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Short Form or Acronym

Reference Document or Term

AO

Aesthetic Objective

CSA Canadian Standards Association

CT (Chlorine) Contact Time

DAF Dissolved Air Flotation

DBPs Disinfection By-Products

GCDWQ Guidelines for Canadian Drinking Water Quality

GN-CGS Government of Nunavut — Community and Government
Services

Lpcd Litres per capita per day

MAC Maximum Allowable Concentration

NWT - MACA Northwest Territories - Municipal and Community Affairs

MCL Maximum Concentration Limit

NWT Northwest Territories

O&M Operations and Maintenance

RWU Residential Water Use

SWTT Standard Water Treatment Train

TDS Total Dissolved Solids

THMs Trihalomethanes

TTHMs Total Trihalomethanes

TOC Total Organic Carbon

TWUC Total Water Usage per Capita

UF Ultrafiltration

USEPA United States Environmental Protection Agency

WTP Water Treatment Plant
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The main objective of this Business Case Report is to summarize the findings and work undertaken as part of the Business Case
Study for High Arctic Water Treatment Facilities and Associated Infrastructure at Arctic Bay. The scope of this project included
the following:

Scouting study using satellite images to identify potential sites for the new Water Treatment Plant (WTP)

Site visit to Arctic Bay to confirm the scouting study and select potential sites for the new WTP based upon site
inspections and discussions with the Hamlet’s community council and the GN-CGS

Technical investigations (Hydrological/Water Balance study, Climate Risk Screening, Geotechnical investigations,
Environment Site Assessment, Land Topographic and Bathymetric Survey, and Wind Blowing and Snow Drifting study)
Review of existing conditions, water quality information, water quality requirements, hydrological information and
proposed water treatment process trains to develop service conditions and water treatment plant
components/requirements

Development of schematic designs for the preferred site locations

Preparation of cost estimates including capital, operations and maintenance (O&M) and life-cycle costs for the
preferred sites

Options Evaluation for the preferred sites

Site recommendation for the new WTP at Arctic Bay

1. Aninitial desktop scouting study to identify potential sites was completed. Eight (8) potential sites for the new WTP were
identified. From these eight sites, Site 5, Site 6 and Site 7 were eliminated from further consideration due to land use
conflicts, significant freezing risks due to length of raw water transmission line, excessive slopes on the site and

constructability considerations.

2. Following site visits by representatives of EXP and GN-CGS and discussions with the Hamlet’s community council, Site 2 and
Site 8 were also eliminated from further consideration due to constructability concerns, contamination concerns and land-

use conflicts.

3. Following the screening process, the three preferred sites for the new WTP were Site 1, Site 3 and Site 4.
Site 1 —Site 1 is located adjacent to the existing WTP and the existing lake reservoir (Marcil Lake).
Site 3 — Site 3 is located next to the new Power Plant which is currently under construction by QEC. It is located
approximately 6.6 km north of Marcil Lake reservoir and approximately 1.3 km south of the community.
Site 4 — Site 4 is located adjacent to the community on the road to the existing Water Treatment Plant and is

approximately 7.9 km (along the existing access road) from Lake Marcil reservoir.

4. Based on the hydrology analysis and bathymetric survey, the existing water source (Marcil Lake watershed) and reservoir
(Marcil Lake) is adequate to meet the needs of the community for the 20-year design horizon without supplementary
pumping or capacity upgrades to the reservoir. The size of the Marcil Lake watershed is extremely large at 12,660 Ha and is

expected to provide significant volumes of water to recharge Marcil Lake. Marcil Lake has substantial reserve storage volume



L)
®

: eX ° EXP Services Inc.

High Arctic WTP — Business Case Report (Rev. 1)
Arctic Bay, Nunavut

Project Number: FRN-21016638-A0

Date: 2022-11-28

that can easily accommodate the community’s water supply needs. The deepest part of Marcil Lake is 35 m and has an
estimated useable operational storage of approximately 14,500,000 m3.

i Results of the Climate Risk / Saline Intrusion potential screening for Marcil Lake suggest that for the “normal”
climate change projection scenarios, that site conditions provide for adequate buffer with low risk of saltwater
intrusion up until at least 2100. However, for a scenario of more extreme climate change there is significant
potential for climate change to impact the lake by overtopping and/ or breaching of the lower lying lake outfall

area located along the northwest portion of the ridge that separates Marcil Lake from Arctic Bay.

The proposed WTP will continue using Marcil Lake as the primary water source for the community of Arctic Bay — no

additional upgrades to the existing road infrastructure or capacity upgrades to the reservoir are anticipated.

The proposed WTP shall be provided in a modular building approximately 26 m x 13 m. The treatment train consists of dual
raw water intakes, basket inlet strainers, chemical injection points for coagulant and pH adjustment (provisional as required),
contact tank, membrane filtration train (UF) with additional spare trains, duty and standby UV reactors, hypochlorite

(chlorine) injection, and storage tanks for treated water and process wastewater.

The scope of the new WTP includes site development, new WTP (building, process, electrical, mechanical), dual raw water
intakes, storage tanks (treated, wastewater) and transmission/recirculation line from pump house to WTP (for Site 3 and

Site 4 only).

Capital cost estimates (Class D) were prepared for all three sites. The capital costs for Site 3 and Site 4 are significantly higher
than Site 1 due to the additional transmission pipeline and pump house building. The estimated capital costs for the three
sites are:
Site 1 capital costs = $13,147,000
e A provision of $200,000 is be included for the in-town firefighting storage tank (75m3)
e Thus, the Site 1 total capital costs = $13,347,000
Site 3 capital costs = $28,237,000
Site 4 capital costs = $30,943,000

Operations & Maintenance (O&M) costs were prepared for all three sites. The O&M costs for Site 3 and Site 4 are
significantly higher than Site 1 due to the additional efforts to operate and maintain the transmission pipeline and pump
house building. The estimated O&M costs for the three sites are:

Site 1 annual O&M costs = $1,899,304/year

Site 3 annual O&M costs = $2,031,984/year

Site 4 annual O&M costs = $2,043,809/year

10. The total 30-year lifecycle costs for major repair and rehabilitation works are estimated at:

Site 1 — $6,236,701
e Annual average = $207,890/year
Site 3 -$7,877,107
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e Annual average = $262,570/year
Site 4 -$8,282,518
e Annual average = $276,084/year

An Options Evaluation was completed for the three preferred sites. The criteria included a comparison based upon: capital
costs; O&M costs; ease of constructability; community acceptance and aesthetic impact; service life/sustainability;
environmental risk; performance risk; space for future expansion; operations and maintenance; public safety; and fire
protection considerations. The evaluation applied weighting to specific criteria items. The sites were then scored according
to the criteria.

The results from the Options Evaluation:
Site 1 — Total score = 656
Site 2 — Total score = 425
Site 3 — Total score = 386

Based upon the Options Evaluation, it is recommended that Site 1 be used as the site for the new WTP at Arctic Bay and
advanced toward detailed design and implementation. Out of the three potential locations, a new WTP at Site 1 would
provide the most reliable water supply system, require the least amount of effort to operate and maintain as it does not
include a transmission pipeline or additional pump house building, and would require the least amount of effort to develop

the site as the location is relatively flat.

As per discussions regarding the Hamlet’s Council Meeting and Decision regarding the WTP location (August 17, 2022), the
Hamlet and Fire Marshall support the new WTP at Site 1 with the provision that an independent storage tank (75 m3) used
for fire-fighting flows be located within the community limits.
i. Additional site visits, geotechnical investigations, and discussions with community officials (Council and
Fire Marshall) are required to finalize site location for the firefighting storage.
ii. The estimated capital cost for this additional 75m? tank is approximately $200,000.
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1.1 Overview

EXP was retained by the Government of Nunavut — Department of Community and Government Services (GN — CGS) to complete
a Business Case for a proposed New Water Treatment Plant (WTP) to meet the operational, water quality and regulatory needs
of the community at Arctic Bay for the next twenty years.

This Business Case Report summarizes the development of the entire scope for the proposed WTP and includes discussion on

the following tasks that were completed as part of this assignment:

Initial Site Selection

o Desktop/Scouting study and a field visit was completed to determine potential sites for the new WTP. This task
screened three preferred sites to conduct additional field investigations and subsequent evaluation.

Hydrological and Water Balance Study

o Development of raw water extraction and storage requirements and potential upgrades over the 20-year
design horizon to confirm a suitable water source for the community

Geotechnical investigations including field geotechnical studies and development of foundation/geotechnical
requirements

Phase 1 Environmental Site Assessments (ESAs)

Topographic and Bathymetry Survey

Wind Blowing and Snow Drifting Study

Review of existing water quality information, water quality requirements and proposed water treatment process trains

o Development of service conditions including anticipated population growth, demands and regulatory
requirements over a 20-year design horizon

Technology Assessment was completed to review the previous GN standardization reports to determine if any changes
were required to meet regulatory and community needs from an operational and water quality perspective.

o Development of water treatment plant components including treatment process requirements and
recommendations, water storage requirements, fire flow requirements, power considerations, building
components, geotechnical considerations, etc.

Development of schematic designs of the preferred sites for the new WTP

Preparation of Class D cost estimates including capital, operations and maintenance (O&M) and life-cycle costs for the
preferred sites

Evaluation of alternatives and final site recommendation for the new WTP

1.2 Objectives

The Hamlet of Arctic Bay and the Department of Community and Government Services wish to enhance the quality of life of
members of the community through the provision of a water supply that meets the requirements of the Health Act and
Guidelines for Canadian Drinking Water Quality (GCDWQ). It is also the intent of the Hamlet and Department to provide water

9
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supply infrastructure that optimizes delivery system operation and enhances the ability of the community to meet firefighting
needs. The selected solution should be economically efficient, both in terms of initial capital expenditure and life cycle cost. It

is desirable that the selected solution benefits the community beyond an improvement to the water supply.

1.3 Background Document Review

We have referenced the following background documentation and research papers:
CAN/CSA-S136-16, North American Specification for the Design of Cold Formed Steel Structural Members
Canadian Electrical Code, 2021
Cold Regions Utilities Monograph, 1996
CSA-A23.1-14/A23.2-14, Concrete Material and Methods of Concrete Construction / Methods of Test for Concrete
CSA-A23.3-14, Design of Concrete Structures
CSA-S16-14, Limit States Design of Steel Structures
CSA Standards — sewage, drainage
Design Standard for Water Treatment Plants (SWTT) Phase 1 to 3 Reports. Dillon, 2020
Feasibility Study (Geotechnical Report) Water Treatment Plant, Arctic Bay, Nunavut (EXP, 2022)
Fire Protection in the Northwest Territories (Heinke & Marianayagam, 1993)
Good Building Practice Guidelines, Gov. of Nunavut, 2nd Edition, 2005
Good Engineering Practice for Northern Water and Sewer Systems (2nd Edition), 2017
Guidelines for Canadian Drinking Water Quality (GCDWQ), September 2020
Hydrological and Water Balance Study Report — Arctic Bay, High Arctic Water Supply & Treatment (EXP, March 18, 2022)
Installation Code for Qil Burning Equipment — CSA 139 Series
Nunavut Municipal Infrastructure Capital Standards and Criteria, 2012
Nunavut Standard Water Treatment Train (SWTT) Project Phase 5: SWTT Schematic Design, April 2021
Nunavut Standard Water Treatment Train (SWTT) Project Phase 6: SWTT Schematic Design, October 2020
National Building Code of Canada 2015 edition, errata, revisions and supplements
National Fire Code of Canada, 2015
National Plumbing Code of Canada, 2015
Phase | & Il Environmental Site Assessment, Proposed Site 1, Arctic Bay, Nunavut (EXP, 2021)
Phase | & Il Environmental Site Assessment, Proposed Site 3, Arctic Bay, Nunavut (EXP, 2021)
Phase | & Il Environmental Site Assessment, Proposed Site 4, Arctic Bay, Nunavut (EXP, 2021)
Technology Assessment and Service Conditions Report, Arctic Bay (EXP, March 18, 2022)
Ventilation for Acceptable Indoor Air Quality — ASHRAE 62.1 — 2016

Water Treatment Plant Design Nunavut Guideline Document (SWTT) Phase 4, August 2020.

10
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2 Background

2.1 Community Information and Existing Conditions

The Hamlet of Arctic Bay, Nunavut is located at 73°02’ N latitude and 85°10’ W longitude on the northern section of Baffin Island.

An aerial view of the community is shown in Figure 2-1 below.

The water supply for the Hamlet of Arctic Bay is Marcil Creek discharging into Marcil Lake, which is approximately 9 km from the
community. This freshwater lake sits at sea level and is separated from the ocean by a small ridge — along the south edge of the
lake, the width of ridge is approximately 150 m to 350 m. The lake water level is at approximately the same elevation as sea level
based on available topographic information. The existing truck fill station is located on the lake. A fleet of water delivery vehicles
(two duty, one backup) brings water from the lake and distributes it to Arctic Bay residents. Historically, there have been no
notable concerns regarding the quality and quantity of the source water. Chlorination is the only method being used for
treatment/disinfection. No reliable secondary sources of water close to the community have been identified — the GN has noted
that Marcil Lake will continue to supply drinking water to Arctic Bay into the distant future.

The current WTP infrastructure does not have the capacity to meet the Guidelines for Canadian Drinking Water Quality (GCDWQ)
requirements. The existing truckfill station provides water delivery refill at a rate that is slower than required and a lack of treated

water storage does not provide a sufficient chlorine contact time prior to truck loading.

W JArcticiBay! .

<

v £
.

i
,‘_{:Ma{fl Lake

@

Figure 2-1: Arctic Bay Water Source (Marcil Lake)
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2.2 Findings from Hydrology and Water Balance Report

Based on the Hydrological and Water Balance Study (EXP, 2022) and bathymetry survey (EXP, 2021), the water source of Marcil
Lake will be adequate to meet the needs of the community for the 20-year design horizon without supplementary pumping or
capacity upgrades to the reservoir.

The size of the Marcil Lake watershed is extremely large at 12,660 Ha and is expected to provide significant volumes of water to
recharge Marcil Lake under most climate scenarios. Under all but one scenario (worst-case), any net-positive annual runoff will

recharge Marcil Lake and provide a sufficient water supply for the community’s needs.

The existing reservoir (Marcil Lake) is large and has substantial reserve storage volume. The deepest part of Marcil Lake is 35 m
and has an estimated useable operational storage of approximately 14,500,000 m3which can be used to sustain the community
over periods where annual net recharge is negative (i.e. drought conditions). The estimated community water demand in 2043
for Arctic Bay is 51,852 m3/year. Provided that the conservative estimate for available operational storage is 14,517,590 m3, this
would equate to approximately 280 years of available storage from Marcil Lake based on annual water use (assuming no recharge

of the lake). Bathymetry survey information has been provided in Appendix G.

It is recommended to continue using Marcil Lake as the primary water source for the community of Arctic Bay — no additional

upgrades to the existing road infrastructure or capacity upgrades to the reservoir are anticipated for this configuration.

One potential concern that has been identified is potential saline intrusion due to the proximity of the water source (Marcil Lake)
to the ocean. The freshwater lake sits near sea level and is separated from the ocean by a small ridge — along the south edge of
the lake, the width of the ridge is approximately 150 m to 350 m. The lake water level is at approximately the same elevation as
sea level based on available topographic information. To date there have been no reports of salinity issues or intrusion with
Marcil Lake, but this could be a potential issue with sea levels and climate change impacts anticipated to rise over the coming

decades.

To assess this risk, a supplementary Climate Risk Screening assessment was completed by EXP. The results from this report are

described in the following section.
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Figure 2-2: Arctic Bay Watershed for Marcil Lake

2.3 Findings from Climate Risk Screening Report — Arctic Bay Community Water Source

As noted above, to assess the potential for saltwater impacts on the Marcil Lake, a supplementary Climate Risk Screening
assessment was completed by EXP. The full report (dated October 31, 2022) is provided in Appendix I. Main findings from the
report are provided below.
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Marecil Lake is the community’s only available water supply and is located near the ocean. The lake is interpreted to be protected

from saltwater intrusion by a natural perimeter ridge of variable elevation. The main climate change risks interpreted included:

e Direct saltwater impacts by lateral migration of seawater into the lake;
e Sea level rise/ storm surge overtopping or breaching the existing barrier ridge; and

e Permafrost thaw leading to ridge erosion or release of relic saline porewater from watershed sediments of marine
depositional origin.

Results of the screening suggest that for the “normal” (i.e. median) projections of most climate change scenarios (Shared

Socioeconomic Pathways, SSPs) presented in the recent United Nations Intergovernmental Panel on Climate Change’s (IPCC)

Sixth Assessment Report (IIPCC AR6, 2021), that site conditions provide for adequate buffer with low risk of saltwater intrusion

up until at least 2100. However, for a scenario of more extreme climate change (e.g. SSP5-8.5 low confidence scenario) there is

significant potential for climate change to impact the lake by overtopping and/ or breaching of the lower lying lake outfall area

located along the northwest portion of the ridge that separates Marcil Lake from Arctic Bay

Figure 2-3: Northwest Portion of Ridge Separating Marcil Lake from Arctic Bay

Regarding the five (5) main illustrative SSPs adopted by IPCC AR6 to contrast future climate scenarios it is understood that
currently the most likely climate scenario that will be realized outward to 2100 is SSP2-4.5. Under this scenario the median sea
level rise is projected to be 0.06 in 2050 and 0.13 m by 2100; the upper 83rd percentile of simulations within which there is a
66 % probability of the actual outcome occurring is 0.33 m by 2050 and 0.74 m by 2100. This magnitude of sea level rise is not

|II

expected to overtop the interpreted 4.5 m “critical” elevation representative of the lower maximum ridge elevation along Marcil
Lake’s perimeter. SSP2-4.5 assumed extreme sea level (ESL) events associated with high tide and storm surge are expected to
increase the potential for impact with the possibility of marginal exceedances by 2050 and increasing through to 2100 and

beyond. However, for the range of SSP2-4.5 scenarios (and most other scenarios) considered it is anticipated that the risk of
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overtopping could be mitigated through construction of coastal defenses such as an earthen berm constructed from local

aggregate sources.

In addition to direct impact from lateral intrusion of seawater, permafrost thaw may increase this risk in the event of erosion of
the barrier ridge particularly where present as glacial veneer deposits in low lying sections (e.g. lake outflow area). Permafrost
thaw also has the potential to impact lake water quality by melting watershed sediments releasing previously frozen saline
porewater and/or possible other naturally occurring parameters of concern. With increased warming in the region impacts due
to permafrost could become the principal concern regarding potential for saline or other impacts to the overall freshwater

quality of the Marcil Lake raw water source.

Recommendations to facilitate planning and address suspected or actual potential water quality impacts include:

Enhanced site assessment
Development and implementation of a regular and consistent raw water monitoring program

Establishment of a community based Arctic Bay Climate Change Committee is also recommended to support site
assessment initiatives that can be considered (e.g. geotechnical and geomorphologic characterization of the Marcil Lake
barrier shoreline; tide, storm surge and sea level rise monitoring/ characterization; permafrost and active layer
monitoring; and raw water and watershed inflow monitoring).This information could be reviewed by the Arctic Bay
Climate Change Committee supported by outside technical specialists and used to guide adaptation and possible
mitigation measures that may be warranted should future climate change conditions suggest the lake water quality will
be impacted.
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Service conditions and water treatment processes were evaluated and discussed in the “Technology Assessment and Service
Conditions Report” (EXP, 2022) — findings and recommendations from that report have been summarized and developed in the
following section.

3.1 Design Horizon

The design has been advanced based upon the assumption of a 20-year design horizon (end of design period in 2043).

3.2 Populations and Water Demands

Population projections have been provided using information prepared by the Nunavut Bureau of Statistics (2014). Non-
residential water usage by a community tends to increase with increases in the population. To determine the theoretical total
community water usage, the Residential Water Usage (RWU) is adjusted based on population to provide a Total Water Usage
per Capita (TWUC). The Total Water Usage Per Capita, including residential and non-residential activities is estimated based on
the equations in Table 3-1.

Table 3-1: Theoretical Total Community Water Usage (TWUC) Formula

Community Population Total Water Use Per Capita (TWUC)
0-2,000 RWU x (1.0 + 0.00023 x Population)
2,000 - 10,000 RWU x [ -1.0 + {0.323 x Ln(Population)}]

Annual historical water use records were reviewed between 2008 to 2020 to determine the actual average recorded daily
demands. For Arctic Bay, average recorded daily demand between 2008-2020 was 76 Ipcd. This recorded demand of 76 lpcd is
low considering that typically, 90 lpcd is cited as the minimum residential water use for trucked services as per the Good
Engineering Practices guidelines (2017).

Water use in northern contexts is sensitive to perceptions and reliability of water treatment and delivery. As the current water
treatment plant has had challenges with delivery delays and capacity issues, it is likely that residents have moderated their water
use. With a new, more efficient system, it is expected that community water use will rise, and future projections have taken this
into consideration.

The 2020 Nunavut Draft Guideline Document “Water Treatment Plant Design” states a minimum per capita average day water
consumption rate of 120 litres per capita per day (Ipcd) for water treatment plant design for truck fill communities. Table 3-2
compares theoretical TWUC for each community with actual historical water use. From this comparison Table 3-2 also presents

the proposed design demands.
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Table 3-2: Projected Population and Water Demands

Parameter Arctic Bay
Population (2023) * 956
Theoretical TWUC (2023) 110 lpcd
Population (2043) 1,184
Theoretical TWUC (2043) 115 Ipcd
Actual Water Use (2008-2020) 76 lpcd
Design Consumption Rate 120 Ipcd
Annual Design Consumption Rate (2043) 51,859 m3/year

* Population projections and projected growth rates based on data and projections from the Nunavut Bureau of Statistics (2014
and 2021), with regression equations extended from 2035 to 2043 as required

3.3 Peaking Factors

Peak day demands are calculated using the proposed design daily water demand value of 120 Ipcd multiplied by a peaking factor.

As discussed in the “Technology Assessment and Service Conditions Report” (EXP, 2022) and the SWTT (Phase 4), a peak day

peaking factor of 2.5 is deemed appropriate.

3.4 Firefighting Flows and Associated Requirements

Per the Good Engineering Practice guidelines, to provide sufficient water supply for fire flow, either a minimum storage volume
of 60 m3 can be provided for firefighting purposes, or a raw water bypass of the water treatment plant could be used. Likewise,
the NWT Fire Marshal requires a minimum firefighting flow of 1000 L/min for 60 minutes. To reduce onsite storage and heating
requirements, water used for firefighting purposes will be provided using a bypass of the water treatment plant, so that trucks
can be filled through truck fill arms at a minimum rate of 1000 L/min. This eliminates the need for additional onsite firefighting

storage.

As such intake pumps will be adequately sized to deliver the emergency bypass rate of 1000 L/min (or the peak day design flow
for the WTP if it exceeds 1000 L/min). Intake pumps should also have the capability to efficiently run at design flows which are
less than 1000 L/min through the use of a variable frequency drive (VFD).

Per the SWTT Phase 4 report, raw water bypassing the water treatment plant for firefighting purposes will be chlorinated. This
is consistent with Good Engineering Practice guidelines and the approach taken in the NWT, which states that chlorination be
maintained in cases where water used for firefighting purposes bypasses the WTP. As such an injection point will be incorporated

that will allow chlorination while filling a truck from the bypass.

These approaches are consistent with what is used by the NWT and is deemed appropriate for firefighting flows/storage.
Following discussions with the GN, for the purposes of this Business Case report, the proposed water supply for fire flow will be
provided through a raw water bypass (1000L/min). However, preference for firefighting requirements should be confirmed with
the Fire Marshall prior to detailed design.
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It is proposed that the treatment process will turn on/off once a day to produce the required amount of water, with approx. 12

hours of continuous run time to meet the production needs of the community. This is not the operational method for the potable

water storage tank operation, as there will be continuous recirculation of the water, continuous heat addition (as required) and

continuous free chlorine measurement. Note that the SWTT (Phase 6) noted that design treated water production must be

achieved in no more than 18 hours of service. However, a 12-hr operational time is recommended to reduce treated water

storage requirements.

Table 3-3: WTP Design Flows

Parameter Arctic Bay WTP
WTP Operational hours/day 12
Average Daily Demands (L/day) 142,080
Peak Daily Demand (L/day) 355,200
Design WTP Flow (L/min) 493

3.6 Climate

Environment Canada does not provide Canadian Climate Normals (1971-2000) for Arctic Bay. The closest station for which

climatic normals data was identified is in Nanisivik, Nunavut which is approximately 20 km to the southeast. In view of the close

proximity of the communities, it is felt that the climatic data reported for Nanisivik is applicable for Arctic Bay. The following is

climatic information drawn from the Climatic Normals (1971-2000) for Nanisivik.

Annual daily average temperature
February daily average temp

February daily minimum average temp
Lowest observed temp

Maximum hourly wind speed

-15.2°C
-30.3°C
-33.1°C
-53.0°C
141 km/h

Based upon the above, it is concluded that the freeze protection systems must be capable of protection of the proposed water

storage and associated piping to an ambient temperature of -50°C.
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4.1 Water Quality Requirements

Arctic Bay relies on surface water for their drinking water supply, and thus must meet the minimum treatment requirements as
described in the GCDWQ. At a minimum, the GCDWAQ states that all surface water must be treated using a multi-barrier approach
(at least filtration and disinfection) to achieve a minimum of 3-log reduction (99.9%) of Giardia and Cryptosporidium, and 4-log

reduction (99.99%) of viruses.

As discussed in the “Technology Assessment and Service Conditions Report” (EXP, 2022), historical water quality sampling

records were reviewed, and the following approach has been used for the development of the water treatment train options:

Required minimum treatment of filtration and disinfection, per GCDWQ
o The GN (Department of Health) has issued an updated order (GN Turbidity Results Decision Tree — May 13,

2020) noting that filtered water turbidity should consistently be under 1 NTU

e Minimum overall 3-log reduction of Giardia and Cryptosporidium and 4-log reduction of viruses

e Primary disinfection shall include both ultraviolet light (UV) and chlorination
o Disinfection log removal credits for Giardia and Cryptosporidium shall be achieved by UV
o Disinfection log removal credits for viruses shall be achieved by chlorination

e Treatment for reduction of dissolved organics (DBP precursors) is required to meet regulatory and anticipated

requirements for DBPs.

Table 4-1: Arctic Bay Water Treatment Objectives

Key Parameters Unit Source Water Treatment Objectives
Turbidity NTU 1-5 <0.1(99% of time)

<0.3 (maximum)
Protozoa Log Reduction - At least 3-log (up to 5.5 log)
Viruses Log Reduction - At least 4-log
TOC/DOC mg/L 1-10 <3 mg/L to reduce DBP formation
TDS mg/L 8-29 <500
pH pH units 6.7-7.3 7-10.5
CSMR * ratio 1.0-25 <0.5
Alkalinity (CaCO3) * | mg/L 8-10 CaCOs > 50 mg/L

* corrosion control and fluoridation options to be confirmed with the GN-CGS

4.2 Proposed Water Treatment Train

42.1 Overview

As discussed in the “Technology Assessment and Service Conditions Report” (EXP, 2022), the preferred treatment train (Train

#3a) for the new Arctic Bay WTP includes the following process:
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The train include chemical injection points for coagulant and pH adjustment (provisional as-required), basket inlet strainer (200-

750 microns), contact tank, membrane filtration train (UF) with additional spare trains, duty and standby UV reactors,

hypochlorite injection, and sufficient treated water reservoir volume to accommodate the required CT for virus inactivation.

The schematic for the preferred treatment train for Arctic Bay (Train#3a) is shown below.
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Figure 4-1: Proposed Treatment Train (Arctic Bay)

4.2.2 Process Flow Diagram

A Process Flow Diagram (PFD) for the proposed WTP at Arctic Bay has been provided in Figure 4-2.

4.2.3 Preliminary Sieve

It is proposed that a basket inlet strainer (200-750 microns) be used for debris and as a roughing filter prior to entering the

contact tank. The inlet strainers are to be sized at 100% WTP flow. Cleaning of the sieves will be a scheduled operations and

maintenance activity.
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4.2.4 Coagulation and Flocculation

Coagulation is required for the removal of dissolved organic content (DOC) as well as improving membrane operation. The train
will be designed to allow for sufficient coagulant contact time with the inclusion of a contact tank. An inline static mixer will be
used upstream of the contact time to minimize additional mechanical mixing and energy costs. The contact tank design will be
dependent on whether a pressurized or submerged ultrafiltration is used. If a pressurized UF unit is preferred, the contact tank
will be pressurized from the raw water intake pumps to minimize additional pumping. If a submerged UF unit is preferred, the
contact tank can be elevated (and open to atmospheric pressure) to allow gravity-flow into the submerged UF tanks. Chemical
metering pump(s), electrical power, inputs to the automation and provision floor space will be provided to accommodate the

addition of coagulant and pH adjustment chemicals.

In recent discussions with the NWT, contact tanks were installed in their systems to help deal with seasonal high turbidity
(reservoir filling and runoff events) and future changes in raw water quality — it was noted that to date, most plants do not run
the contact tanks on a regular basis as their membrane plants have been operating performing well using direct membrane

filtration.

4.2.5 Ultrafiltration

Consistent with the SWTT and “Technology Assessment and Service Conditions Report” (EXP, 2022), ultrafiltration will be
provided. It is anticipated that this strategy in combination with coagulation will provide effective and reliable turbidity and DOC

reductions.

Most membrane systems backwash automatically at the end of each production cycle or based on set runtimes. Backwash pump
flow rate is typically 1.1 to 1.5 times the filtrate flow rate but varies for each system. The ability to provide chlorine injection
(chemically enhanced backwash) during backwash will be included in the design as a response to biological fouling. The use of
chlorine injection will be based upon operational experience. It is expected that CIP maintenance using sodium bisulfite (SBS)
and citric acid will take place at least once every 1-3 months. Backwash from the membranes will be sent to a waste holding tank,

which will be periodically trucked to a disposal location (lagoon).

The membrane filtration train should be designed to include at least one redundant membrane train (N+1) so that the plant can
meet daily production with any one train in backwash or offline. The inclusion of a few additional membrane modules is
insignificant to the cost of the overall treatment system. The membrane trains will include differential pressure transmitters and
flow meters on the inlet of the filtrate lines. PVDF is the preferred membrane material due to its superior characteristics related

to chemical tolerance, fouling resistance and cleanability.

4.2.6 Disinfection — UV and Chlorination

Disinfection will be accomplished in two ways. The primary method will be accomplished using Sodium/Calcium Hypochlorite
and the secondary will be achieved through Ultraviolet disinfection. Chlorine will be applied downstream of the UV disinfection.
Chlorine solution will also be injected into the recirculation loop for the treated water storage to ensure an appropriate chlorine

concentration in the water prior to loading the delivery trucks.
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The chlorine/hypochlorite will have two mixing vessels, one for batch mixing and the second to act as a day tank for the blended
chemical to be supplied out of. Both small tanks will be equipped with mixers to keep the hypochlorite in suspension. Chlorine
contact time (CT) will be provided in the treated water storage tanks. Requirement for disinfection by chlorine is 4-log virus
inactivation with a CT value of 12 mg/L- min at 0.5°C and pH 6-9. A free chlorine residual of 1.0 mg/L will be used for CT
calculations and assumes that the storage tank will have a baffling factor of 0.1. This yields a CT time of 120 minutes. CT volume

will be calculated for peak flows.

The ultraviolet (UV) configuration will be such that 2x100% treatment will be possible during the highest flow and lowest UVT
(based on the worst-case raw water ultraviolet transmittance). The 2 units will have the ability to operate in either series or
parallel as this is the most robust approach. It is not recommended to cycle them with a PLC as this overcomplicates the system
and does not provide a significant savings in energy costs. Additional sampling throughout the year to characterize seasonal raw
water UVT trends is recommended.

4.2.7 Fluoridation

GN-CGS has requested that fluoridation of drinking water be considered as a component of the standard water treatment train.
Add-ons for fluoridation skids can be added onto the treatment train as required.

