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ADVICE TO THE READER

This document has been realized using data collected from Kativik Regional Government (KRG),
the Northern Village and the Ministére de 'Environnement et de la Lutte contre les changements
climatiques (MELCC), as well as from other stakeholders involved in the protection of water
resources in Northern Québec. No data has been collected on the field by our professionals due to
the SRAS-CoV-2 pandemic. All the analysis presented in this document are based on the
interpretation of various provincial regulations.

The analysis presented in this report are given for general guidance and benefit of the client only.
Any final decision regarding an eventual intervention on site should be made along with the
consultation of the MELCC.

Consequently, Nuna Resources cannot be held responsible for interventions undertaken in the
environment before obtaining the necessary environmental and government authorizations.

REFERENCE FOR CITATION

Nuna Ressources. 2021. Vulnerability Analysis of the drinking water source — Water intake n°
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ABSTRACT

The environmental firm Nuna Ressources was mandated by the northern village of Salluit to carry
out the vulnerability analysis of its drinking water source in compliance with article 75 of the Water
Withdrawal and Protection Regulation (WWPR) and following the guidelines of the guide de
réalisation des analyses de vulnérabilité des sources destinées a I'alimentation en eau potable du
Québec (MELCC, 2018).

The northern village of Salluit is located at the end of Nord-du-Québec, in the Kativik regional
government and on the edge of the Hudson Strait. Subject to an arctic climate and located in an
area of continuous permafrost, the challenges of protecting the source of drinking water are
particularly important. The presence of permafrost and the varying climatic conditions indeed imply
development challenges specific to these latitudes.

The drinking water source for the northern village of Salluit is located in the Kuuguluk River, along
Immirtavik Street. It consists of a well which descends under the bed of the river, in an area of the
ground called "sub fluvial talik", an unfrozen portion of the permafrost which is located under the
bed of a major water system.

Water from the well is sent to the water treatment plant via the pumping station. It undergoes
disinfection by UV light and then two disinfections with chlorine before its storage and distribution
by water trucks.

The drinking water source protection areas, determined by mapping method, are as follows: the
inner protection area rises 500 m upstream from the water intake and 50 m downstream, including
riparian strips of 10 m. The intermediate protection zone rises 10 km upstream from the water
intake and 50 m downstream, encompassing riparian strips of 120 m. Finally, the outer protection
area corresponds to the entire watershed of the water intake, as well as the portion of the
intermediate zone located downstream of the intake.

Following the assessment of the vulnerability of the water source, two of the six indicators, the
physical integrity of the sampling site and the vulnerability to turbidity, were set at a "high" level.
The level of physical vulnerability was judged to be high following repeated episodes of water
scarcity during the winter, one of the probable causes of which would be the exceptional freezing
of the bed of the Kuuguluk River. This phenomenon occurs chronically in winter and is likely to
place severe strain on drinking water intake installations. The level of vulnerability to turbidity was
classified as "high" following an assessment of the natural characteristics of the watershed.

Since the village of Salluit is located downstream from the drinking water intake, very few activities
are located in the source protection areas. The anthropogenic activities that have been identified
are the exploitation of the borrow pit in the inner/intermediate protection areas and the passage of
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a portion of the road in the intermediate protection area. However, after evaluating the contaminants
and potential events associated with these activities, it was determined that these activities do not
significantly threaten the quality, or the quantity of water exploited.

Finally, within the limits of the northern village of Salluit, the water source protection areas are alll
included in the “Nuna” land use, which is mainly dedicated to traditional and recreational activities
and where no development or activity likely to pollute the municipal water source is allowed; this
contributes to the protection of the water source.

It emerges from this study that the source of drinking water in Salluit therefore provides the northern
village with quality water, so far with very little impact from human activities. However, it also
emerges from this assessment that the drinking water intake does not seem to provide a sufficient
volume of water for the needs of the community. It is therefore urgent to carry out a complete
evaluation of the installations in connection with the drinking water system and a hydrodynamic
study at the location of the water intake in the riverbed, to determine the exact origin of the water
problems encountered and to propose solutions to guarantee safe and permanent access to
drinking water for the inhabitants of the community.

To improve the monitoring and protection of the drinking water source for the future, the following
recommendations have been made :

— A complete assessment of the drinking water intake and treatment infrastructures should be
done by a professional, as well as a hydrodynamic study at the water intake;

— Following the results of this evaluation: upgrade the drinking water withdrawal and treatment
facilities where necessary;

— Train more personal capable of operating the drinking water installations;

— Create a register in which to record the values of the turbidity of the raw water, particularly
during periods of flood (spring melt, heavy rains) when the turbidity is likely to increase
sharply;

— Keep a written record of events, even minor ones, which have affected the drinking water
production chain and keep this information for inter-annual monitoring. An example of such a
register is provided in Annex 6;

— During Colilert tests performed every week, test raw water samples at least once a month in
winter, and weekly in summer.
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1 INTRODUCTION

1.1 MANDATE ET OBJECTIVE

The firm Nuna Resources was mandated to carry out a vulnerability study of the drinking water
source in the northern village of Salluit, which, as responsible for a category 1 surface water
withdrawal (supply of more than 500 people) is obliged to provide a vulnerability report before April
1, 2021, under article 75 of the regulation on water withdrawal and protection (WWPR). This report
is to be renewed every five years.

