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1 Introduction

1.1 Background

Advisian has been engaged by the Hamlet of Sanirajak (Hall Beach) to undertake a planning study for the
development of marine infrastructure at Sanirajak, Nunavut.

The intent of this study is to assess the marine infrastructure needs in Sanirajak while exploring the key
issues and goals of the Project. Aspects of the study span various elements, including environmental,
geotechnical, cost, and engineering factors. The goal of the construction is to facilitate improved marine
access for hunters, fishers, outfitters, and emergency response, while protecting the marine equipment
owned by community residents. As most residents rely on country food as their primary food source, a key
goal is to have infrastructure that supports local harvesting activities. The study also assesses the socio-
economic benefits of improved marine infrastructure and provides initial concepts for the required marine
infrastructure.

Sanirajak has been identified as a community that would benefit significantly from investment in marine
infrastructure based on local community development plans as well as the Nunavut Transportation
Strategy. The marine infrastructure being proposed is intended to achieve the following benefits:

e Support safe access to the land and sea in the context of rapid environmental changes in the Arctic
and in support of community fish harvesting and marine mammal harvest.

e Support the future development of an anticipated inshore commercial fishery, ensuring that local
fishing operations have access to a safe harbour and landing facilities.

The planning study, when successfully completed, is the first step in achieving the above goals and will
better position the Hamlet for upcoming marine infrastructure funding opportunities.

1.2 Scope of Study
The scope of work includes:

e Review of available existing information and data.
e Geological desktop assessment and geophysical survey.
e Basic assessment of coastal processes.

e Engagement with relevant stakeholders such as residents, Hamlet council, the Sanirajak Hunters’ and
Trappers’ Association (HTA), the Government of Nunavut's (GN) Department of Community and
Government Services (GN-CGS) and the GN's Department of Economic Development and
Transportation (GN-EDT) to define project needs. Consultations within the community include three
visits:

— The first involving an initial reconnaissance meeting with key community members and
stakeholders to understand needs, preferences and understanding how users’ interface with the
marine environment.

Sanirajak — Marine Infrastructure Planning Study Advisian 9
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— The second, during open water season, to further evaluate community marine use, assess sealift
operations, and to present options developed that are based on the feedback from the first visit.

— And the third to present the report findings.
e Site reconnaissance completed together with the first and second community consultations.
e Initial concept development, involving three options.
e Class D cost estimate.

e Draft and Final reports including a socio-economic benefits assessment.

1.3 Approach to Consultation

A critical component to the Study was the engagement and collaboration of community leaders, hunters,
fishers, other key users and stakeholders. Early dialogue allowed the Study team to learn from the local
community and understand their needs and priorities while communicating the objectives, constraints, and
realities of marine infrastructure development in Sanirajak. Such dialogue supports building a mutually
beneficial, trusting relationship and nearly always results in better project delivery through designs and
plans that address local conditions and manage communities’ expectations and concerns.

Consultation for the study included meetings with the Hamlet and design workshops with the HTA.
Information booths were set at up at both the Co-op store and the Northern store to obtain feedback
from residents. Additional ad-hoc meetings with the Chief Administrative Officer (CAO) and community
service providers were conducted by community researcher, Solomon Allurut, to support the socio-
economic baseline. Local interpreters were hired to facilitate discussions as required.

14 Past Studies

The following previous studies and information are available in support of the planning study report:

e “Breakup of Limestone Bedrock by Frost Shattering and Chemical Weathering, Eastern Canadian
Arctic”, L.A. Dredge, 1992.

e “Erosion Cost Benefit Analysis”, exp Services Inc., November 2016.

e “From Science to Policy in the Eastern Canadian Arctic, Chapter 8", ArcticNet, 2018.

o “Hall Beach Coastal Protection Assessment — Conceptual Design Options”, W.F. Baird & Associates
Coastal Engineers Ltd., November 2016.

e “Hall Beach Nunavut — Climate Change Adaptation Action Plan”, Hemmera and Compass Resource
Management, March 2008.

e ‘“Infrastructure for a Sustainable Hall Beach Vol.1 Community Priorities”, Aarluk Consulting Inc., March
2011.

o ‘“Infrastructure for a Sustainable Hall Beach Vol.2 Consultation Report”, Aarluk Consulting Inc.,
September 2010.

e “Overwater Acoustic Profiling and Marine Seismic Refraction Survey Report Harbour Project —
Sanirajak, NU”, Frontier Geosciences Inc., January 2022.