The use of fluorosilicic acid which is typically used in large-scale systems is not recommended due to dangerous chemical
handling and storage requirements. Small scale systems can use solid sodium fluoride salt, which requires a
dissolution/saturation tank and dosing system very similar to a calcium hypochlorite disinfectant system. The saturated sodium
fluoride solution strength is approximately 10% of the strength of fluorosilicic acid but is a less severe solution for handling.
Sodium fluoride is shipped as a solid, which is beneficial considering shipping and handling concerns to remote communities.
Sodium fluoride is not aggressive compared to fluorosilicic acid; however, there are significant health and safety issues related
to occupational exposure by inhalation of dusts, ingestion, and contact with skin. Safety shower and eye wash stations must be
included wherever sodium fluoride is used. Separation must be made between other chemicals with acidic or oxidizing properties
to avoid the generation of hydrogen fluoride gas. For this reason, a separate room within the WTP is likely required to house the
fluoride storage and feed equipment.

Based on the information above, a sodium fluoride system will be provided as an optional chemical feed system and developed
during the detailed design stage.

4.2.8 Corrosion Control

Add-ons for corrosion control (calcite filter or direct chemical addition) can be added onto the treatment train as required.

As discussed in the “Technology Assessment and Service Conditions Report” (EXP, 2022), the raw water is highly aggressive and
has a high corrosion potential. The additional of corrosion inhibitors will not be considered due to intensive O&M requirements
(accurate dosing, difficult pH control, safety concerns, special handling and feed equipment). Calcite filters are effective but
requires significant footprint requirements.
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If corrosion control is deemed necessary by the GN, the recommended approach would be pH and alkalinity adjustments via
direct addition of various chemicals. As pH adjustment will likely be required as part of the coagulation process, direct chemical
addition is an appropriate option. It is likely more cost-effective than calcite filters but requires more accurate dosing as the raw
water is low in alkalinity making pH control more challenging. Provision for additional chemical feed pump(s) and ancillary
equipment will be provided.

4.2.9 Automation

The automation strategy is intended to provide a balance between best available technology and the full capability of manual
operation without the assistance of automation. Turbidimeters will be provided on the discharge of each membrane module
and an online-chlorine analyzer will monitor free chlorine residual in the treated water. The WTP will turn on and off based on

water levels in the treated water storage tank. A plant wide PLC system will provide control for the following.

Filter backwash
Chlorine addition
UV disinfection start-up, shut-down and integration with water treatment

Backwash of filters will be initiated by the automation system in response to the following conditions.

On a timed basis or at the end of each production cycle
Excessive differential pressure across the filters
Excessive turbidity following the filters

The capability to log instrumentation will be incorporated into the automation system. The ability to communicate from a remote
site, as a tool for operator and trouble-shooting assistance, will be provided. The capability of manual operation of all functions

of the treatment plant will be integrated into the design.

The following functions will operate on a stand-alone basis, independent of the PLC controlled automation. These functions do
not require integration into the PLC based system to achieve full functionality. The decision to excludes these functions from

the automation reflects the general principle of simplification, where possible.

Truck fill start and stop

Sump and sewage pump operation
Raw water refilling operation

Fuel system operation

Heating system operation

Instrumentation, alarms, and process controls will be developed over the course of the detailed design.
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4.3 Trucking Schedules and Number of Trucks

Current and future trucking demands were estimated in the “Technology Assessment and Service Conditions Report” (EXP, 2022)
and are as follows:

Arctic Bay
e Total Cycle Time per truck load (fill, time, travel time, discharge time) = ~135 min/load

e 2020 (current trucking schedule)
o  2trucks at 12,000 L capacity (1 or 2 duty, 1 backup)
o 6 days/week, 8 hours/day
o Approx. 9 total return trips (loads) per day
e 2043 (future trucking schedule)
o Based on 6-day delivery — approx. 14 loads/day
= 4 duty trucks (12,000L capacity/truck) are required to meet demands in 2043

4.4 Truck Arms and Truckfill Stations

According to the Good Engineering Practices, where there are more than two hauling trucks in use, a maximum of 20 minutes
between trucks is suggested. Based on capacity and anticipated truck delivery schedules, the number of truck arms required at
Arctic Bay is two (2) truck arms. The GN-CGS has a preference of two (2) truck arms to provide additional redundancy and to

permit simultaneous loading of two trucks.

The same number of active (duty) truck fill pumps, plus one for redundancy (standby) should be provided for each truck arm. All
truck fill pumps are to be capable of providing pumping rate of at least 1000 L/minute. Each truck fill station (2 total) will support
one truck fill arm that extends from the WTP building. The arm shall be fully supported and include appropriate freeze protection.
The truck arm will comprise of a 90° elbow that directs flow perpendicular towards the truck refilling hatch. The piping shall
terminate above the truck hatch, with an additional sliding pipe that be lowered and retracted into the truck hatch for the filling

operation.

The truck fill stations will also include an elevated access platform with stairs to allow operators safe access to the top of the
tanker trucks. The platform will be adjustable to drop onto the top of the truck tank and shall have safety railings on all sides.

The walkway is to be designed to allow the operator to reach the tank hatch and complete all filling activities from the walkway.

4.5 Raw Water Intakes

It was indicated that the GN-CGS preferred dual intakes to provide redundancy. The main issue with maintaining dual intakes is
sedimentation and keeping both intakes clean and operational. However, this risk can likely be managed by cycling the intakes
to manage sedimentation risks and providing spare pumps and additional freeze protection equipment. Additionally, water
purge (ability to backflow water down the intake pipe) and air scour/burst systems for screen cleaning and ice mitigation are to
be incorporated into the design as these are important process to help manage sedimentation and deep ice/freezing issues with
the intakes.
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Based on discussions with the GN-CGS, for a dual intake system, a total of three intake pumps are to be provided (two duty, 1
shelf back) and should have the capability to efficiently run at design flows which are less than 1000 L/min through the use of a
variable frequency drive (VFD).

4.6 Intake Freeze Protection

Most northern communities use heat trace for intake freeze protection. Alternatively, some communities use tempered water
(25°C) down the carrier pipe for freeze protection. However, the tempered water approach is not recommended as it requires
an additional boiler unit with adequate storage and the use of unchlorinated water.

Dual heat trace (duty/standby) on each intake is recommended, along with heat trace controller fault alarms to indicate a failure
of the duty heat trace and initiate the standby heat trace if the temperature falls below the setpoint. The addition of an air scour
system can help mitigate ice/freezing risks if the intake is susceptible to deep ice. This approach has been used successfully at
Rankin Inlet.
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5.1 Raw Water Storage — Marcil Lake

5.1.1 Storage Requirements

Based on the Hydrology and Water Balance assessment conducted by EXP (2022), Arctic Bay will use the existing natural lake
(Marcil Lake) for the raw water supply and raw water storage. With an anticipated total winter storage (2043) of approximately

14,500,000 m3, no capacity upgrades are required to meet the community’s needs over the 20-year design horizon.

Submersible raw pumps will be installed within a carrier pipe at the dual intakes to extract raw water from Marcil Lake to the
proposed WTP.

5.2 Treated Water Storage Tanks

5.2.1 Storage Requirements

Treated water storage is a very important element of this project. Treated water storage permits the activities of truck loading
to be separate from treated water production. The separation of these processes will permit the filling of trucks at a rate that is
independent of rate of production of treated water. Separation of the processes also provides the opportunity to treat water
over the full working day, instead of the practice (used at existing truckfill plants) that entails a start and stop of the treatment
process for each truck.

The treated water storage volume of 400 m3 as estimated in the table below will be provided in a single steel tank approximately
11 m in diameter and 7 m in height. These dimensions are to be refined over the course of detailed design and with further
discussions with tank suppliers. The treated water in the tank will be heated. The water temperature is not known but will likely

be maintained between 5°C and 10°C.

Table 5-1: Treated Water Storage Volumes

Parameter Arctic Bay
WTP Operational hours/day 12
Average Daily Demands (L/day) 142,080
Peak Daily Demand (L/day) 355,200
Design WTP Flow (L/min) 493
Truck Arms 2
Peak Flow for CT Calculation (L/min) 2,000

Firefighting Volume (m3) * -

Equalization Volume (m3) ** 118
CT Volume (m3) *** 240
Emergency Storage (m3) * -
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Plant Use Storage (m?3) ** 36
Dead Volume (m3) ** -
Total Treated Storage Volume (m?3) 394
* Firefighting volume provided through bypass
*E Good Engineering Practices equalization volume = (projected max daily demand) - (8 hours of WTP design production)

ok Contact time = 120 minutes using CT value = 12 mg/L- min, free chlorine residual of 1.0 mg /L, baffling factor of 0.1
Assume no emergency storage required

* Assume plant use = 10% of design WTP flow
i Assumes no dead volume

5.2.2 Alternative Tank Construction Methods

Water storage tanks are commonly constructed using bolted steel sections or as welded steel tanks. As the treated water tanks
are an essential infrastructure component, a steel welded tank is recommended. Provided that a proper foundation is provided,
it is expected that a steel-welded tank will be more robust than a bolted tank given the harsh environment and extreme (-50°C)
temperature requirements of Arctic Bay. Leakage from bolted tanks could be challenging to deal with, as this would require
removal of a portion of the cladding and insulation to repair. There is substantial expertise in Nunavut with the construction of

welded steel tanks.

5.2.3 Freeze Protection

Both passive and active freeze protection of the treated water storage tank will be required. The passive freeze protection will
take the form of insulation, protected by a cladding system. Spray-on polyurethane insulation with a steel cladding system is

proposed. This has been successfully applied in Cape Dorset and Baker Lake.

Active freeze protection of the treated water storage will be achieved through circulation of the tank contents through a heat

exchanger located within the WTP building. The boiler system will provide the heat input into the heat exchanger.

Over winter, it is imperative that the tanks maintain some water volume (minimum 30%) to ensure proper freeze protection of

the tank and associated equipment.

5.2.4 Foundation

As per the Geotechnical Report and geothermal analysis (EXP, 2022), it is considered that these tanks may be set on inground
engineered fill pads with insulation under the tank to minimize degradation of the permafrost. The thickness of the insulation
required is a function of the sizes of the tanks, water temperature in the tanks, geotechnical, environmental conditions, and
design of the tanks, etc. Geothermal analysis has concluded that the treated water storage tanks may be set on 1.2 m thick
above-ground engineered fill pad underlain by 100 mm of insulation. The geothermal modelling of the treated water tank
showed that thermosyphons would not be required if 100 mm thick insulation is used. Hence, the placement of 100 mm of rigid

insulation is sufficient to maintain frozen ground conditions under the treated water storage tank operated at +10°C year-round.
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5.3 Process Wastewater Storage Tanks
5.3.1 Storage Requirements

Itis recommended to size the working wastewater volume (mainly filter backwash water) to hold a volume of no less than 7 days
to account for trucking disruptions. The volume of process wastewater has been conservatively estimated at 10% of the WTP
design flow to account for UF membrane backwashing and additional CIP and process upset waste volumes. Providing a slightly
larger tank provides flexibility in the frequency of trucked wastewater servicing. Process wastewater volumes are estimated in
the table below.

The process wastewater storage volume of 249 m? will be provided in a single steel tank approximately 8 m in diameter and 6 m
in height. These dimensions are to be refined over the course of detailed design. The wastewater in the tanks will be heated.

The wastewater temperature is not known but will likely be maintained between 5°C and 10°C.

Table 5-2: Process Wastewater Storage Volumes

Parameter Arctic Bay

Process Wastewater Storage

(m3) for 7 days 249

5.3.2 Alternative Tank Construction Methods

Tanks are commonly constructed using bolted steel sections or as welded steel tanks. However, bolted steel tanks have become
more common as they have significant advantages including lower capital costs. Steel welded tanks require skilled welders to
construct the tank, the tank needs to be coated after installation, and routine maintenance includes scheduled recoating and
sandblasting of the inner walls. Given the extreme (-50°C) temperature requirements, a steel welded tank is the preferred tank
to use on this site for the process wastewater tank. However, bolted tanks for the process wastewater may also be feasible if

required.

5.3.3 Freeze Protection

Both passive and active freeze protection of the treated water storage tank will be required. The passive freeze protection will
take the form of insulation, protected by a cladding system. Spray-on polyurethane insulation with a steel cladding system is

proposed.

Active freeze protection of the wastewater storage will be achieved through the provision of a heat exchanger within the tank
(i.e. immersed heater). Typically, this requires that the heat exchange is always immersed — this unusable (dead) volume needs
to be accounted for when confirming dimensions of the tank. Circulation of the tank contents through an external heat exchanger
was discarded as a concept due to the risk of clogging of the heat exchanger. The risk of contamination of the treated water via

the wastewater storage heat exchanger is viewed as minimal, as the heating medium provided to this heat exchanger is glycol,
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heated by the boiler system. It is anticipated that any leakage from the system, such as might occur at a heat exchanger, would
lead to a leakage of glycol out of the system, due to the pressure within the glycol circuit.

Appropriate operating levels, freeboard and dead volumes to account for immersion heaters, inlet and outlet elevations are to
be considered when confirming the dimensions of the storage tanks.

5.3.4 Foundation

The same comments provided above for the treated water storage tanks are equally applicable for the process wastewater
storage tanks. The Geotechnical Report and geothermal analysis (EXP, 2022) has concluded that the process wastewater storage
tanks may be set on 1.2 m thick above-ground engineered fill pad underlain by 100 mm of insulation. The geothermal modelling

of the process wastewater tank showed that thermosyphons would not be required if 100 mm thick insulation is used.
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6 Water Treatment Plant — Service Conditions Summary

A summary of the service conditions for the proposed WTP at Arctic Bay is given in Table 6-1 below.

Table 6-1: Service Conditions Summary

Demands and Design

Category Parameter Arctic Bay WTP - Design Input
Population Population (2023) 956
Population (2043) 1,184
Design Consumption Rate 120 Ipcd
Peaking Factor 2.5

Peak Daily Demand (2043)

355,200 L/day

WTP Production Time Per Day

12 hours/day
Flows
WTP Design Flow 493 L/min
Fire Flow Bypass 1000 L/min
Truckfill Flow (Total for 2 arms) 2 x 1000 = 2000 L/min
# of Raw Water Intakes 2
Intake # of Raw Water Pumps 3 (2 duty, 1 spare)
Intake Freeze Protection Dual heat trace (duty/standby)
Truck Fil # of Truck Arms 2

# of Truckfill Pumps

4 (2 duty, 2 spare)

Raw Water Inlet

# of Basket Strainers

Strainers 2 (1 duty, 1 spare) sized @ 500 L/min
Contact Tank Contact Time 10-30 mins.depending O.n reguired
flocculation/coagulation time
Membrane Filtration # of trains N+l or N+2
Membrane Recovery Rate >95%
uv # of UV reactors 2 @ 100% design capacity
Chlorination CT Time * 120 minutes

Iron and Manganese

Iron and Manganese Treatment

Not required

Corrosion Control
(provisional)

Corrosion Control Treatment

Direct chemical addition

Fluoridation
(provisional)

Fluoridation

Fluoridation skid

Firefighting Volume

N/A (fire flow provided through bypass)

Equalization (EQ) Volume 118 m3
CT Volume 240 m3
Emergency Volume N/A
Treated Water Storage Plant Use Volume 36me
Dead Volume -
Total Treated Water Storage 394 m3
Tank Freeze Protection Recirculation
Wastewater Volume 249 m3
Wastewater Storage

Tank Freeze Protection

Immersed heater

Raw Water Storage

Type of raw water storage

Existing reservoir (Marcil Lake)

Capacity upgrade required?

Not required

* Contact Time = 240 minutes using CT value = 12 mg/L- min, free chlorine residual of 1.0 mg /L, baffling factor of 0.1
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7.1 Applicable Codes and Standards

Design will be in accordance with requirements of following codes and standards, and to requirements of local authority having

jurisdiction. Where conflict occurs, the most stringent shall apply.

National Building Code of Canada 2015 edition, errata, revisions and supplements.

CSA-A23.1-14/A23.2-14, Concrete Material and Methods of Concrete Construction / Methods of Test for Concrete.
CSA-A23.3-14, Design of Concrete Structures.

CSA-S16-14, Limit States Design of Steel Structures.

CAN/CSA-5136-16, North American Specification for the Design of Cold Formed Steel Structural Members.

Good Building Practice Guidelines, Gov. of Nunavut, 2" Edition, 2005

Good Engineering Practice for Northern Water and Sewer Systems, 2" Edition, 2017

7.2 Foundations

As per the recommendations from the Geotechnical Report (EXP, 2022), it is anticipated that the WTP be set on spread and strip
footings or on slabs on a 1.2 m in-ground engineered fill pad underlain by rigid insulation (100 mm). Thermosyphon horizonal
evaporator loops 25 mm in diameter and 60 m long with consistent spacing of 1 m would prevent or minimize degradation of
the permafrost under the foundations. Thermosyphons are not required under the storage tanks. It should be noted that the
thermosyphon system is a proprietary design and build activity. Therefore, construction of the pad and material specification

would also have to comply to the requirement of the design-build engineer.

7.3 Structure

Design loads are to be in accordance with the 2015 edition of the National Building Code of Canada (NBCC) for Arctic Bay. The

Importance Category = ‘Post Disaster’.

The building structure will be a steel framed system which is well suited and commonly used in the north. As noted in the SWTT
reports, the GN-CGS has noted that the new WTP is to be a modular (prefabricated) building. It is proposed that the framing will
consist of metal roof deck supported by steel frames spanning the narrow dimension of the building which will support insulated
metal roof panels. The wall structure will consist of horizontal cold formed girts supporting insulated metal exterior wall panels.
The floor will consist of steel channel framing along with floor structure described in the next building envelope subsection. The

lateral load resisting system will consist of braced steel frames.

7.4 Building Envelope

For the purposes of the schematic design, the following building envelope components have been proposed. Further

development of these components will be completed over the course of the detailed design.
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Walls
o Pre-finished insulated metal panels
o Air barrier
o RSl 8.13/R46 insulation
o  Structural cold formed girts
Roof

o Pre-finished insulated metal panels
o Air barrier
o RSl 8.13/R46 insulation

o  With regard to modular construction and corrosion resistance, the floor will be constructed of metal deck
installed at time of fabrication along with temporary plywood over for protection during fabrication. Channel
‘housekeeping pads’ will be constructed over the framing to allow for equipment installation during the
fabrication process.

Final floor structure to be developed in the design stage (concrete, epoxy, etc.)

Steel channel joists.

Sprayed insulation

Weather barrier.

Pre-finished metal cladding.

RSI 8.13/R46 insulation.

o O O O O O

7.5 Support Systems

7.5.1 Mechanical

For the purposes of the schematic design, the following section proposes preliminary mechanical components. Further

development of these components will be completed over the course of the detailed design.

At a minimum, the following codes and practice standards are to be incorporated into the design.

National Fire Code of Canada, 2015

National Plumbing Code of Canada, 2015

Installation Code for Qil Burning Equipment — CSA 139 Series
Ventilation for Acceptable Indoor Air Quality — ASHRAE 62.1 — 2016
Good Building Practice Guidelines, Gov. of Nunavut, 2" Edition, 2005

Good Engineering Practice for Northern Water and Sewer Systems, 2" Edition, 2017

The building will be equipped with portable fire extinguishers as required by code. No sprinkler system will be provided.
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Potable water will be supplied to the building from the treated water tank. Insulated PEX domestic water piping will distribute
potable water throughout the facility. A hydronically-heated domestic water heater/storage tank will be provided to provide

domestic hot water to the facility.

Sanitary drainage will be pumped utilizing a macerating pump from facility fixtures and will drain into a sanitary storage tank.

The sanitary storage tank will have a pump-out line to building exterior for tank discharge by a local truck.

Water closet is to be floor mounted, vitreous china, flush valve, low water use (4.8 litres per flush). Lavatory is to be stainless

steel. Faucet shall have flow restrictors to ensure low water use.

An emergency shower/eyewash complete with thermosetting mixing valve will be provided as a safety measure for personnel

working with chemicals.

As per the SWTT, the GN-CGS has requested that boilers be located in a separate dedicated room. Three oil fired boilers are
proposed in the boiler room. Two boilers will run continuously, and the third boiler will exist for redundancy. Each boiler shall
have a dedicated circulator pumping into a main hot water header. Boilers will be sized in the detailed design stage once building

footprints are confirmed.

Boilers will have stand-alone controls but will be monitored and sequenced by the plant PLC system. It is further proposed that

non-toxic glycol heat exchange fluid be used in the boilers.

Fuel oil for the boilers will be stored on site in an exterior tentative double wall storage tank. The fuel tank is to be sized to
provide for the fuel autonomy requirements, as set out in Good Building Practices as published by GNWT (2017). Fuel will be
fed into the boilers via an interior, double-walled day tank. A duplex transfer system complete with stand-alone controls will be

provided. Fuel tanks to be installed on containment pads to prevent the accidental release of diesel.

The hot water header will feed a glycol heat exchanger to supply space heating via unit heaters located throughout the facility
and hydronic heating coils located at supply air intakes. Unit heaters are operated by stand-alone thermostats. This glycol loop
will also supply a packaged heat trace unit to provide heat tracing for the truck fill arms, raw water tanks, treated water tank,

sanitary storage tank and associated treatment processes.

The hot water header will also feed a second hot water - treated water heat exchanger to provide heat to the treated water tank

circulation loop to prevent freezing and the truck fill line.

All pumps and heat exchangers will be 100% duty with 100% standby for full redundancy.

34



EXP Services Inc.
High Arctic WTP — Business Case Report (Rev. 1)

Arctic Bay, Nunavut
Project Number: FRN-21016638-A0
Date: 2022-11-28

The facility shall be continuously ventilated through a heat recovery ventilator at a rate of 0.5 air changes per hour (ACH) normally.
Heating coils will be used in the return air duct to prevent heat recovery ventilator core freeze up. Ventilation rate shall increase
to 0.8 ACH during occupancy. Ventilation shall increase in the event of excess chlorine gas being sensed in the facility. Supply air
shall be heated by a hydronic heating coil.

The boiler room shall have its own dedicated outdoor air inlet to provide cooling and combustion air via supply fan and

modulated by control dampers. Exhaust outlets shall by modulated by control dampers.

Intake hoods shall have a minimum vertical length of 600 mm to ensure contaminants including insects and snow do not enter
the ventilation system. Hoods must be mounted high enough such that the hoods do not become blocked by snow. A review of
snow drifting patterns at this location must be done before hood placement. Insect screens shall not be installed on outdoor air
intakes to avoid being blocked by insects and snow.

A separate area will be provided for mixing and pumping equipment for chlorine and other chemicals (i.e. coagulants and
provisional fluoride chemicals). The chemical room is to be ventilated and designed to operate under negative pressure so that
the atmosphere of the room is exhausted to the outside and will not migrate to other areas of the building. Fluoride storage and

equipment requirements will be developed once criteria is confirmed.

As per the SWTT, the GN-CGS has noted a preference to include a diesel-powered generator located in a separate, heated

enclosure. Ventilation requirements for the generator enclosure are to be confirmed during the detailed design.

7.5.2 Electrical

For the purposes of the schematic design, the following section proposes preliminary electrical components. Further

development of these components will be completed over the course of the detailed design.

The WTP will be designed to meet the electrical requirements of the following standards:

Canadian Electrical Code Cdn.1-2015.

Institute of Electrical and Electronics Engineers (IEEE).

National Building Code of Canada 2015 (NBC).

National Electrical Manufacturer’s Association (NEMA).

Electrical and Electronic Manufacturer’s Association of Canada (EEMAC).

Illuminating Engineering Society (IES).

The electrical design will be done in close cooperation with other disciplines, the client, the GN and in accordance with all local
laws, rules and regulations.
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The primary electrical source for the new WTP will be from the QEC grid with a secondary (backup) source provided by a
generator. The new WTP will require a 347/600V, 3-phase power supply. The utility connection will be via a standard electrical

mast mounted on the exterior of the building and fed from utility-supplied, pole-mounted transformers.

The WTP facility will be equipped with a 200A, 347/600V, wall-mounted, fused main disconnect. This disconnect will supply
power to the entire facility. The main disconnect will feed a free-standing motor control centre (MCC) which in turn will feed the

additional power distribution equipment. The equipment will include the following:

One (1) surge suppressor (TVSS)

One (1) 347/600V, 100A, 3 @ panelboard.

One (1) 120/208V, 100A, 3 @ panelboard.

One (1) 37.5kVA, 600V-120/208V dry-type transformer.

Harmonic filters and controls as required

The 347/600V panelboard will feed all mechanical and process devices requiring an un-switched 347/600V power connection.

The 120/208V panelboard will be used to provide power to all lighting, receptacles, control and instrumentation systems.

The WTP will be equipped with a 400A, 347/600V, 3@, 4-wire motor control centre (MCC). All of the 347/600V and 120/208V
electrical equipment in the WTP system will be fed from the MCC.

The panelboards and transformer mentioned in the previous section, as well as all of the system motor starters and variable
frequency drives (VFD’s) will be embedded into the MCC. Each motor starter and VFD will be equipped with panel-mounted

hand-off-auto (HOA) switches to allow operation of the motors in case of a control system failure.

The WTP system will have a 347/600V, 3-phase diesel generator integrated into the electrical distribution system to provide
standby emergency power during utility power outages. As per the SWTT, the GN-CGS has noted a preference to include a diesel-

powered generator located in a separate, heated enclosure.

The generator will supply emergency power to the entire WTP system via a 200A, 347/600V automatic transfer switch (ATS).
The system will have sufficient fuel storage capacity to operate the generator at full load for 24 hours. Generator sizing

calculations will be completed during the detailed design stage.
Status information related to the generator and the ATS will be tied to the WTP PLC-based control system and integrated into

the alarm notification component of the plant SCADA system. In addition, all louvre actuators associated with generator

operation will be controlled automatically, based on temperature, by the plant PLC-based control system. Provisions will also be
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in place in the plant SCADA system to allow the operator to individually position the louvres manually (or automatically as
described above).

An uninterruptable power supply (UPS) will be provided for the PLC based control system. This will assure continuing operation
of the control system following a loss of electrical supply.

Lighting in the WTP will be 120V LED type. Vapour-proof 1 x 4 LED fixtures will be used throughout the interior of the building.
LED wall pack type fixtures will be used on the exterior of the building. Exterior building entrances and building interior will be
illuminated to IES standards. Sufficient capacity will be built into the size of the 120/208V panelboard to accommodate additional
site lighting, if required.

Emergency egress lighting will be provided as required by the latest edition of the National Building Code. Emergency egress
lighting will automatically come on if normal power fails.

Exit lighting will be provided as required by the National Building Code 2015. They will be LED type, metallic housing and be

supplied from emergency back-up battery inverter power.

7.6 Building Footprints

For the purposes of the schematic design and business case, a building footprint has been conservatively estimated at 26 m x 13
m to account for provisional processes such as fluoridation and corrosion control and to allow space for additional rooms as
required (storage rooms, working areas, maintenance requirements for submerged vs. pressurized membranes, etc.). The
building also includes a combined space for office and laboratory, washroom, entry vestibule, truck fill station and platforms. A
proposed building layout for the WTP has been provided in Figure 7-1 below. Building footprints and layouts will be developed
in subsequent design stages with further refinement of the process equipment/requirements.
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8.1 Scouting Study for Potential Sites

Satellite imagery was used in the scouting study to identify potential locations for the new WTP. Eight (8) potential sites for the
new WTP were identified at locations along the existing 9.2 km access road between the community core and the existing WTP
at Marcil Lake as shown on Figure 8-1. Sites were screened on their distances to the raw water source (Marcil Lake), their distance
from the community, and available space requirements for a new WTP. Additional constraints that were incorporated included

waste facility setbacks, airport zoning setbacks, topographic considerations and community land-use/parcel plans.

From these eight sites, Site 5, Site 6 and Site 7 were eliminated from further consideration due to land use conflicts, significant
freezing risks due to length of raw water transmission line, excessive slopes on the site and constructability considerations. A

summary of the initial scouting study has been provided in Appendix A.

8.2 Field Visits and Community Input - Screening of Sites

Site visits by representatives of EXP and GN-CGS and discussions with the Hamlet’s community council were undertaken in Fall
2021 for the five (5) remaining sites. From the field investigations and discussions with the Hamlet, Site 2 and Site 8 were

eliminated from further consideration:

Site 2 is located at the end of the runway, on the opposite side of the road from the airport and waterway. This is a
very steep area that has already had gravel extracted from it. There are concerns about potential contamination issues
as is unused/broken equipment parked here. This is a steep location with a blind hill/corner on the main road to the
airport. Considerable efforts to provide suitable driveway construction/line of site would be required. This site is
located at a high point and is very exposed. From a constructability perspective, this site is not ideal, specifically for
tank construction.

Site 8 was eliminated due to land-use conflicts. The council noted that this site is next to the lot designated for the new
school and would not be suitable for the new WTP. Installation of the transmission pipeline would be challenging, and
the site has a significant cross-grade. The council also noted a concern with potential vandalism if the new WTP was
built at this site which is located right in the middle of the Hamlet.
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8.3 Preferred Sites — Site 1, Site 3 and Site 4

Following screening from the site visit and input from community council, the three (3) preferred sites that were considered for

additional field investigations (topographic survey, geotechnical assessments, Phase 1 Environmental Site Assessments) were

Site 1, Site 3 and Site 4. These are the preferred sites that will be considered for the new WTP as shown in Figure 8-2.

SITE 4 (WTP AND
TRUCK FILL)

o
W

SITE 3 (WTP AND
TRUCKFILL)

SHALLOW BURIED INSULATED HDPE 150mm
TRANSMISSION LINE w/ 75mm RECIRC. LINE
TO SITE 3 AND 4 WTP

=6.6km TO SITE 3

=7.9km TO SITE 4

Figure 8-2: Preferred Sites for New WTP

Siting options for these three (3) preferred WTP sites will be discussed in the next section.
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9 Siting Options for Site 1, Site 3 and Site 4

9.1 Siting Options Overview

e Site 1 — Site 1 is located adjacent to the existing WTP and the existing lake reservoir (Marcil Lake), southeast of an
Environment Canada weather station (which is located west of the existing pumphouse — on the left side of Figure 9-1).
The weather station shares power from the existing pumphouse. The site is fairly flat lying with the ground surface

elevations varying from 6 m el. to 8 m el. except for the northeast corner where the ground surface rises to 11 m. The

site is located approximately 30 m east of the lakeshore. The extent of talik under the lake or in its vicinity is currently
not known.

Figure 9-1: Site 1

e Site 3 — Site 3 is located next to the new Power Plant which is currently under construction by QEC. It is located
approximately 6.6 km north of Marcil Lake reservoir and approximately 1.3 km south of the community. The ground
surface elevations at the site vary from 12.5 m el. at the southwest corner to 27.5 m el. at the northeast corner. The
site slopes down to the southwest at a slope of 8° approximately. As the slope is relatively steep, the earthworks at the
site are expected to be more extensive as is reported to be the case at the Power Plant site. A long hill is located behind

the site and would necessitate integrating drainage plans directly into the design on the eastern edge of the community.
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Figure 9-2: Site 3

e Site 4 — Site 4 is located adjacent to the community on the road to the existing Water Treatment Plant and is
approximately 7.9 km (along the existing access road) from Lake Marcil reservoir. The ground surface elevations vary
from 17 m el. to 36 m el. The site slopes down steeply to the southwest at an inclination of 5.9H:1V approximately. A
hill is located along the north property boundary. The council also noted a concern with potential vandalism if the new
WTP was built at this site within the community.

