify the success of the decommissioning; 

 Demonstrate compliance with regulatory requirements and decommissioning objectives; 
and,

 Quantity any residual environmental effects. 

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

Routine inspections of all areas and critical facilities will continue to be conducted during the 
post-closure monitoring period to ensure that decommissioning efforts continue to be successful 
and that the Kiggavik Project sites are environmentally secure. An on-site workforce will be 
responsible for implementing the program. 

The data from the post-closure monitoring period will be evaluated prior to the end of the 
monitoring period to confirm decommissioning objectives are achieved and mitigative measures 
are performing as designed. Once the date indicates the decommissioning objectives are 
achieved, the observational monitoring program will be initiated. 

13.5.2 Follow-up Program 

In addition to the periodic post-closure monitoring, a number of follow-up programs will be 
implemented to address specific mitigative measures and processes. The follow-up program will 
confirm that the mitigative measures proposed for the decommissioning project are adequate 
and effective in achieving the decommissioning objectives. 

A wildlife post-operation baseline will be required as a benchmark for assessing the success of 
reclamation activities. An aquatic decommissioning baseline will be also required, with a focus 
on Judge Sissons Lake. 

It is anticipated that other key components of the follow-up program will include the Tailings and 
Mine Rock Optimization and Validation Programs and update of the post-decommissioning 
source terms and contaminant transport models. Observations related to climate change over 
the life of the project will be incorporated in the updated models. 

The transition from the Follow-Up Program and routine environmental monitoring to the Long 
Term Monitoring Program is expected to be gradual rather than a sharp transition since various 
activities will conclude at different times. 

13.5.3 Long-Term Monitoring 

An observational monitoring program will be implemented at the end of the post-closure 
monitoring period. This long term monitoring program (LTMP) will be conducted on a minimum 
annual frequency. The objective of the program will be to confirm that mitigation measures are 
effective in the long term and abandonment may be considered in the foreseeable future. 
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The focus of the LTMP will be also on ensuring that all information, all collection and analysis of 
data, and compilation of records is organized towards supporting a future application to transfer 
the Kiggavik site to the Territory. This will include eventually developing a recommended scope 
for the on-going monitoring which will continue after transfer of the site. 

13.6 POST-CLOSURE CUSTODIAL TRANSFER 

It is anticipated that an Institutional Control Program (ICP) will be formally established. It is 
anticipated that site activities will continue to be regulated through decommissioning licences 
until AREVA has advanced the Long Term Monitoring Plan to the point where application can 
be made to enter the site into the ICP. It is anticipated that this will be done in stages. 

AREVA’s intent is to continue monitoring, and analyzing data, until an area of the site is shown 
to be eligible to be released from the decommissioning, reclamation and transition phase. 

13.7 DECOMMISSIONING COSTS 

The estimated level of financial assurance detailed in the PDP is $159 million CDN. 

The purpose of providing a financial assurance to regulatory agencies is to ensure that the 
taxpayer is not burdened with the cost of decommissioning a mining facility in the event the 
operator becomes financially unable or unwilling to undertake or complete the implementation of 
approved decommissioning plans. The regulatory agencies would then oversee the 
decommissioning and reclamation work in this scenario and the work would be completed by 
independent contractors. 

13.8 TEMPORARY CLOSURE, AND CARE AND MAINTENANCE 

In order to temporarily close the Kiggavik Project, or to enter a state of care and maintenance, a 
detailed plan will be developed for approval by regulators. AREVA will be required to 
demonstrate that appropriate measures will be in place during the period in question to protect 
the environment, the public, and employees. 

During a temporary closure or period of care and maintenance, milling and mining activities will 
cease. The associated facilities would be safely mothballed by draining tanks and cleaning 
equipment. Site drainage collection and water treatment will continue as required. 

An operations and maintenance workforce will remain on site to operate the WTPs, maintain the 
TMFs, routinely inspect mothballed facilities, and implement monitoring programs. 



14 HAZARDOUS MATERIALS AND WASTE MANAGEMENT 

14.1 HAZARDOUS MATERIALS 

Many inputs are required for mining and milling operations. Some consist of fuels and chemicals 
that are classified as hazardous materials. Examples include blasting materials, flammable 
materials, corrosive materials and oxidizing compounds. 

The largest volume hazardous materials to be shipped to the Project sites include: 

 Petroleum products (diesel fuel, gasoline, kerosene, lubricants, hydraulic fluids, solvents, 
oil);

 Propane; 

 Hydrogen peroxide; 

 Amine (only required if solvent extraction process option implemented); 

 Isodecanol (only required if solvent extraction process option implemented); 

 Ammonium Nitrate; and, 

 Sulphur. 

The largest volume hazardous materials to be shipped from the Project sites include: 

 Uranium concentrate (yellowcake); 

 Waste oil, diesel; 

 Waste solvents/paints; and, 

 Spent batteries. 

Hazardous materials (referred to as Dangerous Goods) transport, packaging, handling and 
personnel training are subject to specific regulatory requirements. Transport Canada develops 
and enforces safety regulations and standards; tests and promotes safety technologies; and is 
introducing safety management systems as a reliable and cost-effective way to prevent and 
manage safety risks in all modes of dangerous goods transportation. Transport Canada is 
responsible for ensuring air, marine, rail and road safety, as well as the safe transportation of 
dangerous goods. 

All packages, containers, transport tanks and pressure vessels used in the transportation of 
dangerous goods must meet the Transport Canada Transportation of Dangerous Goods 
Regulations. All persons that are required to handle, package, ship and transport require 
training specific to their role. Any and all explosives transport and storage must comply with the 
federal Explosives Act and Regulations.
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On site storage and containment of these commodities is also strictly regulated. AREVA will 
have an Emergency Response Team that will be trained to specifically deal with emergencies 
including fire fighting and spill response and recovery (Tier 2 Volume 10). 

Further details are provided in the Hazardous Materials Management Plan (Technical Appendix 
2U) and the Explosives Management Plan (Technical Appendix 2C). Storage, handling, and 
shipment of uranium concentrate are also discussed in Section 10. 

14.2 WASTE MANAGEMENT ACTIVITIES AND FACILITIES 

AREVA considers the management of mine waste materials, such as mine rock, tailings and 
treated effluent, as integral components of Project design and therefore the characteristics and 
management of these streams have been treated elsewhere, as separate sections in this report. 
The following section addresses additional waste materials such as recyclable and non-
recyclable domestic wastes, sewage, industrial wastes, chemically/radiologically contaminated 
wastes, and hazardous wastes. Additional details can be found in Technical Appendix 2S 
(Waste Management Plan). 

Table 14.2-1 provides a summary of waste materials expected to be generated at the site during 
construction and operations. These quantities have been estimated by bench-marking against 
the McClean Lake Operation. 

All waste will be identified, handled and disposed of according to a waste management 
program. The waste management program will be documented within the overall Integrated 
Quality Management System (IQMS). Each waste category will have its own waste 
management strategy that will be specifically designed for that particular waste product. The 
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 within the waste 
management program, wherever feasible. 
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Table 14.2-1: Predicted Waste Material Quantities 
Predicted Annual Quantity Material Category Units

Construction Operations 

Retained on-
site or Shipped 

Domestic waste m3 7,000 1,900 Retained 

Industrial Waste m3 4,000 3,000 Retained 

Contaminated Waste m3 0 3,000 Retained 

Hydrocarbon Contaminated 
Material

m3 600 200 Retained 

Used oil m3 100 50 Retained 

Used antifreeze m3 25 150 Shipped

Waste fuels m3 10 5 Retained 

Used cooking oil drums 40 20 Retained 

Waste grease drums 50 50 Shipped

Used oil and fuel filters drums 50 50 Shipped

Oil contaminated sorbal etc. drums 6 6 Shipped

Spent aerosol containers drums 2 5 Shipped

Batteries cases 3 5 Shipped

Paints and Related Materials drums 10 5 Shipped

Empty drums returned drums 100 50 Shipped

Paper and Cardboard m3 50 30 Incinerated or 
recycled where 
possible 

Co-mingle Recycled m3 50 100 Shipped

Nitrobenzene overpacks drums 4 2 Shipped

Misc. (resin, acetone, kerosene) drums 0 10 Shipped

Fluorescent lightbulbs drums 2 5 Shipped
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14.2.1 Domestic Waste Management 

Domestic waste is defined as general waste materials originating from the camp and offices. 
The garbage will be collected either in dumpsters or recycling containers distributed around the 
site.

Solid domestic wastes that originate from the accommodation complex or the offices will be 
sorted into recyclables (paper and cans) and non-recyclables. The recyclables will be 
transported off-site to a recycling facility. Domestic non-recyclables will be disposed of in 
landfills located in specified areas of the Kiggavik and Sissons clean waste rock piles. 

Food wastes will be incinerated to minimize interactions with wildlife. Similarly, wastes such as 
paper, cardboard, wood, food packaging and organic matter will be incinerated. It is proposed to 
use a dual chamber, high-temperature incinerator. The incinerator will be designed to achieve 
the Canada-Wide Standard for Dioxins and Furans immediately upon installation. Typically 
waste will be converted to gas in the primary chamber and gas from the primary chamber will be 
burned in the secondary chamber. It is proposed to use a used oil burner in the secondary 
chamber to reduce the quantity of fuel needed to operate the incinerator. Used petroleum 
products such as heavy lubricants and engine oil will be incinerated in the used oil furnace. 

The incinerator will be operated in compliance with all applicable federal, territorial and local 
regulations. Ash resulting from the incineration of solid waste will be tested for metals and 
disposed of in a landfill. Ash that does not meet any applicable guidelines for landfilling will be 
disposed within the TMFs. 

14.2.2 Industrial Waste Management 

Industrial waste is defined as bulk waste materials that are non-combustible and non-
contaminated originating from construction and operations. Industrial waste will be landfilled in a 
designated area of the Kiggavik and Andrew Lake Type 2 mine rock piles. Industrial waste will 
be deposited in a pit or trench such that industrial material is not accumulated at grade. This will 
ensure material is protected from wind, minimizing the spread of debris. The landfill will be 
covered with soil periodically to further limit exposure to wind. To avoid attracting wildlife, only 
odourless and non-putrescible materials are permitted for disposal in the industrial landfills. The 
industrial landfills will be inspected regularly to ensure proper waste segregation and monitor 
any wildlife presence. 

14.2.3 Hazardous Waste 

In addition to the used oil burner at the incinerator, it is proposed to use dedicated waste oil 
burners to handle waste oil originating from oil changes on the mining equipment and light 
vehicles. Hazardous substances and waste dangerous goods, consisting of waste oil/fuel filters, 
waste antifreeze, waste oil and waste batteries will be collected in designated containers and 
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transported for recycling or disposal at an off site registered facility. Empty drums that typically 
contain product residue such as oil, antifreeze and grease will be returned to suppliers for 
reuse. A hazardous materials storage building and designated storage pad will be used to store 
the containers until there is sufficient quantity for shipment off site. 

14.2.4 Radiological Waste Management 

Conventional 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 the Kiggavik TMFs for eventual burial. 

14.2.5 Sewage Management 

Sewage effluents will meet the Nunavut Public Health Regulations and any requirements 
stipulated by the Nunavut Water Board and the CCME Municipal Effluent Guidelines. 

Sewage at both Kiggavik and Sissons will be treated in a vendor packaged plant, located on the 
mill terrace. The sewage treatment plant will be housed in either modular units or standard 20ft 
or 40ft containers. The estimated sewage requiring treatment is 0.2 m3/person/d. It is estimated 
at peak manpower levels the volume of sewage requiring treatment is 150 m3/d.

A biological treatment plant is envisioned. The exact type of biological treatment plant will be 
selected at the detailed design stage. The sewage will be transferred to the sewage treatment 
plant via submersible lift pumps. Depending on the system selected, a fine screen to remove 
hair and fibrous material may be required to protect downstream equipment. The sewage will 
then be transferred to an equalization tank. The equalization tank is sized to handle the peak 
flows typically experienced in the mornings and evenings, and allow for a consistent feed to the 
sewage treatment plant. A heater will be located in the equalization tank to heat the water to the 
required treatment temperature of 10°C to 15°C The biological process employed in sewage 
treatment include oxidation of carbonaceous BOD and conversion of ammonia to nitrates. 
Membranes or other separation technologies may be applied to separate the sewage solids 
from the treated sewage liquids. The sewage treatment plant is designed to meet the criteria 
outlined in Table 14.2-2. 

Table 14.2-2: Sewage Discharge Criteria 
Parameter Quality 

BOD5  15 mg/L 

TSS  15 mg/L 

NH3-N  15 mg/L 

Phosphorus  1 mg/L 

Faecal Coliform  100 counts/100 mL 
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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 water treatment plant discharge (after 
monitoring) and discharged to Judge Sissons Lake. The sewage treatment process is expected 
to produce 0.03 m3 solids/m3 sewage at a nominal density of 3% solids. Additional sludge 
dewatering equipment such as a centrifuge will be provided to increase the solids density to up 
to 30% solids and reduce the amount of solids requiring disposal. The liquid from the sludge 
dewatering process will be sent back to the sewage treatment plant for re-treatment. Solid 
sewage will be disposed on site in a dedicated sewage disposal area. 