Sanirajak — Marine Infrastructure Planning Study Advisian 10
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e “Preliminary Design Report — Floating Dock 14.4 m x 3.6 m for Installation in Nunavut Communities”,
Jivko Engineering, January 2008.

e “Quaternary Geology of Northern Melville Peninsula, District of Franklin, Northwest Territories”, L.A.
Dredge, 1995.

e “The Geology of the Igloolik Island Area, and Sea Level Changes”, L.A. Dredge, 1992.

Sanirajak — Marine Infrastructure Planning Study Advisian 11
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2 Site Description

2.1 General

Nunavut is the northernmost territory of Canada’s 13 provinces and territories and officially became a
territory in 1999 with the capital located at Igaluit on Baffin Island. Nunavut consists of 1,936,113 km? of
land area which comprises approximately 21% of the total Canadian land area, the largest of any province
or territory. According to 2021 census data, the total population of Nunavut is 36,858, which is
approximately 0.1% of Canada’s population (Statistics Canada 2022).

This report focuses on marine infrastructure development in the Hamlet of Sanirajak, Nunavut (68°47'25"N
081°14'15"W). Sanirajak is within the Qikigtaaluk Region of Nunavut and is approximately 69 km south of
Igloolik, as shown in Figure 2-1.
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Figure 2-1 Nunavut Communities
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Sanirajak is 245 km north of the Arctic Circle and has a tundra climate, with no month having an average
temperature above 10 °C. The community was first formally recognized during the Cold War era, during
which a string of Distant Early Warning (DEW) radar sites was built along the 70" parallel in 1957 to
monitor northern Canadian air space. The DEW station in Sanirajak was decommissioned a few years later
when new technologies made half of the DEW radar stations obsolete. It has since been replaced with a
more technologically advanced North Warning System (NWS) radar site.

The community of 891 (Statistics Canada 2022) is supplied via sealift several times throughout the
shipping season and is accessible by airline service from Igaluit, Nunavut. The community has a mixed
economy, combining various wage-based positions with traditional subsistence activities such as hunting,
fishing, and gathering.

The community has recently seen investments in municipal projects, including:

e $10.0 million for the upgrade to the airport runway, taxiway, and lighting;
e $5.2 million for a Community Hall expansion;

e $3.1 million for the construction of a new Fire Hall; and

e $2.7 million for the construction of a new parking garage.

2.2 Marine Infrastructure and Operations

2.2.1 Marine Infrastructure

Most marine activities, including dry cargo sealift and boating, occur on the waterfront adjacent to the
main part of the Hamlet between the tank farm and residential houses. At the start of each season, a
loader from the first sealift ship clears the beach of accumulated gravel, down to the bedrock. Figure 2-2
and Figure 2-3 below show typical sealift operations.

Figure 2-2 Sealift barge with tug at beach with loader installing ramp (courtesy of CBC’s High Arctic Haulers series)

Sanirajak — Marine Infrastructure Planning Study Advisian 13
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Figure 2-3 Front end loaders removing ramp after unloading operations, tank farm in background (courtesy of CBC’s
High Arctic Haulers series)

In 2008, the GN-EDT designed a floating dock system to be built for various Nunavut communities.
Sanirajak was selected as one of these communities, and the dock was later constructed in 2009. The dock
is located 3.5 km north of the community, in a semi-protected cove that dries at low tide. The structure is
comprised of a 14.4 m by 3.6 m floating platform, with two access ramps each 2.4 m wide, as shown in
Figure 2-4 below.

