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11 Project Support Infrastructure

11.1Power 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:

o Use of diesel gas turbine engines (GTE) vs. diesel internal combustion engines (ICE) for
a combined heat and power (CHP) system;

e Central power generation (Kiggavik powerhouse and transmission line) vs. de-central
power generation (independent power generation at Kiggavik and Sissons); and

e Supplementation of diesel power with wind power.

Power generation options initially screened out but could be re-considered closer to project execution
include:

e solar energy
e hydropower; and
e geothermal energy.

Additional information on power generation alternatives is found in Tier 2, Volume 2, Technical
Appendix 2A.

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:

o 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.

o 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.
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o 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.

e Alternatives assessment demonstrates that the preferred option is the use of the internal
combustion engines at separate Kiggavik and Sissons powerhouses (Technical Appendix
2A).

e Design and future strategies used for optimization and conservation of power include:

¢ Recovery of heat generated by the acid plant;

e Air-to-air heat exchange for the key HVAC systems, including the mill and End Grid
underground mine;

e Further study of the potential for wind power generation by installation of a tower; and,

e 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

Electric Load
Area Component (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

Tier 2 Volume 2
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Table 11.1-2 Thermal Load Summary

Thermal Load
Area Component (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 418,881,800
Sissons HVAC Thermal Load (WTP, Camp, Shop) 10,279,089
Underground Mine Thermal Load 92,822,405
SUB-TOTAL Sissons 103,101,500
TOTAL Project 521,983,300

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 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.
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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.

11.1.5Wind 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.

Recently, the Diavik diamond mine announced construction of a wind farm at the mine site to help
off-set the amount of diesel fuel required to meet its energy needs. The proposed wind farm is
anticipated to reduce the mine’s total diesel consumption by about 10%. AREVA may consider wind
power as an alternative in the future depending on technological advancements in the industry.

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.
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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 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
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generators and power distribution will come with an automatic generator start-up system and
automatic power transfer switch.

11.2Fuel Storage and Distribution

One of the key concerns expressed by the public is the potential for fuel spills, and the potential
impacts of a fuel spill to wildlife and the environment (EN-AR NIRB May 2010'?", EN-CH OH Oct
2012'%, EN-CI HTO Nov 2012'). 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 (Technical Appendix 2U) and the Spill
Contingency Plan (Technical Appendix 10B)..

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:

e heat and power based on the internal combustion engine de-centralized option; and
o mobile equipment and miscellaneous loads.

It is estimated that during the peak consumption year, fuel storage of up to 70 ML may be required at
Baker Lake, with 50 ML of fuel storage at Kiggavik site and 20 ML of fuel storage at Sissons site.
Therefore up to seven 10 ML tanks at Baker Lake, five 10 ML tanks at the Kiggavik site and two 10
ML tanks at the Sissons site are required. The current design conservatively considers six tanks at
Kiggavik and two tanks at Sissons to allow for flexibility in fuel storage at the Kiggavik site.

2 EN-AR NIRB May 2010: Concerned over wildlife and the potential impacts from spills. Would like to know if there are any mitigation
plans in place for spills and any chemicals that can be used to clean up the environment (minimize the spill).

122 EN-CH OH Oct 2012: This is a hard environment for spills. How will you look after that?

123 EN-CI HTO Nov 2012: The HTO wants to be involved in planning and conducting and clean up that is necessary. No spill would be
good for our animals
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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 liner will be installed. 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 from the Baker Lake dock site onto B-train trucks will be done at a reduced
pressure, by increasing the pipe diameter.

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 from the Baker Lake dock site 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.

11.3Permanent 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 mill and the
camp 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 m?;

Modular residential wings shipped to the site (complex core may be built on site),
Recreational areas;

Health Center and ;

Cafeteria services

11.4Administration

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.
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12 Construction Activities

12.1Construction 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:

e remoteness of the site;

e Jong and potentially complex supply chain; including ocean going vessels, barges,
winter/ice road, air transport;

e seasonal supply windows; including a short open water season;

e harsh weather conditions; including poor visibility conditions, high winds and cold
temperatures;

e snow drifting and construction in permafrost;

e 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;

e Baker Lake preparation work;

e Construction shipping phases;

e Procurement and shipping;

e Construction and commissioning;

¢ Mine/tailings management facility; and
e Hand over to operations.

12.1.1 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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12.1.2 Baker Lake Preparation Work

This package includes the preparation of the temporary dock site and laydown area at Baker Lake,
which will be required prior to receiving the shipments on the barges.

12.1.3 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).

12.1.4 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.

12.1.5 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:

e 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.

e 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.

o 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

o0 Grading and excavation

Exterior concrete work

Structural steel work

Exterior architectural work

Building services (start)

Acid Plant building erection (concrete, structural and architectural work)

(0]
(0]
(0]
(0]

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
0 Ponds, berms and pipelines

Building excavation

Building foundations (concrete work)

Structural steel work

Building cladding and insulation (architectural work)

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

o0  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 — Mechanical, piping and HVAC work

Gypsum Precipitation — Mechanical work

Elution and Regeneration — Mechanical work

Waste rock storage facility (start in September)

O O0OO0OO0O0o
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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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