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Definitions and Terminology

Active layer — The top layer of ground that is subject to annual freezing and thawing in areas underlain
by permafrost (Canadian Standards Association; CSA, 2014).

Catchment — The area which collectively drains to a specified outlet location.

Channel — A natural or apparently natural drainage feature with defined bed and banks and which
conveys perennial, intermittent, or ephemeral flow.

Constraint — Naturally occurring features that have the potential to negatively affect the design,
construction and maintenance of infrastructures. Examples of terrain constraints include slope steepness,
drainage conditions, snow accumulation areas, steep bedrock ridges and ice-rich permafrost.

Cross Culvert — A culvert which conveys flow beneath a travelled road.

Ditch — A constructed or apparently constructed drainage feature with defined bed and banks and which
conveys perennial, intermittent, or ephemeral flow.

Drainage flow path — A natural or constructed drainage feature which collects and conveys semi-
concentrated flow, but does not have defined bed and banks.

Drainage Pathway — General term to describe drainage direction; includes overland flow, drainage
draws, ditches, and channels.

Entrance culvert — A culvert which conveys flow beneath a driveway.
Existing developed areas — Existing built-up areas of Arctic Bay.

Geohazard — Features or terrain conditions having the potential to lead to localized or widespread
damage to property and threaten personal safety. Examples of geohazards are ground subsidence
related to permafrost thaw degradation, landslide, flooding and shoreline erosion.

Ground ice — A general term referring to all types of ice contained in freezing and frozen ground
(National Standard of Canada 2017).

Overland Flow — Surface drainage occurring in a non-channelized, mostly evenly distributed manner
over the land.

Permafrost - Defined on the basis of temperature: it is ground (i.e., soil and/or rock) that remains at or
below 0 °C for at least two consecutive years (French, 2007).

Planned future subdivisions — Blocks 8, 9, and 10 within the Municipal Reserve (MR) Zones, as
outlined and described in the RFP.

Watershed — Analogous to a catchment but often used for larger scale applications and/or referring to a
large river or lake (e.g., the Meliadine River watershed).
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1 INTRODUCTION

1.1 General

In 2020, Nunami Stantec Limited (Nunami Stantec) was contracted by the government of Nunavut (GN) —
Department of Community and Government Services (CGS) to complete a geotechnical evaluation and
drainage planning for the Hamlet of Arctic Bay, Nunavut.

This initial phase of work was completed based on Nunami Stantec’s proposal No. 599783 dated April 9,
2020, which was filed under GN Standing Offer Agreement 2019-74 (GN contract #239688). A draft
report (REV-01) corresponding to this initial phase of work was submitted to CGS on March 2021
(Nunami Stantec 2021). On March 15, 2022, CGS requested that Nunami Stantec submit a cost estimate
to complete the above-referenced contract which geotechnical and drainage tasks had not been
completed due to COVID-19 travel restrictions. The scope of work for this second phase of work was
executed between June and October of 2022.

The current report therefore supersedes the March 2021 REV-01 report, and includes a combined
summary of methodology, results and recommendations regarding the geotechnical evaluation and
drainage planning completed for the hamlet of Arctic Bay, NU.

1.2 Scope of Work

As instructed in the Terms of Reference developed by CGS and subsequent proposals prepared by
Nunami Stantec, the scope of work was twofold and included the following key objectives:

Geotechnical component:

e Conduct a geotechnical evaluation of the existing townsite and future development areas through
visual observations and borehole investigations,

¢ Include assessment and mapping of surficial geology, slopes, drainage, permafrost and periglacial
conditions,

e Have due regards for terrain-related constraints and landscape hazards, including the impacts of
climate change on permafrost,

e Develop a construction suitability (or development suitability) map categorizing the study area as
generally suitable, conditionally suitable or unsuitable for development, and

e Provide recommendations regarding site works and/or preparations required for future developments,
especially for areas identified as conditionally suitable for development.

Drainage planning component:

e Evaluate the existing community drainage infrastructure and make specific recommendations
regarding how local drainage can be improved,

\m{;} Final Report 1
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e Inform on how drainage structures should be designed in future subdivisions,

e Specify recommended guidelines to account for the effects of a changing climate and permafrost
regime with regard to drainage management,

o Describe practices for site and community planning that help to maintain the service life of community
infrastructure, as well as the natural landscape processes through avoidance, mitigation and drainage
system management practices, and

e Provide low cost, practical solutions that can be adapted and implemented given local constraints on
capacity and resources.

1.3 Study Area

The Hamlet of Arctic Bay is known to the Inuit as lkpiarjuk, “the pocket”, which refers to the way the
community is surrounded on three sides by tall hills. The community faces southeast into Arctic Bay which
in turn faces southwest to Adams Sound, off the coast of Admiralty Inlet on northern Baffin Island

(Figure 1-1). The area is part of the Qikigtaaluk region and according to the most recent census count by
the Nunavut Bureau of Statistics (2016), the population of Arctic Bay was of 867 as of July 1, 2016 (an
increase of 5.5% from the 2011 census).

The study area includes the existing townsite of Arctic Bay (i.e., the main concentrations of buildings) and
the immediate environs. In the current context, the “immediate environs” refers to land that may be
potentially developable for new subdivisions around the existing townsite within a twenty-year planning
horizon. This includes planned future subdivisions (i.e., already surveyed lots) and future growth areas
as identified on the Community Plan (No. 144-2011) and Zoning By-law (145-2011) in place for the 2010-
2030 period (see Appendix G).