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. 

14.2.6 Landfarm 

In the event of a petroleum hydrocarbon spill, the contaminated soil or ice/snow will be 
excavated and transported to a designated landfarm within the surface lease. 

Landfarming is a passive form of remediation and is intended to reduce or eliminate organic 
compounds from the soil matrix using microbes, usually in an aerobic process. The 
contaminated material will likely be placed in windrows and aerated by regular turning using 
dozing equipment. Due to the long winters and extreme temperature at Kiggavik, the 
remediation process will be slow and likely require an extended period of time. Nutrient addition 
may be required to sustain microbial growth. 

The landfarm area will incorporate a geomembrane liner in the base to prevent contaminant 
migration into native soils. The landfarm area will be surrounded by a berm to direct clean 
external runoff water away from contaminated materials. The landfarm pad will be graded 
towards a collection basin to ensure containment of leachate and stormwater. This water will be 
contained in a lined sump and treated at the Kiggavik water treatment plant. 

The landfarm will be located away from sensitive areas (e.g. camp facilities) to avoid any 
potential air quality nuisance issues. As a result, air quality monitoring should be unnecessary. 

Soil sampling will be conducted on a regular basis to assess hydrocarbon content and to 
optimize nutrient addition and aeration techniques. 



15 RADIATION PROTECTION 

15.1 INTRODUCTION

A Radiation Protection Plan (RPP) is implemented at uranium mine sites in order to effectively 
mitigate risks from radiation exposure to workers, the public and the environment. The objective 
of the Radiation Protection Plan is to fulfill AREVA’s Radiation Protection Policy to maintain 
radiation doses as low as reasonably achievable (ALARA), social and economic factors 
considered. The RPP describes the program of activities conducted during the operational 
phase of the Kiggavik Project to manage, control and optimize radiation exposure. 

The complete RPP is available in Technical Appendix 2Q and is organized into five (5) sections. 
The Administrative Elements describes the principles of radiation protection, classification of 
workers, and introduces a key document in the management of radiation protection: the Code of 
Practice. The subsequent RPP sections are organized around the Deming Cycle for continuous 
improvement of Plan, Do, Check, Act. 

The following sections summarize the key elements of the plan and describe radiation 
protection measures for specific Project components. 

15.2 ADMINISTRATIVE ELEMENTS 

15.2.1 Radiation Protection Principles 

The three major principles of radiation protection are: 

 Justification – practices resulting in radiation exposures must have a net benefit; 

 Limitation – radiation dose limits are set by regulatory bodies to control individual exposures; 
and,

 Optimization – exposures of workers and the general public to ionizing radiation must be 
optimized considering technical and economic constraints, i.e. seeking to achieve radiation 
doses which are As Low As Reasonably Achievable (ALARA), social and economic factors 
considered. 

15.2.2 Nuclear Energy Workers 

A Nuclear Energy Worker (NEW) is defined as a person with “a reasonable probability that the 
person may receive a dose (occupational) of radiation that is greater than the prescribed limit for 
the general public” (i.e. one milliSievert per year: 1 mSv/y). NEWs are informed in writing of their 
NEW designation and a written acknowledgement is obtained from the worker and kept in their 
training file. 
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NEW workers are informed of their radiation dose levels, in writing, on a quarterly basis. Their 
dose results are recorded in the National Dose Registry, maintained by Health Canada. 

NEW workers are limited to a maximum annual effective dose of 50 mSv in a 1 year dosimetry 
period, not to exceed 100 mSv in a 5 year dosimetry period. Practically in uranium mining an 
annualized dose limit of 20 mSv per year is used for dose planning purposes. 

The classification of workers, their dose limits and levels and obligations is done in accordance 
with CNSC’s Radiation Protection Regulations and Uranium Mines and Mills Regulations,
Nunavut’s Mine Health and Safety Regulations and AREVA’s internal policies. 

15.2.3 Code of Practice 

A Code of Practice (COP) is a practical application of the As Low As Reasonably Achievable 
(ALARA) principle. Discrete values for radiological parameters above which intervention may be 
required to maintain worker doses and workplace radiological levels ALARA are defined within 
the COP and corresponding mitigative measures are identified. 

The COP is a governing document in the administration of the radiation protection plan, and as 
such, is a primary reference for Radiation Protection staff in the execution of radiation protection 
programs. The COP is a regulatory requirement and complies with the Uranium Mines and Mills 
Regulations and Nunavut’s Mine Health and Safety Regulations.

15.3 PLANNING ELEMENTS (PLAN) 

Planning elements used in the RP Plan include: 

 Radiation Protection Standards; 

 Radiation Protection by Design; 

 Dose Assessment; 

 Radiation Protection Procedures; 

 Personal Protective Equipment; 

 Radiation Work Permits; and, 

 Emergency Preparedness and Response. 

15.4 RADIATION PROTECTION PROGRAM (DO) 

The following subsections outline the elements of the Radiation Protection Program. 
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15.4.1 Dosimetry Monitoring 

Dosimetry monitoring is conducted to document worker exposures to radiological components. 
The premise of radiation protection is to maintain worker doses to radiation As Low As 
Reasonable Achievable (ALARA). Dosimetry monitoring is required under the Radiation
Protection Regulations and the Uranium Mining and Milling Regulations under the Nuclear
Safety and Control Act. Licensees are required to record the dose received by and committed to 
each person who performs duties in connection with any activity that is authorized by the act or 
who is present at a place where that activity is carried on. Dosimetry monitoring demonstrates 
compliance with dose limits defined by federal regulations, territorial regulations and other 
regulatory instruments, e.g., license conditions. 

The Dosimetry Monitoring Strategy (DMS) will address radiation doses from gamma radiation, 
radon progeny (RnP) and long-lived radioactive dusts (LLRD). Since dose from LLRD is already 
accounted for, and given the current recognized uncertainty of the uranium bioassay techniques 
in providing estimates of committed doses, bioassay monitoring is included as a radiological 
monitoring tool rather than a dosimetric tool. 

15.4.2 Radiological Levels Area Monitoring 

Radiological levels of gamma radiation, radon progeny (RnP), and long-lived radioactive dust 
(LLRD) will be monitored routinely throughout the Kiggavik Project in order to detect potentially 
abnormal radiological conditions promptly, estimate worker doses, and 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. This procedure complies with applicable federal 
and territorial regulations, identifies sample locations, parameters and frequencies; states 
instrument requirements and sampling methods; refers to Administrative Levels and mitigative 
measures; and, identifies reporting responsibilities and methods. 

15.4.3 Radioactive Contamination Control 

Contamination control measures will be in place to minimize the spread of radioactive materials 
into unintended locations. Methods used to identify and quantify radioactive contamination, 
determine the acceptability of the contamination relative to defined limits, and record and 
communicate results is given in a procedure specifically addressing radioactive contamination 
control.

Radioactive contamination control measures will apply to areas of the Kiggavik Project where 
radioactive materials may be found, exclusive of the sources on site, and to the off-site 
shipment or arrival of suspected contaminated material or equipment. 
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These radioactive contamination control measures will comply with CNSC’s Nuclear 
Substances and Radiation Devices Regulations and Packaging and Transport of Nuclear 
Substances Regulations, Nunavut’s Mines Regulations and internal AREVA commitments. 

15.4.4 Bioassay Sampling for Uranium in Urine 

Bioassay sampling of workers for uranium in urine will be part of the routine radiological 
monitoring program at the Kiggavik Project. The samples are conducted to identify potential 
abnormal intakes of uranium as workers may be potentially exposed to uranium of varying 
solubilities. Within the Code of Practice, triggering administrative levels are set conservatively, 
commensurate with the potential hazard from the uranium compounds. All NEW workers at the 
Kiggavik Project’s mill, open pits or underground mines will be candidates for the uranium in 
urine monitoring program. 

15.4.5 Management of Radioisotopes 

In addition to the presence of radioactive material associated with uranium extraction and 
processing, the Kiggavik Project will use a number of nuclear substances and radiation devices. 
The nuclear substances or radiation devices may be used for instrument calibration, material 
analysis, flow and density measurement, level indication or for exploration activities. Under an 
operating license issued by the CNSC pursuant to the Nuclear Substances and Radiation 
Devices Regulations, AREVA Resources Canada Inc. would be authorized to import, possess, 
use, store, transfer and dispose of nuclear substances in quantities which would not exceed the 
possession limits identified in a controlled document, which would list the Authorized Nuclear 
Substances and Radiation Devices. 

15.4.6 Ventilation Monitoring 

Mill and Surface Facilities

For the purpose of the radiation protection program, ventilation monitoring consists of 
monitoring the systems established to protect workers from airborne radiological hazards. 
Monitoring includes measuring airflow volumes and velocities in the mill HVAC, process 
ventilation, and scrubber systems. Monitoring results will be compared to design specifications 
to determine system performance. Radiation protection personnel will also evaluate ventilation 
parameters in the investigation of any process upsets which result in elevated airborne 
radiological levels. 

Underground Mine

Underground mine ventilation for underground mining at the Kiggavik Project will be monitored 
as part of the radiation protection program’s routine radiological monitoring schedule, with 
additional monitoring conducted by AREVA in response to an upset. This will ensure that 
concentrations of radiological and non-radiological contaminants in ventilation air shall be as low 
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as reasonably achievable complying with CNSC’s Uranium Mines and Mills Regulations,
Nunavut’s Mine Health and Safety Regulations and AREVA’s internal commitments. 

The COP developed for underground mining provides performance criteria for the 
establishment, operation and maintenance of the underground ventilation systems and identifies 
corresponding responses and reporting requirements. The Mine Manager has the responsibility 
for the underground ventilation system and no alterations or modifications, including the starting 
or stopping of fans, will be made to the ventilation system without permission. 

15.4.7 Shipping Radioactive Materials 

The Shipping Radioactive Materials procedure addresses the various requirements for shipping 
radioactive materials such as uranium concentrate (yellowcake); mill tailings, laboratory and 
geology samples; and radioactive devices and sources. The procedure is developed to comply 
with the CNSC’s Packaging and Transport of Nuclear Substances Regulations, the 
Transportation of Dangerous Goods Regulations and Nunavut’s Mine Health and Safety 
Regulations.

The responsibility for supervising the preparation for shipment of radioactive material rests with 
the Radiation Protection Department. 

15.4.8 Training

At the Kiggavik Project the Radiation Protection training requirements for site staff will be 
identified in the RP Training procedures. 

Radiation protection training programs are established to ensure that workers who are likely to 
be exposed to radiation receive instruction on various topics, as appropriate, depending on 
considerations such as the radiation risk, the type of mining or milling processes employed, and 
the job of the individual. Training programs are delivered to the following workers (including 
contractors): 

 Occupationally exposed workers and those assigned responsibilities in the Radiation 
Protection program; 

 Senior Management; 

 Non-NEW whose work may have an impact on the level of exposure of other workers; 

 Workers involved directly with radiation sources; 

 Supervisors; 

 Female workers; and, 

 All first response personnel, technical experts and representatives of appropriate authorities. 

Training programs will meet requirements of the CNSC Uranium Mines and Mills Regulations,
Nunavut’s Mine Health and Safety Regulations and corresponding licensing requirements. 
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15.5 MONITORING ELEMENTS (CHECK) 

Monitoring elements will consist of: 

 Review the monitoring results; 

 Report the results internally and externally; and, 

 Manage change. 

15.6 CONTINUOUS IMPROVEMENT AND CORRECTIVE ACTIONS 
(ACT)

Continuous improvement is achieved by: 

 Identifying non-conformances relative to program commitments and implementing corrective 
actions;

 Practicing the ALARA principle through the implementation of management control over 
work practices, personnel qualification and training, control of occupational and public 
exposure to radiation, and planning for unusual situations; 

 Annual review of the RP program to identify deficiencies and areas for improvement. 
Internal audit of the program will also serve to ensure program adherence to standards and 
to enhance effectiveness and efficiency; and. 

 Objectives for program improvement, with measurable targets, are set annually and 
approved by the General Manager. 

15.7 RADIATION PROTECTION MEASURES 

15.7.1 Open Pit Mining 

Radiation protection practices in open pit mining operations consist primarily of operational 
practices including preventative measures, worker training and awareness, work planning, and 
ongoing review and follow-up of results. The previous mining of the JEB and Sue deposits at 
AREVA’s McClean Lake Operation has demonstrated that the worker exposures have been well 
managed, and below both predicted and code of practice levels. Average annual radiation 
doses experienced during open pit mining at the McClean Lake Operation were less than 1.5 
mSv, with maximum annual doses typically less than 3.5 mSv. Average ore grades in the series 
of 4 Sue pits ranged from 0.41% in Sue A to 2.15% in Sue C, with an overall average grade of 
1.37% U. It is expected that worker radiation exposures during mining of the Kiggavik pits will be 
controlled to, or below those recorded at the McClean Lake Operation. Further information on 
predicted worker doses are provided in Volume 8. 
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AREVA’s current radiation protection code of practice, as proven through the experience of 
mining the JEB and Sue ore bodies, will be appropriate to use as a basis for the Kiggavik open 
pits as grades and mining methods will be consistent with past practices at McClean Lake 
Operation.