Figure 2-4 Sanirajak floating dock

Sanirajak — Marine Infrastructure Planning Study Advisian 14
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The dock uses steel pipe pontoons for flotation that allow it to move with the tide, and has a davit
installed on the offshore end. It is only used by a few residents due to the distance from the rest of the
community and is only useable at high tide as the area dries at low tide.

Approximately 3.5 km south of the community, the remains of an old military jetty constructed from round
caissons (large diameter corrugated culvert pipes) can be seen on the waterfront in a satellite image from
2004, as shown in Figure 2-5. The jetty suffered significantly from exposure to storm waves and ice action
and fell into disrepair. It was demolished in the 2010s. It is assumed that this wharf was used by the large
NTCL barges that used to supply cargo from Churchill, MB.

Figure 2-5 DEW Line Jetty in 2004 (Google Earth)

The tanker moorings and fuel manifolds for fuel resupply are located at the shoreline approximately 800 m
southeast of the Sanirajak airport, adjacent to the site of the old DEW Line Jetty and is shown in Figure 2-6
below.

Sanirajak — Marine Infrastructure Planning Study Advisian 15
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Figure 2-6 Sanirajak fuel manifolds

2.2.2 Vessel Traffic

Based on information received from NORDREG, a summary of 2014 to 2019 Eastern Arctic passenger
vessel activity, including the Northwest Passages is presented in Table 2-1. Table 2-1 provides a sense of
how much passenger related traffic there was in the Eastern Arctic in each year.

Table 2-1 Eastern Arctic Passenger Related Vessel Activity

Vessel Type 2014 2015 2016 2017 2018 2019
8 9 11 12 11 15

Cruise Ships

Mega Yachts (30 m in 2 3 5 3 4 6
length or greater)

Adventurers (Less 29 20 17 29 14 13
than 30 m in length).

Sanirajak does not currently receive any cruise/passenger ship calls but does occasionally get adventurers
(usually sailboats) as a result of the nearby Fury and Hecla Strait, which provides a shortened route to and
from the Northwest Passage. Dry cargo and fuel ship calls for 2020 and 2021 are summarized in Table 2-2.

Sanirajak — Marine Infrastructure Planning Study Advisian 16
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Table 2-2 Sanirajak Dry Cargo and Fuel 2020/2021 Ship Calls

2020 Ship Calls 2021 ship Calls
Type Ship Name | Arrival Departure Type Ship Name | Arrival Departure
Date Date Date Date
M/V -
Dry Cargo . 21-Aug 22-Aug Dry Cargo M/V Mitig 3-Sep 4-Sep
Nunalik
Dry Cargo Sedna 31-Au 1-Se Fuel Tuvag W 20-Sep 25-Sep
yLarg Desgagnés 9 P
Sedna Zélada
Dry Cargo Desgagnés 3-Sep 6-Sep Dry Cargo Desgagnés 18-Sep 22-Sep
Fuel Tuvaq W 17-Se 22-Se Dry Cargo | ROS&ire A 8-Oct 10-Oct
q P P ytarg Desgagnés

Based on a visual survey in September 2021, the number of small craft vessels in the community are listed
as follows:

e There are an estimated 46 boats in the community (18 aluminum, 15 canoes, 11 fibreglass, and 2
wooden skiffs). Some of these boats may no longer be in use.
e The HTA has one of the largest boats in Sanirajak with a Silver Dolphin 24.

e There are approximately 13 boat trailers in the community. Thus, most boat owners pull their boats up
along the shoreline at high tide.

e Most of the boats on trailers are located at the owners’ residences.

e Boats at the shoreline are usually pulled up to above high water using a pickup truck or ATV and
pulling over timber sleepers.

2.2.3 Fuel

The figures provided are indicative volumes from the GN’s Petroleum Products Division (PPD) for annual
fuel purchases from the 2017/18 season. They are not actual quantities delivered. Because of the size of
the community, and very slow population changes, these are not expected to materially change into the
future.

e Diesel: 2,800 m®
e Mogas: 300 m?
o JetAl: 540 m®

The marine infrastructure associated with fuel receiving comprises of three onshore receiving manifolds
and four bollards distributed along the shoreline. The manifolds are located 800 m southeast from the
airport on a flat gravelly area approximately 50 m from shore. The north manifold is dedicated to the
community tank farm, while the south set of manifolds serve the Department of National Defense.
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In 2017, there were upgrades to the fuel storage facility in Sanirajak due to code deficiencies resulting
from Environment Canada’s new codes under the Canadian Environmental Protection Act (CEPA). Since
then, the facility has been upgraded and is now code compliant.