Figure 9-3: Site 4
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9.2 Siting Options — Construction Components

A new WTP at Site 1 (existing WTP site at Marcil Lake) would require the following construction components:

i WTP Building at Site 1 (process, mechanical, electrical)
ii. Storage Tanks (treated water, wastewater)
iii. Dual intakes for raw water (complete with intake screen, heat trace and submersible well pumps)
iv. Site Development (site grading, foundation work and truck turnaround area)
V. Electrical (connection from existing services)

Site 3 and Site 4 are located closer to the community along the access road and in general, have similar constructability
considerations. Both sites would require a new WTP/truckfill at their designated sites, an additional building (pump house at

Marcil Lake) and raw water transmission line. A new WTP at Sites 3 or 4 would require the following construction components:

i New pump house at Marcil Lake (process, mechanical, electrical)

ii. Transmission line from pump house to WTP, and associated recirculation line
a. 6.6 km transmission line from Marcil Lake to Site 3
b. 7.9 km transmission line from Marcil Lake to Site 4

iii. WTP Building at Site 3 or Site 4 (process, mechanical, electrical)

iv. Storage Tanks (treated water, wastewater)

V. Dual intakes for raw water (complete with intake screen, heat trace and submersible well pumps)
Vi. Site Development (site grading, foundation work and truck turnaround area)

vi. Electrical (connections from existing services)

The proposed WTP will use Marcil Lake as its water source. Installation depth of the new intakes is recommended at a depth
greater than 20 m. This would allow installation of the intake to take place on the western portion of Marcil Lake minimizing
construction efforts and length of the intake (approx. 250 m) while still providing adequate storage operational volumes. The
deepest part of Marcil Lake (depth approx. 35 m) is located further south and east and would require significant efforts to install
an intake at this location (length of intake approx. 900 m).

9.3 Conceptual Site Plans — Site 1, Site 3 and Site 4

Site plans have been developed for Site 1, Site 3 and Site 4 and are shown in the following figures (Figure 9-4 to Figure 9-8).
These conceptual designs are based on the water treatment service conditions and building components described in the
previous sections. The site plans detail the proposed access road, truck turnaround areas and estimated layout footprints for the
WTP.
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9.4 Wind Blowing and Snow Drifting Studies — Site 1, Site 3 and Site 4

A Wind Blowing and Snow Drifting Assessment was completed by SLR Consultants for the proposed WTP layouts at Sites 1, 3 and
4. Sixteen years of wind records from Environment Canada indicate that prevailing annual winds occur from the northwest, west-
northwest, and southeast directions. Winds greater than 23 km/hr are most common from the southeast, south-southeast and
northwest directions and are the wind directions that were considered for the assessment. Snowfall data from the Nanisivik
Airport (16 km from Arctic Bay) indicated an average of 191 cm snow, annually.

Results from the Wind Blowing and Snow Drifting Assessment and discussions with SLR were used to provide preliminary
orientations for the WTP building, access roads and storage tanks to minimize heavy snow drift formation and minimize snow

removal efforts. Main conclusions from the Wind Blowing and Snow Drifting Assessment at Arctic Bay include:

Strong winds greater than 23 km/hr, with or without snow, occur for less than 7% of the time during winter — thus,
snow drifting may not be a significant issue, so much as snow accumulation.

In terms of wind and snow drifting, the preferred location is Site 4, followed by Site 3, followed by Site 1.

Site 3 and Site 4 has an additional pump house building at Marcil Lake which will require snow removal efforts

At Site 1, to reduce snow removal efforts, it is recommended to place the main access doors on the east side of the
building. The base of the west tank stairs should be located on the north side of the tank, while the base on the east
tank stairs should be located on the northeast side of the tank.

At Site 3, to reduce snow removal efforts, it is recommended to place the main access doors on the south side of the
building. Secondary access doors should be placed on the east fagade. The base of the tank stairs should be located on
the southwest side of each tank.

At Site 4, to reduce snow removal efforts, it is recommended to place the main access doors on the south side of the
building. Secondary access doors should be placed on the east fagade. The base of the tank stairs should be located in

the middle of the southwest side of each tank.

9.5 Geotechnical —Site 1, Site 3, and Site 4

Geotechnical reports have been provided in Appendix D. The Geotechnical investigations and associated reports (EXP, 2021 &
2022) have revealed that from a geotechnical perspective, Site 1 is most favorable, followed by Site 3, with Site 4 being the least

favorable, in terms of suitability for construction of the WTP building and storage tanks for the following reasons:

The geotechnical conditions are best for Site 1, with its site underlain by well drained sand and gravel to sandy gravel
with few ice crystals or lenses. Site 3 and Site 4 have randomly distributed layered soils. The soils for Site 3 have more
ice crystals and lenses compared to Site 1, and Site 4 has more ice crystals and lenses than Site 3 and Site 1. Site 4 also
has surficially disturbed material or fill which was encountered from 1 m to 4 m depth — this material is not suitable for
construction and would have to be excavated and disposed of.

The site topography and grade differences also favour Site 1. Site 1 is nearly flat, with a gentle gradient of 39.7H:1V,
while Site 3 has steeper site slopes, ~7.7H:1V, and Site 4 has even steeper site slopes, ~5.9H:1V. Site 1's elevation is
between 6 m to 8 m approximately (grade difference of 2 m) except for the northeast corner where the ground surface

rises to elevation 11 m. For Site 3, ground surface elevation varies from 12.5 m to 27.5 m (grade difference of 15 m).
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For Site 4, ground surface elevation varies from 17 m to 36 m (grade difference of 19 m). For both Site 3 and Site 4, the
sites slope down from northeast to southwest.
Construction of the WTP building and storage tanks would require the same type of foundations at all three sites:

o  WTP building would require spread and strip footings set at a shallow depth set on an inground engineered fill
pad incorporating insulation and thermosyphons. Based on the geothermal analysis, the required thickness of
granular bed and insulation is 1.2 m and 100 mm, respectively. Geothermal analysis revealed that
thermosyphons under the WTP building with horizontal evaporator loops 25 mm in diameter and 60 m long
with consistent spacing of 1 m would prevent or minimize degradation of the permafrost under the
foundations.

o The treated water storage tank and the wastewater storage tank will be founded on slabs set on an inground
engineered fill pad overlain with rigid insulation (thermosyphons are not required under the storage tanks).
Based on the geothermal analysis, the required thickness of insulation is 100 mm.

The Phase | and Il ESAs completed at Site 1, Site 3 and Site 4 did not identify any areas of potential environment concern.

9.6 Site Development (Grading and Drainage) —Site 1, Site 3 and Site 4

Site 1 is relatively flat, only requiring nominal site grading for construction of the proposed foundations on level ground. Both
Sites 3 and Site 4 have significant slopes requiring site grading to obtain relatively flat area for construction of the water
treatment plant, treated water storage and wastewater storage tank. For all three sites, site grading can likely be undertaken
by excavating material from the higher ground and backfilling low-lying areas, with the exception of surficially disturbed material
for Site 4 (from 1 m to 4 m depth) which is not considered to be suitable for construction purposes. Otherwise, whether the on-
site material can be used for construction of engineered fill pads would depend on its gradation and would require additional
testing. The municipality has various quarries located along the access road — the quantity and quality of these local granular

sources is currently unknown and would require additional investigation/testing.

Satisfactory performance of the foundation system would be contingent on eliminating or minimizing surface and subsurface
water flow under the structure. For Site 3 and Site 4, drainage ditches would likely be required along the north and east sides
of the site to prevent surface and subsurface flow of water from the higher ground under the structure. Site 1 may likewise
require drainage ditches or cut offs to prevent subsurface water flow under structures to prevent degradation of the permafrost.
Drainage ditches would have to be deep enough to intercept all the subsurface water during spring freshet. All downspouts
from the building should be directed to discharge at least 4 m from the perimeter of the building or preferably should discharge

to the perimeter drainage ditches.

The finished grade around the buildings would require sloping away from the structure at a grade of at least four percent to

prevent ponding of the surface water around the foundations of the structure.
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10.1 Fire Protection — General

Trucked water supply for fire protection has been a continuing concern for the community and the Government of Nunavut. As
part of the ongoing discussions, EXP has completed an assessment of fire protection considerations associated with each of the
proposed sites. Site 1 is located at the existing site and is the furthest from the community. Site 3 and Site 4 are located closer
to the community but will require a raw water transmission line and additional pump house. Raw water transmission lengths

and maximum trucking distances for the three sites are provided in Table 10-1 below.

Table 10-1: Raw Water Transmission Line Lengths and Trucking Distances

site Raw Water Transmission Line to | Longest Trucking Distance (WTP
WTP to Furthest House)
1 (existing site, by Marcil Lake) 0 km 10.3 km
Site 3 (partway k?et'weell'l community 6.7 km 3.6 km
and existing site)
Site 4 (in community) 7.9 km 2.4 km

10.2 Fire Routing Analysis

A fire routing analysis was completed to assess whether moving the WTP/truckfill closer to the community would significantly

improve the firefighting response and ability to respond to a fire event. Commentary on this analysis is provided below.

In the event of a fire, time is passed between the initial fire alert by someone, the alarm/klaxon going off, the community
fire department gathering, dressing up and the fire truck leaving the firehall.

o 10 minutes or longer would not be out of the ordinary. While there are several variables at play, e.g.,
ignition source, type/age of building materials, travel time within the community, the experience is more
often than not that by the time the fire truck arrives on scene it’s too late to evacuate or save the building
and attention turns to preventing the spread of fire to adjacent buildings.

o The fire truck tank will empty on average in about 5 or 6 minutes at the fire scene then wait for refill from
water trucks.
o These variables differ for each community and should be verified with the community Fire Marshall.
The intent of moving the WTP/truckfill closer to the community is to presumably shorten the duration for the water
truck relay to fill the fire truck tank.
o There are a few constants.

i Fill time at truckfill station with the only variable being the size of the water truck. Assuming
water trucks are 12,000 L/truck, this equates to approximately 15 minutes (drive up, climb truck,
position hose, press start button on panel, fill truck (1,000 L/min), switch off pump, drive away).
Winter fill times are slower than summer.

ii. Connect time, water truck to fire truck at incident location and startup for filling. Typically using
kamlock fittings — assume 2 minutes on average, winter filling time slower than summer.
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iii. Time to fill the fire truck — depends on the pump discharge capacity of the water truck but

typically, it is a small pump used to fill building tanks. Assume 5 minutes (SAO or Fire Marshall
should confirm).

iv. Water truck speed: faster going empty, slower when full — conservative average = 30km/hr.
Number of water trucks

o Itis our understanding that Arctic Bay currently has 2 duty trucks @ 12,000 L/truck.
o Based on estimated future demand, at least 4 trucks will be required to meet trucking demands in 2043.

10.2.1 Fire Scenario 1: Worst-Case Scenario (Full Round Trip)

The total routing time for the worst-case scenario where all the water trucks are empty and are required to travel from the
community to the new WTP and back to the community (full round trip) was calculated as shown in the following table.

Site 1 (Existing Site) water truck route: 20.6 km round trip, 30 km/hr

Site 3 water truck route: 7.2 km round trip, 30 km/hr
Site 4 water truck route: 4.8 km round trip, 30 km/hr

Table 10-2: Fire Scenario 1 - Worst Case Scenario - All Trucks Empty and Require Full Round Trip

Parameter Site 1 (20.6 km trip) | Site 3 (7.2 km trip) I Site 4 (4.8 km trip)
Fill time at truckfill (1000 L/min)

Connect time (water truck to fire .
2 min
truck)

Time to fill fire truck/onion tank *

15 min

5 min
Travel Time 41 min 15 min 10 min
Total Tlme.(for'each load to 63 min 37 min i
replenish fire truck)

* water trucks may be fitted with a 4 5" outlet with fittings that are compatible with the fire department — this would allow the fire
truck to directly draw from the water truck

10.2.2 Scenario 2: Available Truck at Truckfill Station (One-Way Trip)

The total routing time for another scenario where all the water trucks are empty but at least one truck is already at the new WTP
(one-way trip) was calculated as shown in the following table.

Site 1 (Existing Site) water truck route: 10.3 km round trip, 30km/hr
Site 3 water truck route: 3.6 km round trip, 30km/hr
Site 4 water truck route: 2.4 km round trip, 30km/hr

Table 10-3: Fire Scenario 2 -- All Trucks Empty but are Waiting at Truckfill Station (i.e. one-way trip)

Parameter Site 1 (20.6 km trip) | Site 3 (7.2 km trip) | Site 4 (4.8 km trip)
Fill time at truckfill (1000 L/min) 15 min
Connect time (water truck to fire .
2 min
truck)
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Time to fill fire truck/onion tank 5 min

Travel Time 21 min 8 min 5 min

Total Time (for each load to

replenish fire truck) cEmiD) 30 min 27 min

10.3 Fire Routing Considerations

Considering the distances and constants, for the worst-case (Scenario 1 - no water trucks available and requires full round-trip),
Site 3 reduces the refilling relay by about 26 minutes and Site 4 by about 31 minutes compared to Site 1. For a more likely
scenario where at least one of the trucks is at the truckfill station (one-way trip), Site 3 reduces the refilling relay by about 13

minutes and Site 4 by about 16 minutes compared to Site 1.

In our opinion, irrespective of the site, the reduction in routing time is only marginal and insufficient for the truck relay to provide
water in a timely manner to fill the fire truck which by this time has been empty for approximately 26 minutes (or 21 minutes
for Scenario 2 when only a one-way trip is required). Another factor that must be considered for fire protection is potential
interruptions in water supply. One of the main concerns with a transmission line is freezing risks. Site 3 and Site 4 would require

a relatively long transmission line where there is significant risk of freezing and prolonged interruptions in water supply.

Effective fire response is highly dependent on whether water trucks are full and available within the community at the time of
the initial response. One of the recommendations provided in the 1993 NWT Fire Protection Study (Heinke & Marianayagam,
1993) is to keep water delivery trucks full during off-delivery hours and to store the trucks full in the community parking garage
(or in the fire hall). During water trucking operational hours, increasing the total number of water trucks on duty and
implementing some scheduling procedures increases the chances that the water trucks are staggered and increases the

probability that water trucks are full and available within the community.
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11.1 Capital Costs

Opinions of probable cost estimates (Class D) were developed by a Professional Quality Surveyor (Altus) by identifying the main

cost components required for the proposed WTP at Site 1, Site 3, and Site 4. The main capital cost components are as follows:

Capital costs
o Building and Site Development Costs

=  Site 1 - WTP building
=  Site 3 and Site 4 — WTP building, pump house and raw water transmission line (6.6 km and 7.9 km
for Site 3 and Site 4, respectively)
Access Road and truckfill turnaround area costs
Storage Tanks (treated water storage, process wastewater)
Process equipment
Mechanical equipment including tank freeze protection
Electrical
Include decommissioning of existing WTP

General requirements (freight and accommodations)

o 0 O O O O O O

Contingencies (design, escalation)

Contingencies were included to help account for differences in costs due to site location, as well as account for any unknown
costs which cannot be predicted at this early project phase. Class D cost estimates have been provided in Appendix C. The Class

D estimates for total construction capital costs for the three sites were:

Site 1 -$13,147,000
Site 3 —$28,237,000
Site 4 — $30,943,000

11.2 Annual Operations and Maintenance (O&M) Costs

Order-of-magnitude O&M estimates were developed by a Professional Quality Surveyor (Altus). Costs are in 2022 Canadian
Dollars. Detailed O&M cost estimates are provided in Appendix C. The following assumptions have been made to develop the
O&M estimates:

Water treatment plant runs — 12 hours/day, 5 days/week
Operating labour (WTP operation, truck deliveries, wastewater collection, snow removal and road maintenance as
required)

= 5 full time employees — 8 hours/day, 5 days/week
= 1 supervisor — 8 hours/day, 2 days/week
= 52 weeks, 12 months
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Truck delivery fuel

o Assume 4 trucks at 12,000 L capacity
= Deliveries — 5 days/week, 8 hours/day

®  Fuel consumption =~200 L of diesel for one truck per day

= Diesel cost =$2.00/L

= Annual truck fuel cost = $104,000/truck/year x 4 trucks = $416,000/year
Energy (WTP Building)

o Electrical consumption (from SWTT Cost Estimate, 2021)
= process load is estimated at 75 kW (SWTT Cost Estimate 2021), operating at 12 hours/day, electrical
process load = 900 kWh per day. At 5 days/week, annual electrical process load = 234,000 kWh
= other electrical usage will be small (area lighting, fans, misc. equipment). Annual misc. electrical load
=20,000 kWh
=  Electrical cost ($1.15/kWh), inclusive of demand and consumption charges
» Total annual electrical cost = $292,000/year
o Heating fuel (from SWTT Cost Estimate, 2021)
=  Estimated that the WTP building will use approximately 1000 Million British Thermal Units (MBTU)
and assuming diesel cost of $35.24/MBTU, annual heating cost for the WTP = ~$40,000/year
Chemical costs are estimated at $40,000/year
Training costs are estimated at $10,000/year
Regulatory and Routine water testing (from SWTT Report, 2021) = $84,000
Replacement of membranes (required on 5-year basis) — assumed cost of $75,000 in replacement years
Certified operator to run the facility for initial startup and provide operator training for 6 months — assumed $300,000
UV Lamp Replacement — assumed $5,000 (every 4 years)

Truck replacement x four (4) included in lifecycle — assumed cost of $65,000 in purchase years

The proposed WTP at Site 3 and Site 4 would require an additional raw water transmission line and pump house. Additional
O&M considerations for Site 3 and Site 4 include:

Additional energy costs for transmission line heating and recirculation (Site 3 and Site 4)
o Reheat water for the transmission pipeline
=  Calculated heat loss across the length of the pipe (ambient ground temperature = -15°C, k = 0.024
W/mC for polyurethane insulation, water temp in = 4°C)
e Site 3 heat loss (average) = ~80,000 W
o Total Heat input (annual) = 700,800 kWh = 2,391 MBTU/year
o Total heating cost (annual) = 2,391 MBTU x $35.24 = $85,000/year
e Site 4 heat loss (average) = ~90,000 W
o Total Heat input (annual) = 788,400 kWh = 2,690 MBTU/year
o Total heating cost (annual) = 2,690 MBTU x $35.24 = $95,000/year
o Recirculation electrical energy (Sites 3 and 4)
= Assuming recirc pump (30m pumping head @ 2L/s), annual electrical consumption = ~14,000
kWh/year
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e  @51.15/kWh

e Total electrical cost for recirculation (annual) = $16,000/year

Site 3 and Site 4 — freeze up events or winter pipe maintenance for the transmission pipeline — assumed $50,000 every
3 years

The annual O&M estimates for the three sites were:

Site 1 —5$1,899,304/year
Site 3—52,031,984/year
Site 4 - $2,043,809/year

11.3 Life Cycle Costs

The total 30-year cost for major repair and rehabilitation works was estimated at:

Site 1 - $6,236,701

o Annual average = $207,890/year
Site 3 -$7,877,107

o Annual average = $262,570/year
Site 4 -$8,282,518

o Annual average = $276,084/year
Assumptions and allowances made in the development of the lifecycle portion of this estimate include: design and pricing

contingency of 10% is included; oncosts of 20% included to account for isolated lifecycle projects; and project management fee
of 15%. Detailed life cycle cost breakdowns are provided in Appendix C.
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12.1 Methodology and Ranking Criteria

Site 1, Site 3 and Site 4 will be compared based on appropriate scoring and weightings to determine the preferred site for the

new WTP at Arctic Bay. The evaluation will consider factors of Technical, Compliance, Operational, Socio-Economic and Economic

Feasibility. Within these factors sub-criteria have been developed to evaluate the three potential sites and is provided in the

table below.

The evaluation applies a weighting to the specific criteria items. The weighting used is 1 through 10, with 10 being the strongest

weighting for a given criteria. The sites are then scored according to the criteria from 1 through 10, with 10 being the highest

score. The relative weights of the objectives are based upon an objective perspective on this project. Relative weighing and

scoring will be reviewed and discussed with the GN-CGS and community council.

Table 12-1: Options Evaluation - Ranking Criteria

No Criteria Information Weighting
Factor
Capital cost is the estimate of the opinion of the probable cost of each option based upon
a planning level estimate (Class D). This is a preliminary estimate which, because of limited
1 Capital Costs site information, and indicates the approximate magnitude of the cost of the proposed 9
option.
A low capital cost is the desired objective.
Operations and maintenance cost is an estimate of operations and maintenance costs of
2 O&M Costs each option and has been completed as part of the Class D cost estimate. 9
A low operations and maintenance cost is the desired objective.
Constructability refers to the anticipated ease with which the construction may advance
Ease of for a given option. Notable considerations include site development works (earthworks,
3 Constructability site preparation and drainage improvements), geotechnical, construction of access road 10
and electrical works to connect to the QEC grid.
An easily constructed facility is the desired objective.
Community Community a.cceptafnce refers to the pr.eference of each gption from cc.Jm.mu.nity residents.
Acceptance Notable considerations include potential land-use conflicts and proximity issues (human
4 and Aesthetic activities, natural and cultural features). Also includes aesthetic impact that each option 8
may have on community residents.
Impact . . L . . N
High community acceptance and low aesthetic impact is the desired objective.
Service Life / Service Iife? is the 'overe_ill_anticipated o_perating lifespan of a facility
5 Sustainability from the time of its original construction. 6
A long service life is the desired objective.
. Environmental risk refers to the potential environmental events such as flooding, landslide
Environmental . .
6 Risk and other climate-change related impacts (permafrost settlement). 7
A low environmental risk is the desired objective.
Performance Performance risk refers to the ability for an option to maintain continuous operations of
7 Risk the WTP (and existing WTP) while meeting all compliance requirements. 7
A low performance risk is the desired objective.
Space for Future expansion refers to the ease of expansion that each option will accommodate at
8 Future some point in the future. 4
Expansion An option that has space for future expansion is the desired objective.
9 Operations and | Simple operations and maintenance refer to the level of effort required for the operators 3
Maintenance and maintenance staff. Routine maintenance must be within the abilities of local
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maintenance staff and resources of the community, without the need for specialized

equipment or tools. Maintenance is not burdensome.
Simple operations and maintenance is the desired objective.

10

Public Safety

Minimizes traffic from water delivery trucks including safety of operators or maintenance
staff. No hazardous structures or facilities to which the public can access.

11

Fire Protection
Considerations

Fire protection refers to the preferred option to improve firefighting response and ability

to respond to fire events.

12.2 Options Evaluation

Table 12-2 provides some discussion comparing Site 1, Site 3 and Site 4 according to the ranking criteria.

Table 12-2: Options Evaluation - Comparison

No Criteria Site 1 Site 3 Site 4
Capital costs for Site 1 was Capital costs for Site 3 was Capital costs for Site 4 was
estimated at $13,147,000. estimated at $28,237,000. Site 3 estimated at $30,943,000. Site 4
has a significantly higher capital has a significantly higher capital
Site 1 will be assigned a score of | cost compared to Site 1 due to the cost compared to Site 1 due to
. 10. additional components (raw water the additional components (raw
1 Capital Costs Lo S
transmission line and pump house). | water transmission line and
pump house).
Site 3 will be assigned a score of 5.
Site 4 will be assigned a score of
3.
O&M costs for Site 1 was O&M costs for Site 3 was estimated | O&M costs for Site 4 was
estimated at $1,899,304/year. at $2,031,984/year. Site 3 has a estimated at $2,043,809/year.
significantly higher capital cost Site 4 has a significantly higher
Site 1 will be assigned a score of | compared to Site 1 due to the capital cost compared to Site 1
10. additional components (raw water due to the additional
2 O&M Costs transmission line and pump house). | components (raw water
transmission line and pump
Site 3 will be assigned a score of 7. house).
Site 4 will be assigned a score of
5.
Well-known site, existing power | Additional components to construct | Additional components to
and road infrastructure that can | include a raw water transmission construct include a raw water
be utilized. The proposed WTP line (6.7 km) and pump house at transmission line (7.9 km) and
will be located south of the Marecil Lake. pump house at Marcil Lake.
existing Environment Canada
weather station. Worse geotechnical conditions — Worst geotechnical conditions —
site has significant slope (8H:1V) steepest site slopes (6H:1V) and
Best geotechnical conditions — and requires significant site grading. | requires site grading. Soils
3 Ease of relatively flat (40H:1V) and Soils contain more ice crystals and contain the most ice crystals and
Constructability contains few ice crystals and lenses than Site 1. lenses and surficially disturbed
lenses. material which is not suitable for
construction and would have to
This is the best site for ease of Site 3 will be assigned a score of 5. be excavated and disposed of.
constructability and
geotechnical conditions Site 4 will be assigned a score of
3.
Site 1 will be assigned a score of
8.
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Community
4 Acceptance and
Aesthetic Impact

Site 1 is located at the existing
WTP site at Marcil Lake. The
community is familiar with this
location.

Site 1 will be assigned a score of
8.

Site 3 is located closer to the
community in the industrial area.
This site is located next to the new
QEC power plant and fuel tanks.
Public perception of locating a new
WTP next to these facilities Site 4 will be assigned a score of
(potential of contamination) may 7.

not be favourable.

Site 4 is located at the edge of
the community. Council has
indicated that vandalism is a
concern at this location.

Site 3 will be assigned a score of 5

It is anticipated that the
reduced efforts to maintain only
one building at Site 1 will
improve service

There are concerns with the additional efforts to maintain an additional
pump house building and long transmission line. There is significant risk
of freeze up and settlement issues caused by permafrost degradation of
the transmission line which may require premature repairs/replacement.

Service . .
5 Life\;ISustainabiIit life/sustainability compared to
Y| site 3 and Site 4. Site 3 and Site 4 will both be assigned a score of 5.
Site 1 will be assigned a score of
8.
Site 1 will be assigned a score of | As noted above there are concerns about permafrost degradation which
8. may cause settlement issues with the transmission pipeline.
. Migration of existing contaminants due to permafrost degradation is
Environmental L s - . . .
6 another concern. This risk is highest at Site 3 (industrial area with close

Risk

proximity to fuel tanks/power plant) followed by Site 4 (within
community) followed by Site 1 (undeveloped area).

Site 3 will be assigned a score of 4. Site 4 will be assigned a score of 6.

7 Performance Risk

The risk of prolonged
interruptions is expected to be
the lowest at Site 1. At Site 1
only one building needs to be
operated and maintained.

Site 1 will be assigned a score of
8.

The transmission line has significant risk of freezing which can lead to
prolonged interruptions in water supply. The longer the transmission line,
the higher the risk of freezing.

Site 3 will be assigned a score of 5. Site 4 will be assigned a score of 4.

Space for Future

Site 1 has ample room to
expand on all sides.

All sites are equally suitable for
future expansion and will each
be assigned a score of 5.

Site 3 is located besides the new
QEC power plant being constructed.
It appears that there is ample room
to expand towards the east.
However, the slope is also quite
steep and would require significant

Site 4 has ample room to expand
to the east or west. However, the
slope is quite steep and would
require significant site grading.

All sites are equally suitable for

Expansion site grading. future expansion and will each be
assigned a score of 5.
All sites are equally suitable for
future expansion and will each be
assigned a score of 5.
Site 1 is the best site to Site 3 and Site 4 will require significantly more O&M than Site 1 as there
minimize O&M efforts — one are 2 buildings and a transmission pipeline to operate and maintain.
location to operate and
Operations and maintain equipment. Although, snow accumulation/drifting impacts at the WTP/truckfill
9 building are expected to be less at Site 3 and Site 4 compared to Site 1,

Maintenance

Site 1 will be assigned a score of
8.

the entire length of the road to Marcil Lake will still require snow clearing
to maintain access to the pump house. Thus, total snow removal efforts
are expected to be more burdensome at Site 3 and Site 4.
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Additional effort will be required for unfreezing/thawing of the

transmission pipeline.

Site 3 and Site 4 will be assigned a score of 4.

10

Public Safety

Site 1 is located at Marcil Lake
and is far away from the
community. There are no
notable concerns regarding
public safety.

Site 1 will be assigned a score of
8.

Site 3 will see increased trucking
activity and vehicle traffic within
the industrial area.

Site 3 will be assigned a score of 7.

Site 4 is most susceptible to
unauthorized access/vandalism,
increased trucking activity and
vehicle traffic directly within the
community.

Site 4 will be assigned a score of
6.

11

Fire Protection
Considerations

Site 1 has the longest refilling routing time. However, Site 1 has the most-reliable water supply and the
lowest risk of prolonged supply interruptions. Site 3 and Site 4 reduce the refilling routing time but there is
considerable risk with freezing of the pipeline and prolonged supply interruptions. There are benefits and

drawbacks at each site.

In our opinion, the risk of water interruptions outweighs the benefits of marginally improving routing time.
Water truck availability and response time can be improved through operational procedures (increasing duty
water trucks, storing full trucks within community, scheduling routes, etc.).

All sites will be assigned a score of 5 as there are benefits and drawbacks at each site.

Table 12-3 provides a summary of the scoring summary between Site 1, Site 3 and Site 4 according to the ranking criteria.

Table 12-3: Options Evaluation — Scoring Summary

.. e L. Site 1 Site 1 Site 3 Site 3 Site 4 Site 4
No Criteria Weighting . . o
Rating Score Rating Score Rating Score
Capital Costs 9 10 90 5 45 3 27
O&M Costs 9 10 90 7 63 5 45
Ease of
3 Constructability 10 8 80 > 20 3 30
Community
4 Acceptance and 8 8 64 5 40 7 56
Aesthetic Impact
Service
> Life/Sustainability 6 8 = > = > =2
6 Environmental Risk 7 8 56 4 28 6 42
7 Performance Risk 7 8 56 5 35 4 28
8 Space for Future 4 5 20 5 20 5 20
Expansion
9 Operations and 8 8 64 4 32 4 32
Maintenance
10 Public Safety 6 8 48 7 42 6 36
11 Fire Protection 8 5 40 5 40 5 40
Considerations
TOTAL (820) 656 425 386
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12.3 Site Recommendation — Site 1

Based upon the Options Evaluation using criteria categories related to technical, compliance, operational, socio-economic and

economic considerations, Site 1 is the recommended site for the new WTP at Arctic Bay.

The main considerations for the recommendation of Site 1 over Site 3 and Site 4 are related to “Ease of Constructability”,
“Performance Risk” and “Operations and Maintenance”. A new WTP at Site 1 would provide the most reliable water supply
system, require less effort to operate and maintain as it does not include a transmission pipeline or additional pump house
building, and would require less effort to develop the site as the location is relatively flat. From a financial perspective, Site 1

has a significantly lower capital and O&M costs compared to Site 3 and Site 4.

The Hamlet Council of Arctic Bay has raised a concern about the fire protection offered with maintaining the water treatment
at the current location outside of the community. The concern is associated with the travel time for water tracks to fill and
return to the community and the public safety issues associated with this response time. EXP has reviewed this public safety
concern and suggests that the truck filling response time will only be marginally improved with locating the water treatment
facility closer to the community. The public safety concern must be weighed against the risk of prolonged water supply
interruptions and freezing concerns associated with a long water supply transmission line to the sites closer to the community
(Site 3 and Site 4). By eliminating the need to operate and maintain a long transmission line, Site 1 provides the community
with the most reliable water supply option. Improving water truck availability and response time can be addressed through
adapting operational procedures (increasing duty water trucks, increasing community fire trucks, storing full trucks within
community during off-hours, scheduling routes to ensure staggering of water truck deliveries, etc.), and providing
supplemental storage in the community. Discussions with the Nunavut Fire Marshal are necessary to provide additional

information on the public safety concerns associated with fire suppression response times.

12.4 Fire Marshall and Hamlet Council Input — Addition of 75 m? Fire Fighting Storage Tank

As per discussions regarding the Hamlet’s Council Meeting and Decision regarding the WTP location (August 17, 2022), the
Hamlet and Fire Marshall support the new WTP at Site 1 with the provision that an independent storage tank (75 m3) used for

fire-fighting flows be located within the community limits.

As such, the recommended site for the new WTP at Arctic Bay is Site 1. Additionally, this recommendation includes the

provision of a 75 m3 treated water storage tank (firefighting storage) within the community.

The treated water storage volume of 75 m? (used solely for firefighting purposes) will be provided in a single steel tank
approximately 4.5 m in diameter and 4 m in height. These dimensions are to be refined following site investigations and through
the detailed design. The treated water in the tank will be heated. The water temperature is not known but will likely be
maintained between 5°C and 10°C. A steel welded tank is recommended. Provided that a proper foundation is provided, it is
expected that a steel-welded tank will be more robust than a bolted tank given the harsh environment and extreme (-50°C)

temperature requirements of Arctic Bay.
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Both passive and active freeze protection of the treated water storage tank will be required. The passive freeze protection will
take the form of insulation, protected by a cladding system. Spray-on polyurethane insulation with a steel cladding system is
proposed. Active freeze protection of the treated water storage will be achieved through circulation of the tank contents through
an independent heat exchanger. The boiler system will provide the heat input into the heat exchanger. Over winter, it is
imperative that the tanks maintain some water volume (minimum 30%) to ensure proper freeze protection of the tank and
associated equipment. The storage tank will require a boiler system and ancillary mechanical equipment that will require a
designated heated shelter.