The following preventative measures are routine operational activities currently used at the 
McClean Lake Operation to limit exposure to radioactive materials: 

 dust suppression with water; 

 controlled blasting in ore zones to minimize throw of ore bearing materials; 

 proper control of water to prevent radon and particle migration; 

 interiors of vehicles are routinely monitored and cleaned frequently; 

 exteriors of vehicles are cleaned before maintenance work is conducted, except for 
unexpected maintenance; 

 scheduled maintenance work is conducted away from uranium-bearing materials, where 
practicable; 

 while working on ore benches, time spent outside vehicles is minimized; 

 shielding is installed, as required, in vehicles used in the pit, (i.e., haul trucks and backhoe); 

 windows of vehicles are kept closed and a positive pressure ventilation system is 
maintained;

 air filtration devices and weather stripping in vehicles are maintained in good order; 

 no eating, drinking, or smoking is permitted in the vicinity of uranium bearing materials; 

 shop areas are routinely monitored and cleaned; and, 

 building ventilation and containment equipment, such as fans, furnaces, doors, and windows 
are routinely maintained. 

The following worker awareness measures are currently used at the McClean Lake Operation to 
educate and inform mine workers, often on a day-to-day basis, of potential exposures to 
radioactive materials: 

 a copy of the Code of Practice manual is available, and is explained to workers. The Code 
of Practice provides guidance to workers in their activities if key indicator levels of 
radioactivity or radiation exposure are reached; 

 area monitoring results are posted and available to workers through notice boards; 

 workers wear direct reading dosimeters and monitor their accumulated gamma dose 
throughout the day; 

 radiation protection training is provided to all workers; 
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 radiation protection staff are available 24 hrs/day to provide guidance and answer questions; 
and,

 radiation protection staff provide personal dosimetry results to all workers. 

Mining staff currently plan work in a manner to minimize worker exposure where possible, 
based on the following procedures: 

 regular review meetings are held with mining and radiation protection staff to review worker 
doses with respect to past and upcoming work; 

 gamma radiation levels are monitored daily within the pit in areas of potential worker 
exposure and results are reviewed with respect to expected ore grades; 

 worker doses, estimated by direct reading dosimeters, are recorded and reviewed by mine 
operations supervisors and radiation protection staff daily; and, 

 potential radiation exposures not identified in individual worker dose assessments due to 
workers conducting non-routine activities are identified, an assessment of potential dose is 
conducted, and a Work-Stay permit is issued, as required. The Work Stay permit describes 
any constraints (e.g. time duration), and specialized equipment or procedural requirements 
for the non-routine activity. 

15.7.2 Underground Mining 

The ore grades within the End Grid ore body are relatively low compared to many of the 
underground mines in Saskatchewan. However, worker exposure to the radiation fields within 
the ore body will still need to be carefully managed. These radiation fields were carefully 
considered during the conceptual design of the underground End Grid mine. 

Radiation protection for underground workers will be a multi-faceted approach consisting of a 
combination of ventilation controls, sealed and lead-lined mobile equipment cabs and shotcrete 
barriers.

15.7.2.1 Ventilation

The ventilation of all ore production areas will be separated from the main decline by ventilation 
doors at each level access. All ore headings will be ventilated with fresh air and exhaust air will 
be pulled through rigid ductwork directly to an exhaust airway so that used air is not re-
circulated to other headings. All primary access ways will be maintained in fresh air and will be 
located in non-mineralized mine rock material. The ore stockpile bay at each access level will be 
ventilated with fresh air to carry all dust and radon directly to an exhaust raise connected to the 
end of these drives. The air quantity and velocity in ore drifts will be sufficient to ensure dilution 
of radon and a continuous supply of fresh air. The general principles used in the design of the 
End Grid Mine are: 
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 Auxiliary ventilation to active mine faces will be fresh air with the exhaust ducted to the mine 
exhaust;

 Ventilation air from any potential source of contamination (e.g., sumps, remucks, stockpiles) 
will be directed to the mine exhaust without contaminating other active workplaces; 

 In general, each active cross cut will be provided with either a “pull” system, where clean air 
is fed into the working area and the contaminated air is collected in a duct and directed to a 
dedicated (unoccupied) exhaust drift, or a flow-through system; 

 Equipment cabs will be ventilated through HEPA filters. This will reduce Long-Lived-
Radioactive-Dust (LLRD) doses and, depending on the ventilation flow in the cab, radon 
progeny doses; and, 

 The excavation of production stopes will begin at the downwind edge of the ore on each 
level. As these stopes are mined out, production will move towards fresh air. This will avoid 
the contamination of fresh air by radon leaking out of the older mined-out stopes. 

15.7.2.2 Gamma Shielding with Shotcrete 

Shotcrete will be used in all ore drifts to act as a gamma radiation barrier. The main ore footwall 
access drift on each DAF cut will receive up to 10 cm of shotcrete. Any portion of the access 
drift in waste rock, or adjacent to backfill, will be shotcreted as required for ground support 
reasons. The production PEM headings will receive up to 5 cm of shotcrete applied to all PEM 
surfaces – walls or back. Again, any portion of the production drifts that are in waste rock or 
adjacent to backfill will only receive shotcrete as required for ground support. The shotcrete will 
also be applied in the shoulder of these drifts along the backfill interface to ensure that any air 
gaps between the drift back and the previously backfilled wall is sealed to prevent air leakage. 

15.7.2.3 Mining Procedures and Equipment Shielding 

Mobile production equipment cabs will be lined with a thickness of lead to reduce gamma 
radiation. This will include drill jumbos, LHDs, trucks and bolters. Shielding the cabs will require 
the custom application of lead sheets to the sides, floors and roof of the cabs. It is generally 
accepted that workers in standard unshielded cabs are subjected to gamma radiation at about 
half the dose rate of workers outside the cab. Lining the equipment cabs with 2 cm of lead will 
improve the shielding by a factor of approximately 4. 

All mining equipment will be setup for work within low-dose-rate mobilization areas outside the 
mineralization (access drifts and declines in waste rock). At these locations, workers can 
assemble their gear and fuel and check their equipment. They would then move to the active 
workplace, perform their assigned task and leave. All mobile equipment will be parked in these 
low-dose-rate areas when it was not in use. This practice will reduce the amount of time workers 
spend in the stopes outside of their shielded cabs. 
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All mine activities where workers cannot be within shielded cabs, such as explosives loading or 
changing jumbo drill bits, will be organized in such a way that the minimum practicable time is 
spent on each part of the cycle. 

There will be a need for other workers to enter the production stopes for limited periods of time. 
For example, there will be short entries by geologists and radiation protection technicians. The 
most significant time spent in the stopes will be for blasters and workers extending the 
ventilation ducting and installing auxiliary fans. It is unlikely that the auxiliary ventilation system 
can be serviced from the shielded cabs of mobile equipment. This task will require time 
management. Preparation and set up for the work will be in the low radiation mobilization area. 
Once all the equipment preparations are complete, the workers would enter the stope, probably 
using a mobile scissor lift, hang the ducting, and then exit. 

15.7.2.4 Additional Measures 

Examples of additional actions that may be taken as circumstances warrant include: 

 The application of additional shotcrete in localized higher grade zones; 

 The application of shotcrete to the production stope face where grades are elevated; 

 The use of movable steel shields at the face while loading holes; 

 The use of respiratory protection for workers outside the cabs of mobile equipment; and, 

 Careful pre-planning of higher hazard work. 

15.7.3 Mill

Radiation protection objectives have been incorporated into the mill based on preliminary 
radiation protection design criteria. Design objectives, together with administrative controls, are 
intended to maintain worker radiation doses ALARA. A continuous improvement process will be 
used to monitor exposures and improve performance over the life of the Project. 

The design is intended to: 

 Meet all CNSC and Nunavut Water Board limits for effluent released to the environment 

 Provide ore containment, shielding, physical barriers and ventilation systems to meet or 
exceed AREVA Code of Practice standards for radiation protection 

 Provide containment systems to avoid spillages directly to the environment and facilitate 
rapid clean-up 

 Utilize the ALARA principal to minimize employee exposure to ionizing radiation, dust, toxic 
metals/materials, hazardous chemicals/reagents and other carcinogens 
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The following sections describe radiation protection measures specific to the mill; these are 
applications of the radiation protection program framework as described in the previous sections 
and Technical Appendix 2Q. 

15.7.3.1 Mill Layout 

Radiation protection considerations have been incorporated into the mill layout. The ore pad, 
crushing and grinding, Drying/Calcining, and Packaging circuits are located downwind of the 
other operating areas to reduce the potential for dust exposure. Crushing and grinding circuits 
have been designed to operate without the need for a crushed ore stockpile, thereby removing 
potential source of dust and radon. Circuits have been arranged to segregate ore and tailings 
slurry flows (Crushing and Grinding through to Tailings Neutralization) from primarily solution 
flows (Elution through to Uranium Precipitation). 

15.7.3.2 Shielding 

Shielding of process vessels containing slurry, such as in grinding, leaching, RIP, and tailings 
neutralization, will be used as required to reduce gamma exposure. Materials recommended 
include concrete and steel of varying thickness. Lead shielding may be required on ore pad 
mobile equipment and rock breakers. 

15.7.3.3 Separation and Containment 

Separation will be used throughout the mill to distance workers from radioactive materials and to 
control and contain materials during regular operation, and in the event of a process upset. 
General contamination control measures include washing facilities in control rooms and beside 
coffee rooms, containment of circuit materials and spills, and no open air processes. 

Considerations for spill containment and prevention are incorporated into the mill design by 
including containment provisions and process control features. Specific separation and 
containment measures will include: 

 Crushing is a dry process and therefore dust control measures, including dust collection, 
exhaust scrubbing and stringent housekeeping will be required. The hoppers, crushers, 
conveyors, SAG mill, ball mill, pachucas, pump boxes, and cyclones will all be vented to a 
dedicated scrubber system; 

 The crushing and grinding areas will be separated from other process areas by appropriate 
concrete curbing to contain any spillage within the area. The floor will be graded such that 
any spill in the area is directed to sumps and pumped back to the SAG Mill and/or Ball Mill. If 
the circuit is shut down, clean-up material will be transferred to a storage vessel for eventual 
metering either into the SAG Mill or the Ball Mill; 

 The leach vessels will be covered, with vent fans and ducting installed on each vessel; 
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 Each process area of the mill will be bermed and graded to ensure any spills and clean up 
water in the area are directed to a dedicated sump and pump for return to the process. 
Sumps and pumps will operate on level control to prevent sump overflow. Where practical, 
area curbing will be high enough to contain at least 110% of the largest vessel in the area 
for spill containment; 

 Screens and tanks in the Resin Adsorption area will be covered and vented where required; 

 Screens and tanks in the Resin Dewatering area will be covered and vented where required; 

 Dust collected from packaging and yellowcake storage is recovered in a wet scrubber and 
returned to the process; 

 Pipe layouts will ensure maximum distance between gamma sources and personnel, with 
supplementary shielding where required; 

 Berms will be constructed at door accesses to prevent excursion from the mill building; and, 

 The mill terrace will be graded towards site collection ponds and the TMFs. 

15.7.3.4 Ventilation

Mill ventilation will be a single-pass system to minimize worker exposure to airborne radiation 
and dust. The air-flow through the mill will be from areas of low potential contamination to areas 
of higher potential contamination. Exhausted air will be replaced and pressure gradients will be 
maintained between the process areas and the non-process areas (i.e. control rooms). 

The mill facility is divided into zones. Zone 1 is occupied by personnel and is the most positively 
pressurized to ensure the flow of air moves towards Zone 2. Zone 2 consists of the process 
areas and Zone 3 the process vessels. The air is exhausted through the process vessels where 
it has the least pressure. The maintenance of pressurization is important to control radon gas 
and dust. 

Vessels and sumps containing radioactive material will be maintained at lower ventilation 
pressure than the adjacent atmosphere, thereby preventing leaks of airborne radioactive 
materials into the working environment. In general, all vessels containing material that have 
potential to disperse radon progeny are vented and exhausted outside the mill building. When 
practical, process vent fan exhausts are combined to minimize roof or wall penetrations and for 
ease of exhaust monitoring. 

Areas where the risk of dusting is high, such as Crushing, Grinding, Drying/Calcining and 
Packaging, will be isolated and the area negatively ventilated with respect to adjoining areas. 
The equipment which is the potential source of dust will be further isolated and more negatively 
ventilated than the area in which it is located. In the case of filters and linear screens, ducting 
and hoods will be used to ensure negative ventilation. All dust laden exhaust air will be 
scrubbed (Crushing, Grinding and Packaging areas) or high efficiency particulate air (HEPA) 
filtered (Drying). 
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Positive pressure will be used for the cabs of the ore pad mobile equipment and rock breakers. 

All mill ventilation will be controlled by a central controller. Mill make-up air set points will be 
adjustable by operators within a given range and will automatically reset based on ambient 
conditions. During upset conditions, airflow to the given area will be increased by operating the 
areas make-up air unit at high-speed, and adjusting adjacent areas make-up air to increase 
ventilation. Upset conditions may be triggered automatically by high levels of radon or operated 
manually by operators. Offices, administration, laboratories, control rooms, and drys will be tied 
to the central controller with locally adjustable zone controls. 