In accordance with the guidelines of Article 75, this report combines the following information:

— The location of the drinking water sampling site, a description of the water treatment facilities;
= The location plan for inner, intermediate and outer protection areas;

— Water vulnerability levels according to the six indicators presented in Article 69, Annex IV of
the WWPR;

— Human activities, potential events and land uses likely to affect the quantity or quality of
water within the protection areas;

— An assessment of the threats that the elements listed could represent for the quality and
guantity of water exploited:;

— An identification of the probable causes that may explain the medium or high levels of
vulnerability concerning the six indicators mentioned in Article 69 Annex IV of the WWPR,;

This report presents a summary of all the information required by the Ministére de I'Environnement
et de la Lutte contre les changements (MELCC), when available, for the Northern Village of Salluit
in accordance with the guidelines provided by the guide de réalisation des analyses de vulnérabilité
des sources destinées a l'alimentation en eau potable du Québec (MELCC, 2018). Section 5.2
presents information that is missing or could not be obtained in the context of this study. If essential
elements prove to be missing, this report proposes recommendations, ranked in order of priority,
that the municipality could adopt to address the lack of data by 2026, the date of the next
vulnerability report.

1.2 GENERAL DESCRIPTION OF THE STUDY AREA

The northern village of Salluit (62°12'5"N, 75°38'30"W) is located in a deep valley 500 m wide and
2000 m long on the edge of Hudson Strait (Lemieux et al. 2016). This village, the second
northernmost village in Québec (Allard et al. 2020) borders the south shore of Sugluk Fjord, which
empties into the Hudson Strait, north of Ungava Bay. It has a population of 1,640 inhabitants over
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an area of 14.34 km? (Affaires municipales et Habitation Québec, 2020) and is part of the Kativik
regional government in Nunavik, in the administrative region of Nord-du-Québec (10).

Salluit is located in a continuous permafrost zone, characterized by an arctic climate and
herbaceous tundra-type vegetation. Annual precipitation is between 250 and 500 mm. The mean
annual temperature hovers around -6.29°C while between 2002 and 2008, the frost season
extended for an average of 222 days (Allard et al. 2020).

The village of Salluit is mainly built on an ice-rich permafrost (Annex 1), which is sensitive to the
significant increase in temperatures observed in the arctic regions since the 1970s (+ 2.7°C in the
global arctic region between 1971 and 2017; Box et al. 2019). The dominant geological units
present are rock outcrops, glacial deposits, and marine deposits (Allard et al. 2020). These deposits
are ice-rich tills and marine clays. The village is therefore exposed to detachments of the active
layer of permafrost whose melting increases with warming, which can cause the appearance of
large crevices and destabilize / damage existing infrastructures (Allard et al., 2020; Gauthier et al.
2019).

Outside the northern village of Salluit are :

— To the southwest, the proposed Kovik River Aquatic Reserve, protected area no. 165875 of
465,120;

— To the West, lllulig National Park, protected area 4844 of 77,749 ha;
— To the East, halfway between Salluit and Kangiqsujuaq, the Raglan nickel mine;

— |n the South-East, the Pingualuit National Park.
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2 CHARACTERIZATION OF WATER
WITHDRAWAL

The determination of the water source protection areas, as well as the determination of the
vulnerability levels of the water quality indicators presented in sections 2.3 and 2.4 (article 69, annex
IV of the WWPR), were carried out by consulting the various data transmitted by the Kativik regional
administration as well as the data available for the study areas in the open databases mentioned
below :

— Geobase of the hydrographic network of Québec (MERN, 2019);
— Database of hydrographic basins (MELCC, 2019);
= Topographic Data of Canada — CanVec Series (Natural Resources Canada, 2020)

— |magery of northern villages (https://mern.gouv.qc.ca/repertoire-geographique/imagerie-
villages-autroits-nord/);

— Mapping of northern villages on a scale of 1/2000
(https://www.donneesquebec.ca/recherche/dataset/cartes-topographique-des-villages-
autroits-du-nord-al-echelle-de-1-2 -000);

— Historical and recent satellite images available on Google Earth Pro ©.

2.1 RAW WATER WITHDRAWAL SITE

2.1.1 Contextualisation : before 2012

Salluit is located in an area of continuous permafrost, which complicates the sustainable supply of
drinking water, due to the sensitivity of surface water to freezing and potential contamination
(Lemieux et al. 2016). Prior to 2012, the village was supplied with surface water through an
infiltration gallery-type intake in the Kuuguluk River. The shallow depth at which the perforated pipe
was placed in the river (strainer), as well as the low water level of the river outside the flood period
(exact data not available), made the water intake particularly exposed to freezing during the winter
period; and water shortages, which were chronic in winter. Exploratory drilling carried out by the
consulting engineering firm CIMA + in 2011 and then in 2012 detected an underground water
reservoir and made it the main water intake for the village. This sheet of water is located under the
riverbed, in a zone of permafrost called “talik”, an area of the ground permanently thawed within
the permafrost (Fortier et al, 2011 and 2012). In the case of Salluit, the sub-fluvial talik is a type Il
supra-permafrost aquifer, that is, it does not freeze in winter and is located above the permafrost
and under the bed of a major water system such as a lake or a river (Annex 2; Lemieux et al. 2016).
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2.1.2 Current water intake: since 2012

Since the exploratory drilling carried out in 2012, the main source of drinking water for the village
of Salluit has come from the talik located under the bed of the Kuuguluk River. Exploratory drilling
has shown that this groundwater table is in contact with the surface water of the river through a
fracture in the rock located at a depth of 8.23m. The water pumped through the vertical well installed
in 2013 therefore comes mainly from the surface. Indeed, the collection of water in this groundwater
varies the level of the artificial basin at the edge of which the well is installed (CIMA +, 2012; see
also photos 1 and 2). This artificial basin in the river had been set up for the previous surface water
intake (in 1996), to meet the village's water needs. The current well is located on the edge of the
artificial basin, at the GPS coordinates shown in Table 1. The water intake borders Immirtavik Street
about 150m from the intersection with the road (location map 1).