For description purposes, the study area is separated in a series of subdivisions referred as blocks. Of
special interest regarding the development of future residential infrastructure are Block 2 to Block 5, as
presented on Figure 1-1. Most of Block 1 is already developed and for this reason was targeted as part of
the intrusive geotechnical assessment. As of 2022, only the lots within Block 2 and Block 3 have been
surveyed.
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2 METHODOLOGY

21 Desktop Terrain Assessment

Conducting a desktop terrain assessment provides key insights regarding overall site conditions,
distribution of landforms and surficial materials, as well as natural processes operating a landscape. This
assessment was initiated prior to the execution of the field program, which allowed for a more efficient
planning and execution of field activities. The information summarized below was then reviewed using
field data.

2141 Background Data Review

Information collected through existing reports, historical data and published literature is summarized in
the following sections. Key data sources include (but are not limited to) the following:

e Bedrock Geology (Turner and Kamber 2012)
e Surficial geology (Dyke 2000)
e Watershed Study (Land Data Technologies 2007)

o Permafrost, landscape hazards and potential effects of climate change (Ednie and Smith 2010,2011,
2015; Ford et al. 2006a, 2006b, 2008).

Additional reference and guideline documents accounted for as part of the geotechnical evaluation and
drainage planning work include the following:

e CAN/BNQ 9701-500/2023 Risk-Based Approach for Community Planning in Northern Regions -
Requirements and Guidance (National Standard of Canada 2023).

e CAN/BNQ 2501-500/2017 Geotechnical Site Investigations for Buildings Foundations in permafrost
zones (National Standard of Canada 2017).

e CSA S503:20: Community drainage system planning, design, and maintenance in northern
communities (CSA 2020).

e CSA S501-14: Moderating the effects of permafrost degradation on existing building foundations (CSA
2014).

e CSA PLUS 4011-19: Technical guide: Infrastructure in permafrost: A guideline for climate change
adaptation. (CSA 2019).
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21.2 Terrain Mapping

The mapping was conducted using ESRI ArcGIS and was carried out through the interpretation of the
following data:

e 2006, 2017 and 2021 satellite imagery

e 2017 and 2021 Digital Surface Model (DSM) and Digital Terrain Model (DTM)
e 2022 Building footprint, infrastructure, and transportation vector datasets

e 2017 Hydrology (water bodies and watercourses) vector datasets

e 2017 Contours vector datasets

Drone-based imagery captured as part of the 2022 field program was also used to refine the terrain
mapping. Mapping conducted to support the geotechnical investigation and drainage planning included
the following:

Topography. Assessing the local topography was completed using the DSM, DTM and 1m contour data.
Using this data, the landscape was segmented in predefined slope classes (0-5 %, 5-25 %, 25-50 %,
50-70 %, >70 %). Topographic cross sections of downslope gradients across areas of interest for new
development areas were generated.

Watershed and drainage. Watershed and drainage features were first interpreted using the DSM/DTM,
then refined using available satellite imagery, drone imagery and field observations. This task involved
setting boundaries between inferred drainage zones to develop a map presenting the drainage flow
directions. Hydrographic features were delineated from the interpretation of physical and vegetation
indicators visible on the satellite imagery. This includes drainage pathways (i.e., general term to describe
drainage direction; including overland flow, drainage draws, ditches, and channels) as well drainage
draws (i.e., natural or constructed drainage features which collects and conveys semi-concentrated flow,
but does not have defined bed and banks).

Surficial Geology. Regional mapping by Dyke (2000) was reviewed and used as a base to create an
adapted surficial geology map of the study area. Relatively homogeneous terrain units (or polygons) were
delineated on the basis of surficial materials, surface expression and expected depth to bedrock.

Terrain Constraints and Landscape hazards. Special attention was given to identify terrain constraints
and landscape hazards (or geohazards) present within the study area, with focus on subject areas for
consideration for future development. For this project, terrain constraints are interpreted as naturally
occurring features that have the potential to challenge or negatively impact the design, construction
and/or maintenance of a community (e.g., slope steepness, drainage conditions, surficial material type,
presence of permafrost). In comparison, landscape hazards are terrain conditions that may lead to
localized or widespread damage to property and threaten personal safety. Common examples include
(but are not limited to) landslides, shoreline erosion and permafrost degradation.

Aside from the study area map (Figure 1-1), terrain figures produced as part of the assessment are
presented in Appendix B.
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2.2 Field Programs
2.21 Geotechnical Investigation Programs

Two field programs (2020 and 2022) were conducted to document terrain and geotechnical site
conditions within the hamlet. Both programs focused on undeveloped residential areas located in Blocks
2, 3, 4 and 5 (see Figure 1-1). Municipal and industrial lots were not targeted as part of the drilling
program. The initial geotechnical investigation field program was completed between November 14 and
18, 2020. The ground surface was snow-covered during the investigation, therefore observations related
to drainage component was postponed to a later visit. This initial field program consisted of drilling
boreholes using an air track drill rig which was owned and operated by Kudlik Construction Ltd. of Iqaluit,
NU. The boreholes were advanced by percussion rotary air blast drilling method, with an approximate 203
mm outside diameter drill bit. Drill cuttings were ejected out of the borehole by compressed air forced out
at the drill bit face. Due to the drilling method, the soil samples observed from each borehole were highly
disturbed, greatly limiting observations for soil classification and observations related to ground ice.