Ventilation systems operation and performance will be controlled through preventative 
maintenance, monitoring systems and a field monitoring program. In accordance with the 
ALARA principle, ventilation systems will be routinely assessed to identify areas of improvement 
and optimization. 

15.7.3.5 Designated Areas 

Radiation protection administrative controls will also be implemented through the designation of 
areas according to potential radiological hazard or contamination control requirements. The 
following areas are identified: 

There will be designated clean areas where the use and storage of radioactive material is not 
permitted. These include offices, coffee rooms, control rooms and the warehouse. 

Coffee rooms will be designed to meet the criteria for Lunch Rooms and Eating Areas identified 
in Part VI, Subsection 38 of the Uranium and Thorium Mining Regulations, applicable at the time 
of construction. The coffee rooms will be supplied with hot water, heat, ventilation and hand 
washing and drying facilities to prevent the potential intake of radioactive materials. 

Periodic monitoring (e.g. swipes, direct scans) will be conducted to ensure continued 
cleanliness of these areas. These areas will be cleaned frequently. Each of these areas will be 
supplied with special entry, boot and hand wash facilities. 

Work areas are defined as areas where radioactive material is used and stored, and where 
radioactive contamination is anticipated and controlled. Work areas are separated into work
place areas, where radioactive contamination controls are subject to ambient radiation 
backgrounds and where nuclear energy workers (NEW) have access without special 
authorization (e.g. general mill), and designated work areas where radioactive contamination 
controls are subject to operational ambient radiation backgrounds and where NEW access may 
be subject to Safe Work Permits (e.g. packaging enclosure). 

Transfer areas are defined as areas where material is being transferred from potentially 
contaminated workplace areas to an area maintained as a clean area to prevent the egress of 
radioactive material offsite, such as yellowcake drum storage. 

Off-Site Unrestricted Release areas are those where materials are being transferred from an 
area where radioactive material may have been used or stored, to a clean location on or off site. 
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Monitoring will be used to ensure that designated areas are used as designed, to ensure 
containment of contamination. 

15.7.4 Transportation of Yellowcake 

Air Transport in Canada is strictly regulated by Transport Canada Canadian Aviation 
Regulations. The packaging and transport of radioactive materials is subject to Transport 
Canada Transportation of Dangerous Goods Regulations and the CNSC’s Packaging and 
Transport of Nuclear Substances Regulations (PTNSR). All transporters of radioactive materials 
in Canada require their own Radiation Protection Program. Protection of workers and the public 
from radiation dose associated with yellowcake is achieved primarily through containment, 
shielding and separation. 

Further detail on the transportation of yellowcake is provided in Section 10. 

15.7.5 Decommissioning and Post-Decommissioning 

Future procedures and work instructions to be established under the Radiation Protection 
Program would apply during all mine-life phases at the Kiggavik site. These procedures and 
work instructions would be established to control worker radiation exposure doses using 
standardized methods and will be updated as required to cover special decommissioning 
activities.

The requirement to keep radiation exposures ALARA, social and economic factors taken into 
account, will be respected as an overall guiding principle during site decommissioning activities. 

In association with a future application for a decommissioning license, a revised Code of 
Practice for Radiation Protection will be prepared to compliment the Final Decommissioning 
Plan. It will detail appropriate Administration and Action Levels for various work activities. 

In terms of post closure radiological safety, the decommissioning objective will be to restore 
impacted areas to a level such that the incremental effective doses to inhabitants of the region 
do not exceed 1 mSv per year above natural background levels (CNSC, 2003). 

For items considered salvageable, contamination control measures will be in place to minimize 
the spread of radioactive materials into unintended locations during operation of the mine. 
Methods used to identify and quantify radioactive contamination, to determine the acceptability 
of the contamination relative to defined limits, and to record and communicate results, will be 
detailed within the revised Code of Practice. 



16 OCCUPATIONAL HEALTH AND SAFETY 

16.1 INTRODUCTION

AREVA Resources Canada Inc. is committed to establishing and maintaining a comprehensive 
occupational health and safety program for the Kiggavik Project which focuses on accident 
prevention and risk management. Personal injury accidents, untoward incidents, property 
damage and occupational illnesses are not the inevitable costs of doing business. 

At AREVA, the Occupational Health and Safety program is made up of several components that 
implement the AREVA Safety Policy and its objectives. To provide a healthy and safe workplace 
for employees and contractors, the program is designed to meet legislated requirements, 
internal AREVA Resources Canada Inc. standards and the Occupational Health and Safety 
Assessment Series (OHSAS) 18001 standard. 

AREVA’s commitment to providing a healthy and safe workplace is guided by the following five 
basic principles: 

 We make safety a recognized value; 

 We do not compromise standards, rules and procedures; 

 We lead behaviours through observation, example and explanation; 

 We maintain positive control over conditions and activities; and, 

 We recognize warning signs and don’t live with problems. 

16.2 HEALTH AND SAFETY POLICY 

AREVA Resources Canada Inc. is committed to providing a healthy and safe work environment 
for all of its employees and contractors, and to ensuring that all work is performed in a safe and 
responsible manner that meets regulatory and company standards. 

To meet this commitment, AREVA shall: 

 comply with applicable legislation and other requirements to which AREVA subscribes; 

 develop internal objectives and targets to achieve continual improvement in health and 
safety performance; 

 measure performance against established goals; 

 support all employees and contractors in fulfilling their health and safety responsibilities; 

 develop, implement, maintain and test emergency procedures; 

 investigate reported incidents that result or could result in employee illness or injury; 
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 identify and address workplace risks and hazards; 

 promote and maintain dialogue with stakeholders on health and safety issues; and, 

 foster a common safety culture throughout the organization. 

16.3 SUMMARY OF OCCUPATIONAL HEALTH AND SAFETY PLAN 

All persons on the Kiggavik Project sites will have a role in implementing the Occupational 
Health and Safety Plan, which will be in effect for all Project phases (see complete plan in 
Technical Appendix 2P). The Internal Responsibility System (IRS) exists in the commitment by 
all persons (workers and management) to provide a healthy and safe workplace by proactively 
identifying and solving occupational health and safety problems that occur. The commitment is 
internal with both workers and supervisory management sharing direct responsibility for the safe 
and efficient performance of work. The following groups and individual positions will have 
specific safety roles: 

 Safety, Health, Environment and Quality (SHEQ) Department; 

 Training Group; 

 Emergency Response Team; 

 Senior Management; 

 Operation and Functional Managers; 

 Supervision; 

 Workers; 

 Safety Professionals; and, 

 Occupational Health Committee (OHC). 

The Occupational Health and Safety Plan is built around Deming’s model of Plan, Do, Check, 
Act to ensure quality and continuous improvement in health and safety. 

Planning includes risk management activities, safe work plans and procedures, change control, 
emergency preparedness, safety by design, and training programs. 

Monitoring of performance will include the use of leading and trailing indicators, workplace 
inspections, industrial hygiene monitoring, incident investigations and reporting, and routine 
reporting requirements. 

Continuous improvement is facilitated through regular program reviews and the setting of 
annual Health and Safety targets. Tools used for the monitoring of performance will be used to 
develop relevant targets. 

The Plan also includes provisions for employee health and wellness, such as health monitoring 
and promotion, and occupational medical surveillance. There will be a Health Centre on site, 
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situated in an appropriate location. The Centre will be managed by a site nurse. The Centre will 
conform with the requirements of applicable Nunavut Regulations. 



17 ENVIRONMENTAL PROTECTION 

17.1 AREVA’S INTEGRATED ENVIRONMENTAL PROTECTION 
APPROACH

To achieve 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. 

17.1.1 Environmental Assessment 

The top half of Figure 17.1-1 provides a simplified flow diagram of the environmental 
assessment process. The environmental assessment process is a primary regulatory tool to 
promote sustainable development. The purpose of the environmental assessment process is to 
identify project environment interactions and their potential to elicit adverse environmental 
effects, 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 Section 4, 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 and 
minimizing the risk of atmospheric and treated effluent emissions. The iterative evaluation 
process identified optimized and robust processes and infrastructure configurations which, 
within the context of operational and economic constraints, would minimize the residual 
environmental effects of the Project. 
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Figure 17.1-1: AREVA’s Integrated Environmental Protection Approach 
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Several key outcomes flow from the environmental assessment (EA) 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 Project. 

17.1.2 Continual Improvement and Adaptive Management 

The bottom half of Figure 17.1-1 illustrates how each of the elements developed during the EA 
process are integrated into the construction and operation of the Project. During Project 
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, will be 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 
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significantly adverse effects, provide the information necessary to implement contingency 
practices to mitigate the development of these effects. 

This integrated environmental protection approach features an iterative, systematic process for 
continual improvement of practices. The approach builds on the outcomes of EA predictions and 
of operational monitoring and follow-up programs to provide a robust defence against the 
development of significant adverse effects. 

This iterative assessment of effects throughout the life of the Project needs to be communicated 
to, and reviewed by, stakeholders. At AREVA’s operations in Saskatchewan, this 
communication is achieved through the publication of Status of the Environment (SOE) reports, 
which are issued throughout the operational period on a three-year basis. This provides a 
suitable forum for ensuring that monitoring and follow-up programs are appropriately focused. 
The SOE reports also ensure that results are documented, and communicated. 

The framework for AREVA’s integrated approach to environmental protection is based on 
continual improvement, incorporating the concepts of both a precautionary approach and 
adaptive management. 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 analyses 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 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 thus 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. 

17.2 ENVIRONMENTAL MANAGEMENT SYSTEM 

The Kiggavik Project Environmental Management System EMS is designed to meet the 
requirements of certification to the ISO 14001 standard for Environmental Management 
Systems. The EMS currently in place will be updated to reflect the needs of each future Project 
phase.
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17.3 ENVIRONMENTAL MONITORING AND MANAGEMENT PLANS 

17.3.1 Environmental Management Plan 

The Environmental Management Plan provides AREVA’s systematic approach to managing 
potentially adverse environmental effects throughout the life of the Kiggavik Project. It defines 
the sequence of policy, planning, implementation and operation, monitoring, and review 
processes that will ensure the Kiggavik Project is run in an environmentally acceptable manner 
that is adaptable, and encourages continual improvement. 

The Environmental Management Plan is based on the AREVA Environment Policy, which is as 
follows:

AREVA Resources Canada Inc. recognizes that continued economic and social development 
depend on a healthy environment and incorporates environmental considerations into all 
company activities to ensure sustainable development. AREVA is committed to continually 
improve approaches and technology to minimize the effects of its activities on the environment. 

To meet this commitment, AREVA shall: 

 comply with applicable legislation and other requirements to which AREVA subscribes; 

 minimize adverse environmental impacts of its activities by reducing consumption of natural 
resources, controlling releases and optimizing waste management; 

 prevent pollution by using processes, practices, materials or products that avoid, reduce or 
control pollution; 

 deal proactively with environmental issues by identifying potential impacts and implementing 
mitigating actions and/or developing effective contingency plans; 

 develop internal objectives and targets to continually improve environmental performance; 

 measure performance against established goals; 

 conduct employee training, internal assessments and periodic reviews to ensure these 
operations and activities are conducted in compliance with documented procedures; 

 communicate environmental requirements and corporate initiatives to employees and 
contractors to encourage their participation and compliance; and 

 involve applicable stakeholders, with particular focus on those directly impacted, in initial 
planning, ongoing operations and decommissioning of AREVA activities through an open 
and transparent public involvement program. 

17.3.2 Environmental Code of Practice 

A key component of the EMS is the Environmental Code of Practice (ECoP), which defines 
operational controls for environmental aspects as identified through the ISO 14001 process. 
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When the construction, operational, and decommissioning phases begin at Kiggavik the ECoP 
will be updated to derive controls to ensure environmental protection for key components of the 
Kiggavik Project, and to prescribe actions to be taken in response to situations ranging from a 
deviation from normal operating conditions through to a loss of operational control. 

17.3.2.1 Methodology 

The controls will include action levels and administrative levels. Action levels are intended to 
indicate an actual or potential loss of control of an aspect of the operation, as it pertains to 
environmental protection, in the short or long term. Administrative levels are meant to indicate a 
deviation from normal or expected operating conditions, and are intended to prevent a loss of 
control from occurring. As such, reaching an administrative level does not imply a loss of 
control.

In general, the method of developing controls is summarized in the following paragraphs. 

The key components of the Kiggavik Project, pertaining to environmental protection, have been 
determined. This encompasses all sources of potential or observed significant contaminant 
releases to the environment. Examples of key components include tailings preparation and 
water treatment. 

Appropriate indicator parameters will be determined for each key component that would indicate 
potential environmental effects. Indicator parameters are typically chemical concentrations but 
could also include other operational measurements such as flow or hydraulic head. 

Action levels and administrative levels, as defined above, will be derived for each indicator 
parameter. As appropriate, short or long term controls may be applied. Short term controls 
would indicate conditions such as short term operational upsets. Long term controls may be 
indicative of a failure at an administrative level to respond to an operational upset, or to allow a 
condition that is acceptable over the short term but could result in long term cumulative effects 
to persist. 

Specific controls presented in the ECOP will be subject to review, based on operating 
experience, as required throughout the life of the project. 