Geotechnical investigations and geothermal analyzes are required to determine the geotechnical/foundation requirements for
the tank. Based on these investigations and analyzes, it can be determined if additional geotechnical/foundation considerations
(i.e. thermosyphons) are required.

Location of the firefighting storage tank is still to be determined. This requires an additional site visit and discussions with city
officials (Council and Fire Marshall). As shown in Figure 12-1, sites that were considered in the initial scouting study can be
revisited for potential sites for the firefighting storage tank. Additional sites can be investigated following site visits and

discussions with the community. Proximity to the new Fire Hall is to be considered.

New Fire Hall

1.3 km
along road

Figure 12-1: Potential Firefighting Storage Tank Locations
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As the 75 m3 storage tank is to be used solely for firefighting purposes, it is recommended that operation and maintenance of
this tank fall under the Fire Department. To eliminate the risk of contaminating the drinking water distribution, it is imperative
that the storage tank only be used for firefighting operations and not for drinking water trucking. Ideally, the outlet of the tank
could be locked with the responsibility of the keys belonging to the Fire Department.

The estimated capital cost for this additional 75,000L tank is approximately $200,000. This is dependent on the site conditions
and foundation/geotechnical requirements following site investigations.
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13.1 Summary and Recommendations

2. The main objective of this Business Case Report is to summarize the findings and work undertaken as part of this project.

The scope of this project included the following:

vi.

Vii.

Initial field visit and potential site selection for the new WTP

Technical investigations

Hydrological, Bathymetric and Water Balance Study including Climate Change (Saline Intrusion) Screening
Study

Geotechnical Investigations

Environmental Site Assessment (Phase 1 and partial Phase 2)

Land Topographic Survey and Bathymetry Survey

Wind Blowing and Snow Drifting Study

Review of existing conditions, water quality information, water quality requirements, hydrological information and

proposed water treatment process trains

Development of service conditions including anticipated population growth, demands and regulatory
requirements over a 20-year design horizon

Development of water treatment plant components including raw water extraction, treatment, water
storage requirements, fire flow requirements, power considerations, building components and

geotechnical requirements.

Development of schematic designs for the preferred site locations

Preparation of Class D cost estimates including capital, operations and maintenance (O&M) and life-cycle costs for

the preferred sites

Options Evaluation for the preferred sites

Site recommendation for the new WTP at Arctic Bay

3. The proposed Treatment Train at Arctic Bay is:

¥ Cleaning Chemicals

N » Backwash solids
pH adjustmen ‘

{pravisional}
solids Chlorine
&
Membranes Treated Truck
Cantact . = —

F 4P - Tank — Fileration  — water  —— ) Fill
= "
g (UF) Reserviir Q
Raw
] A
WRIES coagulant | T = Rarkwash

Chlarine, caustic
and cleaning
chemicals

Figure 13-1: Proposed Treatment Train at Arctic Bay WTP
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4. A summary of the service conditions for the proposed WTP at Arctic Bay is given in Table 13-1 below.

Table 13-1: Service Conditions Summary

Demands and Design

Category Parameter Arctic Bay WTP - Design Input
Population Population (2023) 956
Population (2043) 1,184
Design Consumption Rate 120 Ipcd
Peaking Factor 2.5

Peak Daily Demand (2043)

355,200 L/day

WTP Production Time Per Day

12 hours/day
Flows - -
WTP Design Flow 493 L/min
Fire Flow Bypass 1000 L/min
Truckfill Flow (Total for 2 arms) 2 x 1000 = 2000 L/min
# of Raw Water Intakes 2
Intake # of Raw Water Pumps 3 (2 duty, 1 spare)
Intake Freeze Protection Dual heat trace (duty/standby)
Truck Fill # of Truck Arms 2

# of Truckfill Pumps

4 (2 duty, 2 spare)

Raw Water Inlet

# of Basket Strainers

Strainers 2 (1 duty, 1 spare) sized @ 500 L/min

Contact Tank Contact Time 10-30 mms'dependmg qn regunred

flocculation/coagulation time
# of trains N+1 or N+2
Membrane Filtration
Membrane Recovery Rate >95%
uv # of UV reactors 2 @ 100% design capacity
Chlorination CT Time * 120 minutes

Iron and Manganese

Iron and Manganese Treatment

Not required

Corrosion Control
(provisional)

Corrosion Control Treatment

Direct chemical addition

Fluoridation
(provisional)

Fluoridation

Fluoridation skid

Firefighting Volume

N/A (fire flow provided through bypass)

Equalization (EQ) Volume 118 m3
CT Volume 240 m3
Emergency Volume N/A
Treated Water Storage Plant Use Volume 36 m?
Dead Volume -
Total Treated Water Storage 394 m3
Tank Freeze Protection Recirculation
Wastewater Volume 249 m3
Wastewater Storage

Tank Freeze Protection

Immersed heater

Raw Water Storage

Type of raw water storage

Existing reservoir (Marcil Lake)

Capacity upgrade required?

Not required
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An initial scouting study to identify potential sites was completed. Eight (8) potential sites for the new WTP were identified.
From these eight sites, Site 5, Site 6 and Site 7 were eliminated from further consideration due to land use conflicts,
significant freezing risks due to length of raw water transmission line, excessive slopes on the site and constructability
considerations.

Following site visits by representatives of EXP and GN-CGS and discussions with the Hamlet’s community council, Site 2 and
Site 8 were also eliminated from further consideration due to constructability concerns, contamination concerns and land-
use conflicts.

Following the screening process, the three preferred sites for the new WTP were Site 1, Site 3 and Site 4. Additional technical
assessments (Hydrological & Water Balance Study, Geotechnical Investigations, Phase 1 Environmental Site Assessment,
Topographic and Bathymetry Survey, Wind Blowing and Snow Drifting Study) were completed for the three preferred sites.
Site 1 — located adjacent to the existing WTP and the existing lake reservoir (Marcil Lake).
Site 3 — located next to the new Power Plant which is currently under construction by QEC. It is located
approximately 6.6 km north of Marcil Lake reservoir and approximately 1.3 km south of the community.
Site 4 — located adjacent to the community on the road to the existing Water Treatment Plant and is approximately

7.9 km (along the existing access road) from Lake Marcil reservoir.

Based on the hydrology analysis and bathymetric survey, the existing water source (Marcil Lake watershed) and reservoir
(Marcil Lake) is adequate to meet the needs of the community for the 20-year design horizon without supplementary
pumping or capacity upgrades to the reservoir. The size of the Marcil Lake watershed is extremely large at 12,660 Ha and is
expected to provide significant volumes of water to recharge Marcil Lake. Marcil Lake has substantial reserve storage volume
that can easily accommodate the community’s water supply needs. The deepest part of Marcil Lake is 35 m and has an
estimated useable operational storage of approximately 14,500,000 m?.

i Results of the Climate Risk / Saline Intrusion potential screening for Marcil Lake suggest that for the “normal” (i.e.
median) climate change projection scenarios, that site conditions provide for adequate buffer with low risk of
saltwater intrusion up until at least 2100. However, for a scenario of more extreme climate change (e.g. SSP5-8.5
low confidence scenario) there is significant potential for climate change to impact the lake by overtopping and/ or
breaching of the lower lying lake outfall area located along the northwest portion of the ridge that separates Marcil
Lake from Arctic Bay.

The proposed WTP will continue using Marcil Lake as the primary water source for the community of Arctic Bay — no

additional upgrades to the existing road infrastructure or capacity upgrades to the reservoir are anticipated.
The proposed WTP shall be provided in a modular building approximately 26 m x 13 m.
The scope of the new WTP includes site development, new WTP (building, process, electrical, mechanical), dual raw water

intakes, storage tanks (treated, wastewater) and transmission/recirculation line from pump house to WTP (only for Site 3
and Site 4).
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12. Capital cost estimates (Class D) were prepared for all three sites. The capital costs for Site 3 and Site 4 are significantly higher
than Site 1 due to the additional transmission pipeline and pump house building. The estimated capital costs for the three
sites are:

Site 1 capital costs = $13,147,000
e A provision of $200,000 is included for the in-town firefighting storage tank (75m3)
e Thus, the Site 1 total capital costs = $13,347,000

Site 3 capital costs = $28,237,000

Site 4 capital costs = $30,943,000

13. Operations & Maintenance (O&M) costs were prepared for all three sites. The O&M costs for Site 3 and Site 4 are
significantly higher than Site 1 due to the additional efforts to operate and maintain the transmission pipeline and pump
house building. The estimated O&M costs for the three sites are:

Site 1 annual O&M costs = $1,899,304/year
Site 3 annual O&M costs = $2,031,984/year
Site 4 annual O&M costs = $2,043,809/year

14. The total 30-year lifecycle costs for major repair and rehabilitation works are estimated at:
Site 1 — $6,236,701
e Annual average = $207,890/year
Site 3-$7,877,107
e Annual average = $262,570/year
Site 4 58,282,518
e Annual average = $276,084/year

15. An Options Evaluation was completed for the three preferred sites (Site 1, Site 3, Site 4). The criteria included a comparison
based upon: capital costs; O&M costs; ease of constructability; community acceptance and aesthetic impact; service
life/sustainability; environmental risk; performance risk; space for future expansion; operations and maintenance; public
safety; and fire protection considerations. The evaluation applied weighting to specific criteria items. The sites were then
scored according to the criteria.

16. The results from the Options Evaluation:
Site 1 — Total score = 656
Site 2 — Total score = 425
Site 3 — Total score = 386

17. Based upon the Options Evaluation, it is recommended that Site 1 be used as the site for the new WTP at Arctic Bay and
advanced toward detailed design and implementation. Out of the three potential locations, a new WTP at Site 1 would
provide the most reliable water supply system, require the least amount of effort to operate and maintain as it does not
include a transmission pipeline or additional pump house building, and would require the least amount of effort to develop
the site as the location is relatively flat.
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18. As per discussions regarding the Hamlet’s Council Meeting and Decision regarding the WTP location (August 17, 2022), the
Hamlet and Fire Marshall support the new WTP at Site 1 with the provision that an independent storage tank (75 m3) used
for fire-fighting flows be located within the community limits.

i The treated water storage volume of 75 m? (used solely for firefighting purposes) will be provided in a single steel
tank approximately 4.5 m in diameter and 4 m in height. A steel welded tank with both passive and active freeze
protection is recommended.

i. Additional site visits, geotechnical investigations and discussions with community officials (Council and
Fire Marshall) is required to finalize site location for the firefighting storage.
ii. The estimated capital cost for this additional 75 m3 tank is approximately $200,000. This will be dependent

on the site conditions and foundation/geotechnical requirements following site investigations.
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14 Legal Notification

This report was prepared by EXP Services Inc. for the account of the Government of Nunavut.
Any use which a third party makes of this report, or any reliance on or decisions to be made based on it, are the responsibility of

such third parties. EXP Services Inc. accepts no responsibility for damages, if any, suffered by any third party as a result of

decisions made or actions based on this project.
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1. Scouting Study for Potential Water Treatment Plant Sites (EXP) — Arctic Bay (Revision 2: August 27, 2021)
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Short-listed Sites for New WTP (5)

® Screened Sites (3)
. Other Information

Hamlet of Arctic Bay - Scouting Study for Potential Water Treatment Plant Sites oo & loaes A5t
Prepared by: Ken Johnson, RPP, P.Eng and Chris Keung, MASc. (Revision 2: August 27, 2021)

Notes: Refer to Table entitled "Hamlet of Arctic Bay Scouting Study for Potential Water Treatment Plant
Sites" for additional information on the Scouting Study Page 1 /2
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Hamlet of Arctic Bay - Scouting Study for Potential Water Treatment Plant Sites
Prepared by: Ken Johnson, RPP, P.Eng and Chris Keung, MASc. (Revision 2: August 27, 2021)

Notes: Refer to Table entitled "Hamlet of Arctic Bay Scouting Study for Potential Water Treatment Plant

Sites" for additional information on the Scouting Study Page 2/2



HAMLET OF ARCTIC BAY SCOUTING STUDY FOR POTENTIAL WATER TREATMENT PLANT SITES

Short-Listed Sites

Screened Sites

Revision 2: August 27, 2021

Site No

Water Source

Raw Water Supply
Method

Raw Water Supply
Distance to WTP

Trucking Distance
to Core
Community

Additional Considerations

Trucked Delivery To
Community (< 3km)

No Raw Water
Supply Line
Required

Reduced Freeze
Risk (Supply line
less than 3km)

Minimzed Disturbance to
Community (Public Health and
Safety considerations)

No Land Use
Conflicts

Slope flatter
than 10H:1V

TOTAL

1 (existing)

Marci Lake

Treat at Source

0 km

9.2 km

- sufficient space at existing site to maintain existing WTP during
construction
- site is relatively flat

v

Marci Lake

piped raw water supply or
bulk haul

3.3 km

5.9 km

- at edge of airport (relatively well-maintained road)
- freeze risk of raw water supply line

Marci Lake

piped raw water supply or
bulk haul

6.7 km

2.5 km

- located near industrial area

- potential site of new power plant?

-significant freeze risks due to length of raw water supply (piped
option)

- significant trucking efforts and raw water storage footprint for
raw water delivery (bulk haul option)

Marci Lake

piped raw water supply or
bulk haul

7.9 km

1.3 km

- located just east of main core community

-significant freeze risks due to length of raw water supply (piped
option)

- significant trucking efforts and raw water storage footprint for
raw water delivery (bulk haul option)

Marci Lake

piped raw water supply or
bulk haul

9.2 km

0 km

- located in core community on access road leading up to the
lagoon

-significant freeze risks due to length of raw water supply (piped
option)

- significant trucking efforts and raw water storage footprint for
raw water delivery (bulk haul option)

- existing ground not relatively flat

Marci Lake

piped raw water supply or
bulk haul

8.8 km

0.4 km

- within community use site (future fire hall site)

-significant freeze risks due to length of raw water supply (piped
option)

- significant trucking efforts and raw water storage footprint for
raw water delivery (bulk haul option)

Marci Lake

piped raw water supply or
bulk haul

8.4 km

0.8 km

- within community use site (currently Innujag School)
-significant freeze risks due to length of raw water supply (piped
option)

- significant trucking efforts and raw water storage footprint for
raw water delivery (bulk haul option)

Marci Lake

piped raw water supply or
bulk haul

9.1 km

0.1 km

- just east of Future Elder's Center (within Open Space)
-significant freeze risks due to length of raw water supply (piped
option)

- significant trucking efforts and raw water storage footprint for
raw water delivery (bulk haul option)

** 5.8km to airport (relatively well-maintained road)
** regardless, road to pumphouse (Marci Lake) will have to maintained
** exclude site 7 - site of Innujaq School. Exclude site 5 - slope of existing ground, site 6 - land use conflicts
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1. Process Flow Diagram (EXP) — Arctic Bay (May 2022)
2. Conceptual WTP Building Layout (EXP) — Arctic Bay (May 2022)

3. Conceptual Design and Site Layouts (EXP) for Site 1, Site 3 and Site 4 — Arctic Bay (May 2022)
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March 15,2022 Project No.: 13130.101307

EXP

Suite 100 - 2650 Queensview Drive
Ottawa, ON

K2B 8H6

Attention: Christopher Keung

Re: Arctic Bay Water Treatment Plant, Class D Estimate R1

Dear Christopher,
We submit for your review our Class D Estimate, at Q1 2022 in accordance with the terms of our engagement.

The estimate includes all direct and indirect construction costs and general conditions, as well as contractor's
overheads and profit. The provisions for contingencies are based on the information provided and defined within the
body of this report.

The estimate includes the following contingencies, which are defined within the body of this report.
- 15% for design and pricing contingency
- 0% post-contract contingency - EXCLUDED
- 8% for escalation contingency

It should be noted that this report is not intended for general circulation, publication or reproduction for any other
person or purpose without express written permission to each specific instance.

Furthermore, this report was written for the exclusive use of EXP and Government of Nunavut and is not to be relied
upon by any other party. Altus Group Limited does not hold any reporting responsibility to any other party.

Should you have questions related to this report please do not hesitate to contact the undersigned.
Yours truly,
ALTUS GROUP LIMITED

David Jollimore, PQS David Crane, PQS, MRICS
Senior Cost Consultant Senior Director

Unpublished Work Copyright © 2022 | Altus Group | altusgroup.com
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ARCTIC BAY WATER TREATMENT
PLANT

Introduction
Scope

This estimate consists of a modular Arctic Bay Water Treatment Plant project located in Arctic Bay,
Nunavut.

Scope of work includes one modular water treatment plant, decommissioning of existing plant, one
waste water storage tank, one treated water storage tank, a new pump house, and associated
site/utility work to service the water treatment plant. This estimate provides pricing for three site
options (site 1, 3and 4).

The Construction Estimate is intended to provide a realistic budget based on the information provided.
The estimate reflects our opinion as to the fair market value for the construction of this proposed
project and is not intended to predict the lowest bid.

The estimate includes all direct and indirect construction costs consistent with the information
available. Certain exclusions and qualifications may apply; please refer to the detail within the estimate
report.

Area/ Project Statistics

The areas have been measured in accordance with the Canadian Institute of Quantity Surveyors
(CIQS) Standard Method of Measurement. Detailed areas and project statistics are included in
Appendix A.

Class D Estimate, R1 March 15,2022
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ARCTIC BAY WATER TREATMENT
PLANT

Project Details

General Information

From the information provided, we have measured quantities where possible and applied unit rates
considered competitive for a project of this nature, based on historical and current cost data for this
type of project. Where design information was limited, we have had discussions with the relevant
design disciplines and/or made assumptions based on our experience with projects of a similar type,
size, and standard of quality.

Location

The location cost base for this estimate is Arctic Bay, Nunavut.

Measurement and Pricing

The estimate has been derived using generally accepted principles on method of measurement as per
the Canadian Institute of Quantity Surveyors Elemental Cost Analysis and/or Method of Measurement
of Construction Works.

The rates used and developed for this estimate where applicable include labour and material,
equipment, and subcontractor's overheads and profit. Pricing is based on our experience with similar
projects, or quotes provided by subcontractors as noted within the estimate.

The unit rates in this estimate are indicative of current market conditions and do not account for
periods of extreme market volatility, or escalation during construction, unless noted otherwise in the
estimate. These unit rates can be considered current and accurate for the current period.

This estimate is not intended to be a prediction of the lowest bid and assumes competitive bidding for
all aspects of the work.

A Class D Estimate, has an accuracy range with an expected variance of -30% - +50%.
Environmental Sustainability

The estimate incorporates design elements consistent with Green Standards as identified within the
design information. Although the design and pricing incorporates energy efficient and sustainable
elements, actual certification with a regulatory body is not necessarily included. Premium costs could
be applicable relating to additional site management required and submission of necessary
documentation.

Taxes

The Goods and Services Tax (GST) has been excluded from this estimate.

General Requirements and Fees

The fee for the General Contractor is included. The general requirements are based on our
assumptions of the anticipated construction approach and schedule.

Class D Estimate, R1 March 15,2022
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ARCTIC BAY WATER TREATMENT
PLANT

Project Details

Procurement Methodology

We have assumed that the project would be procured with a General Contractor approach under a
CCDC standard form of contract.

We have assumed a minimum of three bids would be received for all trade categories to establish
competitive bidding and tender results. The estimate is a determination of fair market pricing and not a
prediction of lowest bid in any trade category. Please note that should the above minimum bidding
conditions not occur on this project, construction bids received could vary significantly from the
estimated costs included within this report.

Schedule / Phasing
The project has been priced to be completed as a single phase. The unit rates in our estimate are based

on construction activities occurring during normal working hours and proceeding within a
non-accelerated schedule.

Class D Estimate, R1 March 15,2022
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ARCTIC BAY WATER TREATMENT
PLANT

Scope Assumptions and Exclusions

Construction Budget Assumptions

1. Tender date of Q1 2023

2. Project duration of 2 months

3. Materials such as liner. textiles, etc. are assumed to be barged to site from major port
4. Assumed at fill/granular material will be locally sourced
5. Contractor is assumed to come from lgaluit

6. Local accommodations are available, no camp required
7. Material quantities based on architect's/engineer's quantities, when provided
8. Decommissioning of existing water treatment plant

9. Water treatment building dimensions 26m x 13m

10. Two filler stations

Construction Budget Exclusions

The following items are excluded from the estimate:

1. Land and associated costs

2. Utility connection costs/charges

3. Soft costs and professional fees

4. Development and Building Permits

5. Legal fees

6. Marketing/promotion

7. Realty taxes, levies, insurance

8. Operating expenses

9. Interest/finance charges

10. Remedial work to existing buildings/structures/property (unless noted)
11. Premiums for removal/treatment of contaminated soil
12. Vibration/noise control premiums

13. DAF

14. Owner supplied FF&E (except as noted)

15. Municipal off site services connection

16. Construction contingency

17.COVID-19 contingency

18.GST

Class D Estimate, R1 March 15,2022
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4.3

4.4

4.5

ARCTIC BAY WATER TREATMENT
PLANT

Contingencies
General

The effective use of contingencies in construction cost planning requires a clear understanding of
estimating risks in both a project specific and general construction market sense. The appropriate level
of contingency is dependent on the amount of information available, knowledge of the design teams’
methods and philosophy, the timing of the estimate preparation relative to the project design and
construction schedule, and the anticipated complexity of the construction work.

Design and Pricing
A design and pricing contingency of 15% has been included in the estimate.

This contingency covers the design and pricing evolution during the remaining design stages of the
project. Please note this contingency is not intended to cover additional scope or additional functional
program requirements.

Escalation
An escalation contingency of 8% has been included in the estimate. This contingency is intended to

address anticipated changes in construction costs due to market fluctuations between the date of this
report and the anticipated tender date of Q1, 2023.

Construction Contingency (Post-Contract)

A construction contingency has been excluded from the estimate. It is the intention of this contingency
to cover post-contract change orders.

COVID-19

The COVID-19 pandemic has the potential to materially impact the project construction budget
beyond the estimate provided herein and outside of “standard” project contingencies. This estimate

does not include any potential COVID-19 related impact costs. We recommend that EXP /
Government of Nunavut assess each project individually and apply an appropriate contingency.

Class D Estimate, R1 March 15,2022
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ARCTIC BAY WATER TREATMENT
PLANT

General Statement of Liability
Probable Costs and Ongoing Cost Control

Altus Group Limited does not guarantee that tenders or actual construction costs will not vary from
this estimate. Acute market conditions, proprietary specifications, or competition/collaboration
among contractors may cause tenders to vary from reasonable estimates based on normal and
abnormal competitive conditions.

Altus Group Limited recommends the owner and/or design team review the cost estimate report
including line item descriptions, unit prices, allowances, assumptions, exclusions, and contingencies to
ensure the appropriate design intent has been accurately captured within the report.

It should be noted that the cost consultants are not qualified to confirm that construction work and
design is in accordance with approved plans and specifications.

Details of our Client Data Policy can be found at www.altusgroup.com

Class D Estimate, R1 March 15,2022
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6 Estimate Documentation

6.1 Documentation

PLANT

Page Count Description Date Received

69 2021.12.20-Technology ASsessments for New Water Treatment February 10,2022
Facilities DRAFT

5 Arctic Bay Schematic Design Figures.pdf February 10,2022

1 1-Arctic Bay - CONCEPTUAL FOOTPRINTS February 10,2022
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ARCTIC BAY WATER TREATMENT PLANT
APPENDIXA

Project Statistics
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SUILDING STATISTICS

FLOOR DETAILS
GFA FLOOR DETAILS

Arctic Bay WTP Enclosed Void GFA (m? GFA (sf) Perimeter Height Wall(m?
Modular Building Area (m?) (m?) (m) (m)

B Sub-Total

101307 - Arctic Bay Water Treatment Plant, Class D Estimate, R1 March 15,2022
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ARCTIC BAY WATER TREATMENT PLANT
APPENDIX B

Executive Summary
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—XECUTIVE SUMMARY

Site Option 1 Site Option 3 Site Option 4
Building Component Area (m2) Unit Rate Area (m2) Unit Rate Unit Rate
Modular Building WTP 338 m2 $19,058 /m2 $6,441,706 338 m2 $19,058 /m2 $6,441,706 338 m2 $19,058 /m2 $6,441,706
Processing Equipment 1 sum $3,098,509 $3,098,509 1sum $3,098,509 $3,098,509 1 sum $3,098,509 $3,098,509
Site Development 9,420 m2 $122/m2 $1,148,045| 9,416 m2 $1,425/m2 $13,416,418 9,424 m2 $1,657 /m2 $15,616,513

Pre-contingency Subtotal (GFA)

$31,622 /m2

$10,688,260

$67,919 /m2

$22,956,633

$74,428 /m2

$25,156,728

Design & Pricing Contingency (15.0%)

Design Contingency Subtotal (GFA)

$36,365 /m2

$1,603,239

$12,291,499

$78,107 /m2

$3,443,495

$26,400,128

$85,592 /m2

$3,773,509

$28,930,237

Escalation Contingency (8.0%)
Construction Contingency (0.0%)

Total Construction Cost (GFA)

$38,895/m2

$855,061
Excluded

$13,146,560

$83,540 /m2

$1,836,531
Excluded

$28,236,659

$91,547 /m2

$2,012,538
Excluded

$30,942,775

GST

Total Construction Cost

$38,896 /m2

Excluded

$13,147,000

$83,541/m2

Excluded

$28,237,000

338 m2

$91,547 /m2

Excluded

$30,943,000

12
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ARCTIC BAY WATER TREATMENT PLANT
APPENDIX C

Elemental Summary & Details - Water Treatment Plant Modular
Building

Class D Estimate, R1 March 15,2022
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—LEMENTAL SUMMARY

ARCTIC BAYWTP MODULAR BUILDING

$6,956,000 T3_5O2T(2§r§0/m2 338 m’

ARCTIC BAY WTP MODULAR BUILDING 3,638 sf
TOTAL T$Oj%:6\9l_ }SfZ/Sf COMP. GFA

Element Element $ Total /m2 [¢)
Element Quontity et Cost Total M2 %

A SHELL 1,932,145 5716/m2 27.8%

A1 Substructure 719,296 2,128/m2 10.3%
A11 Foundations . 338 m2 2,128 /m2 719,296 2,128 /m2 10.3%
A2 Structure 648,689 1,919 /m2 9.3%

A21 Lowest Floor Construction 1.00 338 m2 1,574 /m2 532,112 1,574 /m2 7.6%
A23 Roof Construction . 338 m2 345 /m2 116,576 345 /m2 1.7%

A3 Exterior Envelope 564,160 1,669 /m2 8.1%
A31 Walls Below Grade 0.36 123 m2 500/m2 61,500 182 /m2 0.9%
A32 Walls Above Grade 0.87 295m2 550/m2 162,360 480/m2 2.3%
A33 Windows & Entrances 0.05 18 m2 1,144 /m2 20,600 61/m2 0.3%
A34 Roof Covering 1.00 338 m2 573/m2 193,700 573/m2 2.8%
A35 Projections 1.00 338 m2 373 /m2 126,000 373/m2 1.8%

B INTERIOR 185,971 550 /m2 2.7%

B1 Partitions & Doors 44,027 130 /m2 0.6%
B11 Partitions 0.60 203 m2 155/m2 31,427 93/m2 0.5%
B12 Doors 0.02 6no. 2,100 /no. 12,600 37 /m2 0.2%

B2 Finishes 73,008 216 /m2 1.0%

B21 Floor Finishes 1.00 338 m2 125/m2 42,250 125/m2 0.6%
B22 Ceiling Finishes 1.00 338 m2 16.00/m2 5,408 16 /m2 0.1%
B23 Wall Finishes 406 m2 62.50 /m2 25,350 75/m2 0.4%

B3 Fitting & Equipment 68,936 204 /m2 1.0%
B31 Fitting & Fixtures 1.00 338 m2 204 /m2 68,936 204 /m2 1.0%

C SERVICES 1,453,633 4,301/m2 20.9%
C1 Mechanical 669,447 1,981 /m2 9.6%
C11 Plumbing & Drainage 1.00 338 m2 1,031/m2 348,424 1,031 /m2 5.0%
C12 Fire Protection 1.00 338 m2 4.89 /m2 1,653 5/m2 0.0%
C13 HVAC 1.00 338 m2 815/m2 275,370 815/m2 4.0%

C14 Controls 338 m2 130/m2 44,000 130/m2 0.6%
C2 Electrical 784,186 2,320/m2 11.3%

C21 Service & Distribution 1.00 338 m2 1,429 /m2 482,980 1,429 /m2 6.9%
C22 Lighting, Devices & Heating 1.00 338 m2 246 /m2 83,185 246 /m2 1.2%
C23 Systems & Ancillaries 1.00 338 m2 645 /m2 218,021 645 /m2 3.1%
D SITE & ANCILLARY WORK 355,000 1,050/m?2 5.1%
D2 Ancillary Work 355,000 1,050 /m2 5.1%
D21 Decommissioning 0.00 1sum 125,000 /sum 125,000 370/m2 1.8%
D22 Alterations 1.00 338 m2 680 /m2 230,000 680/m2 3.3%
Net Construction Estimate $3,926,749 11,618 /m2 56.5%
Z GENERAL REQUIREMENTS & ALLOWANCES 1,851,064 5477/m2 26.6%
Z1 General Requirements & Fee 550,332 1,628 /m2 7.9%
Z11 General Requirements and Fee 30.0% 1,178,275 3,486 m2 16.9%
Z12 Freight and Accommodations 10.8 % 550,332 1,628 m2 7.9%
Total Construction Estimate (Excluding Contingencies) $5,655,356  16,732/m2 81.3%
Z2 Contingencies 1,300,732 3,848/m2 18.7%
Z21 Design and Pricing Contingency 15.0% 848,303 2,510 m2 12.2%
Z22 Escalation Contingency 8.0% 452,428 1,339 m2 6.5%
Z23 Construction Contingency EXCLUDED

GST EXCLUDED

TOTAL CONSTRUCTION COST $6,956,088 20,580/m2 100%

101307 - Arctic Bay Water Treatment Plant, Class D Estimate, R1 March 15,2022
14 Unpublished Work Copyright © 2022 | Altus Group | altusgroup.com



ELEMENTAL DETA\ L

ARCTIC BAYWTP MODULAR BL

Quantity Unit Rate ($)

A1 Substructure

Preparation
BA111 Clearing and grubbing 338 m2 3.50 1,183
BA112 Rough grading 338 m2 8.00 2,704

Strip Footings

BA113 Perimeter Strip Fdns. - 900x300mm 78 m 1,038.38 80,993
Trench excavation and removal from site 390 m3 21.00 8,190
Granular backfill - supply & place (by machine) 327 m3 85.00 27,790
Formwork - strip footings 47 m2 220.00 10,296
35 MPa, C1 (5000Psi) - supply 22 m3 1,250.00 27,641
Place concrete 22 m3 60.00 1,327
Black reinforcing steel - labour, material, and accessories 1,369 kg 4.20 5,749

Foundation Walls

BAl14 Foundation Walls - 250x2000mm high 78 m 1,930.20 150,556
Formwork - foundation stub wall 312 m2 220.00 68,640
35 MPa, C1 (5000Psi) - supply 41 m3 1,250.00 51,188
Dampproofing to foundation walls 156 m2 55.00 8,580
Place concrete 41 m3 60.00 2,457
Black reinforcing steel - labour, material, and accessories 3,510 kg 4.20 14,742
50mm (2") rigid insulation (R10) 117 m2 42.30 4,949

Other A1l Foundations

BA115 Excavation, backfill and insulation to thermosyphon system 338 m2 470.00 158,860
Bulk excavation in earth and remove from site 676 m3 27.00 18,252

Granular backfill 608 m3 95.00 57,798

200mm hi-load 60 rigid insulation 338 m2 240.00 81,120

Below-grade vapour retarders 338 m2 5.00 1,690

BA11.6 Thermosyphon system 1sum  325,000.00 325,000
TOTAL FOR A11 FOUNDATIONS 338 m2 2,128 /m2 $719,296

101307 - Arctic Bay Water Treatment Plant, Class D Estimate, R1 March 15,2022
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ELEMENTAL DETA\ L