Drilling locations were selected based on the findings of the desktop terrain assessment. A total of 12
boreholes were drilled to depths ranging from 9.2 m to 10.4 m below ground surface (bgs). Soil cuttings
and drill response were used to the extent possible to identify subsurface conditions in general
accordance with the procedures outlined in the attached explanatory key: Symbols and Terms Used on
Borehole and Test Pit Records with soil descriptions prepared in accordance with ASTM D2487 and
D2488. Samples were collected from the disturbed drill cuttings at regular intervals or when changes in
the stratigraphy were noted. On completion, the boreholes were backfilled with available drill cuttings.
Borehole locations were recorded using a handheld GPS, with corresponding elevations obtained from
the DSM. Refer to Table 2-1 for coordinates and elevations of the boreholes.

A second field program was completed between July 16 and 22, 2022. Key tasks of this program
included drilling shallow boreholes to further assess soils and near surface permafrost, and conducting
visual observations to support the geotechnical assessment. The borehole drilling was limited to two
locations within Block 2 (BH22-02 and BH22-03) and one location within Block 3 (BH22-01). The
equipment used to drill those shallow boreholes consisted of a two-stroke engine mounted on aluminum
drill rod extensions and a diamond carbide core barrel (40 cm-long and 10 cm in diameter).

The 2020 and 2022 borehole locations are tabulated in Table 2-1 and displayed on the figures presented
in Appendix B. Boreholes records are presented in Appendix C.
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Table 2-1 Borehole Locations and Elevations
Coordinates (UTM 83Z16) Estimated
Ground Surface
Block/Lot Northing Easting Elevation’ Depth Drilled

Borehole No. number? (m) (m) (m) (m)
BH20-01 Block 3/Lot 23 559308 8104992 52.03 10.2
BH20-02 Block 3/Lot 39 559295 8104833 44 .54 10.2
BH20-03 Block 3 /Lot 11 559285 8104650 49.17 9.9
BH20-04a Block 3 /Lot 6 559362 8104534 45.67 10.4
BH20-05 Block 2 / Lot 49 559588 8104385 30.08 10.2
BH20-06 Block 2 / Lot 64 559568 8104278 30.13 10.0
BH20-07 Block 2 / Lot 55 559640 8104246 23.93 10.1
BH20-08 Block 2 / Lot 14 559605 8104130 34.20 9.2
BH20-09 Block 4 / N.A. 560231 8105710 35.35 9.9
BH20-10 Block 4 / N.A. 560513 8105757 37.05 101
BH20-11 Block 5/ N.A. 560765 8105513 18.84 10.1
BH20-12 Block 5/ N.A. 560985 8105320 13.36 10.2
BH22-01 Block 3 / Lot 30 559359 8104619 40 21
BH22-02 Block 2 / Lot 52 559601 8104307 29 1.2
BH22-03 Block 2 / Lot 52 559612 8104307 29 0.9
NOTES:
T Ground surface elevation estimated from DSM data
2 Unsurveyed or unlabelled lots are identified as “N.A.”

2.2.2 Laboratory Testing

Samples recovered from the site were sealed in moisture tight bags and returned to the Stantec
geotechnical laboratory in Edmonton for further visual classification and laboratory testing. Laboratory
testing was completed on select samples (2020 program only) and limited to the following:

e Moisture content (or gravimetric water content) on all samples.
e Atterberg Limits on select fine grained samples.

e Grain size analysis (for coarse grained aggregates including sieve > 5 mm) on selected samples.

The results of the laboratory testing are summarized in Section 4. Moisture contents and Atterberg limit
results are displayed on the borehole records and gradation curves are presented in Appendix D. No logs
were produced for the shallow boreholes conducted as part of the 2022 field visit.

2.2.3 Development Suitability Assessment

The culmination of the geotechnical evaluation consists of a development suitability map, which assigns
suitability classes to site-specific conditions. The development suitability classification used for the
assessment is based on the recently published Risk-Based Approach for Community Planning in
Northern Regions (National Standard of Canada 2023), then was adapted to the overall site conditions
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encountered within the study area. A summary of criteria used for assessing development suitability
through the hamlet is presented in Table 2-2. Results of the assessment are summarized in Section 4,
with figures presented in Appendix B.

Table 2-2 Criteria used for estimating development suitability.

Classes Conditions'

Terrain generally suitable for development (green areas?)

o Permafrost with low to moderate ground ice content.

o Well to moderately well drained soils?®.

o Flat to gently undulating topography (slopes under 10%).

* Inactive or limited periglacial processes. No observed evidence of mass movement.

Terrain conditionally suitable for development (yellow areas?)

o Permafrost with moderate ground ice content, may include areas of high ice content.
Permafrost features such as ice wedges may be present but not readily visible.
Moderately well drained to poorly drained soils®.

Drainage pathway visible.

Gently sloping topography (slopes between 10 and 20%).

» Site showing limited evidence of past mass movements.

» Site is adjacent to an area presenting unsuitable conditions.

Terrain unsuitable for development (red areas?)
e Permafrost with elevated ground ice content.
e Confirmed presence of massive ice.

e Observed indicators of unstable terrain (e.g., ground settlement, thermokarst development, thermo-erosion, gully
erosion, landslide).