Photo 1. Dated July 26, 2013. Vertical well in the Kuuguluk river, at the level of the artificial basin (Source: KRG)
Photo 2. Dated July 26, 2013. Closed piezometer well in the water retention basin (adapted from KRG'’s photos)

The plans presented in Annex 3 describe in detail the installations at the water intake.

The installations at the water intake are as follows: a vertical well with a total length of 24 m and a
diameter of 15 cm allows water to be taken from under the riverbed, at a depth of 6.84 m using a
submersible turbine pump (Berkeley SL70G4). In the well, the pump is located just before the
fracture in the rock that connects the groundwater table to the river retention basin. A second closed
well is located nearby in the retention basin of the river and serves as a piezometer (photo 2) to
monitor the level of drawdown of the exploited water table. The end of the well ends with a
rectangular box to accommodate the electrical connections, then with a waterproof cover and a
swan neck vent itself covered by an anti-vermin screen (photo 1 and annex 3).
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Table 1. Summary of the characteristics of the drinking water intake in the northern village of Salluit

Name of water intake

Salluit — Approvisonnement

Reference number for water intake

X2114282

Geographical coordinates

62° 11°18.52"N; 75° 37°20.79"W

Type of use

Permanent

Type of sampling method

In the water using a pump installed in a vertical
well

Depth of sample

6.84 m

Population served

1640 habitants

Direct debit per day

Around 200 m3

Critical water level 3 meters
Width of the stream at low water Unknown
Number of the most recent authorization issued by the Ministere ~ Unknown

A 50 mm diameter pre-insulated HDPE pipe fitted with two heating cables connects the well to the
pumping station, located in a shed about 235 m from the well, on the other side of Immirtavik Street
(Annex 3). The pipe is buried at least 1m below the ground. The pumping station is then connected
to the water treatment station by two pipes, one 150 mm in diameter, the other 75 mm in diameter
(supply pipe and recirculation pipe), located about 2km more far into the village (location map 1).

2.2 DRINKING WATER TREATMENT INFRASTRUCTURES

The Salluit water pumping and treatment station is located on Aqutikutak Street (map 1 and
photo 3), 2.2 km from the intake in the Kuuguluk River, at the following geographic coordinates :

62° 12' 3.08"N  75° 38' 23.42"W
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Photo 3. Dated July 26, 2013. Salluit drinking water treatment and distribution station (Source: KRG)

The frequent negative temperatures in Salluit, as well as its geographical location in an area of
continuous permafrost, make it difficult or even impossible to install an agueduct system (Vincent
et al. 2012). Thus, once the water is treated, it is distributed by tanker truck to the various
infrastructures and to the residents of the village, each with a specific water tank.

At the drinking water treatment and distribution plant, the raw water treatment steps are as follows :

= UV light disinfection (4 UV reactors of the Trojan brand);

= Addition of a sodium hypochlorite solution (1.2 %) using two pumps with a capacity of 1.3 L/h
at 125 psi each;

— Storage of water in the tank (volume of 6000 m3);

— New residual addition of sodium hypochlorite (12 %) when the water is transferred to the
tanker for distribution.

2.3 WATER SOURCE PROTECTION AREAS

Under articles 70, 72 and 74 of the WWPR, category 1 surface water withdrawals are surrounded
by 3 protection areas, nested one in the other and which may overlap: the inner protection area,
the intermediate protection area and the outer protection area. In the case of a surface water intake
installed in a river, the boundaries of these protection areas follow the following criteria:
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Table 2. Characteristics of protection areas when the surface water source is located in ariver

The watershed of the

500m upstream and 50m 10km upstream and 50 m withdrawal site and the portion
River downstream of the sampling downstream from the sampling of the intermediate protection
site and riparian strips of 10m site and 120m riparian strips area located downstream of the

withdrawal site

General methodology :

Watershed delimitations were determined using the hydrographic cutting units (HCU) as well as
the linear (rivers) and polygon (lakes) geometric networks available from the Geobase of the
Quebec Hydrographic System (GQHS or GRHQ in French, 2019). For reference, HCU represent a
portion of a bigger watershed or a group of small watersheds delimited by the “Centre d’expertise
hydrique du Québec” (CEHQ; now incorporated into the MELCC).

On the one hand, the maximum extension for the water source watershed was determined using
the linear (rivers) and polygon (lakes) geometric networks, in particular by the validation of the
direction of the water flow and the classification of the linear features according to the Strahler
stream order. This operation allows to validate the interconnectivity of the hydrographic system at
the HCU limits.

On the other hand, the watershed portion that was downstream the water withdrawal location had
to be removed from the lake/ river global watershed when relevant i.e., the portion of the global
watershed that has no influence on the exploited waters. The portion upstream the water withdrawal
location (watershed delineation) was delimited using level curves at a 1: 50 000 scale available
from the topographic data of Canada (CanVec Series, 2020) as well as the linear (rivers) and
polygon (lakes) geometric networks available from GQHS. Finally, this whole operation permitted
us to properly delimit the water source watershed.

Maps 2 and 3 show the protection areas for the drinking water source in the northern village of
Salluit. As high-water mark data was not available, stream boundaries were determined from
existing hydrographic layers for the study site.
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24 INDICATORS OF VULNERABILITY

As required by Article 69, Annex IV of the WWPR, the vulnerability of the surface drinking water
source is assessed using six indicators which are assigned a low, medium or high level of
vulnerability. These vulnerability levels are determined by following the analysis methods presented
in the guide de réalisation des analyses de vulnérabilité des sources destinées a I'alimentation en
eau potable du Québec (MELCC, 2018) and prescribed in Annex IV of the WWPR. The following
sections present the results of these analyzes for each of the six indicators, as well as the methods
employed based on the data available for this assessment.