BAY WTP N DULAR BL

ARCTIC

Unit Rate ($)

Quantity

A2 Structure

Slab on Grade

BA21.1 Slab on Grade - 150mm Thick 338 m2 598.03 202,132
Bulk excavation in earth and remove from site 676 m3 27.00 18,252

Granular backfill 625 m3 95.00 59,404

35 MPa, C1 (5000Psi) - supply 53 m3 1,250.00 66,544

Place concrete 53 m3 60.00 3,194

Concrete finishing - steel trowel finish 338 m2 16.00 5,408

38mm (1-1/2")rigid insulation (R7.5) 338 m2 50.00 16,900

38mm (1-1/2")rigid insulation (R7.5) 338 m2 50.00 16,900

Below-grade vapour retarders 338 m2 5.00 1,690

Black reinforcing steel - labour, material, and accessories 3,296 kg 4.20 13,841

Structural Framing - Metal Deck to WTP

B.A212 Modular building floor system, assumed plywood 338 m2 60.00 20,280
BA213 Structural steel framing 16,900 kg 6.50 109,850
BA214 Misc. Details 1,690 kg 7.50 12,675
BA215 Floor Assembly 600 m2 311.96 187,175
200mm Mineral wool batt insulation 600 m2 50.00 29,996

38mm Rigid insulation 600 m2 40.00 23,997

AVB 600 m2 22.00 13,198

Resilient strapping 600 m2 25.00 14,998

Prefinished metal liner panel 600 m2 175.00 104,986

TOTAL FOR A21 LOWEST FLOOR CONSTRUCTION 338 m2 1,574 /m2 $532,112

A2 Structure

Structural Steel Floor Framing at WTP Roof

BA231 Steel framing (all-in) 13,520 kg 6.50 87,880
BA232 Misc. connections and details 1,352 kg 7.50 10,140
BA23.3 38mm metal deck 338 m2 54.90 18,556

TOTAL FOR A23 ROOF CONSTRUCTION 338 m2 345 /m2 $116,576

101307 - Arctic Bay Water Treatment Plant, Class D Estimate, R1 March 15,2022
16 Unpublished Work Copyright © 2022 | Altus Group | altusgroup.com



ELEMENTAL DETA\ L

ARCTIC BAYWTP MODULAR BUILDIN
Quantity Unit Rate ($) Total ($)
A3 Exterior Envelope
Building Skirting
B.A3L1 Allowance for skirting to building 123 m2 500.00 61,500
TOTAL FOR A31 WALLS BELOW GRADE 123 m2 500/m2 $61,500

A3 Exterior Envelope

Metal Panels - Building

B.A32.1 Prefinshed metal panels - stud back-up 295 m2 550.00 162,360
TOTAL FOR A32 WALLS ABOVE GRADE 295 m2 550/m2 $162,360

Windows
B.A33.1 Glazing Allowance 4 no. 750.00 3,000

Exterior Louvres
BA33.2 Fixed louvers 1sum 5,000.00 5,000

Hollow Metal Exterior Doors

B.A33.3 Hollow metal exterior doors - Single 2 no. 2,300.00 4,600
BA33.4 Hollow metal exterior doors - Double 2 pair 4.000.00 8,000
TOTAL FOR A33 WINDOWS & ENTRANCES 18 m2 1,144 /m2 $20,600

101307 - Arctic Bay Water Treatment Plant, Class D Estimate, R1 March 15,2022
17 Unpublished Work Copyright © 2022 | Altus Group | altusgroup.com



ELEMENTAL DETA\ L

ARCTIC BAYWTP DULAR BL
Quantity Unit Rate ($) Total ($)
A3 Exterior Envelope

Roof Covering to Building - Building

BA34.1 Insulated metal roof panels 338 m2 550.00 185,900
Roof Accessories

BA34.2 Allowance for roof accessories 1 sum 2,500.00 2,500
BA34.3 Roof hatches 1 no. 3,500.00 3,500
BA344 Steel ladder 1 no. 1,800.00 1,800
TOTAL FOR A34 ROOF COVERING 338 m2 573/m2 $193,700

A3 Exterior Envelope

Canopies
BA35.1 Canopy Allowance 2 ea. 15,000.00 30,000
Areaway Walls and Gratings
B.A35.2 Galvanized metal grating stairs and landing 2 no. 30,000.00 60,000
BA35.3 Galvanized metal grating stairs and landing 2 no. 18,000.00 36,000
TOTAL FOR A35 PROJECTIONS 338 m2 373/m2 $126,000

B1 Partitions & Doors

Steel Stud and Drywall Partition Assemblies

BB111 Demising partition 203 m2 128.17 26,019
92mm (3-5/8") s/studs 406mm (16") o/c to walls 203 m2 45.50 9,227
89mm (3-1/2") sound attenuation batt. 203 m2 2240 4,543
15.9mm (5/8") fire rated (type 'X') drywall to walls 203 m2 16.20 3,285
Tape & finish (Level 4 finish) to walls 203 m2 14.00 2,839
15.9mm (5/8") fire rated (type 'X') drywall to walls 203 m2 16.20 3,285
Tape & finish (Level 4 finish) to walls 203 m2 14.00 2,839

101307 - Arctic Bay Water Treatment Plant, Class D Estimate, R1 March 15,2022
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—LeEMENTAL De TAIL

ARCTIC BAYWTPMODULAR BUILDING

Quantity Unit Rate ($)

B1 Partitions & Doors
B11 Partitions

Misc. Metals, Rough Carpentry, Sealing etc.

BB112 Rough carpentry - above grade 338 m2 10.00 3,380
B.B11.3 Allow for sealing, caulking and firestopping 338 m2 6.00 2,028
TOTAL FORB11 PARTITIONS 203 m2 155/m2 $31,427

B12 Doors

Hollow Metal Interior Doors
BB121 Hollow metal interior doors - Single 6 Ivs 2,100.00 12,600

TOTAL FORB12 DOORS 6 no. 2,100 /no. $12,600

B2 Finishes
B21 Floor Finishes

Hardeners, Sealers, and Other Surface Treatment
BB211 Epoxy coatings 338 m2 125.00 42,250

TOTAL FORB21 FLOOR FINISHES 338 m2 125/m2 $42,250

B22 Ceiling Finishes

Applied Ceiling Finishes

BB221 Interior paint to exposed ceiling soffit 338 m2 16.00 5,408

TOTAL FOR B22 CEILING FINISHES 338 m2 16.00 /m2 $5,408

101307 - Arctic Bay Water Treatment Plant, Class D Estimate, R1 March 15,2022
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ELEMENTAL DETA\ L

ARCTIC BAYWTP MODULAR BUILDIN
Quantity Unit Rate ($) Total ($)
B2 Finishes
Painting to Walls
BB231 Interior paint to walls 304 m2 50.00 15,210
Wall Covering
BB232 Misc. wall protection 101 m2 100.00 10,140
TOTAL FOR B23 WALL FINISHES 406 m2 62.50/m2 $25,350

B3 Fitting & Equipment

Platforms

B.B31.1 Steel access platforms - allowance 1 no. 48,000.00 48,000
Brackets

BB312 Misc. metals - above grade 338 m2 22.00 7,436

B.B31.3 Misc. grating to equipment 7 m2 1,000.00 7,000
Cabinetwork and Casework

BB314 Cabinets - Kitchen Counter 2m 1,000.00 2,000
Shelving

BB3L5 Work Bench 2m 1,500.00 3,000
Washroom Accessories - Residential Grade

B.B316 Washroom accessories to suites 1 sum 1,500.00 1,500

TOTALFORB31FITTING & FIXTURES 338 m2 204 /m2 $68,936
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ELEM ENTAL DETA\ L

DULARBL

ARCTIC B

Quantity Unit Rate ($)

C1 Mechanical
BC111 Equipment 1 sum 41,500.00 41,500
Equipment
Sanitary Waste Tank 1 no 13,500.00 13,500
Domestic Water Tank 1 no 8,500.00 8,500
Pressure Tank 1 no 2,500.00 2,500
Hot Water Tank 1 no 1,500.00 1,500
Fuel storage tanks and platform 1 sum 15,500.00 15,500
BC112 Piping-Above Grade 1sum  296,769.00 296,769
Piping-Above Grade
Domestic cold water 60 m 125.00 7,500
Domestic hot water 41 m 125.00 5,100
Fuel piping 112 m 145.00 16,240
Sanitary drain and vent-above grade 75 m 135.00 10,125
Pipe insulation (Domestic) 121 m 22.00 2,661
Pipe Insulation and heat trace - Carrier pipe 523 m 225.00 117,758
Concrete ballast block and pipe support 105 no. 1,312.50 137,385
BC113 Plumbing Fixtures 1 sum 10,155.00 10,155
Plumbing Fixtures
Water closet tank-manual flush, low flow-non electronic faucet 1 no. 395.00 395
Lavatory-counter top, low flow-non electronic faucet 1 no. 425.00 425
Office sink 1 no. 750.00 750
Utility sink 1 no. 750.00 750
Emergency Shower 1 no. 2,400.00 2,400
Eye Wash 1 no 750.00 750
Floor drains 4 sum 350.00 1,400
Non freeze wall hydrants 1 sum 2,000.00 2,000
Emergency Shower 1 no 220.00 220
Eye Wash 1 no 165.00 165
Plumbing fixtures - installation only 1 sum 900.00 900
TOTAL FOR C11 PLUMBING & DRAINAGE 338 m2 1,031/m2 $348,424
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ELEMENTAL DETA\ L

DULARR

ARCTI!

Quantity Unit Rate ($)
C1 Mechanical
BC121 Building 1 sum 1,652.81 1,653
Building

Fire extinguishers 1 sum 1,500.00 1,500
Sprinkler and standpipe system control valves assembly c/w zone valves, 1 sum 112.50 113

heads, etc
Allowance for testing, balancing and certification 1 sum 40.31 40
TOTAL FOR C12 FIRE PROTECTION 338 m2 4.89 /m2 $1,653

C1 Mechanical

BC131 Heating Plant 1 sum 92,400.00 92,400
High efficiency heating boilers, 107 MBH each 1 sum 20,200.00 20,200
P-Building heating system pumps, VFD 2 no. 13,500.00 27,000
HEX 1.1and 1.2 Treated Water Tank 2 no. 8,500.00 17,000
HEX 2/3 Heat exchanger, backwash tank 1 no. 8,500.00 8,500
Allowance for glycol feed tank, chemical treatment, etc 1 no. 6,500.00 6,500
Allowance for air separators, gauges, valves, etc 1 sum 5,500.00 5,500
Allowance for boiler flue vent 1 sum 7,700.00 7,700
BL132 Air Handlers and Fans - Building 1 sum 65,500.00 65,500
MUA-Building make-up air unit direct fired 1 sum 60,000.00 60,000
Building Exhaust Fan 1 sum 2,500.00 2,500
EF-Mechanical and Electrical room exhaust fan 2 sum 1,500.00 3,000
B.C133 Piping-HVAC 1 sum 27,000.00 27,000
Hot water piping supply and return 135 m 105.00 14,175
Piping Insulation 135 m 95.00 12,825
BC134 Common Area terminal devices - Building 1 sum 13,550.00 13,550
Unit heaters-hydronic 4 no 2,200.00 8,800
Entrance force flow heater-hydronic 2 no 1,500.00 3,000
RHC-1 1 no. 750.00 750
BB Coils 1 no 1,000.00 1,000
BC135 Ductwork and Air Distribution 1 sum 21,920.00 21,920
Galvanized steel ductwork 574 kg 30.00 17,220
Diffusers, registers and grilles 1 sum 1,600.00 1,600
Duct insulation 1 sum 3,100.00 3,100
BC136 Miscellaneous 1 sum 55,000.00 55,000
Allowance for emergency generator fuel oil system 1 sum 20,000.00 20,000
Generator room ventilation system 1 sum 20,000.00 20,000
Testing, balancing and Commissioning 1 sum 15,000.00 15,000
Allowance for MCC - by Div. 16 Included Elsewhere
TOTALFOR C13HVAC 338 m2 815/m2 $275,370
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ELEMENTAL DETA\ L

DULARR

ARCTIC BAY

Quantity Unit Rate ($)

C1 Mechanical
BC14.1 Controls 1 sum 44,000.00 44,000
Make-up air units 1 sum 15,000.00 15,000
Heating / cooling plant 1 sum 15,000.00 15,000
Generator and fuel system monitoring and controls 1 sum 4,500.00 4,500
Fans, dampers 2 sum 1,500.00 3,000
Process monitoring 1 sum 6,500.00 6,500
TOTAL FOR C14 CONTROLS 338 m2 130/m2 $44,000
C2 Electrical
BC211 Normal Power 1 sum 17,852.80 17,853
Provide feeder connection of electrical service - Main service equipment 1ls 4,366.80 4,367
provided by others

Modular allowance for Main Service switchboard 1 sum 13,486.00 13,486
B.LC212 Emergency Power 1sum 235,110.10 235,110
Provide feeder connection for generator - Generator provided by others 1 sum 1,872.00 1,872
Modular allowance for exterior pad mounted generator 1 sum 182,432.25 182,432
Modular allowance for transfer switch and emergency distribution 1 sum 50,805.85 50,806
B.LC213 Distribution - common area 1m2 8,757.00 8,757
Modular allowance for Branch panels 1 sum 8,757.00 8,757
BC214 Motor Controls & Wiring 1m2 184,860.00 184,860
Wire & connect to mechanical equipment - None observed in structure - 1 nil 0.00 Excluded

Assumed all mechanical connections and feeders are factory supplied
Modular allowance for MCC 1 sum 56,316.00 56,316
Modular allowance for Mechanical connections and feeders 1 sum 128,544.00 128,544
B.C215 Miscellaneous 1 sum 36,400.00 36,400
Grounding 1 sum 3,500.00 3,500
Misc. Heat Trace and controllers 1 sum 32,900.00 32,900
TOTAL FOR C21 SERVICE & DISTRIBUTION 338 m2 1,429 /m2 $482,980
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ELEM ENTAL D TA L

NTP MODULAR BUILDIN

ARCTI(

Quantity Unit Rate ($)

C2 Electrical
B.C221 Lighting 1 sum 60,911.25 60,911
Assumed that all electrical lighting, switching and receptacles on 1 nil 0.00 Excluded
structure are included by factory installed structure provider
Module - Interior lighting and branch wiring 1 no. 32,475.00 32,475
Module - Tank lighting and branch wiring 1 no. 5,200.00 5,200
Module - Exterior man and fill lighting 1 no. 5,600.00 5,600
Modular - Exit signs, battery packs and remote heads 1 no. 11,960.00 11,960
Modular - Exterior time clock and contactor 1 no. 2,080.00 2,080
Modular interior lighting control 1 no. 3,596.25 3,596
B.C222 Common Area Devices 1 sum 22.274.00 22274
Assumed that all electrical lighting, switching and receptacles on 1 nil 0.00 Excluded
structure are included by factory installed structure provider
Modular - 15A/20A 125V duplex receptacle 20 no. 180.00 3,600
Modular - 15A/20A 125V duplex receptacle, GFI 4 no. 230.00 920
Modular - 15A 125V duplex receptacle, GFl, W/P - exterior of building 6 no. 459.00 2,754
and tanks
Modular - General branch wiring 1 no. 15,000.00 15,000
TOTAL FOR C22 LIGHTING, DEVICES & HEATING 338 m2 246 /m2 $83,185

C2 Electrical

B.C231 Fire Alarm System 1 sum 38,441.00 38,441
Modular - Fire alarm system and auto dialer - Requirements TBD 1 sum 38,441.00 38,441
B.C232 Security System 1 sum 41,600.00 41,600
Allowance for security system including CCTV camera, access door 1 sum 41,600.00 41,600

devices, etc. - Requirements TBD

B.C233 Communications 1 sum 44.740.00 44740
Allowance forTelephone and communication service and lines - Not 1 sum 3,400.00 3,400
included in module structure scope(s)

Modular -Communication cable tray 1 sum 8,100.00 8,100
Modular - Communication outlet rough in 12 no. 135.00 1,620
Cable drops 24 no. 285.00 6,840
Plywood backboards 1 sum 835.00 835
Racks, patch panels, etc. 1 sum 8,000.00 8,000
Active hardware - Allowance 1 sum 8,665.00 8,665
Rack mounted UPS and PDU's 1 sum 7,280.00 7,280

B.C234 Miscellaneous 1 sum 93,240.00 93,240
Allowance for cut over and decommissioning of existing facility 1 sum 25,020.00 25,020
Assistance with testing and commissioning - Coordinate with modular 1 sum 13,680.00 13,680
system provider
Modular - Setup, connections, testing and commissioning 1 sum 13,905.00 13,905
Permits, Inspections and job costs 1 sum 40,635.00 40,635

TOTAL FOR C23 SYSTEMS & ANCILLARIES 338 m2 645 /m2 $218,021
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—LeEMENTAL De TAIL

ARCTIC BAYWTPMODULAR BUILDING

Quantity Unit Rate ($) Total ($)
NET BUILDING COST (Excluding Site) 338 m2

10,567 /m2 $3,571,749

D2 Ancillary Work
D21 Decommissioning

B.D21.1 Decommission and removal from site - Existing Water 1sum  125,000.00 125,000
Treatment Plant
TOTAL FOR D21 DECOMMISSIONING 1 sum 125,000 /sum $125,000
D22 Alterations
B.D22.1 Allowance for onsite setup and connection, and 1sum  230,000.00 230,000
commissioning of modular building
TOTAL FOR D22 ALTERATIONS 338 m2 680 /m2 $230,000
NET BUILDING COST (Including Site) 338 m2 11,618 /m2 $3,926,749
Z1 General Requirements & Fee
Z11 General Requirements and Fee
BZ111 General Requirement and Fee - Modular Builder 15% 706,965
B.Z112 General Requirements and Fee - General Contractor 10% 471,310
TOTAL FOR Z11 GENERAL REQUIREMENTS AND FEE 30 % 39,267 /% $1,178,275
Z12 Freight and Accommodations
B.z121 Accommodations modular 240 night 375.00 90,000
B.Z12.2 Flights modular 16 no 2,000.00 32,000
B.Z12.3 Flights GC 8 no 2,000.00 16,000
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ELEMENTAL DETA\ L

ARCTIC BAYWTP MODULAR BUILDIN

Quantity Unit Rate ($) Total ($)
Z1 General Requirements & Fee

B.Z124 Accommodations GC 120 night 375.00 45,000
B.Z12.5 Freight from modular site to docks 1 sum 65,000.00 65,000
B.Z126 Freight to site 4,031,099 0.08 302,332
TOTAL FOR Z12 FREIGHT AND ACCOMMODATIONS 11% 51,050/% $550,332
TOTAL CONSTRUCTION ESTIMATE (Excluding contingencies) 338 m2 16,732 /m2 $5,655,356
Design and Pricing Contingency 15.00 % 848,303
Escalation Contingency 8.00 % 452,428
Construction Contingency EXCLUDED
TOTAL CONSTRUCTION ESTIMATE (Including contingencies) 338 m2 20,580 /m2 $6,956,088
TOTAL CONSTRUCTION ESTIMATE (Excluding Taxes) 338 m2 20,580 /m2 $6,956,088
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APPENDIX D

Elemental Summary & Details - Processing Equipment & Tanks
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—LEMENTAL SUMMARY

PROCESSING EQUIPMENT AND TANKS

$3,672,000 3671701 1

PROCESSING EQUIPMENT AND TANKS $341 113/5 11 sf

TOTAL /sf

Element Element $ Total /sum
E I eme nt Quantity Unit Rate Cost Total GCA

TOTAL COMP.GCA

B INTERIOR 1,444,111 1,444,111

B3 Fitting & Equipment 1,444,111 1,444,111
B32 Equipment 338.00 338 m2 4,273 /m2 1,444,111 1,444,111 39.3%
D SITE & ANCILLARY WORK 793,700 793,700

D1 Site Work 793,700 793,700

D11 Site Development 1.00 1sum 104,000 /sum 104,000 104,000 2.8%
D12 Mechanical Site Services 1.00 1 sum 0.00 /sum 689,700 689,700 18.8%

Net Construction Estimate $2,237,811 2,237,811 60.9%
Z GENERAL REQUIREMENTS & ALLOWANCES 1,433,891 1,433,891 39.1%
Z1 General Requirements & Fee 747,312 747,312 20.4%
Z11 General Requirements and Fee 220% 492,318 492,318 sum 13.4%
Z12 Freight and Accommodations 9.3% 254,994 254,994 sum 6.9%
Total Construction Estimate (Excluding Contingencies) $2,985,123 2,985,123 81.3%

Z2 Contingencies 686,578 686,578 18.7%
Z21 Design and Pricing Contingency 15.0% 447768 447,768 sum 12.2%
Z22 Escalation Contingency 8.0% 238,810 238,810sum 6.5%
Z23 Construction Contingency EXCLUDED
GST EXCLUDED

TOTAL CONSTRUCTION COST $3,671,701 3,671,701 100%
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B.B32.1

B.B32.2

B.B32.3

B.B32.4

B.B32.5

B.B32.6

B.B32.7

B.B32.8

B.B32.9

B.B32.10

B.B32.11

B.B32.12

B.B32.13

B.B32.14

B.B32.15

B.B32.16

ELEMENTAL DETA\ L

PROCESSING EQUIPM D TANK
Quantity Unit Rate ($) Total ($)
B3 Fitting & Equipment
Process Piping Equipment

Intake Pump 3 no. 15,500.00 46,500
DAF Unit, Flocculator, Sledge Transfer Pump, Floc Mixer, 1 sum 0.00 Excluded, not
Flash Mixer, Coag Mixing Tank, Liquid Polymer Make-down part of design

system, Coag dosing Skid Mag Flowmeter, Control Panel
Greensand Pkg, Blower Package, Pumps, Backwash Pumps 1 sum 640,000.00 640,000
Ultraviolet Disinfection Reactor Units 1 sum 93,800.00 93,800
Fluoridation injection system 1 sum 75,000.00 75,000
Chlorination injection system 1 sum 95,000.00 95,000
Truck Fill Pumps 3 no 4,500.00 13,500
Labor to Install 1 sum 26,400.00 26,400
Process Piping 1" 15m 186.61 2,799
Process Piping 2" 40 m 210.70 8,428
Process Piping 4" 201 m 275.05 55,285
Process Piping 6" 16 m 450.72 7,212
250mm Carrier Pipes 523 m 475.00 248,601
Allowance for Valves (Isolation, Check, Etc) 1 sum 73,723.99 73,724
Allowance for Vic Fittings 1 sum 36,862.00 36,862
Pipe Insulation (Process, Cladding for Tanks) 1 sum 21,000.00 21,000
TOTAL FORB32 EQUIPMENT 338 m2 4,273 /m2 $1,444,111
NET BUILDING COST (Excluding Site) 1 sum 1,444,111 $1,444,111
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PROCESSING EQUIPM [D TANK
Quantity Unit Rate ($) Total ($)
D1 Site Work
Tank setup

Site Furnishings
BD111 Truck Filler platforms 2 no. 20,000.00 40,000
B.D11.2 Steel Piles - Rock Socketed 16 no. 4,000.00 64,000
TOTALFORD11SITE DEVELOPMENT 1 sum 104,000 /sum $104,000

ELEMENTAL DETA\ L

D1 Site Work

B.D12.1

B.D12.2

B.D12.3

B.D12.4

B.D12.5

B.D12.6

B.D12.7

B.D12.8

B.D12.9

Mechanical Site Services

Treated Water Reservoir (Backwash Storage Tank) 1no 305,200.00 305,200
Wastewater Storage Tank 1no 330,000.00 330,000
Submersible Mixer 1no 17,100.00 17,100
Raw Water Storage Tanks 1 sum 0.00 Excluded, not
part of design

Misc Steel 1 sum 7,500.00 7,500
Labor to Install 1 sum 26,400.00 26,400
Diesel driven pump, trailer mounted 1 sum 0.00 Excluded, not
part of design

Buchanan 6" hose 30m 0.00 Excluded, not
part of design

Submersible Well Pump 1no 3,500.00 3,500
TOTAL FOR D12 MECHANICAL SITE SERVICES 1 sum 689,700 /sum $689,700

NET BUILDING COST (Including Site) 1 sum 2,237,811 $2,237,811

General Requirements and Fee 22.00 % 492,318
Freight and Accommodations 9.34 % 254,994
TOTAL CONSTRUCTION ESTIMATE (Excluding contingencies) 1 sum 2,985,123 $2,985,123
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ELEMENTAL DETA\ L

PROCESSING EQUIPM D TAN
Quantity Unit Rate ($) Total ($)
Design and Pricing Contingency 15.00 % 447,768
Escalation Contingency 8.00 % 238,810
Construction Contingency EXCLUDED
TOTAL CONSTRUCTION ESTIMATE (Including contingencies) 1 sum 3,671,701 $3,671,701
TOTAL CONSTRUCTION ESTIMATE (Excluding Taxes) 1 sum 3,671,701 $3,671,701
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ARCTIC BAY WATER TREATMENT PLANT
APPENDIX E

Elemental Summary & Details - Site Option 1 (Existing)
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—LEMENTAL SUMMARY

SITE DEVELOPMENT - SITE OPTION 1

(EXISTING)
$1,412,000 $150/m" | 9a20m’
’ ’ TOTAL /m?
SITE DEVELOPMENT - SITE OPTION 1 $14/sf 101,400 sf
(EXISTING) TOTAL TOTAL /sf COMP.SCA
Element Smw g CostTotal | STOGR
D SITE & ANCILLARY WORK 860,637 91 /m2
D1 Site Work 860,637 91/m2
D11 Site Development 1.00 9,421 m2 39.09 /m2 368,309 39/m2 26.1%
D12 Mechanical Site Services 1.00 9,421 m2 26.39 /m2 248,601 26/m2 17.6%

D13 Electrical Site Services 9,421 m2 25.87 /m2 243,727
NET BUILDING COST (Including Site) 860,637 60.9%
Net Construction Estimate $860,637 60.9%
Z1 General Requirements & Fee 287,408 20.4%

Z11 General Requirements and Fee 220% 189,340 20 m2 13.4%
Z12 Freight and Accommodations 9.3% 98,068 10 m2 6.9%

Total Construction Estimate (Excluding Contingencies) $1,148,045 122/m2 81.3%
Z2 Contingencies 264,050 28/m2 18.7%
Z21 Design and Pricing Contingency 15.0% 172,207 18 m2 12.2%
Z22 Escalation Contingency 8.0% 91,844 10 m2 6.5%
Z23 Construction Contingency EXCLUDED

TOTAL CONSTRUCTION COST $1,412,095 150/m2 100%
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SITE DEVELOPMENT -SITE OPTION 1
(EXIST \ \J j )
Quantity Unit Rate ($) Total ($)
D1 Site Work
Preparation - Site 1
SiteD11.1  Clearing and grubbing 9,420 m2 3.50 32,971
SiteD112  Rough grading 9,420 m2 6.00 56,522
SiteD113  Truck fill area 1,420 m2 45.29 64,310
Allowance for cut/ fill c/w compaction 490 m3 50.00 24,500
Granular 150mm 150 m3 95.00 14,250
Non woven geotextile 1,420 m2 18.00 25,560
Preparation - Tanks
SiteD114  Clearing and grubbing 158 m2 3.50 552
SiteD115  Rough grading 158 m2 6.00 946
SiteD116  Excavation, backfill and insulation to thermosyphon system 1 note 0.00 Excluded
SiteD11.7  Allowance for thermosyphon system 1 note 0.00 Excluded
Paving and Surfacing Including Base - Site
SiteD118  Granular 250mm thick 2,000 m3 95.00 190,009
Fences, Gates, Rails, & Barriers
SiteD119 Bollards 4 no. 2,000.00 8,000
Signage
SiteD11.10  Exterior signage allowance 1 sum 15,000.00 15,000
TOTAL FOR D11 SITE DEVELOPMENT 9,421 m2 39.09 /m2 $368,309
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ELEMENTAL DETA\ L

SITE DEVELOPM - S| PTIC
( t}*( ST \ J G)
Quantity Unit Rate ($)
D1 Site Work
SiteD121  250mm Carrier Pipes 523 m 475.00 248 601
TOTAL FOR D12 MECHANICAL SITE SERVICES 9,421 m2 26.39 /m2 $248,601
D1 Site Work
SiteD131  |ncoming Power 3,993 m2 29.30 117,005
Allowance for utility provider - Assumes an additional pole will be 1 sum 41,164.20 41,164
required and overhead feeder to building
Secondary feeder from utility providers pole - assumed over head and 1 sum 22,453.20 22,453
ran to service mast provided by structure provider
Feeder from generator to Building 1 sum 7,488.00 7,488
Feeders from building to tanks - Assumed not in modular providers 1 sum 45,900.00 45,900
scope
SiteD132  |ncoming Communications 3,993 m2 7.52 30,033
Allowance for communication lines ran from Main overhead utility pole 1 sum 12,537.00 12,537

to structure

Communications - Interconnect from existing facility - To remain during 60 m 291.60 17,496
construction

SiteD133  Sjte Lighting & Devices 3,993 m2 2421 96,688
Allowance for site lighting poles and branch not included by modular 2 no 15,577.20 31,154
structure provider scope
Heat trace for Intakes - Dual with two runs each intake 512 Im 128.00 65,534

TOTALFOR D13 ELECTRICAL SITE SERVICES 9,421 m2 25.87 /m2 $243,727

NET BUILDING COST (Including Site) 9,420 m2 91.36/m2 $860,637

General Requirements and Fee 22.00 % 189,340
Freight and Accommodations 9.34 % 98,068
TOTAL CONSTRUCTION ESTIMATE (Excluding contingencies) 9,420 m2 122 /m2 $1,148,045
Design and Pricing Contingency 15.00 % 172,207
Escalation Contingency 8.00 % 91,844
Construction Contingency EXCLUDED
TOTAL CONSTRUCTION ESTIMATE (Including contingencies) 9,420 m2 150/m2 $1,412,095
TOTAL CONSTRUCTION ESTIMATE (Excluding Taxes) 9,420 m2 150/m2 $1,412,095
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$16,502,000

SITE DEVELOPMENT - SITE OPTION 3 TOTAL

—LEMENTAL SUMMARY

SITE DEVELOPMENT - SITE OPTION 3

$1,753/m? | 9416 m’
TOTAL /m?

$163/sf 101,353 sf
TOTAL /sf COMPSCA

Element Element Cost Total $ Total /m2

Quantity Unit Rate SCA

11,361,450 1,207 /m2

Element
D SITE & ANCILLARY WORK
D1 Site Work
D11 Site Development 0.98
D12 Mechanical Site Services 0.98

D13 Electrical Site Services
NET BUILDING COST (Including Site)

Net Construction Estimate

Z1 General Requirements & Fee

Z11 General Requirements and Fee
Z12 Freight and Accommodations

Total Construction Estimate (Excluding Contingencies)

Z2 Contingencies
Z21 Design and Pricing Contingency
Z22 Escalation Contingency
Z23 Construction Contingency

TOTAL CONSTRUCTION COST

11,361,450 1,207 /m2

9,259 m2 58.84/m2 544,812 58/m2 3.3%
9,259 m2 1,134 /m2 10,497,238 1,115/m2 63.6%
9,259 m2 34.50 /m2 319,400 34 /m2

11,361,450 1,207 /m2 68.8%
$11,361,450 1,207 /m2 68.8%

2,054,968 218/m2  12.5%

8.0% 908,916 97 m2 5.5%
9.3% 1,146,052 122 m2 6.9%

$13,416,418 1,425/m2 81.3%

3,085,776 328/m2 18.7%

15.0% 2,012,463 214 m2 12.2%

8.0% 1,073,313 114 m2 6.5%
EXCLUDED

$16,502,194 1,753/m2 100%
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D1 Site Work

Site.D11.1

Site.D11.2

Site.D11.3

Site.D11.4

Site.D11.5

Site.D11.6

Site.D11.7

Site.D11.8

Site.D11.9

Site.D11.10

Site.D11.11

Site.D11.12

38

Preparation - Site 3
Clearing and grubbing

Rough grading

Pumphouse - Allowance

Truck fill area

Allowance for cut/ fill c/w compaction
Granular 150mm
Non woven geotextile

Preparation - Tanks
Clearing and grubbing

Rough grading

Excavation, backfill and insulation to thermosyphon system

Allowance for thermosyphon system

Paving and Surfacing Including Base - Site
Granular 250mm thick

Fences, Gates, Rails, & Barriers
Chain link fences and gates

Double swing gate

Bollards

SITE DEVELOPM

Quantity

9,258 m2

9,258 m2

1 sum

1,200 m2

420 m3
390 m3
1,200 m2

158 m2

158 m2

1 note

1 note

2,054 m3

400 m

1no

4 no.