224 Cargo Handling

Cargo shipping operations are provided by Nunavut Eastern Arctic Shipping (NEAS) and Nunavut Sealink
and Supply Inc. (NSSI). NSSI won the GN dry cargo contract for the community in 2012 and has had it
since. The data reported by the carriers excludes private cargo, particularly anything for the Co-op and
Northern Stores. In all years reported, both carriers will also call with private cargo. A summary of the
cargo quantities is provided in Table 2-3.

In Sanirajak, the Co-op is served by NSSI and the Northern store is served by NEAS. Their quantities are
not provided in Table 2-3.

Table 2-3 NSSI Community Dry Cargo Data*

Cube 3,150 1,800 6,770
Tonnes 780 90 65 600 1,525
Rev. Tonnes 1,250 160 115 425 2,180
Cube/Tonnes 4.0 49 53 45 44

*Excludes private cargo and store deliveries by NEAS/NSSI.

Dry cargo is lightered to shore in the conventional manner using small tugs and barges that are carried on
board the arriving ship. Generally, the sealift carriers are contractually required to deliver the cargo to the
high-water mark, where it is usually taken by a local cartage company (in this case the Hamlet) or the
owner from the temporary stored location into the community. The sealift beach is cleared at the start of
each season of any accumulated sediments, gravel, and boulders by loader.
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Figure 2-7 Barge lightering operations at Sanirajak sealift beach (2021). Supply ship is shown anchored in the

background.
2.3 Population and Forecasts
231 Population Forecasts

The 2021 Census reported the total population of Sanirajak to be 891, representing an increase of 5.1%
since 2016, a comparable level of growth to other communities in Nunavut.

The Nunavut Community Population projections for 2014-2035 prepared by the Nunavut Bureau of
Statistics in 2014 are presented in Table 2-4.

Table 2-4 Nunavut Bureau of Statistics Forecast 2014

2021 (Forecast) | 2021 (Actual)* 2025 2030 2035

‘ Population 1,044 891 1122 1,215 ‘ 1311 ‘

*2021 actual is Census Population. Population estimates take into account net under coverage determined from postcensal coverage
studies.
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2.3.2 Cargo Forecasts

Population has been found to provide a good indication of both current and future dry cargo demand.
Because formal data is not readily available, dry cargo demands are estimated* based on population.
Average annual forecasts are shown in Table 2-5. This excludes large community infrastructure projects
that will occur occasionally.

Table 2-5 Sanirajak Dry Cargo Forecast

Year ‘ Dry Cargo (tonnes) ‘ POL (tonnes)
2021 2,300 3,300
2025 2,500 3,600
2030 2,700 3,900
2035 2,900 4,200

In reviewing these estimates, the following should be noted:

e Fuel does not account for unique requirements such as major airport re-fuelling needs, Military, NWS,
mining or exploration demands.

e A community heavily dependent on country food will have lower dry cargo needs.

2.4 Climate Change and Implications on Marine Infrastructure

The Earth’s climate is changing. The average annual temperature in Canada has risen 1.7 deg. C. from 1948
to 2016, approximately double the global rate (Environment and Climate Change Canada 2017). Northern
regions of Canada have experienced a more significant temperature increase of 2.3 deg. C over the same
period- triple the global rate. Warming of the Arctic can translate to a longer open water season, increased
marine shipping traffic, coastal erosion, permafrost melting, higher density of icebergs etc. which can
influence infrastructure designs (see Figure 2-8).