2.4.1 Physical vulnerability of the site

Method 1 : Consultation of the register of events. Since August 14, 2014, all those responsible for
a category 1 surface water withdrawal are required to keep an up-to-date register of events that
have affected, among other things, a water shortage, an obstruction, or a breakage of the water.
sampling site (article 22.0.4 of the WWPR). Such a register does not seem to be available for the
drinking water system of the Northern Village of Salluit. However, it was reported by the community
that a freezing event in 2019 severely damaged the water intake facilities and the drinking water
treatment plant. In addition, this frost problem would unfortunately be common in winter, despite
the installation of the new water intake in 2012/2013.

Method 2 : Professional opinion on the condition of the infrastructure.

Unfortunately, the context of the pandemic due to COVID-19 since the start of 2020 has not allowed
our professionals to visit Salluit to meet the local stakeholders, to visit the infrastructures and to
assess their condition since their upgrade in 2012/2013. Having received the mandate to assess
the vulnerability of the water source in November 2020, we are therefore relying on the data made
available by university research teams (Centre for northern studies, Université Laval) and
exchanges of information with members of the Salluit community and the Kativik regional
administration to issue an opinion on the state of infrastructure and the risk of damage caused by
the hazards of the weather. We strongly recommend that this advice soon be validated by a
professional visit to the site.

According to the information we were able to gather, the drinking water intake is in a section of the
Kuuguluk River that is prone to flash flooding or flooding. However, a risk analysis carried out by a
research team from the Centre for northern studies (CEN, Université Laval) indicates that the
probability of such an event occurring is low (Allard et al. 2020).

As for the water treatment and storage facilities, these are located on a zone of thick till (= sand,
gravel, and thick cover block <2 m on bedrock) classified as being subject to differential settlement
during the melting of the permafrost. The active layer of permafrost reaches a thickness of between
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1.5 and 2.5 m and the volume content of ice is between 15 and 70 %. However, the land on which
the drinking water treatment and storage facility is built has a slope of less than 4°. The land is
therefore considered to be thaw stable (Allard et al. 2020; Annex 1). In addition, still according to
the report of Allard and co-authors, the area of the village that hosts the water reservoir is not
subject to natural and apprehended hazards that were listed by the team of scientists in the
framework of their research (more details are available in Annex 1). However, it was reported to us
by the northern village that the volume of the water tank (6000 m?) and the drinking water treatment
equipment would no longer be sufficient to meet the needs of the community and that the age and
number (4) of tanker trucks available would also be worrying issues. Also, it was brought to our
attention by the municipal council that only 2 persons are fully trained to operate the drinking water
installations. More professionals should be trained in order to prevent personal shortage.

In addition, despite the drilling of a new well allowing the village access to a new drinking water
resource, it seems that the chronic problems linked to frost have unfortunately not been resolved
following the installation of the sampling well in 2012/2013. Without having obtained specific dates,
it was reported to us by the community of Salluit that the northern village is still subject to frequent
water shortages in winter due to frost or malfunctions at the water treatment and distribution plant.
These periods of water scarcity force operators to pump water directly from the river using tankers.
Furthermore, these freezing episodes damaged several components of the drinking water system,
especially the pumps.

In winter, major freezing forms along the bed of the Kuuguluk River, for reasons that are still poorly
understood by the scientific teams studying it (R. Fortier?, personal communications, and scientific
publication in preparation). In light of the information provided by the northern village of Salluit, it is
clear that the movements of ice in the riverbed play a significant role in the water scarcity events
that frequently occur during winter periods. In addition, the movement of the ice could also be likely
to cause the displacement of the well casing and possibly damage the plugging of the installations
in the bed of the river. It is therefore advisable to undertake a hydrodynamic study of the river at
the location of the water intake and to study the movement of the particles constituting the bed of
the river there. If the latter move a lot, this could indicate strong stress exerted by the ice on the
installations and it would then become important to check their integrity, particularly at the level of
clogging (J. Targosz?, personal communication). The study should also help determine the exact
causes of water shortages related to the water withdrawal.

Faced with this information, the physical vulnerability of the facilities at the water intake site is
considered high.

1 Richard Fortier, ing., Ph. D., Centre for northern studies director, Professor at département de géologie et de génie géologique,
Université Laval
2 Jérémy Targosz, Chargé de projet at LNA Hydrogéologie Environnement
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A full assessment of the facilities conditions and a hydrodynamic study would be essential to
determine the exact origin of the problems encountered and to propose solutions to ensure safe
and permanent access to drinking water for the inhabitants of the community. An assessment of
the water needs of the northern village, the flows available at the current water intake and the
search for alternative water intakes should also be considered.

2.4.1  Vulnerability to microorganisms

The northern villages, because located north of the 55th parallel (article 22.0.3 of the WWPR), are
not subject to the requirements of article 22.0.1 of the WWPR, i.e. the obligation to test a raw water
sample per month when the distribution system serves between 1,001 and 5,000 people. This
sampling aims to detect the possible presence of pathogenic microorganisms, particularly the
bacteria E. Coli, which can cause gastroenteritis, the main symptoms of which are as follows:
diarrhea, abdominal cramps, nausea, and vomiting (https://www.quebec.ca/agriculture-
environnement-et-ressources-naturelles/eau-potable/contamination-de-l-eau-reseau-de-
distribution/e-coli-coliformes-fecaux-ou-enterocogues/). Surface water sources, compared to
groundwater sources, are particularly sensitive to the risks of contamination by coliform bacteria
(total, fecal) related to the activities of the surrounding fauna and the impacts of human activities
located nearby.