¢ Poorly drained to very poorly drained soils®.

o Soil surface erosion and gullying.

o Slopes > 20%.

e Thick organic soils.

e Snow drifting and/or snow accumulation areas.

e Site showing active evidence of mass movement.
o Areas susceptible to flooding.

NOTES:

T What is considered “generally suitable” for one type of infrastructure or land may be “conditionally suitable” for a
different type of infrastructure or land use. The same is applicable to “conditionally suitable” or “unsuitable”
classes.

2 Refers to color-coded units displayed on the development suitability map located in Appendix B.
3 Drainage classes derived from the Canadian Soil Information System (Expert Committee on Soils Survey 1982).

23 Drainage Assessment and Planning

In northern communities, surface drainage issues during the short summers and spring/fall shoulder
seasons are often a challenge. Typical drainage issues include road washouts after extreme rainfall
events, water ponding, culverts with reduced capacity, and obstruction/overflow of ditches with poor
definition and/or insufficient depth.

The CSA, through the Community Drainage System Planning, Design, and Maintenance in Northern
Communities (CSA 2020), indicates that a drainage analysis should have due regard for a number of
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interconnected factors, including existing surface drainage infrastructure, climate data, site inspection
data, bedrock and surficial geology , topographic data, permafrost features, hydrologic data (e.qg.,
catchment area and drainage patterns), geotechnical investigation and available plans for future
development. The activities and expectations of the local community, as well as overall public safety,
should also be taken into account when performing drainage assessment and planning.

The drainage assessment and planning component of this project generally followed the guidance and
protocols from Clause 4 of CSA (2020). As stated in CSA (2020), under ideal circumstances, drainage
system planning and design using the CSA (2020) standard is completed in advance of development.
The assessment methodology applied to both the existing developed areas and the planned future
subdivision is presented below.

2.31 Existing Developed Areas

The following was completed during the field inspection:

e Meeting with John Hussey (SAO Hamlet of Arctic Bay) and Sam Willie (Public Works Foreman,
Hamlet of Arctic Bay) to identify locations and details of areas which have demonstrated notable
drainage issues in the past, and where the Hamlet of Arctic Bay and/or Government of Nunavut
(GN) would like specific recommendations for improvement. Within this report, these areas are
referred to as “Identified Drainage Problem Areas”, or IDPAs.

o Assessment of factor(s) impacting site conditions at IDPAs.

e Completion of an inventory of culverts, ditches (constructed) and channels (natural) present within
the study area, with compilation of the following information:

o Street that the culvert crosses under

o Location (northing/easting, referenced to NAD83 UTM Zone 16)
o Type (entrance or cross culvert)

o Shape (circular, box)

o Material (e.g., corrugated steel pipe (CSP))

o Diameter (in mm)

o Crushing of culvert ends (yes/no)

o Infilling of culvert barrel with sediment (depth of sediment in mm)

o Site photographs including (but not limited to) upstream end of the culvert facing
upstream, upstream end of the culvert facing downstream, downstream end of the culvert
facing upstream, and downstream end of the culvert facing downstream

o General observations regarding upstream and downstream ditch and embankment
conditions

Using the data collected during the field inspection, the following were measured, calculated, or
determined:

e Approximate culvert length (in meters, measured in ESRI ArcGIS from available imagery)
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e Culvert condition ratings for five different categories as detailed in Table 2-3. This assessment is
based on general assessment methods from CSA (2020) and a modified version of MTO (2013) to
suit the project objectives and infrastructure types found in Arctic Bay

e Assignment of a Priority levels for remediation (high, medium, low).

Table 2-3 Culvert Rating Methodology (modified from MTO 2013)

Category Rating Methodology

0 - New condition, may also exhibit slight discoloration of surface, galvanizing partially gone along invert.

1 - Discoloration of surface, galvanizing completely gone along invert but no layers of rust. Minor pinholes in
pipe material located at end of pipe but not located beneath roadway.

2 - Layers of rust forming. Sporadic pitting of invert, minor pinholes forming throughout pipe.

3 - Heavy rust, thick scaling throughout pipe. Deep pitting, perforations throughout invert.

Material - | 4 - Extensive Heavy rust, extensive perforations throughout pipe. End sections corroded away. Bottom
Metal portion completely corroded exposing underlying granular. Partially to fully collapsed.
Culverts

Priority levels for remediation:

High: 3-4

Medium: None

Low: 0-2

0 - Smooth curvature in barrel. Span dimension within 3% of design.

1 - Smooth curvature in top half of barrel with flattening on bottom portion. Span dimension up to 5% greater
than design.

2 - Slight distortion in one location on the top portion. Bottom has slight reverse curvature in one location.
Span dimension up to 10% greater than design. Nonsymmetrical shape.

3 - Significant distortion throughout length. Lower 1/3 may be kinked. Span dimension up to 15% greater
than design.

Shape 4 - Extreme deflection at isolated locations. Flattening at top of arch or crown. Bottom has reverse curvature
throughout. Span dimension greater than 15% of design. Extremely non-symmetrical.
Priority levels for remediation:
High: 3-4
Medium: None
Low: 0-2
0 - Little to no sediment build-up in pipe. Culvert ends are undamaged. Little to no debris blocking flow.
1 - Minor debris and sediment, less than 30% blockage. Possible infiltration of fine roots. No evidence of
flooding of roadway or adjacent land.
2 - Major debris and sediment more than 30% blockage, flooding of roadway and/or adjacent properties.
c . Possible infiltration of tap roots causing major flow restriction.
apacity
Priority levels for remediation:
High: 2
Medium: None
Low: 0-1

0 - Embankment, slopes at culvert outlet are intact and stable.