\ ‘

Unit Rate ($)

3.50
6.00

50,000.00

66.38

50.00
95.00
18.00

3.50
6.00

0.00

0.00

95.00

250.00

7,500.00

2,000.00

OPTIC

Total ($)

32,404
55,550

50,000

79,650

21,000
37,050
21,600

552
946

Excluded

Excluded

195,130

100,080

7,500

8,000
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Quantity Unit Rate ($)

D1 Site Work

Signage
SiteD1113  Exterjor sighage allowance 1 sum 15,000.00 15,000
TOTALFORD11SITE DEVELOPMENT 9,259 m2 58.84 /m2 $544,812
SiteD121  Plumbing & Drainage - Pumphouse 25 m2 27,957.68 698,942
Equipment 1 sum 546,000.00 546,000
Piping-Above Grade 1 sum 146,322.05 146,322
Plumbing Fixtures 1 sum 6,620.00 6,620
SiteD122  Fjre Protection - Pumphouse 25 m2 70.00 1,750
Building 1 sum 1,750.00 1,750
SiteD123  HVAC - Pumphouse 25 m2 8,811.20 220,280
Unit heaters - hydronic 1 sum 77,000.00 77,000
Entrance force flow heater - hydronic 1 sum 48,000.00 48,000
Wall fin radiation - enclosed by others 1 sum 33,750.00 33,750
RHC-1 1 sum 15,750.00 15,750
BB Coils 1 sum 45,780.00 45,780
SiteD124  Controls -Pumphouse 25 m2 7,380.00 184,500
Controls 1 sum 184,500.00 184,500
SiteD125  Piping-Above Grade - Trammission and Recirculation lines 1sum 9,391,766.35 9,391,766
150mm Transmission Line 6,550 m 612.50 4,011,802
75mm recirculation line 6,550 m 306.25 2,005,901
Allowance for Line Isolation Valves (Isolation, Check, Etc) 1 sum 50,000.00 50,000
Pipe insulation 13,100 m 253.75 3,324,064
TOTAL FOR D12 MECHANICAL SITE SERVICES 9,259 m2 1,134 /m2 $10,497,238
SiteD13.1  |ncoming Power 3,993 m2 48.25 192,678
Allowance for utility provider for Site 2 WTP- Assumes an additional 1 sum 41,164.20 41,164
pole will be required and overhead feeder to building
Secondary feeder from utility providers pole - assumed over head and 1 sum 22,453.20 22,453
ran to service mast provided by structure provider
Feeder from generator to Building 1 sum 7,488.00 7,488
Feeders from building to tanks - Assumed not in modular providers 1 sum 45,900.00 45,900
scope
Allowance for utility provider for Site Pump House- Assumes an 1 sum 41,164.20 41,164
additional pole will be required and overhead feeder to building
Secondary feeder from utility providers pole for pump house - assumed 1 sum 14,720.40 14,720
over head and ran to service mast provided by structure provider
Pump house distribution Panel/meter socket 1 sum 8,420.00 8,420
Pump house, fitou, lighting, power, receptacles, equipment/pump 1 sum 11,368.35 11,368

connections

101307 - Arctic Bay Water Treatment Plant, Class D Estimate, R1 March 15,2022
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ELEMENTAQ DETA\ L

SITE DEVELOPMEN EOPTIC
Quantity Unit Rate ($) Total ($)
D1 Site Work

SiteD13.2  Incoming Communications 3,993 m2 7.52 30,033
Allowance for communication lines ran from Main overhead utility pole 1 sum 12,537.00 12,537

to structure
Communications - Interconnect from existing facility - To remain during 60 m 291.60 17,496

construction
SiteD133  Gjte Lighting & Devices 3,993 m2 24.21 96,688
Allowance for site lighting poles and branch not included by modular 2 no 15,577.20 31,154

structure provider scope

Heat trace for Intakes - Dual with two runs each intake 512 Im 128.00 65,534
TOTALFOR D13 ELECTRICAL SITE SERVICES 9,259 m2 34.50 /m2 $319,400

NET BUILDING COST (Including Site) 9,416 m2 1,207 /m2 $11,361,450
General Requirements and Fee 8.00 % 908,916

Freight and Accommodations 9.34 % 1,146,052

TOTAL CONSTRUCTION ESTIMATE (Excluding contingencies) 9,416 m2 1,425 /m2 $13,416,418

Design and Pricing Contingency 15.00 % 2,012,463
Escalation Contingency 8.00 % 1,073,313
Construction Contingency EXCLUDED

TOTAL CONSTRUCTION ESTIMATE (Including contingencies) 9,416 m2 1,753/m2 $16,502,194

TOTAL CONSTRUCTION ESTIMATE (Excluding Taxes) 9,416 m2 1,753/m2 $16,502,194

101307 - Arctic Bay Water Treatment Plant, Class D Estimate, R1 March 15,2022
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ARCTIC BAY WATER TREATMENT PLANT
APPENDIX G

Elemental Summary & Details - Site Option 4
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$19,208,000

SITE DEVELOPMENT - SITE OPTION 4 TOTAL

—LEMENTAL SUMMARY

SITE DEVELOPMENT - SITE OPTION 4

$2,038/m? | 9424 m’
TOTAL /m?

$189/sf 101,437 sf
TOTAL /sf COMPSCA

Element Element Cost Total $ Total /m2

Quantity Unit Rate SCA

13,224,561 1,403 /m?2

Element
D SITE & ANCILLARY WORK
D1 Site Work
D11 Site Development 0.98
D12 Mechanical Site Services 0.98

D13 Electrical Site Services
NET BUILDING COST (Including Site)

Net Construction Estimate

Z1 General Requirements & Fee

Z11 General Requirements and Fee
Z12 Freight and Accommodations

Total Construction Estimate (Excluding Contingencies)

Z2 Contingencies
Z21 Design and Pricing Contingency
Z22 Escalation Contingency
Z23 Construction Contingency

TOTAL CONSTRUCTION COST

13,224,561 1,403 /m2
9,267 m2 58.80/m2 544,926 58/m2 2.8%
9,267 m2 1,334/m2 12,360,235 1,312/m2 64.3%
9,267 m2 34.47 /m2 319,400 34 /m2

13,224,561  1,403/m2 68.8%
$13,224,561 1,403/m2 68.8%
2,391,953 254/m2  12.5%

8.0% 1,057,965 112m2 5.5%
9.3% 1,333,988 142 m2 6.9%

$15,616,513 1,657 /m2 81.3%

3,591,798 381/m2 18.7%

15.0% 2,342,477 249 m2 12.2%

8.0% 1,249,321 133 m2 6.5%
EXCLUDED

$19,208,311 2,038/m2 100%
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D1 Site Work

Site.D11.1

Site.D11.2

Site.D11.3

Site.D11.4

Site.D11.5

Site.D11.6

Site.D11.7

Site.D11.8

Site.D11.9

Site.D11.10

Site.D11.1

1

Site.D11.12
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Preparation - Site 4
Clearing and grubbing

Rough grading

Pumphouse - Allowance

Truck fill area

Allowance for cut/ fill c/w compaction
Granular 150mm
Non woven geotextile

Preparation - Tanks
Clearing and grubbing

Rough grading

Excavation, backfill and insulation to thermosyphon system

Allowance for thermosyphon system

Paving and Surfacing Including Base - Site
Granular 250mm thick

Fences, Gates, Rails, & Barriers
Chain link fences and gates

Double swing gate

Bollards

SITE DEV

Quantity

9,266 m2
9,266 m2

1 sum

1,200 m2

420 m3
390 m3
1,200 m2

158 m2
158 m2

1 note

1 note

2,054 m3

400 m

1no

4 no.

\ ‘

Unit Rate ($)

3.50
6.00

50,000.00

66.38

50.00
95.00
18.00

3.50
6.00

0.00

0.00

95.00

250.00

7,500.00

2,000.00

OPTION 4

Total ($)

32,432
55,597

50,000

79,650

21,000
37,050
21,600

552
946

Excluded

Excluded

195,130

100,120

7,500

8,000
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ELEMENTAL DETA\ L

SITE DEVEL -SITE OPTIC

Quantity Unit Rate ($)

D1 Site Work

Signage
SiteD1113  Exterjor sighage allowance 1 sum 15,000.00 15,000
TOTALFORD11SITE DEVELOPMENT 9,267 m2 58.80/m2 $544,926
SiteD121  Plumbing & Drainage - Pumphouse 25 m2 27,957.68 698,942
Equipment 1 sum 546,000.00 546,000
Piping-Above Grade 1 sum 146,322.05 146,322
Plumbing Fixtures 1 sum 6,620.00 6,620
SiteD122  Fjre Protection - Pumphouse 25 m2 70.00 1,750
Building 1 sum 1,750.00 1,750
SiteD123  HVAC - Pumphouse 25 m2 8,811.20 220,280
Unit heaters - hydronic 1 sum 77,000.00 77,000
Entrance force flow heater - hydronic 1 sum 48,000.00 48,000
Wall fin radiation - enclosed by others 1 sum 33,750.00 33,750
RHC-1 1 sum 15,750.00 15,750
BB Coils 1 sum 45,780.00 45,780
SiteD124  Controls - Pumphouse 25 m2 7,380.00 184,500
Controls 1 sum 184,500.00 184,500
SiteD125  Piping-Above Grade - Trammission and Recirculation lines 1 sum 11,254,762.63 11,254,763
150mm Transmission Line 7,856 m 612.50 4,811,861
75mm recirculation line 7,856 m 306.25 2,405,931
Allowance for Line Isolation Valves (Isolation, Check, Etc) 1 sum 50,000.00 50,000
Pipe insulation 15,712 m 253.75 3,986,971
TOTAL FOR D12 MECHANICAL SITE SERVICES 9,267 m2 1,334 /m2 $12,360,235
SiteD13.1  Electrical Site Services 3,993 m2 79.99 319,400
Incoming Power 3,993 m2 48.25 192,678
Incoming Communications 3,993 m2 7.52 30,033
Site Lighting & Devices 3,993 m2 24.21 96,688
TOTAL FOR D13 ELECTRICAL SITE SERVICES 9,267 m2 34.47 /m2 $319,400
NET BUILDING COST (Including Site) 9,424 m2 1,403 /m2 $13,224,561
General Requirements and Fee 8.00 % 1,057,965
Freight and Accommodations 9.34 % 1,333,988

101307 - Arctic Bay Water Treatment Plant, Class D Estimate, R1 March 15,2022
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ELEMENT L DETA\L

SITE DEVELOPMENT -SITE OPTIC

Quantity Unit Rate ($) Total ($)

TOTAL CONSTRUCTION ESTIMATE (Excluding contingencies) 9,424 m2 1,657 /m2 $15,616,513

Design and Pricing Contingency 15.00 % 2,342,477
Escalation Contingency 8.00 % 1,249,321
Construction Contingency EXCLUDED

TOTAL CONSTRUCTION ESTIMATE (Including contingencies) 9,424 m2 2,038/m2 $19,208,311

TOTAL CONSTRUCTION ESTIMATE (Excluding Taxes) 9,424 m2 2,038/m2 $19,208,311
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ARCTIC BAY WATER TREATMENT PLANT
APPENDIX|

Provisional Pricing
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SELOW THE LINE

The below costs are excluded from the construction total and are inclusive of all contingencies.
(Design & Pricing, and Construction Contingency)

Item Quantity Unit Rate Total

Provisional Item 1 - Thermosyphons to storage tanks 158 m2 $2,145 /m2 $338,100

101307 - Arctic Bay Water Treatment Plant, Class D Estimate, R1 March 15,2022
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May 12, 2022
Job Number: 13130.101307.000

EXP Services

Suite 100 — 2650 Queensview Drive
Ottawa

ON, K2B 8H6

Re:  Annual Maintenance and 30 Year LifeCycle Estimate for Arctic Bay Water
Treatment Plant, Nunavut

We are pleased to submit our revised Annual Maintenance and 30 Year LifeCycle Estimate for the above-
noted Project.

This Report is not intended for general circulation, publication, or reproduction for any other person without
express written permission in each specific instance. The Report is written for the exclusive use of EXP
Services. Altus Group Limited does not hold any reporting responsibility to any other party.

We trust the Report meets your requirements. Should you have any questions related to the document or
require additional information, please contact the undersigned.

Yours truly,
Altus Group
Per: Mark Orge Per: Ashley Richardson
MBA CFM PMP MA MRICS MIWFM AIAM
Director, Facilities Managing Consultant
Cost & Project Management Cost & Project Management
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1. Estimate

We present out rough-order-of-magnitude (ROM) estimate for the Arctic Bay Water Treatment Plant based
on the information provided through out cost team that includes a footprint schematic plan, schematic
design report draft, and capital cost estimates.

1.1 Information used:

To provide the information needed for the estimate, we used the:

. Arctic Bay Conceptual Footprint Schematic #1 Plan (EXP Services dated February 2022)

o Technology Assessment and Service Condition Report draft (Exp. Services December 20,
2021), and

. Arctic Bay Class D Cost estimate dated March 15, 2022 (provided by the Altus Cost & Project

Management team to support the development of the maintenance and lifecycle needs for the

project.

1.2 Location and operating factors:

Arctic Bay is a very small community in the province of Nunavut with a reported population of 956 for 2023
(forecasted to rise to 1,106 for 2035 - Nunavut Bureau of Statistics). The availability of trained technicians
and specialists is likely very limited, and so specialist maintenance technicians may need to be brought in
for anything other than day to day unskilled maintenance. The training and development of the operators
for the facility should therefore be considered carefully, perhaps by early recruitment and training on
other/like facilities. They should be recruited with regard to their adaptability to be trained in other
maintenance tasks so they can carry out the routine facilitiesmaintenance, routine process equipment
maintenance, as well as their operator duties.

Another influence on the development of the models is how the facility will be run and how the day-to-day
activities and ongoing maintenance will be carried out. As the design matures and is finalized, it is
recommended that equipment and element selection is carried out with regard to ease of routine
maintenance wherever possible to reduce specialist maintenance visits from outside of the local community.

1.3 General Assumptions:

We have made a number of assumptions in the development of this ROM cost estimate for the maintenance
of the water treatment plant located in the community of Arctic Bay, NU. While we have examined the
limited maintenance and lifecycle information for the facility, we have also made some general assumptions
in the development of the estimates as follows:

Annual Maintenance and 30 Year LifeCycle Estimate for the Arctic Bay Water Treatment Plant, Nunavut
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Technical:

i
Altus

Maintenance and Lifecycle costs are based on the Capital Cost estimate (Class D R1) provided
by Altus Group under the same assignment dated March 15, 2022.
There are 3 options in consideration

o Site 1 WTP and Truckfill

o Site 3 WTP and Truckfill with 6.6km transmission / recirc. Line

o Site 4 WTP and Truckfill with 7.9km transmission / recirc. line
Design considerations for all WTP and truckfill options are almost identical.
Ballpark estimates have been provided for annual other operating costs (based on EXP
document provided by Altus Group under the same assignment)
Insurance costs are excluded from the estimate
Rough order of magnitude (ROM) estimates have been provided for annual maintenance costs
and can be refined as the design develops.
All costs are in 2022 $$. For future maintenance and lifecycle analysis, costs should be inflated.
A 50% allowance for repairs due to low/no availability of skilled trades within the local community
Maintenance impacted by operational model, hours and expected usage for the facility are
unknown.
Estimate does not include internet or other IMIT ongoing operating costs and that IMIT support

provided by Municipality

UV lamp replacement has been included in Lifecycle

Membrane replacement included in Lifecycle

Truck replacement x four (4) included in lifecycle

Estimate does not include removal of fluid waste from site

Assumed snow and ice clearance undertaken by Staff

Heat loss electrical costs for transmission piping included in summary costs for sites 3 & 4
Additional electrical running costs included for Sites 3 and 4 recirculating pumps

General average estimates have been provided for annual other operating costs including general

electrical consumption and can be refined as the design develops and site option selected.

Contract Maintenance assumptions

Assumed most basic SubContractors (e.g. electrical/mechanical) are available regionally

All non-routine day to day maintenance undertaken by subcontractor within daily travel distance
Initial first year operations include assumed 6-month support for training staff and running plant
totaling $300,000

Annual Maintenance and 30 Year LifeCycle Estimate for the Arctic Bay Water Treatment Plant, Nunavut

3



Staffing

i
Altus

No allowance included for subcontractor overnight / travel expenses; and

Estimate contingency of 10% is included.

Site Labour:

See Data Assumptions sheet for labour burden.
Assumed operating hours are 12hrs/day, 5 days/week (per EXP document).

Assumed there will be five (5) full time site staff plus one (1) part time (8hr x 2 days/week)
Supervisor (per EXP direction).

Assumed there are four (4) 12,000 litre capacity water trucks in operation.

Assume no coverage needed for vacation / sick etc., however $10,000 annual allowance
included for additional staff back fill.

Outside normal operating hours, assumed one member of staff will be on call with an additional

$2.00 per/ hour supplement.

Vacation and other time off:

Assumed non-productive time included in table at Appendix A.
If more than one person is away at any one time (e.g. one person going sick when another is on

a planned vacation) there is contingency included in the cost build up as stated above.

On call, shift and overtime assumptions

Whenever the site is not operating, then one of the three full time staff will be “on-call” for

emergency access to the site.

1.4 Maintenance

We estimate the annual maintenance and repair budget for the facility to be approximately: -

$1,899,304 for Site Option #1
$2,031,984 for site option #3, and

$2,043,809 for site option #4.

1.5 Lifecycle

We estimate the total thirty-year cost for major repair and rehabilitation works as follows: -

$6,236,701 for site option #1 (annual average of $207,890)

$7,877,107 for site option #3, (annual average of $262,570) and

Annual Maintenance and 30 Year LifeCycle Estimate for the Arctic Bay Water Treatment Plant, Nunavut
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$8,282,518 for site option #4, (annual average of $276,084).

Assumptions and allowances made in the development of the lifecycle portion of this estimate include: -

Design and pricing contingency of 10% is included;

Oncosts of 20% included to account for individual isolated lifecycle projects;

Project Management fee of 15% included as an allowance

Costing includes ‘freeze up’ repair allowance of just over $50,000 every 3 years for Sites 3 & 4

transmission pipeline

1.6 Altus Methodology

Estimates are based on a combination of RSMeans data, BOMA recommendations, and past project

experience, and are subject to refinement as more detail becomes available.

2. Reporting Qualifications and Limitations

The qualifications described below shall apply to this report:

We have endeavored to examine all the relevant information provided.

This report is written for the exclusive use of EXP Services. Altus Group Limited (“Altus”) does not
assume any reporting responsibility to any other party without Altus’ express written consent.

The report or parts thereof are not intended for general circulation, publication, or reproduction without
express written permission from Altus in each specific instance.

The analyses made, and opinions expressed herein are based on sources, data, reports, and related
information supplied by others that are believed by Altus to be reliable and provided in good faith;
however, no representation or warranty is made by Altus, expressed or implied, as to their accuracy,
validity, completeness, or correctness.

This assessment does not wholly eliminate uncertainty regarding the potential for existing or future
costs, hazards or losses in connection with any property.

The opinions expressed in this report are statements of judgment and fact as of the date of publication
and are subject to change without further notice.

Altus accepts no responsibility for any decisions made or actions taken as a result of this report unless
specifically advised of and participate in such action, in which case our responsibility will be as agreed
to at that time.

Any use of this report specifically denies any right to claims against Altus, its officers, agents and
employees in excess of the fee paid for professional service.

Neither Altus nor its officers or its employees accepts liability whatsoever for any direct or
consequential loss arising from the negligent use of this report.

Annual Maintenance and 30 Year LifeCycle Estimate for the Arctic Bay Water Treatment Plant, Nunavut
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® Altus Group Limited shall have no liability either in contract or in tort for services or matters beyond
the scope of the services as outlined and qualified in this report.

Annual Maintenance and 30 Year LifeCycle Estimate for the Arctic Bay Water Treatment Plant, Nunavut
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Summary Costs Total

LIFECYCLE
Trucks $920,400
Modular Building $2,187,142
Processing Equipment and Tanks $2,852,568
Sub total $5,960,110
Site Options $276,591
Annual Average $207,890

Option Site | Option Site | Option Site
Operations and Maintenance (O&M) 1 3 4
Operations Costs
Total labour costs $739,675
Total Annual Operating Costs $902,600
$1,642,275
Total Annual Operations Costs $1,642,275 $1,642,275 $1,642,275
Maintenance Costs
Modular Building $51,175
Processing Equipment and Tanks $24,250
$75,425 $75,425 $75,425 $75,425
Site Maintenance Costs (including additional pump house
building and transmiss?on line for OpptioFr:s 3&4) 58,940 528,558 529,308
Additional annual electricty - transmission pipeline - $85,000 $95,000
Additional annual electricty - recirc pumps - $16,000 $16,000
Total Annual O&M Costs $84,365 $204,983 $215,733
Sub-Total Operating and Maintenance Costs $1,726,640 $1,847,258 $1,858,008
Contingency 10% $172,664 $184,726 $185,801

$5,960,110
$1,916,997

$262,570

$5,960,110
$2,322,408

$276,084

O&M and LIFECYCLE

Annual Average

Aditional Investment over 30 years compared to Site 1

2,107,194

n/a

2,294,554

5,620,800

2,319,892

6,380,960

Annual Maintenance and 30 Year LifeCycle Estimate for the Arctic Bay Water Treatment Plant, Nunavut 1
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Labour Burden and Common Data Assumptions
Labour Burden Productive Hours Calculations
Benefits / burden Total productive hours
El 1.58% Employment Insurance 1,779.71
CPP 5.25%  Canada Pension Plan
WCB 3.75%  Workers Comp Paid Hours 2085.71
EHT 4.00% Employer Health Tax
Vacation Vacation 120.00 hours
Other  6.00%  Health / Dental benefits Sick 40.00 hours
Stat Hols 96.00 hours
Other 50.00 Union personal etc.
Total 306.00
Overtime 5.00% Allowance for overtime for hourly staff
Non-working hours 1,138.86
Paid Hours 52.14 weeks/year Stat Hols: 1 New Year's Day
5 days/week 12 1 Good Friday
8 hours/day 1 Easter Monday
2085.7 hours /year 1 Victoria Day
1 Canada Day
Operating hours 1 Nunavut Day
1 Civic holiday
12hrs/day, 5 days /week 1 Labour Day
1 Thanksgiving Day
1 Remembrance Day
1 Christmas Day
1 Boxing Day
Proportional costs 12/5 shift requirements
Operating hours 3,129
Nil 0.00% Shift Hours 4,027
Staff reqt for 12/5 1.8




Annual Other Costs

Operating Costs assumed by Municipality
IT Network, WiFi & Communications, insurances

Utilities

Electricity Consumption $292,000.00 1 $292,000.00

Fuel

Truck Fuel @ 200 litre/day x $2/litre $104,000.00 4 $416,000.00

Equipment Diesel Fuel (Genset, Pumps

etc) $10,000.00 1 $10,000.00

Heating Fuel - QOil $40,000.00 1 $40,000.00

Water Production Costs

Chemicals $40,000.00 1 $40,000.00

Water Sampling $84,000.00 1 $84,000.00

Other Operating Costs

Radio License $50.00 12 $600.00

Truck annual maintenance allowance $2,500.00 4 $10,000.00

General Staff training $10,000.00 1 $10,000.00
Annual Total $902,600.00

Initial Support start up Costs

Certified operator running facility and

providing initial operator training for first

6 months. $50,000.00 6 $300,000.00
1st Year Total $1,202,600.00

Annual Maintenance and 30 Year LifeCycle Estimate for the Arctic Bay Water Treatment Plant, Nunavut 3

PN
AltusGroup



Lifecycle — Arctic Bay WTP Modular Building
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Provisional Lifecycle
in 2022 $$ - - $1,505 $ $ 1,951 $ 1,505 $35932 $75402 $ 1,505 $30,344 $ - $30,000 $ $35,932 $293,124 $75402 $ - $1,505 $ - $178,161 $37,437 $ $ - $105,402 $908,216 $ $1,504.50 $35932 $ - $336,385 $2,187’142
|
Project: Arctic Bay WTP - Modular Building
Location: Nunavut
Year
1 3 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30[Total
Al Substructure
A2 Structure 62,789 27,512 62,789 $153,090)
A3 Exterior Envelope 37,301 24,308 265,736 37,301 $364,646|
B1 Partitions and doors 14,868| $14,868)
B2 Finishes 22,734 12,464 22,734 12,464 22,734 22,734 12,464 $128,327]
B3 Fitting & Equipment 61,008 $61,008
C1 Mechanical 1,505 1,951 1,505 41267 1505 17,881 1,505 82,043 41,267 1,505 52,869 1,505 42,771 307,910 1,505 97,973 $696,462|
C2 Electrical 13,198 34,135 28,496 13,198 110,991 34,135 13,198 62,631 334,570 13,198 110,991 $768,740|
D Ancillary
Total 1,505 1,951 1,505 35,932 75,402 1,505 30,344 30,000 35,932 293,124 75,402 1,505 178,161 37,437 105,402 908,216 1,505 35,932 336,385 $2,187,142

Annual Maintenance and 30 Year LifeCycle Estimate for the Arctic Bay Water Treatment Plant, Nunavut 4
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Lifecycle — Arctic Bay Processing Equipment & Tanks

. ) ”
Provisional Lifecycle

in 2022 $$ - 0§ - $50950 $ - $§ - $50950 $ - § - $50950 $85203 $ -  $50950 $ - $ - $324285 § - 0§ - $50,950 $ - $741,69% $ 50,950 $50950 $884,297 $ - $50,950.04 $ - $ -  $409,488| $2,852,568
in
Project: Arctic Bay WTP - Processing Equipment & Tanks
Location: Nunavut
Year
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30|Total
B3 Fitting & Equipment 37,760 37,760 37,760 85,203 37,760 286,787 37,760 741,696 37,760 37,760 86,994 37,760 371,990 $1,874,749]
D 1 Site Work 13,190 13,190 13,190 13,190 37,498 13,190 13,190 13,190 797,302 13,190 37,498 $977,819)
Total 50,950 50,950 50,950 85,203 50,950 324,285 50,950 741,696 50,950 50,950 884,297 50,950 409,488 $2,852,568)

Annual Maintenance and 30 Year LifeCycle Estimate for the Arctic Bay Water Treatment Plant, Nunavut 5
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Lifecycle — Arctic Bay Site Option 1 (Existing)

Provisional Lifecyclein $ - $ - $ - $ - $12051 $§ - $§ - $29335 $ $188% $ - $ - $ - § - $12051 $29335 $ - $ - $ - 4618836 $ - $ - § $29335 $107975 $ - $ - $§ - $ - $18836 $z75,591‘
Project: Arctic Bay WTP - Site Option 1 (Existing)
Location: Nunavut
Year
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 2 27 28 29 30[Total
D11 Site Development 12,051 18,836 12,051 18,836 12,051 18,836| $92,663|
D12 Mechanical Site Services 29335 29,335 29335 $88,005|
D13 Electrical Site Services 95,924 $95,924|
Total 12,051 29,335 18,836 12,051 29,335 18,836 29,335 107,975 18,836 $276,591

Annual Maintenance and 30 Year LifeCycle Estimate for the Arctic Bay Water Treatment Plant, Nunavut 6
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Lifecycle — Arctic Bay Site Option 3

Provisional Lifecycle in

2022 8% - % - $59174 $ - $52,982 $59,174 $ -  $40,677 $59,174 $128216 $ -  $59,174 $ - $ - $255728 $40677 $ - $59174 $ -  $224681 $59174 $ - § -  $99851 $329003 $ - $59174 $ - § $330963 | $1,916,997

Project: Arctic Bay WTP - Site Option 3
Location: Nunavut

Year
1 2 3 a 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30(Total

D11 Site Development 13,758 34,565 13,758 34,565 13,758 34,565 $144,967|

D12 Mechanical Site Services 59,174 39,224 59,174 59,174 93,651 59,174 241,970 59,174 190,116 59,174 59,174 202,689 59,174 296,398 $1,537,442

D13 Electrical Site Services 40,677 40,677 40,677 112,556 $234,588]

Total 59,174 52,982 59,174 40,677 59,174 128,216 59,174 255,728 40,677 59,174 224,681 59,174 99,851 329,003 59,174 330,963 $1,916,997]

Provisional 30 Year Lifecycle estimate Arctic Bay WTP - Site Option 3
$350,000
$329,003 $330,963
W Provisional Lifecycle in 2022 $SS
$300,000
$255,728
$250,000
$224,681
$200,000
$150,000
128,216
$99,85
$100,000
$52,982 $59,174
$59,174 359,174
$59,174 $59,174 $59,174 $59,174
40,677
$50,000 | 540, ‘ S$40,677
S -
1 2 3 q 5 (5] 7 8 9 10 112 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Annual Maintenance and 30 Year LifeCycle Estimate for the Arctic Bay Water Treatment Plant, Nunavut 7



Lifecycle — Arctic Bay Site Option 4

PN
AltusGroup

Provisional Lifecycle in

2022 8% $ - $59619 $ $60,745 $59,619 $ $40,677 $59,619 $135984 § $59,619 $ - $ $441,120 $40,677 $ $59,619 $ $232,449 $59,619 $ $ Hutny $336,767 S $59619 $ $ - $516359 $2,322,408
Project: Arctic Bay WTP - Site Option 4
Location: Nunavut
1 2 3 4 5 6 7 8 9 10 11 12 13 14 1;“' 16 17 18 19 20 21 2 23 24 25 26 27 28 29 30[Total
D11 Site Development 13,699 34,510 13,699 34,510 13,699 34,510| $144,627
D12 Mechanical Site Services 59,619 47,046 59,619 59,619 101,474 59,619 427,422 59,619 197,939 59,619 59,619 210,512 59,619 481,849 $1,943,193
D13 Electrical Site Services 40,677 40,677 40,677 112,556 $234,588
Total 59,619 60,745 59,619 40,677 59,619 135,984 59,619 441,120 40,677 59,619 232,449 59,619 100,296 336,767 59,619 516,359]  $2,322,408|
600,000 Provisional 30 Year Lifecycle estimate Arctic Bay WTP - Site Option 4
M Provisional Lifecycle in 2022 S5 $516,359
$500,000
$441,120
$400,000
$336,767
$300,000
$232,449
$200,000
$135,984
$100,29
$100,000 259,619
$59,619 560 745 $59,619 $59,619 $59,619 $59,619 $59,619
I 540 677 I 540,677 I I I
; I
1 2 3 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
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A geotechnical investigation was undertaken at three sites in the Hamlet of Arctic Bay, Nunavut to assess the most suitable
site for construction of the new Water Treatment Plant (WTP) for the community. This work was authorized by
Department of Community and Government Services, Government of Nunavut and is part of the High Arctic Water
Treatment Plant Business Case Study.

The proposed facility would comprise of a 30 m by 20 m Water Treatment Plant building which will be maintained at ~22°C
and an 8 m diameter by 8 m high treated water and an 8 m diameter by 6 m high wastewater storage tanks. The water in
the storage tank will be maintained at 5°C to 10°C. The Raw water source will be Merci Lake reservoir located
approximately 8 km from the community. The existing WTP is located at Merci Lake. Water is trucked from the plant to the
community.

The three sites investigated are located approximately 8 km from the community (Site 1), 1.3 km from the community (Site
3), and adjacent to the community (Site 4). The investigation revealed that Site 1 is mostly flat with a gentle gradient
(39.7H:1V). Sites 3 and 4 are located on steep slopes with a gradient of 7.7H:1V and 5.9H:1V respectively. In addition,
Site 4 contains surficially disturbed material which extends to a depth of 1 m to 4 m. This material is not suitable for
construction and would have to be excavated and disposed of. The surficial soils at Site 1 are well drained sand and gravel
to sandy gravel and contains few ice crystals or lenses. The soils on Site 4 are similar to Site 3 except for the surficially
disturbed material or fill which was encountered to 1 m to 4 m depth. The soils contain more ice crystals and lenses
compared to site 3.