There is no continuous 5-year dataset for the presence of fecal coliforms in raw water for the
northern village of Salluit. Remember that being north of the 55th parallel, this municipality is not
obligated to monitor this parameter on a regular basis. In addition, when data relative to
microorganisms are available for raw water, the analysis results only specify the “absence” or
“presence” of coliforms (Colilert fluorescence test under UV light), which does not allow us to apply
method 1, which requires concentrations (CFU / 100mL) to apply it.

To determine the vulnerability of the water source to microorganisms, we therefore applied
method 2. The latter consists in determining whether, over the entire watershed of the water intake,
there is no agglomeration served by a combined or pseudo-domestic sewer system or any industry
or activity likely to release pathogenic microorganisms into the river.

After examining the land uses and satellite imagery (MERN, Google Earth), it appears that no
element likely to reject pathogenic microorganisms is present in the watershed of the water intake
(maps 2 and 3; see also in Annex 4 concerning the map of land uses).

Analyzes carried out in the summer of 2019 by a team of scientists from Université Laval (Guilherme
and Rodriguez, 2020) indicate that out of a total of 6 raw water samples, two of them were
contaminated with the bacterium E. Coli at concentrations of 1 and 4.2 CFU/100 mL. In addition,
although the raw water data from the Colilert tests are disparate (they are mainly concentrated in
2017 and to a lesser extent, in 2020), these seem to indicate that the presence of fecal coliforms
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in the source of raw water is anecdotal. Of course, surface water sources remain particularly
sensitive to contamination by surrounding fauna. For this reason, it would be prudent to institute
more regular monitoring of the raw water coming from the water source.

All these elements lead us to set the level of vulnerability of the water intake to microorganisms at

"low".

2.4.2  Vulnerability to fertilizers

Villages located north of the 55th parallel (article 22.0.3 of the WWPR) are not subject to the
requirements of article 22.0.2 of the WWPR, i.e. the obligation, for a municipal distribution system
serving more than 500 people and at least one residence, to sample and quantify the total
phosphorus in raw surface water once a month between May and October.

Methods 2 and 3 will therefore be used for this indicator and the highest level of vulnerability will
be kept as the final rating.

Method 2 : it consists of listing all the events associated with blooms of algae or cyanobacteria in
the water as well as a suspected increase in ammoniacal nitrogen. No event of this nature has
been reported by the Northern Village of Salluit. The application of this method therefore makes it
possible to attribute a low level of vulnerability to fertilizers.

Method 3: a professional assesses all the activities that represent a potential source of
phosphorus or ammoniacal nitrogen in all the protection areas and judges whether they represent
a risk.

No risky activity has been identified in the entire protection zones away from the water source. In
addition, a measurement of total phosphorus taken in the waters of the river in August 2019 by a
team of scientists from Laval University indicates that its concentration measured in the water is
low (1.5 pg / L) (Guilherme and Rodriguez, 2020). The criterion for the quality of aquatic life is set
at 30ug / L of total phosphorus in surface water bodies. It aims to limit the excessive and harmful
proliferation of aquatic algae (MELCC, surface water quality criteria).

The level of vulnerability of the water source to fertilizers is therefore set at low.

2.4.3 Vulnerability to turbidity

Villages located north of the 55th parallel (article 22.0.3 of the WWPR) are not subject to the
requirements of article 22.0.2 of the WWPR, i.e. the obligation to continuously monitor variations in
the turbidity of the raw water sampled at the surface once every 4 hours at least and record the
values in a register.
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As there is no recorded dataset concerning the turbidity of the water exploited for the northern
village of Salluit, method 2 is applied to determine the vulnerability index of the water source. This
method consists of issuing a professional opinion following the assessment of the potential impacts
of the characteristics of the watershed and the anthropogenic activities taking place there.
Questions were also sent to the municipality regarding the turbidity of the exploited water, and it
appears that the drinking water has a darker appearance and an earthy taste at certain times of the
year. Moreover, the measured turbidity in the raw water well often reaches a value of 1.5 NTU.

Eight turbidity measurements analyzed by a team from Laval University (Guilherme and Rodriguez,
2020) between August 19 and 27, 2019 indicate that this parameter was between 0.13 and 0.25
NTU for the period concerned. However, these data points represent only a frozen moment in time,
and it is difficult to extrapolate a conclusion about changes in turbidity over a long period of time.

In addition, an in-depth analysis of the characteristics of the watershed carried out by the
hydrogeology firm LNA?® highlights the steep slopes bordering the river (excessive slopes greater
than 40 %), which promote runoff and the setting in motion of particles, especially during spring
melt and after episodes of heavy rains. The analysis also made it possible to establish that only 8%
of the outer protection area is occupied by vegetation which contributes to the protection of the
water exploited in relation to turbidity and a high proportion of this surface (91 %) is occupied by
rocky outcrops which also increase the vulnerability of the water exploited. Full details of the
analysis produced by LNA are presented in Annex 5.

According to the land use map of the northern village of Salluit, the edges of the river upstream of
the water intake belong to the “Nuna” zone, which is mainly dedicated to traditional and recreational
activities (see also section 3 for more details on land use assignments). Given these elements,
anthropogenic activities in the watershed of the water intake are not likely to influence the turbidity
of the water exploited.

Based on the information gathered in this section and as a precautionary measure, the level of
vulnerability of the water source to turbidity is therefore considered to be high. For the future, the
best way to validate this level of vulnerability would be to record the values of the turbidimeter
installed at the drinking water treatment plant, in order to be able to examine a complete dataset
when producing the update of this report, in 5 years.