1 - Minor erosion of embankment, slope, or at culvert outlet less than 100mm around ends. Still protected or
well vegetated.

2 - Major erosion of slope, embankment, or at culvert outlet greater than 200mm around culvert ends,
Erosion and | guardrail displaced / settled, posts loosened / separated from soil.

Scour
Priority levels for remediation:
High: 2
Medium: None
Low: 0-1
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Category Rating Methodology

0 - No evidence of channel bed or bank erosion. Intermittent patches of grass and exposed earth.
1 - Minor channel erosion. Minor damage to channel protection.
2 - Bank protection eroded. Bank protection debris causing blockage and more significant channel erosion.

Upstream Channel alignment causing scour holes, bank erosion, and is threatening end treatment. Major erosion of
and channel.
Downstream
Channel Priority levels for remediation:
High: 2
Medium: None
Low: 0-1

Using the above-listed data, figures presenting existing drainage infrastructure were produced. The figures
are accompanied by a detailed culvert inventory (Appendix E) and by text summarizing the general
drainage conditions in the developed areas of Arctic Bay.

Based on the general drainage conditions and comparisons to established industry standards, a series of
community-wide recommendations were developed to improve the existing drainage system. At IDPAs,
specific recommendations were provided to address the specific cause of the drainage issue(s). These
recommendations are summarized in tabular format, with figures to assist with their interpretation.

2.3.2 Drainage Planning in Future Subdivisions

Although development may be envisioned in the future within Block 4 and Block 5, the key areas of interest
for future developments consist of Block 2 and Block 3, where main access roads have been constructed
(but not necessarily completed) and property lots have already been surveyed.

During the field assessment, the preliminary catchments from the desktop terrain mapping were ground-
truthed to confirm their locations. Overland drainage pathways and drainage channels/ditches were
documented, and existing culverts were identified and characterized using the protocol outlined above.

Surrounding drainage infrastructure were identified to inform inflows to the development block(s), and
potential outfall locations from the development block(s) were identified. Low-lying areas prone to seepage,
ponding or soil surface erosion, wherever present, were observed to supplement the geotechnical
investigation of development suitability.

A proposed conditions drainage plan was developed consisting of general development block grading and
overland flow direction, constructed channels/ditches and culverts.
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3 SUMMARY OF SITE CONDITIONS

3.1 Regional Setting

Arctic Bay is located on the northeast coast of Baffin Island, within the Qikigtaaluk region of Nunavut. The
area is part of the Davis physiographic region of Canada as described by Bostock (2014). Lands
surrounding Arctic Bay are part of the Borden Peninsula ecoregion, which covers north-central Baffin
Island and the southwestern coast of Bylot Island. The area is characterized by plateaus and valleys, in
places dissected by deep fjords, inlets and bays. The landscape surrounding the community consist of a
south-oriented bay (Admiralty Inlet) surrounded by steep escarpment to the north, east and west. Above
from the escarpment is a flat to gently undulating bedrock plateau which elevation averages
approximately 180m above sea level (asl). The community itself sits at the base of the escarpment slope
surrounding the bay, occupying the shoreline area and extending inland to elevations not exceeding 40 m
asl.

3.2 Bedrock Geology

Baseline information on bedrock geology is available from maps by the Geological Survey of Canada
(GSC) (de Kemp et al. 2006) and technical publications by Jackson and lannelli (1981), Turner (2009)
and Turner and Kamber (2012). The study area is located within the Borden Basin on northern Baffin
Island. Bedrock associated to the Borden Basin is Precambrian in age (more precisely Mesoproterozoic;
1,600 to 1,000 million years ago). The community of Arctic Bay is surrounded by bedrock from two distinct
formations referred as the Arctic Bay and Society Cliffs Formations.

The Arctic Bay Formation outcrops over most of the southern basin area and consist predominantly of
pyritiferous shale with siltstone and quartz arenite interbedded with shale in the lower part of the
formation, and siltstone, dolostone and quartz arenite interbedded with shale in the upper part (Jackson
and lannelli, 1981; Turner 2009). The formation was described as 180 m thick at Arctic Bay (although
reaching over 600 m throughout most of the region). Fragmented shale bedrock is commonly used as
construction material (both for road embankment and building pads) within the hamlet. Exposures of
shale bedrock are visible at the quarry site (western part of the hamlet), as well as along an escarpment
located behind from the row of houses (north from Road R54).

The overlying Society Cliffs Formation is dominated by gray dolomite. Interbedded with the dolomite are
lesser amounts of quartz arenite, arkose, shale, and gypsum (Turner 2009). The formation is exposed
above from the hamlet, along the steep escarpment marking the crest of the slope along the eastern part
of the hamlet. There is currently no quarry allowing for the extraction of dolomite rocks in Arctic Bay.

Overview pictures of both formations are showed below (Figure 3-1)

A map displaying regional bedrock geology is presented in Figure B-1 (Appendix B).
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Figure 3-1 (A) Bedrock of the Arctic Bay Formation and (B) Society Cliffs Formation

3.3 Climate

Climate in Arctic Bay is typical of the high arctic ecoclimate. Summers are relatively short, cool, and moist
while winters are long and extremely cold. This ecoclimate is supporting a very sparse vegetative cover of
moss and mixed low-growing herbs and shrubs. The vegetation cover is generally higher on wetter sites,
along streams, rivers and drainage draws. Regosolic Turbic Cryosols and Regosolic Static Cryosols are
the dominant soils types (Ecological Stratification Working Group) (ESWG, 1995).