! Basedon 2.2t per capita as an average dry cargo and 3.2 t per capita for fuel. Additional cargo is moved by air, mainly produce and
other perishables. Capital expenditure in the community for housing, public buildings, etc. will increase the quantity shipped by sea.
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Figure 2-8 Projected Temperature Change, Based on 1986 to 2005 Average Temperatures

Warming in the Canadian Arctic has communities facing coastal erosion, sea-level rise, flooding, water
supply issues, sea-ice cover decline and infrastructure instability due to permafrost melt.

When designing marine infrastructure, the influence of climate change such as increases in storm intensity,
changes to water level, ice concentrations, and combinations thereof are of main concern. These topics are
discussed in the following sections.

2.4.1 Ice Concentrations and Thickness

One of the major environmental forces against marine infrastructure in the Arctic is the formation,
breakup, and movement of ice. There are four distinct cyclical icing conditions throughout the year: ice
break-up, ice-free, freeze-up, and frozen. Based on the 30-year average from 1981-2010, the typical break-
up date for Sanirajak is the week of June 18 (Figure 2-9) while freeze up occurs the week of October 22
(Figure 2-10).
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Figure 2-9  30-Year Ice Break-Up Dates (Canadian Ice Service)

1981-2010

Figure 2-10  30-Year Ice Freeze-Up Dates (Canadian Ice Service)
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Recent years are seeing the effects of climate change and the 30-year averages are not necessarily
applicable. Ice charts and satellite images are presented in Appendix 4 for the most recent 10 years to
provide a better indication of the annual variability. Due to Sanirajak’s exposed location to Foxe Basin, ice
floes are often blown towards the community from both the north and the south throughout the summer.
The ice in Foxe Basin remains mobile throughout the winter with open leads frequently close to Sanirajak.
This results in periodic break-up winter events close to shore. Ice charts and satellite imagery analysed in
Appendix 4 categorize icing conditions as follows:

e Ice Break-Up: Ice along the community decreases to less than 1 km in width.

e Ice-Free: No visible ice along community and within a 5 km offshore radius of the community in
satellite imagery.

e Freeze-up: Ice chart total concentrations of 7/10+ along the community (The Egg Code, Government
of Canada).

Overall, the Arctic Ocean has been experiencing a significant reduction in multiyear sea ice (MYI). Currently
approximately 70% of the Arctic sea ice is first year ice (FYI) and melts seasonally (Mersmann and NASA,
2018). This thin ice melts faster and breaks up easier than MYl and can be moved more easily by wind
(Kwok 2018). Large sheets of ice floating into a marine structure can have higher impact forces than
normal berthing energy, therefore the ice thickness is considered a crucial aspect in the design of marine
infrastructure.

Yearly ice thicknesses and snow depth data is available for two time periods, from January 1959 to
February 2000, and again from January 2003 to May 2018. The combined ice thickness and snow cover
data for these two data sets is provided in Figure 2-11.

Sanirajak Project: Ice Thickness and Snow Depth
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Figure 2-11  Combined ice thickness and snow depth data sets of 1959 to 2000 and 2003 to 2018 (Environment and

Climate Change Canada)
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The average of the individual data sets shows unexpected similar results in ice thickness, with the latest
data set showing a shorter time from the start to the end of recordings, as provided in Figure 2-12.

Sanirajak Project: Average Ice Thickness and Snow Depth
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Figure 2-12  Average ice thickness and snow depth for data sets of 1959 to 2000 and 2003 to 2018 (Environment and
Climate Change Canada)

The results do not show a trend towards thinner ice as predicted by others (Dumas et al, 2006; Hu et al,
2016), and the data shown in Figure 2-11 and Figure 2-12 indicate that thicker ice could actually be
encountered before freeze-up and after break-up, in which case larger armour rock may be required in the
breakwaters than allowed for herein, and this will need to be addressed in the next level of design.

Further ice studies using satellite imagery, ice charts and discussions with personnel involved in obtaining
the data, should be done for detailed design, but for the purposes of this study the following is used for
sizing the armour rock and calculating the forces on vertical sided structures:

o At freeze-up, it is assumed that large diameter cold ice floes with a thickness of 0.6 m could impact
the breakwaters.

e At break-up, it is assumed that the ice is warm due to thermal radiation and warm air temperatures
and could be present in large floes with a thickness of 1.5 m, which could impact the breakwaters.