Consistently high turbidity readings can lead to technical failures in water treatment facilities.

3 Considering the lack of available data and in order to valdidate the water intake’s vulnerability rating to turbidity, an external advice
was requested to LNA
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2.4.4  Vulnerability to inorganic substances

The 11 inorganic substances whose concentrations are to be monitored on an annual basis in
drinking water under article 14 of the RRQDW are as follows: antimony, arsenic, barium, boron,
cadmium, chromium, cyanides, fluorides, mercury, selenium, uranium. Nitrates and nitrites should
be monitored on a quarterly basis.

As the data set available does not include 5 consecutive years and in accordance with the
recommendations of the guide, we favored method 2. The available analysis data were used as a
complement to the main method.

Method 2 aims to determine whether sectors of industrial, commercial, or agricultural activity are
located within the 120 m strip of land of the intermediate protection zone and what percentage of
this land area they occupy. The level of vulnerability is low if the percentage is less than or equal
to 20 %.

In the case of Salluit, only the borrow pit is located on a portion of the 120m riparian strips of the
intermediate protection area. It covers an area of 66,216 m?, which represents 1.071% of the 120m
strips of land in the intermediate area (with a total area of 6,181,320 m?). In addition, the
concentrations of the 11 inorganic substances, available for the years 2015, 2016 and 2020; as
well as the nitrate-nitrite concentrations, available in part for 2015, 2016, 2017, 2018 and 2020, are
all well below the applicable standards.

In light of this information, the vulnerability level of the drinking water source to inorganic materials
is set at low.

2.4.5 Vulnerability to organic substances

As the Salluit drinking water system does not serve more than 5,000 people, it is not mandatory for
this municipality to monitor the 16 pesticides and 16 other organic substances under section 19 of
the RRQDW. Method 2 was therefore applied to determine the level of vulnerability of this indicator.
It is identical to method 2 used in section 2.4.5 for inorganic substances.

The level of vulnerability of the drinking water source to organic substances is therefore set at low.
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2.4.6 Summary of vulnerabilities

Table 3. Summary of the methods used to determine the vulnerability index of each of the six
indicators and the results obtained

A (physical integrity) Method 1 and 2 High
B (microorganisms) Method 2 Low
C (fertilizers) Method 2 et 3 Low
D (turbidity) Method 2 High
E (inorganic substances) Method 2 Low
F (organic substances) Method 2 Low
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3 INVENTORY OF ELEMENTS LIKELY TO
AFFECT THE EXPLOITED WATER

3.1 ANTHROPIC ACTIVITIES

Given the context linked to the Covid-19 pandemic, our professionals were unable to go to the
northern village of Salluit to take an inventory of human activities in the field. The following sections
were therefore carried out thanks to the consultation of the land use map, the Salluit development
plan and the consultation of the members of the municipal council and of the Kativik regional
government when clarifications were necessary. Google Earth satellite images and imagery from
northern indigenous villages (MERN) were also consulted.

Since the village of Salluit is located downstream from the drinking water intake, very few activities
are located in its watershed.

3.1.1 Inventory of human activities

The anthropogenic activities to be listed are those which, in their usual functioning, are likely to
release contaminants that may affect the quantity or quality of surface water exploited.

Table 4. Usual activities likely to have an impact on the quality of the water in the water
source watershed

Operation of the . 89 — exploitation and extraction
Intermediate

borrow pit of other natural resources Turbidity, inorganic substances

42 — motor vehicle

Road network Intermediate -
transportation

Turbidity, inorganic substances

3.1.2 Threats linked to human activities

The assessment of threats from anthropogenic activities involves first determining the frequency
with which the activity is likely to release contaminants and then the severity associated with this
activity and the contaminants released. The combination of the frequency level with the severity
level makes it possible to determine the final risk potential, in accordance with the method
presented in the drafting guide and under Article 75 of the WWPR.
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Table 5. Risk potential of the listed usual activities

Operation of the Particles suspended in water that can affect

- Intermediate Low
borrow pit taste or smell
Opera"‘m of the Intermediate Inorganic materials such as trace metals Low
borrow pit
Road network Intermediate Particles suspended in water that can affect Low
taste or smell
Road network Intermediate Inorganic materials such as trace metals Low

The usual activities of the exploitation of the borrow pit could produce dust, hence influencing the
turbidity and inorganic substances in the drinking water drawn from the neighboring river (such as
trace metals, for example). The vibrations of the machinery could cause the sediment to resuspend
in the water and therefore also influence the turbidity and inorganic content. However, none of the
water tests reviewed in this study suggest a detectable impact on regulated inorganic materials.
The seriousness of the consequences of the activities of the borrow pit on the concentrations of
inorganic substances is minor. Turbidity data is not available. The severity of the consequences of
these activities on turbidity remains unknown but is considered minor since no activity in the borrow
pit is allowed near the banks of the river and berms have been erected between the borrow pits
and the river.

In addition, it should be noted that these activities only represent a risk during the summer (June to
October) since the borrow pit is not exploited during the winter season or during the melting period.
The risk potential is then set to low (consequence to minor severity, occurring frequently).