Historical climate data is available from the Nanisivik airport, located on an exposed plateau (642 m asl)
some 20km east from Arctic Bay.

Temperature and Precipitation Graph for 1981 to 2010 Canadian Climate Normals
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Figure 3-2 shows climate normal for the 1981 to 2010 period. Based on tabulated data available from
Environment Canada website !, the monthly mean, daily maximum and daily minimum temperatures in
February were - 29.9°C, -27.2°C, and -32.3°C respectively. Similar temperatures values for the month of
July were 5.1°C, 7.5°C, and 2.7°C, respectively. The mean annual air temperature (MAAT) was -14.8°C.
Extreme maximum and minimum temperatures were 18.5°C and -53°C. Total annual precipitation was of
270.9 mm, with an annual rainfall volume of 77.3 mm and a snowfall accumulation of 191.3 cm.

In 1999, a weather station was installed at the new airstrip located about 6.5 km southeast of the
community at the airport (31 m asl). The MAAT calculated at the Arctic Bay airport station for the 1999-
2008 period was of -15.9°C, and of -12.5°C for the 2009 to 2019 period (Environment Canada 2020). In
2020, the MAAT was of -12.8°C. The average daily maximum, mean, and minimum temperatures in
February were -30.5°C, -28.9°C, and -38.4°C respectively. The values for the month of July were of
7.8°C, 11.3°C, and 4.3°C respectively. Extreme maximum and minimum temperatures in 2019 were of
17.4°C and -42.0°C respectively. Unfortunately, limited information appears to be available on
precipitation from the Arctic Bay airport station.

Temperature and Precipitation Graph for 1981 to 2010 Canadian Climate Normals
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Figure 3-2  Nanisivik Temperature and Precipitation (1981-2010)

SOURCE: Environment Canada

' https://climate.weather.gc.ca/climate_normals
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3.4 Topography

Within the developed portion of the community, ground elevations range from sea level along the shoreline,
to a maximum of approximately 55m asl along the newly constructed road present in Block 2 (i.e., Road
R75). Around the community, the terrain gradually climbs until reaching the undullating plateau overlooking
the bay, with elevations averaging 180m asl.

Most of Arctic Bay was developped on south and east facing slopes ranging from near-planar (0-5%) to
approximately 15%. Shorth steep slopes, some in excess of 25%, are found locally throughout the
community (e.g., alongside building pads, road embankments or road cuts, along the shoreline). Upward
from the community, the colluvial and bedrock slope progressively steepens until reaching grades in excess
of 70%. Near vertical bedrock escarpments are found near the crest of the escarpment.

The slope gradients observed within the undisturbed terrain matching the proposed new subdivision area
of Block 2 and Block 3 mostly average 10 to 15%, with a maximum of approximately 25%. In Block 4
between the community and the industrial area, the slope average 15 to 20%. Figure B-2 (Appendix B)
illustrates the dominant slope classes present throughout the hamlet and surrounding areas. Topographic
cross sections representative of downslopes gradients across areas of interest for new subdivision areas
are also presented.

3.5 Watershed and Drainage

Background information on watersheds is available from data developed by Land Data Technologies
(2007). Watershed delineation polygons were reviewed using satellite imagery and topographic data
received from CGS. Minor adjustments were made along some of the watershed boundaries. The
delineation of waterbodies, watercourses and apparent drainage draws was further refined based on field
observations.

A watershed map is presented in Figure B-3 (Appendix B). Drainage characteristics are discussed in
Section 5 (Drainage Assessment and Planning).

3.6 Surficial Geology

Regional surficial geology mapping is available for Nunavut (Gilbert et al. 2006). Additional mapping for
the Arctic Bay and northwesternmost Baffin region (1:250,000 scale) is available through mapping by
Dyke (2000). No large-scale mapping presenting terrain conditions within the community and immediate
surrounding area was available for the area. The above-cited maps were used as baseline data in
support of additional terrain mapping and was complemented with the interpretation of satellite imagery
and topographic data.

The terrain mapping conducted for the project indicates that the most common surficial materials
identified within the study area consists primarily of till, weathered bedrock and colluvium, and in lesser
proportion, fluvial, organic and glaciofluvial deposits. Marine deposits are expected to be present at low
elevations, potentially at depth.
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A summary of the surficial materials present within the study area is presented below. Comments on the
expected drainage conditions (i.e., during the thawing season) of each material types are provided. Refer
to the surficial geology map presented in Figure B-4 (Appendix B) for the distribution of these materials.

Till (morainal material). Till deposits consist of material deposited in subglacial and/or ice marginal
environments. Typically, till deposits consist of well to moderately compacted material that is non stratified
and contain a heterogeneous mixture of particle size comprised in a matrix of sand, silt and clay. Till
deposits documented in the general area of Arctic Bay are classified by Dyke (2000) as either: “a till
blanket sufficiently thick to obscure the relief of the underlying bedrock, or a morainal complex where
thick till comprises morainal ridges and complexes formed during ice-marginal recession”.