Based on the structural requirements (heated structures with slab-on-grade construction) and the geotechnical conditions
encountered, it is considered that the most suitable foundation option for all three sites is likely to be spread and strip
footings for the WTP and slabs for the tanks set on an inground engineered fill pad incorporating insulation and
thermosyphons under the building and likely insulation only under the tanks.

The design is based on the premise that degradation of the permafrost under the structures will be prevented or minimized
to prevent settlement and cracking of the structures. Geothermal analyses were undertaken to determine the thickness of
the granular bed and insulation and the extent of thermosyphons required to maintain the ground below the founding level
of the structures in a permanently frozen state.

The geothermal analyses have revealed that the required thickness of granular bed and insulation is 1.2 m and 100 mm
respectively for both the Water Treatment Plant building and the storage tanks. Thermosyphons would be required for the
Water Treatment Plant building modelled on the smallest available radiator area (typically about 9.75 m?) with
thermosyphon horizontal evaporator loops 25 mm in diameter and 60 m long with consistent spacing of 1 m would prevent
or minimize degradation of the permafrost under the foundations. Thermosyphons will not be required under the storage
tanks.

It is anticipated that Serviceability Limit State (SLS) bearing pressure of 150 kPa and factored geotechnical resistance at
Ultimate Limit State of 225 kPa would likely be available provided that the engineered fill pad is constructed as detailed in
Section 5.6.5 of the report.

It is noted that whilst construction of the WTP on Site 3 and Site 4 is also feasible, extensive site grading would be required
at both the sites. In addition, in the case of Site 4, the surficially disturbed material would have to be excavated from the
building areas and disposed of elsewhere. For these reasons, from a geotechnical perspective, Site 1 is to be preferred
provided the new Water Treatment Plant is located south of the existing Water Treatment Plant and the Environment
Canada weather station.

The above and other considerations are discussed in greater details in the accompanying report.
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A geotechnical investigation was undertaken at three sites in the Hamlet of Arctic Bay, Nunavut to assess the most suitable
site for construction of the new Water Treatment Plant (WTP) for the community. This work was authorized by
Department of Community and Government Services, Government of Nunavut and is part o the High Arctic Water
Treatment Plant Business Case Study.

The location of the Hamlet of Arctic Bay is shown on Figure 1. The locations of the sites (Sites 1, 3, and 4) under
consideration are shown on Figure 2. The proposed facilities would comprise of a WTP building with a footprint of 30 m by
20 m, an 8 m diameter by 8 m high treated water storage tank, and an 8 m diameter by 6 m high wastewater storage tank.
The building will be maintained at a temperature of 22°C approximately and the water in the treated water storage and the
wastewater storage tanks will be heated to 5°C to 10°C. The raw water source will be the Merci Lake watershed and raw
water seasonal storage will be Merci Lake reservoir.

The geotechnical investigation was undertaken at each site to:
Establish geotechnical, groundwater and permafrost conditions at the site;
Carry out associated laboratory tests to classify the soils;
Determine the active layer thickness;
Establish ground temperature profile;

Discuss various foundation options and make recommendations regarding the most suitable type of foundation,
founding depth, Serviceability Limit State (SLS) bearing pressure of the founding stratum, and factored
geotechnical resistance at Ultimate Limit State (ULS);

Undertake geotechnical analysis to assess the impact of the proposed structure and climate change on permafrost
degradation and recommend mitigating measures;

Provide seismic design parameters; and,
Discuss subsurface concrete requirements.

The comments and recommendations given in this report are preliminary for guidance of design engineers and should not
be used for construction.
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Arctic Bay is the third most northerly community in Canada after Grise Fiord and Resolute Bay. It is located in the
northwest corner of Baffin Island and is connected to the nearby mine of Nanisivik by a 32 km long gravel road. Arctic Bay
is situated on the north shore of Adams Sound and is home to about 850 people. It is situated on a low gravel beach and is
surrounded on three sides by high hills. Nanisivik was developed in the 1970s to support Breakwater Resources’ lead, zinc
and silver mine which is now in the last stages of closing.

Arctic Bay experiences a tundra climate like most northern Canadian Territories at low elevations with long very cold
winters and short cool to cold summers. Its climate does not differ from more severe subarctic climate except for
practically non-existence of summer. It has an arid climate with less than 250 mm (9.8 inches) precipitation per year. With
thawing of the permafrost, Arctic Bay may be affected by flooding due to the melting of sea ice and due to erosion. The
average high and low yearly temperatures are -12.5°C and -17.8°C. Its elevation is 31 m.

Currently water for the community is drawn from Merci Lake which is located 8 km from the community. Truck fill station is
located on the lake. The water is trucked from the plant to the community. Chlorination is the only treatment to water.
Treated water does not meet the Guidelines for Canada Drinking Water Quality. It is understood that in order to meet the
federal and territorial standards for drinking water, a well-designed water treatment plant will have to be constructed. For
this purpose, EXP is required to review three potential sites, one adjacent to the existing Water Treatment Plant and at
least one closer to the community.
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The surficial geology of Arctic Bay is shown on Figure 3. It indicates that the surficial soils in the area are predominantly till
veneer which is thin and discontinuous and may include extensive areas of rock outcrop.
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The bedrock geology of Arctic Bay is shown on Figure 4. A review of this figure indicates that the bedrock at the site
consists of Cambrian Silurian carbonate and siliciclastic rocks, i.e., limestone, dolomite, conglomerates, sandstone, and
shales.
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5.1 Site Description

The site is located adjacent to the existing WTP and the existing lake reservoir (Lake Merci) (Figure 5a). It is understood
that the intake structure is old and the pump is not performing well. The site has an Environment Canada weather station
located west of the existing pumphouse. The weather station shares power from the pumphouse. It is reported that the
east side of the pumphouse is considerably lower and it is suspected that it may flood in the spring. It is also reported that
a lot of fill would be required to raise the grade of the pumphouse on the east side.

A review of Site Plan, Figure 5a indicates that the site is fairly flat lying with the ground surface elevations varying from
Elevation 6.0 m to Elevation 8.0 m approximately except for the northeast corner where the ground surface rises to
Elevation 11 m. The site is located approximately 30 m east of the lakeshore. The extent of talik under the lake or in its
vicinity is currently not known.

5.2  Geotechnical Investigation Procedure

The fieldwork for the geotechnical investigation was undertaken with an air track drill between September 29 and 30, 2021.
It was supervised on a full-time basis by a senior geotechnician experienced in permafrost soils and northern construction.

The fieldwork consisted of drilling seven boreholes, each to 10 m depth except for Borehole 1 which was terminated at 6 m
depth due to extensive cave-in of the borehole and excavating two test pits with a rubber tired backhoe to refusal at 1.2 m
depth. The locations of the boreholes and test pits are shown on Figure 5a. Bulk soil samples were obtained from the
boreholes at 1 m depth intervals.

On completion of drilling, multi-bead thermistor string was installed in Borehole No. 2. A 19 mm diameter PVC standpipe
was installed to the bottom of the borehole and the thermistor string was placed in the standpipe. Initial readings were
taken 24 hours after installation. All other boreholes were backfilled to the surface with drill cuttings on completion.

The soil samples were visually examined for textural classification and logged in accordance with the Standard Practice of
Description and Classification of Soils Visual Manual Procedure (ASTM 2488) and Standard Practice for Description of Frozen
Soils, Visual Manual Procedure (ASTM D4083). Part of each soil sample was placed in a plastic bag, sealed and weighed on-
site for moisture content determination. The remainder of the soil sample was placed in another plastic bag, sealed and
identified for visual examination by a senior geotechnical engineer and additional laboratory testing.

Representative soil samples were also obtained from the test pits and the test pits logged. The samples were examined for
visual classification, logged, preserved in plastic bags and identified. The test pits were backfilled on completion.

The locations of the boreholes and test pits were established using a commercial grade handheld GPS device and are
approximate. The coordinates of the boreholes and test pits have been listed on Table 1. The elevations of the boreholes
were established in the office based on GPS locations and topographic surveys of the site. The elevations refer to the
Geodetic Datum and are approximate.

On completion of the fieldwork, all soil samples were transported to the EXP laboratory in the city of Ottawa, Ontario
where they were examined by a senior geotechnical engineer and borehole logs prepared. The engineer also assigned
laboratory testing which consisted of performing natural moisture content tests on all the samples and grain size analyses,
Atterberg Limit tests, pH, sulphate, chloride and electrical resistivity tests on selected soil samples.
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Table 1: Coordinates of Boreholes and Test Pits, Arctic Bay, Site 1

Borehole or Test Pit # Eastings Northings Elevation (m)
BH1 564879 8100592 5.7
BH 2 564918 8100650 7.3
BH3 564552 8100831 9.0
BH4 564547 8100579 7.5
BH5 564882 8100706 6.3
BH6 564955 8100731 7.7
BH7 564887 8100785 6.6
TP 1 564892 8100700 6.9
TP 2 564906 8100653 6.7

5.3  Soil Description

A detailed description of the subsurface soil and groundwater conditions determined from the boreholes and test pits are
given on the attached Borehole Logs, Figures 6 to 14 inclusive. The borehole and test pit logs and related information
depict subsurface conditions only at the specific locations and times indicated. Subsurface conditions and water levels at
other locations may differ from conditions at the locations where sampling was conducted. The passage of time also may
result in changes in the conditions interpreted to exist at the locations where sampling was conducted. Boreholes were
drilled and test pits excavated to provide representation of subsurface conditions as part of a geotechnical exploration
program and are not intended to provide evidence of potential environmental conditions.

It should be noted that the soil boundaries indicated on the borehole logs are inferred from non-continuous sampling and
observations during drilling. These boundaries are intended to reflect approximate transition zones for the purpose of
geotechnical design and should not be interpreted as exact planes of geological change. The “Notes on Sample
Descriptions” preceding the borehole logs form an integral part of this report and should be read in conjunction with this
report. The soil stratigraphy encountered at the site is discussed below in descending order from the existing ground
surface. Grain size analyses and soil classification is given on Table 2.

5.3.1 Topsoil / Tundra

The site is covered with approximately 50 mm of topsoil / tundra.

5.3.2 Fill

Beneath the topsoil, granular fill was encountered in Borehole 7 which extended to 2 m depth (Elevation 4.6 m). The fill
consists of crusher run 19 mm limestone sand and gravel. It is well compacted and grey in colour. Its moisture content
varied from 1.7 percent to 2.2 percent.

7
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Table 2: Results of Laboratory Tests, Arctic Bay, Site 1

Borehole # Depth (m) Grain Size Analyses (%) Atterberg Limits (%) uscs

Classification
Clay & Silt Sand Gravel Liquid Plastic Plasticity
Limit Limit Index

TP1 0-1.2 2 33 64 GW
BH1 1-2 5 48 47 GP
BH1 4-5 5 49 46 GP
BH2 5-6 9 56 35 SP
BH2 9-10 23 64 13 Non-plastic SM
BH3 2-3 26 68 6 Non-plastic SM
BH3 4-5 22 70 8 Non-plastic SM
BH4 3-4 7 42 51 GP
BH4 7-8 11 57 32 Non-plastic SP
BH5 1-2 4 37 59 GP
BH5 6-7 9 57 34 SW
BH6 1-2 4 44 52 GW
BH6 8-9 23 67 10 Non-plastic SM
BH7 2-3 6 55 39 SP
BH7 4-5 22 58 20 Non-plastic SM
BH7 8-9 12 81 7 Non-plastic SW

5.3.3 Sandy Gravel to Sand and Gravel

Beneath the tundra / topsoil in Boreholes 1 and 3 to 6 and Test Pits 1 and 2, sandy gravel to sand and gravel extends to the
entire depth investigated in Test Pits 1 and 2 (i.e., 1.2 m depth, Elevation 5.2 m and 5.5 m respectively) and to a depth of
1.0 m to 5.0 m in Boreholes 3 to 6 (Elevation 1.3 m to 8.0 m). Borehole 1 was terminated in this stratum at 6 m depth due
to extensive cave-in. This stratum was also encountered in Borehole 3 between 5 m and 10 m depth (Elevation 3.0 m to
Elevation -1.0 m) and in Borehole 7 between 5 m and 8 m depth (Elevation 1.6 m to -1.4 m). The sandy gravel and sand and
gravel is poorly to well graded. It comprises of 3 to 7 percent clay and silt, 33 to 49 percent sand, and 46 to 64 percent
gravel (Figures 15 to 20). Its moisture content varies from 1.7 to 32.3 percent.
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5.3.4 Gravelly Sand to Sand

The topsoil in Borehole 2 and the sand and gravel stratum in Boreholes 4 and 5 and the fill in Borehole 7 are underlain by
gravelly sand which extends to a depth of 8.8 m in Borehole 2 (Elevation -1.5 m), 3.0 m in Borehole 7 (Elevation 3.6 m), and
to the entire depth investigated in Boreholes 4 and 5, i.e., 10 m depth (Elevation -2.5 m and-3.7 m respectively). This
stratum comprises of 6 to 11 percent clay and silt, 53 to 57 percent sand, and 32 to 39 percent gravel (Figures 21 to 24). Its
moisture content varies from 3.0 to 24.5 percent.

5.3.5 Silty Sand

In Boreholes 2, 3, 6 and 7, the sandy gravel to gravelly sand is underlain by silty sand which extends to the entire depth
investigated (10 m) in Boreholes 2 and 6 (Elevation -2.7 m and -2.3 m) and to 5.0 m depth in Boreholes 3 and 7 (elevation
4.0 m and 1.6 m respectively). It consists of 22 to 26 percent clay and silt, 58 to 70 percent sand, and 6 to 20 percent gravel
(Figures 26 to 30). It has a moisture content of 13.4 to 24.5 percent.

5.3.6 Sand

In Borehole 7, the sand and gravel is underlain by a sand layer which extends to the maximum depth investigated, i.e., 10 m
(Elevation -3.4 m). It comprises of 12 percent silt and clay, 81 percent sand, and 7 percent gravel (Figure 25). Its moisture
content was determined as 18.3 to 18.4 percent.

5.3.7 Groundwater

Water level observations were made in the boreholes on completion of drilling of each borehole. These observations have
been summarized on Table 3.

Table 3: Groundwater Observations in Boreholes, Arctic Bay, Site 1

Borehole # Observation Date Depth to WL below Borehole Open to (m) WL Elevation

Ground Surface (m)

BH1 September 29, 2021 4.0 5.0 1.7

BH2 September 30, 2021 N/A 10.0

BH3 September 30, 2021 N/A 10.0

BH4 September 29, 2021 N/A 10.0

BH5 September 30, 2021 4.6 10.0 1.7

BH6 September 30, 2021 4.6 10.0 31

BH7 September 30, 2021 3.7 10.0 29

The above observations indicate that groundwater level in the west and central parts of the site ranged between 3.7 m and
4.5 m depth below the existing ground surface, i.e., Elevation 1.7 m to 3.1 m. The groundwater table at the site is subject
to seasonal fluctuations and is expected to be at a higher level during spring freshet.

9



EXP Services Inc. 10

Department of Community and Government Services
Government of Nunavut

Feasibility Study Geotechnical Investigation

Water Treatment Plant, Arctic Bay, NU
FRN-21016638-A0

March 22, 2022

5.4  Ground Temperatures and Active Layer Thickness

Multiple thermistor beads were installed in Borehole 2 on completion of drilling to monitor the ground temperatures.
Thermistor beads were installed at 0.5 m, 1.0 m, 2.0 m, 3.0 m, 4.0 m, 6.0 m, 8,0 m, and 10.0 m depth below the existing
ground surface. Readings were taken on October 1, 2021, and the observations made have been tabulated on Table 4.

A review of this table indicates that the ground temperature in the upper 3 m depth was 1.0°C. The ground was frozen
below 4.0 m depth.
5.4.1 Active Layer Thickness

The initial set of readings taken at the site indicate that the ground was frozen below 4 m depth. However, these readings
had not stabilized and therefore cannot be relied upon. It is recommended that ground temperature should be monitored
during early spring to fall of 2022 in order to estimate the active layer thickness. It is noted that Ednie and Smith! have
recorded a measured deep thaw depth of 1.3 m for Arctic Bay.

Table 4: Temperature Records in Multi-Bead Thermistors, Arctic Bay, Site 1

Borehole # Borehole 25
Observations Date October 7, 2021

Bulb Depth Meter Temp | Bulb Depth Meter Temp Bulb Depth Meter Temp

(m) RDG (°c) (m) RDG (°c) (m) RDG (°c)
(K ohms) (K ohms) (K ohms)
1 0.5 16.3 1.0
2 1.0 16.3 1.0
3 15 16.3 1.0
4 2.0 16.8 -0.6
5 3.0 17.7 -1.6
6 4.0 18.4 -2.3
7 6.0 20.1 -4.0
8 8.0 221 -5.8
9 10.0 24.3 -7.6

1 Ednie, M. and Smith, S.L., 2015, Permafrost temperature data 2008-2014 from community based monitoring sties in
Nunavut; Geological Survey of Canada, Open File 7784.
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5.5  Foundation Options

The following foundation options were considered for WTP and the storage tanks:
Spread and strip footings on permafrost;
Adfreeze piles;
End bearing piles; and,

Spread and strip footings on engineered fill pad with insulation and thermosyphons.

5.5.1 Spread and Strip Footings on Permafrost

A heated building with a slab-on-grade floor has the potential of degrading the permafrost which may result in settlement
of the building. Experience indicates the provision of insulation alone under the floor slab of the building will not prevent
the permafrost from degradation. Therefore, this is not considered to be a viable option.

5.5.2 Ad-Freeze Piles

Ad-freeze piles normally require that the floor slab is elevated above the ground surface to prevent degradation of the
permafrost. In addition, the climate warming is expected to result in degradation of the permafrost and increase in
thickness of the active layer. Since the ad-freeze piles support the load in adhesion between the frozen soil and the pile,
this pile type cannot be relied upon to perform satisfactorily during the life of the structure. Therefore, ad-freeze piles are
not considered an option for the proposed structure.

5.5.3 End Bearing Piles

From a geotechnical perspective, end bearing piles socketed into the bedrock would be feasible. However, bedrock was not
encountered in the boreholes to the depth investigated. Construction of this type of pile has practical limitations due to
lack of availability of suitable equipment in the Hamlet. Also, an additional geotechnical investigation would be required if
this type of pile is to be considered to establish the depth to bedrock and its properties. Installation of end bearing piles is
also expected to be more costly compared to the option provided below.

5.5.4 Spread and Strip Footings or Slabs on Engineered Fill Pad with Insulation and Thermosyphons

Based on the geotechnical conditions encountered and structural requirements, it is considered that the most suitable
foundation option for the proposed WTP is to set it on below ground engineered fill pad with insulation and thermosyphons
installed under the footings. The most suitable type of foundations for the wastewater and treated water storage tanks is
to set the tanks on slabs on the extension of the engineered fill pad constructed for the Water Treatment Plant with
insulation under the tanks (and thermosyphons if required). These options have been discussed in greater detail in
Section 5.6.

The investigation has revealed that the geotechnical conditions at the site consist of sandy gravel to sand and gravel which
is underlain by gravelly sand to sand and silty sand. Bedrock was not encountered in any of the boreholes.

The proposed structure is to incorporate a slab-on-grade floor. It will be heated to ~22°C. The water in the wastewater and
treated water storage tanks will be maintained at a temperature of 5°C to 10°C. The tanks will be located outside within
10 m of the building. Because the proposed structures will be heated, the potential for degradation of the permafrost
below the structures exists due to heat loss from the structures. The type of foundations selected should ensure that
degradation of permafrost under the structures is prevented or minimized.
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Water Treatment Plant and Wastewater and Treated Water Storage Tanks Foundations

In order to determine the thickness of engineered fill pad, insulation and the extent of thermosyphons required to maintain
the permafrost below the structures, geothermal analyses were undertaken. The geothermal analyses assumptions,
procedures, results and recommendations have been detailed in Appendix A of this report and have been summarized

below.

5.6.1

Geothermal Analyses Assumptions

The following assumptions were made in preparing the geothermal models.

5.6.2

Based on the Environment Canada long-term climate norm data for Pond Inlet, the mean annual air temperature
for Pond Inlet was estimated to be -14.8°C. The climate norm for Arctic Bay is expected to be similar to that of
Pond Inlet.

It was assumed that the proposed structure and the wastewater and treated water tanks will be founded on a
below-ground engineered fill pad approximately 1.2 m thick and the structures would be underlain by insulation
and thermosyphons. The engineered fill pad will be constructed on natural undisturbed soil.

The annual air warming rate was assumed as 0.08°C/year based on climate warming data.

The soil stratigraphy used in the analyses was based on the results of Boreholes 1 to 7, TP1, and TP2 of the
geotechnical investigation as described previously.

The geothermal design was based on a mean annual ground temperature (MAGT) of -10.2°C. The design isotherm
assumed to represent ice melting temperature was taken as -2°C.

Geotechnical modelling (see Figure 2, Appendix A) considered WTP structure as an at-grade building that would be
constructed by excavating all the fill from the building area and excavating the natural soil within the building
footprint to approximately 1.2 m depth and backfilling the excavation with thaw-stable and non-frost susceptible
engineered fill. Rigid insulation and thermosyphons will be embedded within the engineered fill (Figure 2,
Appendix A).

Geothermal Modelling Assessments

The geothermal modelling addressed the following.

Assess the late summer thaw progression under the WTP floor slab and adjacent potable water and wastewater
storage tanks.

Assess annual and long-term temperature conditions under the structures where a 100 mm thick layer of rigid
extruded polystyrene insulation is installed under the WTP building and the water storage tanks.

Assess thermosyphon operation, considering a specific radiator area and evaporator spacing. The thermosyphons
were modelled on a smallest available radiator area (9.75 m?2). The thermosyphon horizontal evaporator loops
considered in the thermal model were 25 mm in diameter and 60 m long with a constant spacing of 1 m.

Assess a thermosyphon loop failure scenario by considering the loss of one thermosyphon loop during operations.
It was assumed that the thermosyphon system would be able to maintain thermal stable conditions under the
WTP for up to two years, even in the event of a malfunction of one evaporator loop. The two year period was
used, assuming that the remedial repairs of the inoperative thermosyphon would be applied within this
timeframe.

12
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5.6.3 Geothermal Modelling Results

Figure 5 (Appendix B) presents a view of two-dimension model domain for the WTP. The subsurface was divided into
several layers representing the geotechnical conditions.

Figure 6 (Appendix B) shows and expanded view of the WTP building and engineered fill pad with floor slab, rigid insulation
and thermosyphons in place.

It was assumed that the WTP building is underlain by 100 mm of rigid insulation and thermosyphons as indicated in Section
5.6.2 (3). The results of these analyses are given on Figure 7 of Appendix A. The results indicate that with 100 mm of
insulation under the building with no climate warming, the -2°C isotherm (which represents melting point of ice) remains
within the fill pad. When the effect of global warming is taken into consideration, after 40 years, the ground temperatures
are a few degrees warmer than with no climate warming. Also, the -2°C isotherm remains within the frost-stable
engineered fill pad (Figure 8, Appendix A). The effect of a single thermosyphon loop under the centre of the structure
becoming inoperable for more than two years and is not repaired or otherwise mitigated is negligible and the -2°C isotherm
remains within the engineered fill pad. In the long term, if an inoperative thermosyphon loop is not repaired or otherwise
mitigated, a thaw bulb will likely form in the area of the inoperative thermosyphon.

The geothermal analysis has shown that a foundation system for WTP comprising an engineered fill pad with 100 mm of
rigid insulation and a horizontal thermosyphon system will maintain frozen conditions within the engineered fill pad for a
40 year design life with climate warming.

A model domain similar to WTP was used to assess the ground temperatures under the exterior potable water and
wastewater tanks. The model domain was similar to Figure 5 (Appendix A), except the left vertical boundary of the domain
is an axis of radial symmetry with storage tank 4 m in radius. Figure 10, Appendix A shows the model domain for the
storage tanks. The thermosyphons were not considered for this case. A rigid insulation thickness of 100 mm was applied
by the model. The base of the tanks was held at +10°C year-round.

The analysis revealed that with 100 mm of rigid insulation within the engineered fill pad with no climate warming, the
engineered fill pad does not warm above -6°C under the tanks even in late summer (Figure 11, Appendix A). When the
effect of climate warming is taken into consideration, ground temperatures within the subgrade below the tank remain
colder than -2°C, even in the presence of long-term climate warming.

5.6.4 Conclusion

The geothermal analysis has shown that a foundation system for the Water Treatment Plant consisting of an inground
engineered fill pad with 100 mm of rigid insulation and a horizontal thermosyphon system represents a viable design. The -
2°C isotherm does not progress below the base of the thaw stable engineered fill pad. For the 8 m diameter water storage
tanks, minimal thaw progresses below the 100 mm rigid insulation for the applied climate warming case and represents a
viable design.

5.6.5 Engineered Fill Pad

Excavation for construction of the engineered fill pad would extend at least 1.2 m below the underside of the floor slab to
the underlying natural undisturbed soil. It would extend at least 2 m beyond the perimeter of the structures and would
thereafter be sloped at an inclination of 1H:1V or flatter depending on the site conditions at the time of construction. The
subgrade would be examined and approved by an experienced geotechnician. The exposed subgrade would then be proof-
rolled with a highway type roller in the presence of geotechnical personnel if construction is undertaken during summer
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months. Any soft pockets identified would be sub-excavated and the excavations backfilled with engineered fill
(conforming to gradation requirements of Table 5) compacted to 100 percent standard Proctor Maximum Dry Density
(SPMDD). Construction of the granular pad may then proceed.

From a geotechnical perspective, the fill used to construct the engineered fill should consist of frost stable sand and gravel,
preferably conforming to the gradation given on Table 4. The engineered fill should be placed in lifts compatible with the
compaction equipment and each lift compacted to 100 percent SPMDD. In-place density tests should be performed on
each lift to ensure that the specified degree of compaction has been achieved. Consideration should be given to placement
of a thick (50 mm thick) sand bedding layer below the rigid EPS insulation. This will reduce the possibility of coarse-grained
particles from puncturing the EPS.

It should be noted that the thermosyphon system is a proprietary design and build activity. Therefore, construction of the
pad and material specification would also have to comply to the requirement of the design-build engineer.

The presence of subsurface waterflow under the structure may render the insulated slab design ineffective. If there is
access to groundwater, frost heaving may occur. Steps would need to be taken to limit or completely prevent subsurface
waterflow under the structure by using drainage ditches and/or construction of a cut-off, e.g., ditches filled with compacted
clay.

Table 5: Engineered Fill Gradation Requirements

Sieve Size Percentage Passing

25.0 mm 100
19.0 mm 75-100
9.5 mm 50-85
4.75 mm 35-65
2.0 mm 25-50
0.42 mm 15-30
0.75 mm 5-10

5.7  Site Classification and Seismic Site Response

The investigation has revealed that the on-site soils are granular. They mostly comprise of sandy gravel to sand and gravel
in the upper levels and are underlain by gravelly sand and silty sand. The active layer thickness could not be established
due to time constraints. However, the proposed WTP building would be founded on a below ground engineered fill pad
underlain by insulation and thermosyphons to maintain the soil below the founding level in a permanently frozen state.
The frozen soil will be dense to very dense. Therefore, the site has been classified as Class D for Seismic Site Response in
accordance with the requirements of Section 4.1.8.4 of the National Building Code of Canada, 2015.

The on-site frozen soils will not be subject to liquefaction during a seismic event.

5.8 Site Grading and Drainage

The majority of the site is flat lying. Therefore, it is anticipated that nominal site grading would be required for construction
of the proposed foundations on level ground. This can likely be undertaken by excavating from higher ground and
backfilling any low areas. If the on-site materials are to be used for construction of the engineered fill pad, an assessment
of the on-site materials would be required to assess their free-draining and frost susceptibility characteristics.
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Satisfactory performance of the foundation system would be contingent on eliminating or minimizing subsurface water
flow under structures to prevent degradation of the permafrost. This may be achieved by construction of drainage ditches
or cut offs (trenches filled with clay) as necessary. The drainage ditches or cut off would have to be deep enough to
intercept the subsurface water during spring freshet. The downspouts from the structures should be directed to preferably
discharge to the drainage ditches or should discharge at least 2 m beyond the perimeter of the structures.

The finished grade around the structures should be sloped away from the structures at an inclination of at least 2 percent
to prevent ponding of the surface water around the foundations of the structures.

5.9 Subsurface Concrete Requirements

Chemical tests limited to determination of pH, sulphates, chlorides, and electrical resistivity of the on-site soils were
performed. The results of the tests are given on Table 6.

A review of Table 6 indicates that the on-site soils contain 0.0006 percent to 0.0642 percent of water-soluble sulphates in
the soil. This concentration of sulphates is considered to have a negligible potential of sulphate attack on sub-surface
concrete. Therefore, General Use (GU) Portland cement may be used in the subsurface concrete at the site. The
concentration of chlorides exceeds the threshold value. Therefore, special measures to protect the concrete from chloride
attack may be required. The concrete mix design should conform to all the requirements of CSA 123.1-14 including with
regard to mitigating detrimental effect of chlorides in the subsoils on the concrete.

The electrical resistivity tests indicated that the soils at the site are non-corrosive to very corrosive to steel. It is therefore
recommended that a corrosion specialist should be consulted to provide recommendations to mitigate corrosion potential
of the soil if steel is to be buried at the site.
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Table 6: Results of Chemical Tests, Arctic Bay Site 1

Borehole # Depth (m) Sulphates (%) Chlorides (%) Electric Resistivity Remarks
(ohm-cm)

1 1-2 7.54 0.0006 0.0006 26300 Non-corrosive

2 5-6 7.58 0.0007 0.0012 19200 Non-corrosive

3 2-3 7.19 0.0642 0.0554 606 Very corrosive

4 7-8 7.71 0.0063 0.0007 8700 Mildly corrosive

5 1-2 1.23 0.0006 0.0002 40000 Non- corrosive

6 1-2 7.05 0.0015 0.0193 2910 Moderately corrosive

7 2-3 7.09 0.0014 0.0145 3790 Moderately corrosive
TI:/raelsuhezld <5 >0.1 >0.04 <750 Very corrosive
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6.1 Site Description

This site is located next to the new Power Plant which is currently under construction. It is located approximately 6.7 km
north of Merci Lake reservoir and approximately 1.3 km south of the community. The ground surface elevations at the site
vary from Elevation 12.5 m at the southwest corner to Elevation 27.5 m at the northeast corner. The site slopes down to
the southwest at a slope of 8 degrees approximately, i.e., ~7.4H:1V. As the slope is relatively steep, the earthworks at the
site are expected to be more extensive as is reported to be the case at the Power Plant site. A long hill is located behind the
site and would necessitate integrating drainage plans directly into the design.

6.2  Geotechnical Investigation Procedure

The geotechnical investigation was undertaken with an air track drill and a backhoe on October 1 and 2, 2021. It was
supervised on a full-time basis by a senior geotechnician experienced in permafrost soils and arctic construction.

The fieldwork consisted of drilling five boreholes, each to 10 m depth and excavating two test pits with a backhoe to refusal
at 1.4 m and 1.7 m depth. The locations of the boreholes and test pits are shown on Figure 5b.

Bulk soil samples were obtained from the boreholes at 1 m depth interval. On completion of drilling, multi-bead thermistor
string was installed in Borehole 5. A 19 mm diameter PVC standpipe was placed to the bottom of the borehole, the
thermistor string was placed in the standpipe, and initial readings were taken 24 hours after installation. All boreholes
were backfilled to the surface with drill cuttings on completion.

The soil samples were visually examined for textural classification and logged in accordance with the Standard Practice of
Description and Classification of Soils Visual Manual Procedure (ASTM 2488) and Standard Practice for Description of Frozen
Soils, Visual Manual Procedure (ASTM D4083). Part of each soil sample was placed in a plastic bag, sealed, identified, and
weighed on-site for moisture content determination. The remainder of the soil sample was placed in another plastic bag,
sealed and identified for visual examination by a senior geotechnical engineer and additional laboratory testing.