The portion of the Immiqtavik road that crosses the intermediate water intake protection area (Map
2) leads, among other things, to the borrow pit, located downstream of the intake. The road then
becomes a track that continues for about 5 km before ending up in a dead end at the edge of a
lake. This road is used by off-road vehicles, snowmobiles, cars and trucks for traditional activities
such as hunting and fishing, and as an access to the borrow pit’ site. As this road does not connect
essential village infrastructures with each other, it is assumed that it is less traveled than the rest
of the road network, especially in winter when borrow pit operations are on hold. Dust generated
by traffic, which can fall back into the river near the water intake and change the inorganic content
and turbidity of surface water, is only a problem during the summer season. By following the guide's
criteria, we estimate that the consequences of this activity are minor and that it occurs at a frequent
rate (more than once a year but less than once a week when reduced to the year). Road traffic
therefore has a medium risk potential for the quality of the water used.
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It would therefore be relevant to monitor the turbidity of the water exploited, particularly during the
thaw season, to validate that neither road traffic, nor the operation of the borrow pit, significantly
influence this parameter in the water exploited.

3.2 POTENTIAL EVENTS

Potential events linked to human activities correspond to exceptional events caused by accidents
or extreme climatic events and which are likely to release contaminants into the surface water
exploited or affect the quantity of drinking water available.

3.2.1 Potential events inventory

Table 6. Potential events related to the anthropogenic activities inventoried in the watershed
of the water intake

. 89 — exploitation and Organic and inorganic
. . Operation of the ! . .
Machinery spill . extraction of natural Intermediate substances (ol
borrow pit
resources products)

Heating system Organic and inorganic

Spill ‘r’}t the . at the raw water 483 —_A_que_duct and Intermediate substances (oil
pumping station . . irrigation
pumping station products)

. . Organic and inorganic
Mathnery_/ Road traffic 42 —motor Veh'de Intermediate substances (olil
vehicle spill transportation

products)
River freezing Water intake in 483 — Aqueduct and
. ST Inner Water shortage
over the river irrigation

3.2.2 Threats related to potential events

The threat assessment of potential events involves first determining the level of likelihood of the
event occurring and then the severity of this event. The combination of the level of probability with
the level of severity makes it possible to determine the final risk potential, in accordance with the
method presented in the reaction guide and under Article 75 of the WWPR.
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Table 7. Risk potential of the listed events

Spill / accident of

machinery at the borrow Intermediate Qil products Very low
pit

Sp'l.l at the pumping Intermediate Oil products Low
station

Machinery / vehicle

accident on the road Intermediate Oil products Very low
network
River freezing Inner Water shortage Very high

A machinery failure or an accident at the borrow pit operation site represents a potential event
during which petroleum-derived substances could be spilled and possibly drained into the river.
However, in view of the protocols to be applied during such spills, the presence of berms between
the borrow pit and the river and the regulations governing the operation of such sites (Regulation
respecting quarries and sand pits Q-2, r. 7), the seriousness of the consequences of such a
discharge on the exploited waters is considered minor. Moreover, it is possible that such an event
will occur in the next 5 years. The risk potential associated with such an event is therefore very
low.

Likewise, an accident or a breakdown of a transport vehicle on the portion of the road that crosses
the intermediate protection area represents a potential event during which substances derived from
petroleum would be liable to be spilled and possibly drained towards the stream. Once again, the
small amount of potentially released contaminants, the dilution effect and the supposed
decontamination of the soiled surface make the consequences of such an event minor. Moreover,
it is possible that such an event will occur in the next 5 years. The risk potential associated with
such an event is therefore very low.

An oil spill related to the heating system at the raw water pumping station located across from the
water withdrawal site on the other side of the Immigtavik road is a potential event that could
contaminate the exploited waters. A potential spill following either the maintenance of the oil tank
coupled with the heating system or some instruments malfunctions (due to a freezing event,
defective/ old parts, ...) could have serious consequences on water quality (aesthetic or
organoleptic water quality problem that is not acceptable for the consumer; MELCC 2018).
Moreover, it is possible that such an event will occur in the next 5 years. Following the guide’s
criteria, the associated risk potential is therefore low.

Projet 21-0056 21



Frequent freezing of the river in winter has the potential to put great pressure on the intake facilities
in the river. A water shortage associated with this event would have serious consequences for the
population. Since a water shortage would affect the inner protection area and following the criteria
of the guide, the severity of the consequences must be readjusted upwards from "serious" to
"catastrophic". As such events have occurred several times in the past, it seems almost certain that
a similar event will occur again in the next 5 years if nothing is done with the infrastructures of the
drinking water system. The risk potential associated with such an event is therefore very high.

Although permafrost melting is a pervasive challenge in all intake protection areas, it is difficult, with
current data, to assess the extent to which this threat represents a potential risk, since it is difficult
to predict where and when a subsidence or a melt pool will appear and what consequence (s) these
will have on the quality of the water exploited. For this reason, potential events related to permafrost
melting have not been identified and assessed using the methods applied to the other events
above. However, we still consider it essential to mention it here since this type of event could gain
in frequency and amplitude with the ongoing global warming in this region and would benefit from
being better characterized.

3.3 LAND USES

3.3.1 Land useinventory in the protection zones

As can be seen in Annex 4, the “Nuna” land use designation is the only allocation that entirely
overlaps the protection areas of the Salluit drinking water source, up to the municipal limits. The
development plan for the Northern village of Salluit specifies that the designation "Nuna" applies to
lands that have not received other land affections within the village limits. These lands are mainly
used for traditional and recreational purposes and no development or activity likely to pollute the
municipal water source is permitted. The development plan was adopted by the municipal council
in 2016 until 2035 (BY-LAW No. 2016-06, Village Nordique de Salluit).

The portion of the outer protection area that extends beyond the municipal boundaries represents
Category | lands (Map 3), i.e. owned by the Qaqqalik landholding company in Salluit, which
manages them in benefit of its members.