Terrain mapping and field observations conducted as part of the site visit suggest that of the thickness of
the till material varies greatly, from a thin veneer (< 1m) along the western portion of the hamlet to a thick
blanket several meters thick in the eastern portion. Drainage conditions in till deposits generally range
from imperfectly to moderately well drained.

Colluvial deposits consists of accumulations of unconsolidated material that result from mass movement
processes. These materials consist predominantly of dolomite bedrock fragments of the Society Clifts
Formation, as well as reworked till which position and/or properties have been modified by slow
gravitational processes. The blocky, bedrock-derived colluvial deposits are expected to be limited to the
moderate to steep slope segments found upward from the developed portion of the community. At lower
elevation towards the developed portion of the community, colluvial material, are fine-grained due to the
presence of weathered shale along the lower portion of the Arctic Bay Formation. Similarly, colluviated till
deposits found around the mid-slope surrounding the community is expected to be fine-grained. Drainage
of colluvial deposits is expected to vary depending on the texture of the material; from well to rapidly
drained in coarse deposits, to moderate and poorly drained in fine-grained deposits.

Alluvial (Fluvial) deposits are the result of transportation and deposition of material by streams and
rivers. Significant fluvial deposits are absent of the study area, with only minor deposits occurring as thin
veneers (i.e., < 1 m) overlying till, for example at the bottom of some of the small drainage channels
punctuating the developed portion of the community. The material consists of sand and gravel, with
variable amounts of silt. Drainage conditions within these deposits varied considerably from rapidly to
poorly drained.

Glaciofluvial deposits are the result of transportation and deposition of material by glacial meltwater
streams. They occur as outwash deposits and terraces and are mainly found towards the airport. These
sediments commonly consist of stratified coarse material such as sand, gravel and cobbles, and may
include minor silt and clay content. Glaciofluvial deposits are generally well drained.

Organic materials are generally found in wetlands and other poor drained areas. Organic-rich soils were
primarily observed overlying till in the area identified as Block 2 as well as in the low-lying terrain located
downslope from the lagoon area. Organic materials are poorly to very poorly drained. Their capacity to
retain high amounts of water generally favors the creation of ice-rich permafrost profiles. Thick and
healthy moss cover is usually a good indicator of an elevated water table within a potential seepage zone.
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Marine deposits were not delineated on the surficial geology map, nor were encountered as part of the
field programs; however, are expected to be found along the low-lying terrain surrounding the bay. This
material is typically fine-grained.

3.7 Granular Aggregate and Quarry

The following is a summary of information gathered from background documents, complemented with
terrain mapping observations.

o Well-graded sandy gravels associated to fluvial/glaciofluvial deposits in the vicinity of the airport are
understood to be the main source of granular aggregate materials for the community. Deltaic and
raised beach materials are also found in the area. This material was reported to range from gravel with
sand to sand with gravels (minor fines) (Amec 2003). Based on limited indirect evidence such as
satellite imagery interpretation and general geological considerations, significant quantities of materials
are assumed to be present in the area.

e Mud shale is understood to be available from a quarry located in the western portion of the community
(vicinity of Block 2). This material was reported to be relatively soft, can be dug with an excavator when
unfrozen and does not require crushing. The material is used for surfacing some of the community
roads, including the new access roads located within Block 2 and Block 3.

Photographs of granular aggregate source and quarry are presented in Figure 3-3 below.

Figure 3-3  Granular aggregate (left) and quarry material (right) in Arctic Bay

3.8 Permafrost

Arctic Bay is located within the continuous permafrost zone, an area where permafrost is assumed to
underlie 90 to 100% of the ground surface (NRC 2009). Permafrost likely extends several hundred meters
below the ground surface in this area. Based on regional permafrost mapping, the ground ice content is
generally medium in the area (i.e., 10-20% per volume in the first 10 to 20 m of below the ground
surface), including features such as ice wedges and massive ice bodies.
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3.8.1 Ground Ice and Patterned Ground

Ice wedge polygons are ground ice features widely distributed in permafrost areas. They result from the
thermal contraction of permafrost soils, creating cracks that fill with ice formed from snowmelt water
(Mackay 1990). The yearly repetition of this process facilitates the creation of ice wedges that form huge
polygonal networks throughout periglacial landscapes.

Figure 3-4 presents a schematic illustration of a network of ice wedges.

Networks of ice wedges were identified along the slope marking the perimeter of the developed portion of
the community and areas surrounding existing buildings. Wedges are predominant on the hillslope above
Block 4 and undeveloped sectors of Blocks 2, 3 and 5. Based on existing literature, hillslope ice wedges
can reach several meters in width and depth (Mackay 1995).