Sanirajak is particularly susceptible to high impact forces from large sheets of floating ice, as the
community is located on a shoreline exposed to Foxe Basin. Residents have reported ice pile-up events up
to the second story, as close as 100 m from the homes of residents. These pile-up events can be extremely
damaging to shorefront infrastructure and pose a safety risk. Figure 2-13 below shows a photo of a pile-
up event in December 2005.
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An in-depth analysis has been conducted for the design of the breakwater with consideration of ice loads,
specifically the crushing loads during periods of freeze-up and break-up. The analysis indicates that the
largest loads are due to ice crushing loads during break-up.

Details on ice loads can be found in section 6.4.2 for breakwater design.

2.4.2 Sea Level Rise

As climate change is having increasing effects on sea level rise, consideration must be given to the
potential impacts on coastal design.

Climate models developed by the Intergovernmental Panel on Climate Change (IPCC) 6th Assessment
Report (2021) indicate global sea level increases of 0.28 m (very low GHG emissions scenario) to 1.01m
(very high GHG emissions scenario) by 2100. Relative sea-level change is a combination of sea-level
change and any vertical land motion (rebound or subsidence). The reviewed literature does not provide
specific subsidence or uplift data for Sanirajak, but Figure 2-14 provided by National Resources Canada
indicates that Igloolik, a community 69km north of Sanirajak, is estimated to have almost a metre of
vertical rebound between 2000 and 2100 based on median high-emission projections. It is expected that
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Sanirajak will experience a negative relative sea level rise similar to Igloolik, primarily due to glacial
isostatic rebound — a phenomenon that occurs at the end of each glacial period where the retreat of
massive glacier weights leads to an uplift of the land and the flow of viscoelastic mantle back under
deglaciated areas.
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Figure 2-14  Selected Northern Communities with Predicted Net Sea Level Rise in 2100 (Source: Canada’s Marine
Coasts in a Changing Climate)

Figure 2-15 shows the predicted relative sea level change for Igloolik under various emission scenarios.
Assuming a 75-year design life, the estimated net sea level rise is approximately -1.0 m by the year 2100
(i.e., the net is rebound of the land). Previous predictions have generally been well underestimated and on
that basis, it is Advisian’s practice to base the estimate on the 95% percentile curve. However, in Sanirajak’s
case, the local geology indicates that bedrock is very shallow and predictions of this much rebound must
be carefully considered, especially if the estimated rebound is realized. To accommodate for current and
future conditions, a relative sea level rise allowance of -0.5 m was used (95" percentile) to determine the
minimum harbour depth. However, for the breakwater crest elevation, sea level rise (rebound) is not
relevant.
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Figure 2-15  Selected Northern Communities with Predicted Net Sea Level Rise (Source: Canada’s Marine Coasts In a
Changing Climate)

Figure 2-16, produced by the Geological Survey of Canada, shows the sensitivity of Canada’s coastlines to
change in various factors. The sensitivity index shown was obtained by assigning scores of 1 to 5
attributed to each of six variables: decadal mean wave height, change in relative sea level, ground ice,
coastal materials, backshore slope, and tide range. Sensitivity levels are not a measure of the additional
water height due to sea level changes but rather the effect sea level change, as well as the other listed
variables above, will have on an area. For example, a rocky shoreline with infrastructure built at a higher
elevation will have a low sensitivity to sea level rise whereas a sandy shore with flatter upland will have a
higher sensitivity. Sanirajak is considered to have high coastal sensitivity, as can be seen in Figure 2-16.
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Figure 2-16  Coastal Sensitivity to Sea-Level Rise (Geological Survey of Canada 2019)
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2.4.3 Shoreline Erosion

Sanirajak is situated on a raised gravel beach, with many of the houses built close to the shoreline in the
1980s. The community is highly exposed to strong wind waves, and the warming oceanwaters along with
longer open water seasons will allow for greater