Representative soil samples were also obtained from the test pits and the test pits logged. The samples were examined for
visual classification, logged, preserved in plastic bags and identified. The test pits were backfilled on completion.

The locations of the boreholes and test pits were established using a commercial grade handheld GPS device and are
approximate. The coordinates of the boreholes and test pits have been listed on Table 7. The elevations of the boreholes
were established in the office based on GPS locations and topographic surveys of the site. The elevations refer to the
Geodetic Datum.

On completion of the fieldwork, all soil samples were transported to the EXP laboratory in the city of Ottawa, Ontario
where they were examined by a senior geotechnical engineer and borehole logs prepared. The engineer also assigned
laboratory testing which consisted of performing natural moisture content tests on all the samples and grain size analyses,
Atterberg Limit tests, pH, sulphate, chloride and electrical resistivity tests on selected soil samples.
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Table 7: Coordinates of Boreholes and Test Pits, Arctic Bay, Site 3 ‘

Borehole or Test Pit # Eastings Northings Elevation (m)

TP1 561866 8105138 27.2
TP2 561851 8105079 193
BH1 561772 8105052 14.1
BH2 561873 8105060 16.4
BH3 561867 8105137 27.0
BH4 561779 8105133 26.1
BH5 561829 8105077 18.8

6.3  Soil Description

A detailed description of the subsurface soil and groundwater conditions determined from the boreholes and test pits are
given on the attached Borehole Logs, Figures 31 to 37 inclusive. The borehole logs and related information depict
subsurface conditions only at the specific locations and times indicated. Subsurface conditions and water levels at other
locations may differ from conditions at the locations where sampling was conducted. The passage of time also may result
in changes in the conditions interpreted to exist at the locations where sampling was conducted. Boreholes were drilled
and test pits excavated to provide representation of subsurface conditions as part of a geotechnical exploration program
and are not intended to provide evidence of potential environmental conditions.

It should be noted that the soil boundaries indicated on the borehole logs are inferred from non-continuous sampling and
observations during drilling. These boundaries are intended to reflect approximate transition zones for the purpose of
geotechnical design and should not be interpreted as exact planes of geological change. The “Note on Sample
Descriptions” preceding the borehole logs form an integral part of this report and should be read in conjunction with this
report. The soil stratigraphy encountered at the site is discussed below in descending order form the existing ground
surface. Grain size analyses and soil classification is given on Table 8.

6.3.1 Tundra / Topsoil

The site is covered with up to 50 mm of tundra / topsoil.

6.3.2 Silty Sandy Gravel to Sand and Gravel

The topsoil in the boreholes and test pits is underlain by sand and gravel which extends to the entire depth investigated in
test pits 1 and 2, i.e., 1.7 m depth (Elevation 25.0 m) and 1.4 m depth (Elevation 17.9 m) respectively and to a depth of 1.0
m to 4.0 m in the boreholes (Elevation 13.1 m to 25.5 m). A grain size analysis performed on this stratum indicates a
composition of 24 percent silt and clay, 26 percent sand, and 50 percent gravel (Figure 38). This stratum has a moisture
content of 7.0 to 14.8 percent.

6.3.3  Silty Sand (SM)

The sand and gravel in Boreholes 1, 2, and 3 is underlain by silty sand which extends to 2 m to 4.5 m depth (Elevation 11.9
to 23.0). This stratum was also encountered in Borehole 2 between 8 m and 10 m depth (Elevation 8.4 m to 6.4 m), in
Borehole 3 between 5 m and 8 m depth (Elevation 22.0 m to 19.0 m), in Borehole 4 between 8 m and 9 m depth (Elevation
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18.1 mto 17.1 m), and in Borehole 5 between 6 m and 8 m depth (Elevation 12.8 m to Elevation 10.8 m). It comprises of 21
to 37 percent clay and silt, 51 to 64 percent sand, and 12 to 23 percent gravel (Figures 39 to 45). Its moisture content varies
from 5.9 percent to 18.1 percent.

6.3.4 Clayey Silty Sand

Beneath the silty sand stratum in Boreholes 1 and 3 and the sand and gravel stratum in Boreholes 4 and 5, clayey silty sand
extends to a depth of 4.0 m to 7.0 m (Elevation 8.1 m to 22.0 m). This stratum comprises of 39 to 51 percent clay and silt,
36 to 46 percent sand, 9 to 15 percent gravel (Figures 46 to 50). Its liquid limit varies from 22.9 to 28.8 percent and its
plastic limit varies from 12.9 to 13.6 percent. It has a moisture content of 9.0 to 24.9 percent.

6.3.5 Sand and Gravel

The clayey silty sand in Boreholes 1, 4 and 5, and the silty sand in Boreholes 2 and 3 are underlain by sand and gravel which
extends to 8.0 m depth in Borehole 2, to 4 m to 6 m depth in Borehole 5 (Elevation 14.8 to 12.8 m), and to 10 m in depth in
Boreholes 1, 3 and 4 (Elevation 4.1 m to 19.1 m). This stratum has a moisture content of 4.8 to 9.8 percent.

6.3.6 Gravelly Sand

In Borehole 5, the silty sand is underlain by gravelly sand which extends to 10 m depth (Elevation 8.8 m). It has a moisture
content of 7.3 to 12.2 percent.

Table 8: Results of Laboratory Tests, Arctic Bay Site 3

Borehole # Depth (m) Grain Size Analyses (%) ‘ Atterberg Limits (%) ‘ USsCs
Clay & Silt Sand Gravel Liquid Plastic Limit Plasticity Classification
Limit Index

BH1 1-2 37 51 12 18.4 Non-plastic SM
BH1 3-4 46 45 9 23.6 12.9 10.7 SM-SC
BH1 5-6 39 46 15 229 13.2 9.7 SM-SC
BH2 2-3 21 59 20 Non-plastic SM
BH2 8-9 28 61 11 Non-plastic SM
BH3 2-3 25 52 23 Non-plastic SM
BH3 4-5 44 47 9 27.7 13.2 14.6 SM-SC
BH3 7-8 27 59 14 Non-plastic SM
BH4 4-5 51 38 13 28.8 12.9 15.8 SM-SC
BH4 8-9 16 74 10 SM
BH5 1-2 41 44 15 28.1 13.6 14.5 SM-SC
BH5 6-7 22 64 14 Non-plastic SM
TP2 0-14 24 26 50 GM
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6.3.7 Groundwater

Groundwater observations were made in the boreholes on completion of drilling. Groundwater observations have been
tabulated on Table 8. This table indicates that the water levels at the site vary from 1.5 m depth in Borehole 5 to 4.6 m
depth in Borehole 1. Borehole 2 was dry.

Table 9: Groundwater Observations in Boreholes, Arctic Bay Site 3

Hole Open to (m)

Borehole # Date of Observation Depth to Water (m) Elevation (m)

October 1, 2021 4.6 10.0 9.5
October 1, 2021 N/A 10.0 -

October 1, 2021 3.0 10.0 24.0
October 1, 2021 4.0 10.0 22.1
October 1, 2021 1.5 10.0 17.3

The groundwater table had not stabilized during the short time interval over which the observations were made. The
groundwater is also subject to seasonal variations.

6.4  Ground Temperatures and Active Layer Thickness

Thermistor beads were installed in Borehole 5 at 0.5 m, 1.0 m, 2.0 m, 3.0 m, 4.0 m, 6.0 m, 8,0 m, and 10.0 m depth on
completion of drilling of the boreholes. The ground temperature was monitored one day after installation of the
thermistors. Observations made have been tabulated on Table 10. The ground temperature was recorded as -0.1°C at 0.5
m depth, decreasing to -8.6°C at 10.0 m depth. These observations indicate that the freeze back had commenced prior to
drilling the borehole.

6.4.1 Active Layer Thickness

The thickness of the active layer could not be established since the freeze back had commenced prior to drilling the
boreholes. It is recommended that the ground temperatures should be monitored during 2022 to estimate the active layer
thickness at the site. As indicated previously, Ednie, M. and Smith, S.L. have reported a measured deep thaw depth of
1.3 m for Arctic Bay.
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Table 10: Temperature Records in Multi-Bead Thermistors, Arctic Bay Site 3

Borehole # 5 5
Observations Date October 2, 2021

Bulb Depth Meter Temp Bulb Depth Meter Temp Bulb Depth Meter Temp

(m) RDG (°c) (m) RDG (°c) (m) RDG (°c)
(K ohms) (K ohms) (K ohms)
1 0.5 16.4 -0.1 1 0.5 1 0.5
2 1.0 16.6 -0.3 2 1.0 2 1.0
3 1.5 16.8 -0.6 3 1.5 3 1.5
4 2.0 17.3 -1.3 4 2.0 4 2.0
5 3.0 18.7 -2.6 5 3.0 5 3.0
6 4.0 20.3 -4.2 6 4.0 6 4.0
7 6.0 225 -6.1 7 6.0 7 6.0
8 8.0 24.3 -7.6 8 8.0 8 8.0
9 10.0 25.6 -8.6 9 10.0 9 10.0

6.5 Foundation Considerations

As for Site 1, the following foundation options were considered for the WTP and tanks to be constructed on Site 3:
(1) Spread and strip footings on permafrost;
(2) Adfreeze piles;
(3) End bearing piles; and

(4) Spread and strip footings founded in below ground engineered fill pad with insulation and thermosyphons (if
required).

Options 1 to 3 are not considered feasible at the site for reasons given previously.

Based on a review of the geotechnical conditions encountered at the site and the structural requirements of the slab-on-
grade WTP building which would be heated to 22°C and the water tanks which will be heated to 5°C to 10°C, it is
considered that the most suitable type of foundation for the proposed structures is spread and strip footings or slabs
founded in the below ground engineered fill pad with insulation and thermosyphons.

A geothermal analysis was not undertaken for this site as Site 1 is considered to be the most suitable of the three sites
examined. However, the foundation requirements at this site are expected to be similar to that of Site 1 as discussed in
Section 5.6 of the report. Therefore, they have not been repeated here. If this site is to be considered for construction, it is
recommended that a geothermal analysis should be undertaken so that any design changes, if required, can be
implemented.
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6.6  Site Classification and Seismic Site Response

It is considered that the proposed WTP may be founded on spread and strip footings and the wastewater and treated water
tanks on slabs set on an inground engineered fill pad. The WTP footings should be underlain by insulation and
thermosyphons and the storage tank slab with insulation to maintain the founding soil in a permanently frozen state. The
frozen soil will be hard. Therefore, site classification for seismic site response may be assumed as Class ‘D’ in accordance
with the requirements of Section 4.1.8.4 of the National Building code of Canada, 2015. The on-site soils are also not
susceptible to liquefaction during a seismic event.

6.7  Site Grading and Drainage

A review of Figure 5b indicates that the ground surface elevations at the site vary from Elevation 12.5 m at the southwest
corner to Elevation 27.5 m at the northeast corner. The site slopes down to the south at an inclination of 7.7H:1V
approximately. In order to found the proposed structures on level ground, fairly extensive site grading would be required.
This may be feasible by using the select on-site soils from higher ground to fill the low-lying areas. The compactibility of the
soil from the potential borrow areas would have to be assessed to determine its suitability as fill. The fill would be
compactible provided its moisture content is within 2 percent of the optimum moisture content as determined from
Standard Proctor maximum dry density tests. It should be compacted to 100 percent Standard Proctor maximum dry
density.

The fill to be used for construction of the engineered fill pad should meet the gradation requirements of Table 5, be free
draining granular fill (with less than 10 percent moisture passing No. 200 sieve) which is frost stable and compactible. This
fill may have to be imported if suitable fill cannot be located on-site.

The satisfactory performance of the foundation system depends on eliminating or minimizing the subsurface flow of water
under the structures to prevent degradation of the permafrost. As the site slopes down to the south, construction of
drainage ditches or cut-offs (trenches filled with clay) may be required along the north side and partway along the east and
west sides of the site. The drainage ditches or cut-offs would have to be deep enough to intercept the subsurface water
during spring freshet.

Down spouts of the structures should preferably discharge into the drainage ditches or should discharge at least 2 m
beyond the perimeter of the structures. The finished grade around the structures should be sloped away from the
structures at an inclination of at least 2 percent to prevent ponding of surface water close to the structure.

6.8  Subsurface Concrete Requirements

Chemical tests limited to the determination of pH, sulphates, chlorides, and electrical resistivity were performed on
selected samples. The results have been summarized on Table 11. A review of this table indicates that the on-site soils
contained 0.0021 percent to 0.0657 percent water soluble sulphates in the soil. This concentration of sulphates in the soil
is considered to have a negligible potential of sulphate attack on subsurface concrete. Therefore, General Use (GU)
Portland cement may be used in the concrete. The concrete mix should be designed in accordance with the requirements
of CSA A.23-14.

The concentration of chlorides in the soil is above the threshold level. The concrete mix should be designed incorporating
all the mitigating measures required by CSA A23.1-14.

The resistivity of the soil varies from 392 ohm-cm to 5350 ohm-cm. These values indicate that the soil at the site is mildly to
very corrosive to steel. It is therefore recommended that a corrosion specialist should be consulted to provide
recommendations to mitigate the affect of corrosion if steel is to be buried in the ground.
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Table 11: Results of Chemical Tests, Arctic Bay Site 3

Borehole # Depth (m) Sulphates (%) Chlorides (%) Electric Remarks
Resistivity
(ohm-cm)
1 1-2 6.82 0.0021 0.0069 5350 Mildly corrosive
2 2-3 6.85 0.0061 0.0179 2580 Moderately
corrosive
3 2-3 7.06 0.0116 0.0121 2750 Moderately
corrosive
4 4-5 7.18 0.0657 0.1320 392 Very corrosive
5 1-2 6.54 0.0018 0.0076 5080 Mildly corrosive
Threshold <5 >0.1 >0.04 <750 Very corrosive
Values
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7.0 Site 4 Considerations

7.1  Site Description

This site is located adjacent to the community on the road to the existing Water Treatment Plant and is approximately
8.0 km from Lake Merci reservoir. The site is 100 m x 110 m in plan and is located at an altitude of 17 m to 36 m above the
sea level. The site slopes down steeply to the southwest at an inclination of 5.9H:1V approximately. A hill is located along
the north property boundary.

7.2  Geotechnical Investigation Procedure

The fieldwork for the geotechnical investigation was undertaken with an air track drill and a backhoe between October 2,
2021, and October 3, 2021. It was supervised on a full-time basis by a senior geotechnician experienced in permafrost soils
and northern construction.

The fieldwork consisted of drilling five boreholes, each to 10 m depth and excavating two test pits with a front-end loader
to refusal at 0.9 m and 1.2 m depth. The locations of the boreholes and test pits are shown on Figure 5C. Bulk soil samples
were obtained from the boreholes at 1 m depth intervals.

Table 12: Coordinates of Boreholes and Test Pits, Arctic Bay, Site 4

Test Pit # Eastings Northings Elevation (m)

TP1 560728 8105647 34.1

TP2 560736 8105514 14.8

BH1 560727 8105634 31.06
BH2 560795 8105584 32.79
BH3 560742 8105526 17.56
BH4 560690 8105576 19.89
BH5 560737 8105584 25.81

On completion of drilling, multi-bead thermistor string was installed in Borehole No. 5. A 19 mm diameter PVC standpipe
was installed to the bottom of the borehole and the thermistor string was placed in the standpipe. Initial readings were
taken 24 hours after installation. All other boreholes were backfilled to the surface with drill cuttings on completion.

The soil samples were visually examined for textural classification and logged in accordance with the Standard Practice of
Description and Classification of Soils Visual Manual Procedure (ASTM 2488) and Standard Practice for Description of Frozen
Soils Visual Manual Procedure (ASM D4083). Part of each soil sample was placed in a plastic bag, sealed and weighed on-
site for moisture content determination. The remainder of the soil sample was placed in another plastic bag, sealed and
identified for visual examination by a senior geotechnical engineer and additional laboratory testing.

Representative soil samples were also obtained from the test pits and the test pits logged. The samples were examined for
visual classification, preserved in plastic bags, and identified. The test pits were backfilled on completion.

The locations of the boreholes and test pits were established using a commercial grade handheld GPS device and are
approximate. The coordinates of the boreholes and test pits have been listed on Table 12. The elevations of the boreholes
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were established in the office based on GPS locations and topographic surveys of the site. The elevations refer to the
Geodetic Datum.

On completion of the fieldwork, all samples were transported to the EXP laboratory in the City of Ottawa, Ontario where
they were visually examined by a senior geotechnical engineer and borehole logs prepared. The engineer also assigned
laboratory testing which consisted of performing natural moisture content tests on all the samples and grain size analyses,
Atterberg Limit tests, pH, sulphate, chloride, and electrical resistivity tests on selected samples.

7.3 Soil Description

A detailed description of the subsurface soil and groundwater conditions determined from the boreholes and test pits are
given on the attached Borehole Logs, Figures 51 to 57 inclusive. The borehole and test pit logs and related information
depict subsurface conditions only at the specific locations and times indicated. Subsurface conditions and water levels at
other locations may differ from conditions at the locations where sampling was conducted. The passage of time also may
result in changes in the conditions interpreted to exist at the locations where sampling was conducted. Boreholes were
drilled and test pits excavated to provide representation of subsurface conditions as part of a geotechnical exploration
program and are not intended to provide evidence of potential environmental conditions.

It should be noted that the soil boundaries indicated on the borehole logs are inferred from non-continuous sampling and
observations during drilling. These boundaries are intended to reflect approximate transition zones for the purpose of
geotechnical design and should not be interpreted as exact planes of geological change. The “Note on Sample
Descriptions” preceding the borehole logs form an integral part of this report and should be read in conjunction with this
report. The soil stratigraphy encountered at the site is discussed below in descending order from the existing ground
surface. Grain size analyses and soil classification is given on Table 13.

7.3.1 Topsoil / Tundra

The site is covered with approximately 50 mm of topsoil / tundra.

7.3.2  Fill

Beneath the topsoil, fill or reworked soil was encountered in all the boreholes and test pits and extended to the entire
depth investigated in Test Pit 1 (Elevation 33.2 m) and to 0.8 m depth in Test Pit 2 (Elevation 14.0 m). In the boreholes it
extends to a depth of 1.0 m to 4.0 m (Elevation 13.7 to 30.1 m). The fill is considered to be comprised of material that has
sloughed form the hill located along the north boundary of the site. This fill consists of silt and sand to silty sand with gravel
and some clay. It comprises of 36 to 54 percent clay and silt, 42 to 54 percent sand, and 4 to 21 percent gravel (Figures 58
to 60). Itis black in colour. Its moisture content varied from 13.2 percent to 46.7 percent.

7.3.3 Sand and Gravel (GM)

The fill in Borehole 1 is underlain by bouldery silty sand and gravel which extends to 3 m depth (Elevation 28.1). It is
comprised of 20 percent silt and clay, 41 percent sand, and 39 percent gravel (figure 61). Its moisture content varies from
17.5 percent to 20.9 percent.

7.3.4  Silty Sand (SM)

The fill in Boreholes 2 to 5 is underlain by silty sand which extends to a depth of 4 m and 9 m in Boreholes 2 and 4
respectively (Elevation 18.5 m and 10.6 m) and to the entire depth investigated in Boreholes 3 and 5 (i.e., 10 m depth,
Elevation 9.9 m and 10.9 m). This stratum contains frequent cobbles and boulders and ice crystals or lenses. It consists of
22 to 30 percent silt and clay, 43 to 62 percent sand, and 16 to 31 percent gravel (Figures 62 to 67). Its liquid and plastic
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limits vary from 18.9 to 23.5 percent and from 13.1 to 15.6 percent respectively. Its plasticity index varies from 5.5 to 7.9
percent. It has a moisture content of 4.2 to 24.2 percent.

7.3.5 Sand to Gravelly Sand

The sand and gravel in Borehole 1 and the silty sand in Boreholes 2 and 4 are underlain by poorly graded sand which
extends to the entire depth investigated in all the boreholes, i.e., 10 m depth (Elevation 21.1 m to 7.6 m). This stratum is
black to gray in colour. It contains some ice crystals and ice lenses. It comprises of 11 to 16 percent clay and silt, 55 to 79
percent sand, and 8 to 34 percent gravel (Figures 68 to 71). It is non-plastic. Its moisture content varies from 3.7 to 8.4
percent.

Table 13: Results of Laboratory Tests, Arctic Bay Site 4
Borehole or  Depth (m) Grain Size Analyses (%) Atterberg Limits (%) uscs

Test Pit # Classification
Clay & Silt Sand Gravel Liquid Plastic Plasticity
L|m|t Limit Index

TP1 0.1-0.9 36 SM
BH1 1-2 20 41 39 23.9 Non-plastic GM
BH1 4-5 15 62 23 SP
BH1 7-8 13 79 8 SP
BH2 2-3 22 62 16 Non-plastic SM
BH2 9-10 16 63 21 Non-plastic SP
BH3 1-2 41 54 5 21.7 Non-plastic SM
BH3 3-4 30 49 21 20.5 13.6 6.9 SM
BH3 9-10 23 59 18 SM
BH4 4-5 26 43 31 235 15.6 7.9 SM
BH4 7-8 11 55 34 Sp
BH5 1-2 54 42 4 30.6 19.0 11.6 ML
BH5 4-5 29 54 17 19.3 13.1 6.1 SM
BH5 6-7 27 51 22 18.9 13.4 5.5 SM

7.3.6  Groundwater

Water level observations were made in the boreholes on completion of drilling. The observations made have been
recorded on Table 14. A review of this table indicates that the groundwater was recorded in Boreholes 2, 4 and 5 at 3.7 m
to 7.0 m depth (Elevation 12.6 to 13.9 m) whereas Boreholes 1 and 3 were dry. The groundwater table is subject to
seasonal fluctuations.
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Table 14: Groundwater Observations in Boreholes, Arctic Bay Site 4

Borehole # Date of Observation Depth to Water (m) Hole Open to (m) Elevation (m)

1 October 3, 2021 Dry 10.0 -
2 October 3, 2021 3.7 10.0 18.8
3 October 3, 2021 Dry 10.0 -
4 October 3, 2021 5.0 10.0 12.6
5 October 3, 2021 7.0 10.0 13.9

7.4  Ground Temperatures and Active Layer Thickness

A multi-bead thermistor string was installed in Borehole 5 on completion of drilling of the borehole. Thermistor beads were
setat0.5m,1.0m,1.5m, 2.0 m, 3.0 m, 4.0 m, 6.0 m, 8.0 m, and 10.0 m depth below the ground surface. Initial readings
were taken 24 hours after installation of the thermistor beads. The temperatures recorded have been tabulated on
Table 15.

A review of Table 15 indicates that the ground temperature varied between -0.1°C and -3.5°C. These readings indicate that
the freeze back had commenced.

7.4.1 Active Layer Thickness

As indicated above, the active layer thickness could not be established during the fieldwork as the freeze back had
commenced. It is recommended that additional readings should be undertaken in 2022 to establish the active layer
thickness. It is noted that Ednie and Smith (2015) have reported a measured deep thaw depth of 1.3 m for Arctic Bay.

Table 15: Temperature Records in Multi-Bead Thermistors, Arctic Bay Site 4

Borehole # 5 5
Observation Date October 3, 2021
Bulb Depth Meter Temp Bulb Depth Meter Temp Bulb Depth Meter Temp
(m) RDG (°c) (m) RDG (°c) (m) RDG (°c)
(K ohms) (K ohms) (K ohms)
1 0.5 16.4 -0.1 1 0.5 1 0.5
2 1.0 16.5 -0.2 2 1.0 2 1.0
3 1.5 16.3 -0.3 3 1.5 3 1.5
4 2.0 17.2 -1.0 4 2.0 4 2.0
5 3.0 18.1 -2.0 5 3.0 5 3.0
6 4.0 19.7 -3.6 6 4.0 6 4.0
7 6.0 17.3 -1.3 7 6.0 7 6.0
8 8.0 18.6 -2.3 8 8.0 8 8.0
9 10.0 16.5 -0.2 9 10.0 9 10.0
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7.5  Foundation Considerations

The following foundation options were considered for this site:
Spread and strip footings on permafrost;
Adfreeze piles;
End bearing piles; and

Spread and strip footings / slabs set on a below ground engineered fill pad with insulation and thermosyphons (if
required).

Of the four options considered, Option 4 is considered to be the most suitable option which may be feasible for this site. Of
the three sites examined (Sites 1, 3 and 4), this site is considered to be the least suitable. The reasons are:

The site is located at a very steep gradient (5.9H:1V).

The site contains surficially disturbed material or fill which extends to 1 m to 4 m depth. This material is not
suitable for construction purposes and would have to be removed from the building and tank areas and disposed
off-site, resulting in additional costs.

Because of the low suitability of this site, a geothermal analysis was not undertaken to make site specific foundation
recommendations although they are expected to be similar to Site 1 (Section 5.5). However, if this site is to be considered
for construction purposes, a geothermal analysis would be required to make site specific design recommendations.

7.6 Site Classification and Seismic Site Response

It is considered that the most suitable foundation option for this site will also be spread and strip footing founded in below
ground engineered fill pad with insulation and thermosyphons (if required) to permanently maintain the founding soil in a
frozen state. The frozen soil will be hard. Therefore, the site classification for seismic site response will likely be Class ‘D’ in
accordance with the requirements of Section 4.1.8.1 of the National Building Code of Canada, 2015.

The frozen soils are also not expected to be susceptible to liquefaction during a seismic event.

7.7  Site Grading and Drainage

As indicated previously, the site is at a very steep gradient (5.9H:1V) and it contains surficially disturbed material or fill
which extends to a depth of 1 m to 4 m. This soil is not considered to be suitable for construction purposes and would have
to be disposed off site. Therefore, it is anticipated that extensive earth works would be required to render this site suitable
for construction.

It may be feasible to use the material from higher ground to backfill low-lying areas in order to obtain level ground for
construction of the structure and the storage tanks. The fill to be placed at the site would have to be compactible and
would require that it is compacted to 100 percent of Standard Proctor maximum dry density. It is noted that the fill used
for construction of engineered fill pads would have to be compactible, free-draining, and frost stable. It would also require
compaction to 100 percent Standard Proctor maximum dry density. It should meet the gradation requirements of Table 5.

In order to maintain the soils below the founding level in a constantly frozen state, it would be necessary to ensure that
there is no surface or subsurface flow of water at the site. As the site slopes down steeply to the southwest, drains or cut-
offs would be required along the north and east sides of the site to minimize or prevent subsurface flow of water under the
structures. For this purpose, the drains or cut-offs would have to be sufficiently deep to draw all the water during spring
freshet and during the summer months.
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The grade surrounding the structures should be sloped away from the structures at an inclination of at least 2 percent to
prevent accumulation of water close to the structures. Down spouts should preferably discharge into the drains or at least
2 m away from the structures.

7.8  Subsurface Concrete Requirements

Chemical tests limited to determination of pH, sulphates, chlorides, and electrical resistivity were undertaken on selected
samples. The test results have been given on Table 16.

A review of the table indicates that the soil at the site contains 0.036 percent to 0.166 percent water-soluble sulphates.
This concentration of sulphates is considered to have a moderate degree of potential of sulphate attack on subsurface
concrete.

The concentration of the chlorides in the soil also exceeds the threshold value.

It is recommended that the subsurface concrete to be used at the site should be designed in accordance with the
requirements of CSA A.23.1-14, taking into consideration all the mitigating measures required due to the presence of high
sulphates and chlorides in the soil.

The on-site soils are also corrosive to very corrosive to steel. It is therefore recommended that a corrosion specialist should
be consulted to provide mitigating measures if steel is to be buried on the site.

Table 16: Results of Chemical Tests, Arctic Bay Site 4

Borehole # Depth (m) Sulphates (%) Chlorides (%) Electric Remarks
Resistivity
(ohm-cm)
1 1-2 7.30 0.0653 0.0209 943 Corrosive to steel
2 2-3 7.21 0.1620 0.0415 488 Very corrosive to
steel
3 1-2 7.25 0.0360 0.0491 794 Corrosive to steel
4 4-5 7.33 0.1660 0.1120 345 Very corrosive to
steel
5 1-2 7.27 0.0633 0.0896 521 Very corrosive to
steel
TP1 0-0.3 7.23 0.0384 0.0030 1810 Corrosive to steel
Threshold <5 >0.1 >0.04 <750 Very corrosive
Values
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8.0 Comparison of Sites 1, 3, and 4 from Geotechnical Perspective

The geotechnical and site conditions encountered at the three sites have been summarized on Table 17. A review of this
table indicates that the soils encountered on Site 1 are coarse grained and well drained compared to the other two sites.
The soils on Site 1 also contain less ice crystals or lenses compared to the other two sites. Site 1 slopes very gently to the

west whereas Sites 3 and 4 slope steeply to the south and southwest respectively.

Site 4 also contains surficial

fill/disturbed material which is not suitable for construction and would require excavation and disposal, resulting in

additional costs.

Site Features

Geotechnical
Conditions

Table 17: Comparison of Sites 1, 3, and 4, Arctic Bay

Site 1

Surficial soils sand and gravel to
sandy gravel to gravelly sand.
Well drained (except BH3), mostly
free of ice crystals or lenses.

Site 3

Randomly distributed layered soils
varying from sand and gravel to
gravelly sand to silty sand and clayey
silty sand. Frequent ice crystals and
lenses in fine grained soils.

Randomly distributed layered soils
varying from sand and gravel to
gravelly sand to sand and silty sand.
Frequent ice lenses and crystals in
fine grained soils.

Presence of Fill or
Disturbed Soils

No fill or disturbed soil
encountered except in BH7 to2 m
depth (crusher run limestone fill,
well compacted)

No fill or disturbed soils
encountered.

Surficial soil in all boreholes
disturbed or fill extending to 1 m to 4
m depth. Would require excavation
and disposal elsewhere.

Effect of
sulphates and
chlorides in soil
and soil resistivity
on subsurface
concrete and steel

Sulphates in on-site soils have
negligible potential of sulphate
attack on subsurface concrete.

Chlorides in on-site soil exceed
threshold value. Special concrete
mix would be required for
subsurface concrete.

On-site soils non-corrosive to very
corrosive to steel. Mitigative
measures would be required for
steel buried inground.

Sulphates in soil have negligible
potential of sulphate attack on
subsurface concrete.

Chlorides in on-site soil exceed
threshold value. Special concrete
mix would be required for
subsurface concrete.

On-site soils mildly to very corrosive
to steel. Mitigative measures may
be required if steel buried inground.

Sulphates in soil have moderate
potential of sulphate attack on
subsurface concrete. Special
concrete mix would be required.

Chlorides in on-site soil exceed
threshold value. Special concrete
mix would be required for subsurface
concrete.

Soils corrosive to very corrosive to
steel. Mitigative measures may be
required if steel buried inground.

Site Gradient

Very gentle slope. Inclination
39.7H:1V to the west. Would
require minimal site grading.

Steep slope. Inclination 7.7H:1V to
the south. Would require extensive
site grading.

Very steep slope. Inclination 5.9H:1V
to the southwest. Would require
extensive site grading, more than
Site 3.

Location Located 8 km from community at | Located approximately 1.3 km from Located adjacent to the community
raw water reservoir. community and 6.7 km from new but 8 km from raw water reservoir.
water reservoir.
Recommended Spread and strip footings on Same as Site 1 but would require Same as Site 1 but would require

Foundations

inground engineered fill pad
underlain by insulation and
thermosyphons for WTP.

Slabs on engineered fill pad
constructed for WTP underlain by
insulation. Thermosyphons will
not be required.

confirmation by geothermal analysis.

confirmation by geothermal analysis.
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Based on the above analysis, it is considered that from a geotechnical perspective, Site 1 is the most suitable site for
construction of the WTP. However, north part of the site contains roadway fill, existing WTP, and Environment Canada
Weather Station. South half of the site is expected to be most suitable location for construction of the new WTP. Site 4 is
the least suitable because of the very steep slope and the presence of surficial fill / disturbed material which is unsuitable
for construction and would have to be excavated and disposed off site.
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The comments given in the report are preliminary in nature and are intended only for the guidance of design engineers.
The number of boreholes and test pits required to determine the localized underground conditions between borehole