Follow up actions are required upon exceedance of an administrative level or action level. The 
ECoP will prescribe a general approach in this regard, however specifics will depend on the 
nature of the situation and should be commensurate with the potential impacts. The principal 
steps for follow up action include some or all of the following: 

 an investigation as to cause and effect; 

 a response to mitigate potential effects; 

 corrective and preventative actions; and 

 notification and reporting to regulatory agencies (for action level exceedances only). 
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Discharge limits are drawn from applicable legislation, such as the Metal Mining Effluent 
Regulations (MMER), as well as operating licences and permits. 

17.3.3 Monitoring and Mitigation 

The monitoring necessary to ensure compliance with the ECoP will be specified in an updated 
Environmental Monitoring Program. Operational requirements will be documented in the IQMS 
work instructions. The environmental monitoring program will generally be performed by an on-
site Environment Group. Operational monitoring will be performed by Operations personnel. 

Mitigating measures and corrective and preventative actions required by the ECoP, unless 
otherwise noted within the ECoP, will be initiated by Operations personnel. The Environment 
Group may be consulted for the purpose of determining appropriate actions, as required. 

Administrative level exceedances require that the cause of the exceedance be investigated and 
appropriate actions taken. Consideration will be given to the magnitude and duration of the 
exceedance in determining appropriate action to be taken. 

Action level exceedances require that mitigating measures and corrective and preventative 
actions be employed, as appropriate to restore acceptable conditions and regain control. Follow 
up requirements may vary significantly from case to case. For example, the isolated case of an 
exceedance, with a readily apparent solution, would not warrant the same level of investigation 
and response as a series of exceedances which could indicate a chronic degradation in the 
level of control. As such, personnel will exercise professional discretion in determining 
appropriate mitigating measures and corrective and preventative actions. 

17.4 ENVIRONMENTAL MONITORING PROGRAM 

As mentioned above, the Environmental Monitoring Program will document all required 
monitoring. It will indicate sample locations, frequencies, and parameters, as well as indicating 
any other requirements such as sample type (e.g., grab or composite). 

AREVA will draw on its experience at minesites in Saskatchewan to develop the Environmental 
Monitoring Program, while taking into account unique characteristics of the Kiggavik Region to 
ensure that an effective and efficient system is in place to gauge potential risks to Valued 
Ecosystem Components (VECs). 

17.4.1 Process Monitoring 

Key parameters in tailings porewater will be monitored before the tailings are placed in the TMF. 
These key parameters will be the contaminants of greatest concern in that location and will 
likely include uranium and radium 226, as well as other heavy metals. 

Key parameters of treated effluent will also be monitored before it is released to the 
environment. The effluent will be sent to monitoring ponds before discharge, and a composite 
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sample of the discharge to the monitoring ponds will be taken using an autosampler for 
chemical analysis prior to discharge. 

Effluent will also be tested for both acute and sublethal toxicity as per MMER requirements. 

It is also anticipated that stack sampling will be performed on a regular basis to monitor air 
emissions. Mill stacks will have scrubbers to remove particulate and contaminants from the air 
stream before discharge; regular sampling will ensure that the scrubbers are operating 
effectively.

17.4.2 Environmental Monitoring During Operations 

During operations the environment around the Kiggavik site will be monitored on an on-going 
basis to measure change against baseline and against non-exposure areas during the life of the 
Project, and to compare monitored environmental effects to those predicted in this EIS. At a 
minimum, the Environmental Monitoring Program will include: 

 Air quality monitoring: ambient sulphur dioxide, ambient levels of particulate, PM2.5, and 
NOx in air, ambient levels of radon 222 

 Meteorological monitoring and precipitation samples 

 Surface water elevation monitoring for waterbodies potentially affected by Project activities 

 Surface water and sediment quality monitoring 

 Groundwater quality & elevation 

 Fisheries resources monitoring – fish tissue and fish health assessment 

 Benthic macroinvertebrates community structures 

 Vegetation quality monitoring and community structures 

The frequencies and exact locations will be designed to meet the requirements of 
Environmental Effects Monitoring under the Metal Mining Effluent Regulations as well as all 
conditions of future permits and licences. 

Site-specific environmental mitigation and monitoring plans are provided as appendices to the 
relevant Tier 2 assessment reports; these include: 

 Waste Management Plan (Technical Appendix 2S) 

 Air Quality Monitoring Plan (Technical Appendix 4C) 

 Noise Abatement Plan (Technical Appendix 4F) 

 Aquatic Effects Monitoring Plan (Technical Appendix 5M) 

 Wildlife Monitoring And Mitigation Plan (Technical Appendix 6D) 

 Conceptual Fish Habitat Compensation Plan (Technical Appendix 5L) 
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 Archaeological Mitigation Plan (Technical Appendix 9D) 

17.4.3 Follow-up and Adaptive Management Programs 

In addition to any programs developed during the public review of the Project, AREVA has 
committed to the development of follow-up and adaptive management programs, including: 

 Tailings Optimization and Validation Program (Section 8); 

 Mine Rock Optimization and Validation Program (Section 6); and, 

 Dust Management Program (Section 5). 



18 SOCIO-ECONOMICS & COMMUNITY 

AREVA’s expectations for the Kiggavik workforce, wages and benefits, and business and 
procurement outlined 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. This section presents AREVA’s 
expectations but further detail will be determined through IIBA negotiations, as required by the 
NLCA.

18.1 OPERATIONAL WORKFORCE 

18.1.1 Overview

The Kiggavik Project will be a licensed nuclear facility and as such requires extensive 
management, technical trades and operator capabilities. AREVA is committed to working with 
governments and other stakeholders towards maximizing Inuit workforce. 

 Inuit will be given opportunities to grow on the job, through mentoring, on-site training, 
academic and trades training. 

Kiggavik 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. 

Most of the workforce from Nunavut and Saskatchewan would be flown by charter from their 
community to Kiggavik. 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. Consideration of 
in-community liaison workers to facilitate commuting is addressed in Section 20.2.3.8. 
Workforce requirements for construction will vary over time, but will average about 750 people 
and peak at about 1,200 people. The work force requirement for the operations phase is 
estimated at 550 people, of which approximately 150 will be unspecialized roles. 

All jobs will be open to Inuit, and all other things being equal, an Inuit candidate for employment 
will be given preference. Based upon experience over 30 years of working with First Nations 
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and Métis candidates from remote communities, and being mindful of the expectations of the 
proposed IIBA, the table below shows a potential Inuit workforce content. 

Table 18.1-1: Potential Workforce Inuit Content 
Project Phase Potential Inuit Content % 
Pre-development 5%
Construction 10%
Operations Year 1 – 2 35%

3 – 4 40%
5 – 6 45%
6 + 50%

Decommissioning 40%

18.2 HUMAN RESOURCE REQUIREMENTS 

18.2.1 Human Resources Development and Training 

AREVA has considerable experience with training of workers, and of working collaboratively 
with government training institutions. The Saskatchewan mining industry has operated a 
successful Multi-Party Training Program (MPTP) for over 16 years, and it is likely that a 
comparable approach will prove useful in Nunavut. 

Annual training activities are identified, ranked and funded equally 50 percent industry and 50 
percent government institutions. The concept provides focused programs tailored to 
mining/community need. 

The target qualifications for entry-level trainees/employees are: 

 Competency in the English language 

 Grade 12 education or equivalent experience 

 A commitment to a culture of safety 

The amount of training necessary for an individual worker covers a wide range of opportunities, 
which will occur over time frames as short as a one to two day orientation to a one to two year 
pre-employment technician training, or a degree program for Inuit. Sample training opportunities 
include:

 Pre-employment for basic labour, camp, and security duty. 

 On-the-job mill operator probationers at McClean Lake Operation. 

 Heavy equipment operator training at Nunavut institutions. 

 Technical school, for example, radiation, environment, and laboratory technician training. 

 Apprenticeships commencing concurrent with EPCM selection. 
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Inuit will be given opportunities to grow on the job, through mentoring, on-site training, academic 
and trades training. Examples of programs that can be anticipated and considered in the IIBA 
include the following: 

 Stay-in-school awards 

 Scholarships 

 Summer Internships 

 Pre-employment training: 

 Educational upgrade 

 Work readiness – community 

 Site readiness – site 

 New hire on-the-job training and mentoring 

 Structured core competency delivery programs at site 

 Site teacher, GED certificate program 

 Pre-apprentice/apprentice opportunities 

 Radiation and Environment Technician/Technologist training 

 Pre-employment mine operator simulator, heavy equipment 

 Mill operator training at McClean Lake mill 

 Supervisory training 

 Leadership 

 Cross-cultural 

 Support mechanisms: 

 EFAP 

 Elder advisors 

 Peer counsellor 

 Diversity and respectful workplace training 

AREVA anticipates commencing off-site training at Nunavut Institutions and the McClean Lake 
Operation up to 18 months prior to production for trade and technical roles and 4 years prior to 
production for operational trainees. The number of trainees anticipated is shown in the following 
table.
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Table 18.2-1: Cumulative Number of Trainees Pre-production 
Year Cumulative

Number of Trainees
Production -4 20
Production -3 40
Production -2 60
Production -1 90

First Production Year 120

AREVA 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. 

Different skill sets will be required as the Project moves through the phases of: 

 pre-development (Feasibility, Environmental Assessment and public review, Licensing, 
IIBA);

 construction – access; marine/Baker Lake; 

 construction – mill and infrastructure; 

 operations; and 

 decommissioning/reclamation. 

18.2.2 Construction

Construction crews are expected to work a blend of schedules with potentially longer work shifts 
than will be typical for the operations period. The construction schedule is expected to average 
four weeks in and two weeks out compared to the expected 7 days in/7 days out or 14 days in/ 
14 days out operations schedule. 

Experience with mine Project workforces indicates a higher turnover rate during construction 
and early operation ranging from an initial 35 percent in early years to 8 percent in late Project 
life.

Inuit content is expected to grow throughout the construction phase. AREVA anticipates an 
average construction workforce of 750. 

18.2.3 Operations

During the operational period, the Kiggavik Project will be organized into eight main 
departments, supported by allocated services from AREVA. The departments are listed below: 

 Surface Mining 

 Underground Mining 

 Mill 
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 Safety, Health, Environment, and Quality 

 Human Resources and Training 

 Camp Services and Security 

 Logistics and Materials Management 

 Corporate Social Responsibility Kivalliq Region 

18.2.3.1 Surface Mining Department 

The surface mining department is headed by a manager responsible for operations, 
maintenance, mine engineering and mine geology. In addition a mine operations training 
function is identified for the early years of production to build Inuit capacity. Critical 
responsibilities include safe, sustainable production that respects the intent of the likely IIBA. 
Another important aspect is pit grade control and ore blending. To the extent possible this 
department will also affect ongoing mine reclamation, during operations, since the fleet and 
workforce required has much in common with stripping and ore mining. 

Target Inuit workforce is shown below. 

Table 18.2-2: Surface Mining Workforce 
Workforce Number Target Inuit %
Driller 35%
Blaster 35%
Shovel/Loader Operator 35%
Waste Truck Driver 65%
Ore Trucker Driver 65%
Dozer Operator 65%
Grader Operator 65%
Operator Trainees 100%

The staff and non-staff employee distributions are shown in Table 18.2-3. 

Table 18.2-3: Employee Distribution – Surface Mining 
Year

Hourly 1 2 3 4 5 6 7 8 9 10 11 12 13
Maintenance 12 52 52 52 52 52 52 34 34 26 18 14 14
Operations 22 112 112 112 112 112 112 60 60 60 60 44 40
Operations 

Support 
16 36 36 36 36 36 36 20 20 20 20 20 20 

Total Hourly 50 200 200 200 200 200 200 114 114 106 98 78 74

Staff
Management 

and
Supervision 

9 25 25 25 25 25 25 19 19 19 18 15 15 

Engineering 7 21 21 21 21 21 21 17 9 9 9 6 6
Geology 3 11 11 11 11 11 11 5 5 5 5 5 5

Total Staff 19 57 57 57 57 57 57 41 33 33 32 26 26
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18.2.3.2 Underground Mining Department 

The underground mine manager leads a team of Underground Superintendent and Mine 
Maintenance Supervisor, Chief Engineer and Chief Geologist, and their respective staffs, 
supplemented by an independent direct report, Safety Supervisor. This organization includes 
supervision of a surface backfill plant, through its delivery of cemented fill. A full complement of 
staff report to the Chief Engineer, and grade control responsibilities flow through the Chief 
Geologist.

A labour estimate for two production scenarios at End Grid is shown in Table 18.2-4. 