The locations of suspected ice wedges are displayed on the landscape hazard and land development
suitability map presented on Figure B-5 (Appendix B).
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Source: R. Mitchell/Inkworks for U.S. Fish and Wildlife Service

Figure 3-4  Schematic lllustration of a Network of Ice Wedges

3.8.2 Ground temperature

The GSC, through collaboration with CGS and the Nunavut Department of Environment, has developed a
ground temperature monitoring network in Nunavut, including in the community of Arctic Bay. Information
on local permafrost ground temperature has previously been presented by Ednie and Smith (2010, 2011,
2015) and Smith et al. (2013). The data is associated to an instrumented 15m deep borehole located
alongside the access road leading to the Nanisivik mine, approximately halfway between the community
and the location of the freshwater intake source (see Figure 3-5). Surficial materials in the area consist of
a till blanket overlying shale bedrock. Ground temperature data for the August 2008 to August 2013 period
indicate an average active layer thickness of 1.2 m, and an average ground temperature of -10.3°C ata 15
m depth. The mean annual ground temperature (MAGT), which correspond to the depth of zero annual
amplitude, is assumed to be slightly colder at -10.6°C. Based on data presented by Ednie and Smith (2015),
permafrost temperatures recorded at 15 m depth have increased at an average rate of 0.17°C per year
since the beginning of the monitoring program in 2008/2009.
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Figure 3-5  Air and Ground Temperature Data
3.9 Landscape Hazards and Vulnerability to Climate Change

Warming in the Canadian Arctic has remote northern communities facing a number of challenges. These
changes are affecting both infrastructure and livelihoods of northern communities. Assessments of
landscape hazards and potential effects of climate change in Arctic Bay is available through publications
by Ford et al. (2006a,b; 2008).

The findings of the terrain mapping identified four main hazard types: permafrost degradation, slope
instability, soil surface erosion and coastal erosion.

3.91 Permafrost Degradation

Permafrost is an important component of the Arctic landscape, influencing hydrological systems and
ecosystems, which presents challenges to infrastructure development. Melting permafrost can result in
changes to ecosystems as well as infrastructure stability. Melting or warming permafrost can lead to slope
instabilities, softening foundations under infrastructure and a shortened season for land transportation
over winter roadways. The impacts of climate change to permafrost are of concern because of how these
changes impact the ability of land to support buildings and infrastructure.
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Drivers of permafrost and active layer changes are multiple and often strongly interrelated. Increasing air
temperature plays a dominant role in triggering changes in near surface permafrost properties, followed
by other climatic factors such as increase rain and snow precipitation. A direct impact of permafrost
warming is a deepening of the active layer and thawing of near surface permafrost ground ice. The loss of
volume caused by the melting of ground ice then generates differential settlement. Permafrost
degradation may adversely affect some building foundations (e.g., settlement and cracking) and cause
localized settlement and subsidence along roads. The magnitude of thaw settlement depends on several
factors; however, most directly related to the type of soils and ice content of the local permafrost (i.e., the
greater the ice content, the greater the extent of degradation and settlement).

3.9.2 Slope Instability

Evidence of slope instabilities are present within the study area, both within the developed portion of the
community and along the slopes backing the general bay area. These features include rapid mass
movements such as active layer detachments, small debris slides, debris flows and rock falls, as well as
slow mass movements such as solifluction or frost creep. While some of these features are expected to
be old and inactive (some likely predating the initial establishment of the community), some are recent
and are impacting the stability of existing infrastructures (e.g., a small landslide occurred behind the
recently built power plant in 2022). Changing conditions triggered by climate change (e.g., increase
freeze thaw cycles, increase rainfall or storm events) have the potential to initiate or exacerbate slope
instabilities.

Active layer detachments and rockfalls: Active layer detachments consist of shallow translational
landslides that develop in thawing soils overlying permafrost. Their development involves a reduction in
effective stress and strength at the contact between a thawing overburden and underlying frozen material.
Active-layer detachment slides can occur in response to high seasonal air temperature, summer rainfall
events, rapid melting of snow cover, as well as a response to surface disturbances (Lewkowicz 1992).

Review of satellite imagery suggest that most landslides affecting unconsolidated sediments in and
immediately around Arctic Bay have initiated as active layer detachments, with some features that have
developed in a range of morphological types including slides and debris flows.

Landslides that have developed along the mid to upper slopes surrounding the community have an
elongated morphology which in places is confined in a well-defined channel. These failures generally
show a curved scar at their headwall, a fairly straight channel and a debris fan at their toe. A landslide is
visible along the slope backing the Taqqut Inns North hotel. The feature measured 50 m long by 30 m
wide for an approximate displaced volume of 200 m3. The landslide is understood to have occurred
sometime between 2006 and 2009 and is suspected to have initiated due to ground disturbance
(excavations) along the access road leading to the hotel parking lot.

Fragmental rockfalls are also expected to occur, mainly along the uppermost section of the hillslopes
where the accumulation of blocky material was observed from satellite. Comparing the location of these
deposits to slope inclination data available from the DEM indicated that the lower limit of the rockfall run-
out zone was found to average ~50% slope (~26 degrees), matching theorical relationship between slope
angle and rock fall behavior (Hungr and Evans 1988). No rockfall debris were identified within the
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developed portion of the community, however, the uppermost portion of Block 3 (Figure 3-6) was found to
be located within 150 m of slopes segments presenting rockfall hazards. Other shallow landslide deposits
are visible above from Block 4.

Block 3

Google Ear

Figure 3-6  (A) Rockfall and (B) Active Layer Detachments upslope from the
Community; (C) landslide behind the Taqqut Inns North hotel and (D),
unstable terrain behind the power plant

Solifluction (frost creep): Periglacial solifluction is a form of slow mass movement controlled mainly by
frost creep which results from combined thaw settlement and sliding on slopes under gravity; it is directly
related to the content in segregation ice and to water supply during the thaw (Benedict 1976). Common
resulting feature is the formation of solifluction lobes; generally consisting of smooth, elongated to
stepped features ranging in size from a few decimeters to a few meters in length and width.

Evidence of solifluction in the Arctic Bay area are present along various slope 