Table 18.2-4: Labour Estimate – Underground Mining 
Position – Hourly Shift Total

Prod. Loader Operator 2 8 
Dev’t. Loader Operator 1 4 
Backfill LHD Operator 1 4 
Prod. Truck Operators 2 8 
Dev’t. Truck Operators 1 4 
Prod. Jumbo Operator 2 8 
Dev’t Jumbo Operator 1 4 
Blasters 1 4
Bolter Operator 2 8
Grader Operator 1 4
Shotcreters 1 4
Dev’t. Helpers 1 4
Cement Fill Plant 4 8
Ore Haul 2 4
Mech. – fuel/lube 1 4
UG Labourers 2 8
Dry Attendant 1 2
Mechanics 3 12
Electricians 2 8

Total Hourly 31 110
Position – Staff Shift Total

Mine Manager 0 1
Admin. Assistant 2 2
UG Supt. 1 1
UG Supervisors 1 4
Safety Supervisor 2 2
Maint. Supervisor 1 1
Chief Mine Eng. 1 1
Sr. Mine Engineer 1 1
Mine Engineer 2 2
Rock Mech. Eng. 1 1
Ventilation Tech. 2 2
Chief Geologist 1 1
Senior Geologist 1 1
Geologists 1 2
Surveyors 1 2
Surveyor Helpers 1 2

Total Staff 18 25
Grand Total 49 135
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18.2.3.3 Mill Department 

The department will be headed by the Mill Manager and will consist of four groups: 

 Mill Operations; 

 Mill Maintenance; 

 Mill Engineering; and, 

 Metallurgy and Laboratory. 

The mill department will operate the mill, tailings management facilities, water treatment plant, 
utilities, laboratories and the acid, oxygen and power plants. A labour estimate is shown in 
Table 18.2-5. 

Table 18.2-5: Labour Estimate – Mill Personnel 
Position Personnel 

Mill Administration 

Mill Manager 1
Mill Operations General Supervisor 1
Mill Maintenance General Supervisor 1
Mill Process Supervisors 4
Mill Process Trainers 2
Instrumentation Supervisors 2
Mechanical Supervisors 2
Electrical Supervisors 2
Maintenance Engineers 2
Planners 4
Planning Clerks 2
Chief Power Engineers (1st Class) 2
Mill Administration Sub-Total 25

Laboratory and Metallurgy 
Chief Metallurgist 1
Metallurgists 4
Chief Chemist 1
Senior Chemists 2
Lab Technicians 10
Lab Technician Trainees 2

Laboratory and Metallurgy 20
Mill Operating Personnel (Daily Requirement) 

Control Room Operators 4
Mill Loader Operators (Operation time = 24hr/d) 4
Crusher Operators (24hr/d) 4
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Mill Feed Rock Breaker Operator (Winter Only Equivalent) 2
Grinding Operators 4
Leaching Operators 4
RIP Operators 4
Impurity, YC, Drying Operators 4
Packaging Operators 4
Tailing Neutralization Operators 4
Effluent Treatment 4
Lime Make-up and Reagent Preparation, Line Patrol 2
Mill Trainees 8
Holiday Relief, Missed flights, sickness, etc 16
Mill Operators Sub-total 68

Utility Operators
Acid & Steam Plant Operators + Holiday Relief 5
Oxygen Plant and Air Supply 2
Steam Plant Operators 2
Utility Operators Sub-total 9

Mill Maintenance Personnel (Daily Requirement) 
Maintenance Mechanics 10
Welders 2
Welder Apprentice 1 
Machinist 2
Pipefitters 4
Pipefitter Apprentice 1
Electricians 5
Carpenters 2
Instrument Technicians 5
Mill Maintenance Personnel Sub-Total 32 

MILL PERSONNEL GRAND-TOTAL 154

18.2.3.4 Safety, Health, Environment and Quality Department 

The department will be headed by a Manager, responsible for a significant number of specialist 
disciplines including Environment, Occupational Health and Safety, Radiation Protection and 
Quality. The department primary function is to verify the performance of all operations with 
respect to the protection of personnel and the environment. 

18.2.3.5 Human Resources and Training 

AREVA anticipates more resources required for human resources and training than typical for a 
mature labour pool. Additional management and training initiatives, taken in concert with 
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government programs, are expected. Inuit Elder advisors and cross-cultural training will be 
provided.

18.2.3.6 Camp Services and Security Department 

The scope of activities proposed for the department encompasses operating and maintaining 
the camp, access road, airstrip and Wharf/tank farm areas. While much of the work is suitable 
for Inuit contractors, the initial assumption is that the workforce will be ARC-based. 

18.2.3.7 Logistics and Materials Management 

The materials management group is responsible for the procurement of goods and services 
required for operations, operation of the warehouse, inventory control and analysis function. 
Oversight is also provided for air charter services, and operation of ocean and barge shipping. 
Inventory control at Churchill, Baker Lake and at site, given the seasonal operation of both the 
winter road and shipping window, requires specialized expertise. Note that a position to develop 
Inuit subcontractors and supply services is continued from the EPCM process. 

18.2.3.8 Corporate Social Responsibility – Kivalliq Region 

Working closely with the Manager of Logistics and Materials will be a Baker Lake based 
Manager of Corporate Social Responsibility. One focus will be to ensure optimal Inuit 
recruitment as well as facilitation of Inuit supply and services. Reporting to this manager will be 
a part time Inuit Community Relations Coordinator in each of the Kivalliq home bases. The Inuit 
Elder Advisor is identified in the Human Resources and Training organization, this person will 
also liaise with the CSR group. 

18.2.4 Decommissioning And Reclamation 

Modern mining represents a temporary use of the land, and one tenet of that philosophy is to 
“reclaim as you go”. It is proposed that the surface mining crew will undertake reclamation 
during operations and opportunities will include, for example: 

 Grading of used borrow pits; 

 Grading, covering of completed waste rock piles; 

 Decommissioning of temporary contractor facilities; and, 

 Secure storage of hazardous waste containers, domestic garbage. 

Upon completion of operations the major decommissioning and reclamation will be 
accomplished by surface mill crews, with support from camp services. Special demolition and 
decontamination contractors will report to the general management team and follow a CNSC-
approved plan. It is too early to accurately predict the opportunities to recycle or reuse 
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abandoned buildings and utilities, but experience suggests in-pit disposal of a great deal of 
material.

18.2.5 Post-Decommissioning Monitoring 

A post decommissioning workforce will be required to monitor environmental recovery of the site 
and related areas, together with an appropriate camp and transportation capacity. 

18.2.6 Indirect Jobs 

Direct job estimates are 750 and 550 for construction and operations respectively. Indirect and 
induced jobs may be as high as 400 during construction and 1,300 during operations. 

18.3 WAGES AND BENEFITS 

The skill set required to engineer, construct and operate the Kiggavik Project is wide-ranging. 
Further, given its remote location, and dispersed labour pool, competitive/generous 
compensation and benefits will be appropriate. Using current AREVA experiences from 
McClean Lake experience, the wages are estimated as provided below. 

Table 18.3-1: Estimated Annual Base Salaries 
Base Salary Ranges/Year $ 50,000 – $ 210,000
Premiums and Allowances 21.5 – 23.0 
Benefits 16.0
Vacation 16.0
Incentive Options 5.0 – 25.0% 

Conventional benefit programs for comparable operations may require some flexibility and 
innovation to respond to Inuit needs but may include a negotiated package including: 

 Medical coverage 

 Dental coverage 

 Eye care 

 Short-term disability 

 Long-term disability 

 Wellness support 

 Educational leave/funds 

 Cultural/Bereavement leave 
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18.3.1 Worker Accommodation and Transport 

Workers will be housed in on-site accommodations as described in Section 11.3. Work 
schedules may vary from 7 to 14 day shifts, with an equivalent number of days off-shift. Workers 
will be flown from their home communities for their shifts. If a separate charter flight is not 
warranted from some communities, workers will be flown commercially. Appropriate support for 
fly-in/fly-out workers will be developed in consultation with communities and employees. 

18.4 BUSINESS DEVELOPMENT AND PROCUREMENT 

It is assumed that the IIBA to be negotiated will confirm AREVA’s commitment to Inuit 
preference and labour market capacity growth from the onset of the pre-construction phase, 
throughout Project life. Further it is expected: 

 EPCM based contracting will include Inuit preference 

 ARC direct-hired subcontractors will include Inuit preference 

Experience in the Athabasca Basin provides examples of various strategies available to 
accommodate the intent of maximizing Inuit participation: 

 Employ two Business Development Managers; 

 Inventory of Inuit capacity; 

 Facilitate government funding for Inuit start-ups; 

 Encourage formation of joint ventures, Inuit-established companies; 

 Breaking up large contracts into sub-contracts suitable for Inuit; 

 Encourage realistic sub-contracting; 

 Offer select “sole-source” contract opportunities; 

 Make Inuit content a major factor in bid evaluation; 

 Provide scholarships for Entrepreneurial training; and, 

 Seek freight cost share/back haul savings. 

Activities that could likely be conducted by contractors during operation include catering, air, 
marine and land transportation. Contract mining is also a possibility. 

The AREVA benefits package does not extend to contractor employees. 

Contractor obligations to employees are not known at this time. AREVA will have the ability to 
include certain obligations in bidding packages. 
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18.5 ECONOMIC INFORMATION 

The capital cost of the Project is estimated at $2.1 billion, including contingency and sustaining 
capital. The operating cost is estimated at $240 million/year. The overall Project cost, including 
capital, operating and decommissioning expenditures, is estimated at $57 CAD/lb. 

A 27% corporate tax rate applies to all profits from the Project (after full deduction for all 
operating, capital and development costs) 

Royalties are based on the assumption that mineral rights for all the deposits will be 
administered by AANDC under the Canada Mining Regulations. Should a transfer of mineral 
administration for the deposits on Inuit-Owned land transfer from the Crown to NTI the royalties 
would require negotiation with NTI. 

Total taxes and royalties to be paid on the Kiggavik project are estimated at $1 billion. The 
following table outlines the different entities payable and portion of the total taxes and royalties. 

Table 18.5-1: Estimated Taxes and Royalties 
Nunavut Tunngavik 

Inc. (millions) 
Territory of 

Nunavut (millions)
Federal Government 

(millions) 
Total 

(millions) 
Corporate Income Taxes - $267 $334 $600 
Resource Royalties, Crown Land $16 - $136 $152 
Resource Royalties, Inuit-Owned 
Land – Subsurface (mineral) Rights $248 - - $248 

TOTAL $265 $267 $469 $1,001 

18.6 COMMUNITY INVOLVEMENT PLAN 

AREVA is dedicated to conducting business in a manner that minimizes effects on the 
environment, provides benefits to the communities in which we do business, and creates value 
for our stakeholders. 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 enabling the community to more fully 
participate and develop a mutually beneficial relationship. 

The community engagement plan encompasses engagement for the purposes of regular 
communication with the general public and Aboriginal 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 the project through the various Project stages should the project be approved. 

The Community Involvement Plan is included in Technical Appendix 3C. 
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18.6.1 Environmental Assessment Approval and Licensing 

AREVA will continue to engage communities, associations, and members of the public using a 
variety of communication methods to facilitate effective public participation in the environmental 
assessment and licensing processes for the Kiggavik Project. Communication and involvement 
activities include open houses, workshops, radio shows, Community and Regional Liaison 
Committees, a variety of social media including use of blogs and posting of informational videos 
to YouTube, exploration and mine site tours and others means of engaging the community. 

Engagement during this phase allows for AREVA to begin sharing proposed technical 
information, explains the proposed project, gauges areas of concern and identifies issues to be 
considered in the draft and final EIS. Engagement provides the opportunity to incorporate any 
mitigation features into the Project design based on feedback. AREVA provides all feedback 
received to the regulators; this information may be useful in beginning to assess the level of 
public concern expressed to date. 

Engagement completed prior to submission of this EIS is presented in Volume 3. 

18.6.2 Life of Project 

AREVA’s commitment to engagement and community involvement is throughout the life of the 
Project and continues throughout construction, operations, decommissioning and reclamation. 
Community based monitoring will be a main focus of the community involvement plan following 
environmental assessment 



19 POTENTIAL FUTURE DEVELOPMENTS 

19.1 CURRENT ENVIRONMENTAL ASSESSMENT 

The current environmental assessment detailed in the EIS 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, Main tailings management facilities are full. 

 access and transportation activities associated with marine transport and both a winter and 
all-season road with cable ferry on the Thelon. 

It is recognized that exploration activities will continue in the vicinity of the Kiggavik Project and 
that there is the potential for additional ore resources to be discovered during the life of the 
Project.

If additional ore resources are discovered in the area, an environmental assessment approval 
and licensing process would be required prior to mining any additional deposits. 

To address such a possibility, a potential future development scenario was developed that 
considers the following assumptions and concepts: 

 Additional uranium deposits is identified within a 200 km radius of the Kiggavik site. 

 Experience in Saskatchewan indicates that a regional mill, whereby all deposits within a 
certain economic radius are milled at a single mill location is environmentally and 
economically preferable to multiple mill locations. For the purposes of the future 
development scenario presented here, it is assumed that any deposits discovered within 
200 km of Kiggavik would be milled at the Kiggavik mill. 

 For this future development scenario, It is assumed the additional deposits would be milled 
at the Kiggavik mill at the proposed maximum production rate of 4,000 tonnes U per year; 
Such additional ore discoveries would therefore result in the extension of the life of the 
project. An expansion of the mill to increase production rate is not considered likely due to 
logistical constraints. 

 Current plans for exploration on known AREVA showings have the potential to produce a 
new deposit within 5 years. Relative to the proposed development schedule for the Kiggavik 
Project, this would allow an additional 12 years for any new deposit to be evaluated through 
feasibility study and the environmental assessment and, licensing processes with 
development of the deposit to be able to be aligned with the end-of-life production. Such 
alignment would support continued operation of Kiggavik Project rather than support project 
expansion.

 Accommodation of this future development scenario would require: 

AREVA Resources Canada Inc. 
Kiggavik Project EIS 
December 2011 

Page 19-1 
Tier 2 Volume 2 

Project Description and Assessment Basis 
Section 19 – Potential Future Developments



AREVA Resources Canada Inc. 
Kiggavik Project EIS 
December 2011 

Page 19-2 
Tier 2 Volume 2 

Project Description and Assessment Basis 
Section 19 – Potential Future Developments

 An increase in tailings capacity. If sufficient resources were found to continue milling beyond 
the capacity of the 3 TMFs, it is assumed that a new TMF would be proposed (requiring 
environmental assessment and licensing). An additional TMF could consist of a purpose-
built pit or and elevated in-pit facility. 

 Logistical restrictions through the Narrows could limit the amount of development accessed 
through Baker Lake given a limited number of high tides and the number of vessels that can 
pass the Narrows during high tide. The proposed Nu-MB road would increase accessibility, 
however, costs of road transport tend to be higher than marine, impacting economics. 

 It is assumed that a second uranium mill would be located outside of this radius to the 
south-east.

 For the purposes of this assessment it is assumed that a non-uranium operation is located 
within the Kiggavik RSA. The Meadowbank gold operation is used as the model for this. 

 It is assumed that additional resources are found in the Meadowbank area and that 
Meadowbank continues operation. 

Table 19.1-1: Potential Future Developments Scenario 
Component Locations

Uranium Mines 3 mines within 200 km of Kiggavik 

Uranium Mills Kiggavik mill 

Gold Mines 1 mine within Kiggavik RSA 

Meadowbank region 

Gold Mills Meadowbank 

Additional mill within Kiggavik RSA 

Access Roads Meadowbank 

Additional mill within Kiggavik RSA 

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



20 ASSESSMENT BASIS AND PROJECT ACTIVITIES FOR 
ENVIRONMENTAL ASSESSMENTS 

This project description has outlined the project design basis for the Kiggavik Project based on 
conservative assumptions and, for a variety of project components, the alternative means of 
undertaking those activities. In several cases, the alternatives analysis suggests that more than 
one option should be carried forward in the environmental assessment. This is viewed as 
advantageous as it provides project flexibility in the final configuration of the design as the 
project moves forward in the environmental assessment process, detailed engineering, and 
given a decision in favour of the project, into the licensing stage of project development. 

In order to ensure that the potential environmental and socioeconomic effects of the Kiggavik 
Project, are adequately considered in this environmental assessment, it was determined that it 
would be advantageous to develop a clear “assessment basis” for the project. The purpose of 
the assessment basis is to clearly articulate the bounding case of the project, based on 
conservative assumptions, which encompasses the potential environmental and socioeconomic 
effects of the project and includes the consideration those components for which more than one 
option has been outlined. 

To address the Project design options that are inherent in the current level of study, 
conservative assumptions have been used throughout the environmental assessment to ensure 
that the effects assessments adequately bound the full range of possible design options and 
performance.

The purpose of the assessment basis section is to define how the expected average design 
parameters detailed in the Project Description and the Project options summarized in Section 
4.3.2 have been bounded to ensure the effects assessments are adequately conservative. 

20.1 ASSESSMENT BASIS 

The assessment basis is summarized in Table 20.1-1. For biophysical and some socio-
economic effects, the range value with the greatest potential to result in an adverse effect is 
used. In the case of socio-economic benefits, the range value resulting in the lowest benefit is 
used. The following sections rationalize the selected assessment basis for each major project 
component.
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Table 20.1-1: Project Assessment Basis 
Parameter/Assumption Values Project 

Activities/Physical 
Works 

Parameter Units
Base Case 

(PD)
Assessment 

Case 
Production Rate Tonnes U per year 3,200 – 3,800 3,200 – 4,000 
Mill Feed Rate Kilotonnes per year 69 – 946 1,000
Project Operating 
Life

Years 14 25 

Overall

Project Footprint ha 938 1,021 
Flowsheet N/A No SX SX

Possibly calciner 
Milling 

Final Product N/A Non-calcined Calcined and non-
calcined 

Containment 
volume 

Mm3 28.4 30.0

Total tailings 
volume (un-
consolidated) 

Mm3 21 30.0

Tailings Management 

Design Natural 
surround, no 
drain 

Various design 
contingencies 

Freshwater 
requirements – no 
permeate or site 
drainage recycle 

m3/day 7,910 8,000

Freshwater 
requirements – 
permeate and site 
drainage recycle 

m3/day 2,000 8,000

Freshwater 
requirements – 
Sissons

m3/day 500 600

Treated effluent 
discharge at base 
quality – Kiggavik 

m3/day 2,707 3,000

Water Management 

Treated effluent 
discharge – 
Sissons

m3/day 1,700 1,700

Kiggavik peak 
load 

MW 12.5 12.5 – 16.6 Power Generation 

Sissons peak load MW 4.1 0 – 4.1 
Number of barge 
trips – 5,000 t & 
270 containers 

Barge trips/year 9 – 31 31 

Number of barge 
trips – 7,500 t & 
370 containers 

Barge trips/year 7 – 22 22 

Number of truck 
trips – 50,000 L & 
48 t 

Truck trips/year 328 – 3,233 3,300 

Logistics & 
Transportation 

Number of truck 
trips – 76,000 L & 

Truck trips/year 243 – 2,405 2,500 
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60 t 
Number of 
yellowcake flights 

Flights/year 310 – 350 355 

Road Route N/A Winter road S Winter road S 
Winter road N 
All-season road N 
with cable ferry 

Dock location Site 1 Sites 1, 2,3,4 
Decommissioning Period Years 10 10

20.1.1 Production and Mill Feed Rates 

The expected range of production for the Project is 3,200 – 4,000 tonnes U per year. The target 
U production rate, in addition to the ore grade, controls the amount of ore processed on an 
annual basis, thereby controlling the volume of site activity required to provide the mill with ore 
and the volume of mill effluent produced. Production rate therefore influences mining rates and 
mill feed rates, such that potential effects on air (via dust) and water (via mill effluent discharge) 
are affected. Transportation requirements for fuel, reagents, and supplies can also be affected, 
as will yellowcake transportation requirements. 

The production rate used to bound the assessment is 4,000 tonnes of U per year. This rate 
corresponds to the maximum rate of production achievable by the proposed mill design at an 
average ore grade of 0.4% U. It is acknowledged that ore grades and mine production will vary 
throughout the life of the project; however, 4,000 tonnes U per year is the maximum average 
production rate that the project can achieve and therefore is considered a conservative basis for 
the assessment. 

The mill feed rate to produce 4,000 tonnes U per year at an average grade of 0.4%U is 
approximately 1.04 MT per year. 

Within the range of expected production rates for the project, socioeconomic factors, such as 
employment and contracting, are not expected to be substantially affected. In general, a higher 
production rate translates to higher economic returns, and therefore taxes and royalties would 
be expected to increase. Therefore to ensure a conservative assessment basis, the socio-
economic assessment considers the lower production rates as bounding. 

20.1.2 Project Life 

The expected life of the Project is influenced by the available ore reserves and the production 
rate. As described in the future developments section (Section 19), it is considered that there is 
a reasonable potential that additional project resources are found during the life of the project. 
The mine schedule, given current resources, indicates 14 years of operational life. Project 
resources are identified as the current constraint to the extension of the life of the project. 
However, if additional project resources are found, the next project constraint is considered to 
be the limitation of in-put tailings capacity that is available at the proposed project. Based on the 
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volume of remaining tailings capacity, an additional 11 years of operational life would be added 
to the project (at a production rate of 4,000 tonnes U per year) based on the current 
assumptions related to pit configuration and tailings consolidation. 

Operation of the mill and the associated interactions with the environment have been assessed 
on the basis of 25 year operational life, assuming that mill operation, tailings discharge, and 
treated effluent discharge continue as described in Sections 7 to 9. For the purposes of 
assessing a realistic scenario, mining activities are assumed to continue during this mine life, 
and for simplicity, the scenario whereby End Grid and Andrew Lake mines are operating 
concurrently has been included in the assessment. It is expected that a separate Environmental 
Assessment and subsequent licence amendments would be required prior to development of 
future ore bodies 

An extended Project life would also extend the socio-economic benefits of the Project. 

20.1.3 Project Footprint and Infrastructure Locations 

The proposed Project footprint, as described in Section 4, covers approximately 938 ha of land, 
including the Kiggavik and Sissons sites, the Kiggavik-Sissons access road, various site roads 
and the airstrip. The area used to bound the assessment assumes a buffer around each site 
and road in order to encompass any adjustments required during project development. Thus the 
assessment is based on approximately 1,021 ha of land disturbance. 

Infrastructure locations as discussed in Section 4.4 will be optimized during detailed engineering 
and site preparation as additional information on shallow geotechnical conditions is obtained. 
However, the general layout as developed based on the principles described in Section 4.4 will 
be maintained. The footprint of the project infrastructure is considered to be conservatively 
estimated, and detailed engineering will likely provide opportunities to further minimize the area 
that will be disturbed. As such, optimization of the site layout will not influence the conclusions 
of the assessment. 

20.1.4 Mining Activities 

Variation in the Project production rate often results in variation in the rate of mining required to 
maintain mill feed. The mining rate influences the amount of equipment movement and volumes 
of material hauled, including ore and mine rock. These are factors used to predict air dispersion 
of dust. 

Bounding cases have been used within the air dispersion assessment that include an overall 
production rate of 4,000 tonnes U per year, which corresponds to approximately 1.04 MT ore 
per year at 0.4% U. The equipment types included in the assessment are those presented in 
Section 5. 

Further detail on the air dispersion scenarios and associated assumptions are provided in 
Volume 4 and Technical Appendix 4B. 
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20.1.5 Milling Activities 

The key environmental interactions associated with milling include air dispersion (mill and acid 
plant emissions), water management via freshwater consumption, recycling and mill effluent, 
human health via radiation dose, and reagent use, which could influence accident and 
malfunctions and tailings behaviour. 

Atmospheric emissions, treated effluent discharge and freshwater consumption are driven 
primarily by the mill feed rate and flowsheet design. These have been bounded at the levels 
required to produce 4,000 tonnes U per year. 

The mill may or may not include a calcination circuit, depending on refinery preferences and 
transportation costs at the time of licensing. The presence of a calcination circuit may affect air 
emissions, potential dose and product characteristics. 

A solvent extraction (SX) circuit has been included has an option in the mill. This circuit would 
be required for any new ores requiring further purification following solid-liquid separation. The 
inclusion of an SX circuit could potentially influence tailings porewater properties, mill effluent 
and air emissions. Provisions to maximize removal of entrained organic would be included in the 
mill. Mill effluent would be treated in the water treatment plant to meet quality as outlined in 
Section 9.5.3. Tailings would be neutralized to meet long-term criteria as outlined in Section 8. 
Therefore, it is considered that the inclusion of SX would not substantially change atmospheric 
emissions and treated effluent discharge as bounded within this assessment. 

Reagent usage has been bounded to include reagents that would be required for SX. Accident 
and malfunctions have been bounded to include potential incidents involving SX. 

20.1.6 Tailings Management 

The assessment basis for tailings management considers the case where additional resources 
are found and the three TMFs are fully backfilled with tailings. Containment for tailings is 
bounded by the volume of the proposed TMFs at 30 Mm3. As the TMFs are designed to account 
for potential changes in long-term conditions, the assessment basis for tailings management 
considers a case with current permafrost conditions and a case without permafrost. 

20.1.7 Water Management 

The bounding case used for treated effluent discharge is the maximum capacity of the Kiggavik 
and Sissons water treatment plants for a 25 year operating period. Decommissioning treatment 
flows have been based on the bounding case wherein consolidation of tailings in the Main Zone 
TMF occurs after operations have ceased. WTP capacity and on-site storage have been 
designed to manage contingency situations and therefore these flows are considered the 
assessment basis. 
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Point of discharge options include one combined treated effluent outfall from Kiggavik and 
separate outfalls from both Kiggavik and Sissons to separate areas of Judge Sissons. Type 2 
mine rock stockpiles drainage collection systems will discharge, following sedimentation, to local 
watersheds at the Kiggavik and Sissons sites. 

20.1.8 Power Generation 

Power generating capacity as described in Section 11 is considered sufficient for 4,000 tonnes 
U per year and therefore this forms the assessment basis. 

The proposed design as described in Section 11 is decentralized, whereby smaller power plants 
would be located at Kiggavik (12.5 MW) and Sissons (4.1 MW). The assessment basis also 
includes a centralized option (16.6 MW), whereby all power would be generated at Kiggavik and 
transmitted to Sissons via overhead line. 

20.1.9 Logistics and Transportation 

Transportation requirements for reagents, fuel, and supplies over the life of the Project have 
been conservatively estimated based the proposed production schedule and include several 
different configurations of trucks and barges. Increasing production to 4,000 tonnes U per year 
is well within the scope of these estimates. 

As the winter and all-season access road options travel over different types of habitat and 
include a range of crossings, these roads have been assessed separately. 

20.2 SUMMARY OF PROJECT ACTIVITIES FOR ENVIRONMENTAL
ASSESSMENTS

To facilitate the environmental assessments of Project activities, the activities and associated 
infrastructure as described in the previous sections of this document have been grouped based 
on potential Project-environmental interactions. For instance, those construction activities that 
have the potential to directly interact with the aquatic environment have been grouped together. 

The activities, as summarized in the following sections, form the basis for the Project-
environment interactions matrices presented in the subsequent Tier 2 volumes of the EIS. The 
following sections provides rationale and clarification, where deemed necessary, for the 
categorization. 

20.2.1 Construction Activities 

Construction activities, as shown in Table 20.2-1, have been primarily categorized as either in-
water, on-land, or support activities. Construction activities will be responsible for most of the 
Project interaction with the site footprint, in terms of potential for land or waterbody disturbance. 
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In-water activities include diversions or collection of surface flow and construction directly on a 
shoreline or within water. Key activities include installation of the Baker Lake dock site, 
installation of freshwater pumping systems, installation of the treated effluent discharge diffuser 
systems, construction of the Andrew Lake dewatering structure, installation of culverts and 
bridges, installation of the Thelon cable ferry, and construction of freshwater diversion channels 
and ponds. 

On-land activities include construction of site pads and foundations, roads, erection of buildings, 
and quarrying. While much of the potential interaction is with the terrestrial environment, it is 
recognized that these on-land activities have the potential to interact with the aquatic 
environment. 

Support activities are those that are required to provide power, transport people and supplies, 
store hazardous materials, manage waste, and provide shelter. These activities will span the life 
of the Project. 



Table 20.2-1: Summary of Construction Activities and Facilities 

Activities Project Area Project Facilities

Construction Workforce Management (hiring and 
training) 

Contracts and Taxes 

Ec
on

om
ic

 
A

ct
iv

iti
es

 

Advance Training of Operations Workforce 
Site Access 

Freshwater diversions 

Freshwater diversions 
Site containment dykes and berms 
Andrew Lake dyke 
Site runoff ponds 

Construct freshwater diversions and site drainage 
containment systems (dykes, berms, collection 
ponds) 

Mine Site 

Purpose built pit 
Wharf construction 

Ferry crossing 

Site Access 

Water crossings (culverts and clear span bridges) 
Water crossings (culverts and clear span bridges) 
Intake pipelines 

Construct in-water/shoreline structures 
Mine Site 

Effluent pipelines and diffusers 
Site Access Domestic wastewater 

Andrew Lake dewatering 
Minor ponds/standing water dewatering 

Water transfers and discharge Mine Site 

Domestic wastewater 
Site Access Ice flooding winter road 

Kiggavik site freshwater supply 
Sissons site freshwater supply 

In
-W

at
er

 C
on

st
ru

ct
io

n 

Freshwater withdrawal 
Mine Site 

Flooding temporary ice airstrip 
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Activities Project Area Project Facilities
Baker Lake port 
Winter road 
All weather road 

Site Access 

Quarry development 
Kiggavik, including pit stripping 
Sissons, including pit stripping 
Airstrip 
Quarry development 

Site clearing and pad construction (blasting, earth-
moving, loading, hauling, dumping, crushing) 

Mine Site 

Haul road and site roads 
Site Access Baker Lake fuel tank farm 

Mill and powerhouse, tank farms Construct foundations  Mine Site 

Accommodation complex 
Emergency shelters Site Access 

Warehouse 
Mill, powerhouse, mine shops, water treatment plants 
Accommodation complex and temporary camps 
Backfill Plant 

Construct buildings 
Mine Site 

Airstrip shelter 
Generators Baker Lake facility Site Access 

Port crane and fuel off-loading 
Temporary generators 
Mill, backfill and water treatment equipment 
Powerhouse
Utility distribution 
Maintenance 
Incinerator 

Install equipment 

Mine Site 

Communications systems 

O
n-

La
nd

 C
on

st
ru

ct
io

n 

Install and commission fuel tanks Site Access Baker Lake tank farm 
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Activities Project Area Project Facilities
Kiggavik site tank farm 
Sissons fuel tanks 

Mine Site 

Airstrip jet fuel tanks 

Mill dry commissioning (water only) Mine Site 

Site Access Transfers, barging, trucking 
Transport fuel and construction materials Mine Site Transfers 

Air transport of personnel and supplies Mine Site 

Site Access 
Baker Lake storage facility 

Hazardous materials storage and use 
Mine Site Kiggavik and Sissons 
Site Access 

Explosives storage and use 
Mine Site 
Site Access 

Waste incineration and disposal 
Mine Site 
Site Access 

Industrial machinery operation 
Mine Site 
Site Access Baker Lake storage facility 

Su
pp

or
tin

g 
A

ct
iv

iti
es

 

Power generation 
Mine Site Temporary generators 



20.2.2 Operating Activities 

Operating activities have been categorized according to the applicable Project component, such as mining, milling, and waste 
management, to reflect the component-specific characterization of potential emissions and potential interactions with the 
environment. 

Table 20.2-2: Summary of Operating Activities and Facilities 

Activities Project Area Facilities 

Workforce Management (hiring and training) 

Employment

Ec
on

om
ic

 
A

ct
iv

iti
es

 

Contracts and Taxes 
East Zone, Centre Zone, Main Zone, 
Andrew Lake open pits 
End Grid Underground Mining ore (blasting, loading, hauling) 

Mine Site 

Haul Road 
Mine Site Kiggavik ore stockpile 

Ore stockpiling 
Sissons ore stockpile 

Mine Site East Zone, Centre Zone, Main Zone, 
Andrew Lake open pits Mining Type 3 mine rock (blasting, loading, hauling) 
End Grid Underground 
Kiggavik Type 3 mine rock stockpile 

Type 3 mine rock stockpiling 
Sissons Type 3 mine rock stockpile 
East Zone, Centre Zone, Main Zone, 
Andrew Lake open pits Mining Type 2 mine rock (blasting, loading, hauling) 
End Grid Underground 

Mine Site Kiggavik Type 2 mine rock stockpile 

M
in

in
g

Type 2 mine rock stockpiling 
Sissons Type 2 mine rock stockpile 
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Mine Site East Zone, Centre Zone, Main Zone, 
Andrew Lake open pits Mine dewatering 
End Grid Underground 

Underground ventilation Mine Site End Grid Underground 
Backfill production and underground placement Mine Site End Grid Underground 
Transfer ore to mill Mine Site 

Crushing and grinding Mine Site 

Leaching and U Recovery Mine Site 

U Purification Mine Site 

Yellowcake drying and packaging Mine Site 

Tailings neutralization Mine Site 

M
ill

in
g

Reagents Preparation and Use Mine Site 

Pumping and placement of tailings slurry Mine Site East Zone, Centre Zone, Main Zone TMFs; 
pipelines 

Consolidation of tailings Mine Site East Zone, Centre Zone, Main Zone TMFs 

Pumping of TMF supernatant Mine Site East Zone, Centre Zone, Main Zone TMFs; 
pipelines Ta

ili
ng

s
M

an
ag

em
en

t 

Create and maintain water levels Mine Site 
East Zone, Centre Zone, Main Zone TMFs 

Site Access Ice flooding winter road 
Mine Site Kiggavik site, potable and industrial use Freshwater withdrawal 

Sissons site, potable and industrial use 
Potable water treatment Mine Site Kiggavik

Sissons 
Mine Site Site runoff ditches and ponds 

Purpose built pit 
Snow fencing and clearing 

Collection of site and stockpile drainage 

Stockpile drainage collection 
Water and sewage treatment Mine Site Kiggavik water treatment plant 

Sissons water treatment plant 
Site Access Domestic wastewater 

W
at

er
 M

an
ag

em
en

t 

Discharge of treated effluents (including grey water) 
Mine Site Kiggavik treated effluent 
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Sissons treated effluent 
Type 2 mine rock stockpile excess runoff 

Disposal industrial waste Mine Site 
Management of hazardous waste Mine Site 
Management of radiologically contaminated waste Mine Site 
Disposal of domestic waste Mine Site 

Incineration and handling of burnables Mine Site Kiggavik incinerator 

W
as

te
 

M
an

ag
em

en
t 

Disposal of sewage sludge Mine Site 
Site Access Baker Lake Facility generator 

Kiggavik powerhouse 
Sissons powerhouse 

Generation of power 
Mine Site 

Power transmission lines 
Operate accommodations complex Mine Site Cafeteria, recreation areas, quarters 
Recreational activities  Mine Site 
Maintain vehicles and equipment Mine Site Shops and wash bays 
Maintain infrastructure Site Access Roads, bridges, culverts, cable ferry, Baker 

Lake facility 
Mine Site Site pads, roads, bridges, culverts, airstrip, 

buildings

Operate airstrip Mine Site Arrivals, departures, transfer materials, 
planes + helicopters 

Site Access Baker Lake storage Hazardous materials storage and handling (reagents, fuel and 
hydrocarbons) Mine Site Kiggavik and Sissons 
Explosives storage and handling Site Access Baker Lake storage 

G
en

er
al

 S
er

vi
ce

s 

Mine Site Kiggavik and Sissons 
Marine transportation Site Access Loading barges, barging, off-loading; fuel, 

reagents and supplies; back-haul 
Truck transportation Site Access Fuel, reagents and supplies; winter road 

and/or all-weather road; cable ferry 
operation

General traffic (project-related) Site Access 

Tr
an

sp
or

ta
tio

n 

Mine Site
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Controlled public traffic Site Access 
Air transportation of personnel, goods and supplies Mine Site 
Air transportation of yellowcake Mine Site Handling and transport of yellowcake to 

Points North 
General air transportation support Mine Site Airplanes + helicopters; medivac, 

inspections, exploration, monitoring 
Aerial surveys Mine Site 

Ground surveys Mine Site 

O
n-

go
in

g 
Ex

pl
or

at
io

n

Drilling Mine Site

20.2.3 Decommissioning and Closure Activities 

Decommissioning activities have been categorized in a manner similar to construction activities. In-water and on-land infrastructure 
and facilities will be removed during decommissioning, with the same general potential for interaction with the environment. 

In addition to the decommissioning activities listed in Table 20.2-3, assessments have been completed for potential interactions
between the decommissioned tailings management and the decommissioned Type 2 mine rock stockpiles during the post-
decommissioning period. 

Table 20.2-3: Summary of Decommissioning Activities and Facilities 
Activities Project Area Facilities 

Decommissioning Workforce Management 
(hiring and training) 

Ec
on

om
ic

 
A

ct
iv

iti
es

Contracts and Taxes 
Site Access Storage at Baker Lake port 

Mine Site 

Hazardous materials storage 

Site Access Su
pp

or
t

Industrial machinery operation 
Mine Site 
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Ongoing withdrawal, treatment and release of water, 
including domestic wastewater

Mine Site Flooding Andrew Lake pit 
Treatment and discharge of TMF reclaim and domestic 
wastewater  
Freshwater diversion channels Remove freshwater diversions; re-establish 

natural drainage 
Mine Site 

Andrew Lake dewatering structure 
Site Access Site runoff pond Baker Lake port 

Site containment dykes and berms 
Monitoring ponds 

Remove surface drainage containment 

Mine Site 

Site runoff pond, Kiggavik, Sissons 
Wharf removal 

Cable ferry 

Site Access 

Water crossings/culverts 
Clear span bridges 
Freshwater pipelines 
Effluent pipeline 
Intakes 

Remove in-water/shoreline structures 

Mine Site 

Diffusers 
Site Access Domestic wastewater 

Andrew Lake flooding 
PBP flooding 

Water transfers and discharge 

Mine Site 

Domestic wastewater 

In
-W

at
er

 D
ec

om
m

is
si

on
in

g 

Construct any required fish habitat 
Baker Lake port 

Winter road 
Site roads 

Site Access 

North all-season road O
n-

La
nd

 
D

ec
om

m
is

si
on

in
g Remove site pads (blasting, earth-moving, 

loading, hauling, dumping) 

Mine Site Kiggavik, including pits and stockpiles 
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Sissons, including mines and stockpiles 
Airstrip 
Quarry development 
Haul road 
Type 3 mine rock into TMFs and pits Backfilling Mine Site
Underground mine stabilization 

Contouring Mine Site Clean waste rock piles 
TMFsCovering Mine Site
Landfills 

Site Access Baker Lake port 

Kiggavik site pad 
Sissons site pad 
Type 2 mine rock piles 
TMFs

Revegetation

Mine Site 

Airstrip 
Site Access Baker Lake fuel tank farm 

Mill and powerhouse buildings, Kiggavik fuel tanks 
Sissons fuel tanks and WTP 

Remove foundations 
Mine Site 

Accommodation complex 
Emergency shelters Site Access 
Warehouse 
Backfill Plant 
Kiggavik structures 
Sissons structures 
Airstrip shelter 

Remove buildings 

Mine Site 

Accommodation complex and potable WTP 
Temporary generators – Baker Lake Site Access 
Port crane and fuel off-loading 

Remove equipment 

Mine Site Mill equipment 
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Power house equipment 
Utility distribution 
Incinerator 

Site Access Baker Lake tank farm 
Kiggavik site tank farm 
Sissons fuel tanks 

Remove fuel tanks 
Mine Site 

Airstrip jet fuel tanks 
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