3.3.2 Risks related to land use assignments for the drinking water sources

The "Nuna" lands include, among other things, the borrow pit exploited downstream from the water
source, in the intermediate protection area. However, the development plan of the northern village
stipulates that the borrow pit must comply with the regulations governing the operation of such
natural resource exploitation sites (Regulation respecting quarries and sand pits Q-2, r. 7) and must
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hold a certificate of authorization from the Ministry to which it reports (currently the MELCC). Its use
should therefore not represent a risk for the water source.

Some of the activities permitted on "Nuna" lands would likely affect the water source such as
mineral exploration, solid waste landfills and sewage ponds. However, it should be noted that the
waste treatment infrastructure is currently located opposite the water source and its watershed, on
the other side of the village. They therefore pose no risk to the drinking water source in the present.
If new waste treatment infrastructures were to emerge by 2035, the regulations incorporated into
the development plan concerning the "Nuna" allocation prohibit the establishment of such activities
in places where they are likely to affect the source. of water. The same goes for exploratory mining
activities.

Although minimal, Table 9 in Annex 4 summarizes the risks associated with permitted activities in
"Nuna" territories. It should be noted that the use of these territories by the local population for their
traditional and recreational activities (hunting and fishing, berries picking, camping, etc.) contributes
to the protection of the water source.
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4 IDENTIFICATION OF PROBLEMS AND
PROBABLE CAUSES

Under section 75 of the WWPR, this stage of the analysis seeks to identify the natural or
anthropogenic causes behind the medium or high level of vulnerability identified in section 2.4 of
this report.

Due to the isolated nature of the northern villages, and the pristine nature of the surrounding areas,
drinking water sources are not exposed to the risks of chemical / biological contamination from
human activities (Vincent et al. 2012).

Table 8. Identification of the problems related to the vulnerability indicators of the drinking
water sampling site, the level of which is medium or high

The stresses exerted
by the ice in the

Physical Freezing of the riverbed could damade
Water shortage vulnerability water, faulty Natural - 9 Inner
I . - the facilities and cause
indicator installations
some of the water
shortages observed.
The slopes bordering
. the river, the
Risk of . .

. Turbidity dominance of rock .
occasional s Watershed All protection
) . vulnerability o Natural outcrops and the type
increases in o characteristics . areas
turbidity indicator of vegetation make the

water source
vulnerable to turbidity

Freezing-related water shortages

As presented in section 2.4.1, the level of physical vulnerability of the water withdrawal site was
considered high.

The major freeze-up of the river in winter is most likely linked to at least part of the winter episodes
of water scarcity and could lead / have led to damage to the water intake facilities, in the riverbed.
In fact, the ice that gradually forms there in successive layers throughout the winter is likely to exert
strong stresses on the well casing and its clogging.
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We therefore recommend to conduct a complete assessment of the installations at the water intake,
as well as a hydrodynamic study at the location of the water intake in the riverbed to determine the
exact origin of the encountered problems and to find solutions in order to guarantee safe and
permanent access to drinking water for the inhabitants of the community. The study should make
it possible to determine the exact causes of water shortages related to the water intake (for
example: blockage of installations due to freezing as such, or lack of water at the location of the
water intake due to excessive pressure from the ice cover in the riverbed which makes water
unavailable for the withdrawal well, or lack of water due to excessively low winter low flows, etc).

An assessment of the northern village's water needs, the flow rates available at the current intake
and the search for alternative intakes should also be considered.

It should be noted that some of the water shortages reported by village officials appear to be linked
to malfunctioning installations at the drinking water treatment and distribution plant. A number of
these malfunctions could be related to freezing damages. Professional assessment of facilities
should address these issues as well and offer solutions to the problems identified.

Risks of occasional increases in turbidity

Due to the lack of available data concerning the turbidity values of raw water and considering the
natural characteristics of the watershed, the level of vulnerability of the water intake to turbidity was
set at high, and this by precaution. No anthropogenic activity in the source water protection areas
is likely to significantly affect this parameter in the present (see also sections 3.2.1 and 3.2.2. for
details on the pit activities and road traffic lane in the intermediate protection zone).

Thus, it is above all the natural characteristics of the watershed that are likely to influence the
turbidity of the water exploited. Indeed, a detailed analysis of the available data carried out by the
hydrogeology firm LNA (Annex 5) made it possible to determine that steep slopes border the river
(excessive slopes greater than 40 %), which favor runoff and the setting in motion of the particulate
matter, especially during spring melt and after heavy rains. The analysis also made it possible to
establish that only 8 % of the water intake watershed is occupied by vegetation which contributes
to the protection of the water exploited in relation to turbidity and the high proportion of this surface
(91 %) is occupied by rocky outcrops which also increase the vulnerability of the water exploited.

It is strongly recommended that the turbidity values be recorded in a register on a regular basis, to
validate whether the characteristics of the watershed have a significant impact on the turbidity
values of the raw water, and this on the update of this vulnerability study in 2026. If this is the case,
it will be essential to take measures to remedy this possible problem.
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If it is determined that the abnormal taste and color of the water (opaque and earthy) at certain
times of the year is indeed related to a problem of increased turbidity, a filtration system to neutralize
the particulate matter and thus controlling the turbidity level of the raw water should also be installed
in the treatment plant. This issue should be discussed with the professional who will oversee
assessing the drinking water infrastructures.
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5 CONCLUSION

5.1 GENERAL CONCLUSIONS

The village of Salluit, like the other northern villages in Nunavik, is located in an isolated
environment and very little exploited by commercial or industrial activities. For this reason, the
drinking water source provides particularly good quality water. The main threat to water installations
is of natural origin, namely the characteristics of the watershed of the water intake and the vagaries
of the arctic climate, linked to the risk of freezing during the winter period (more particularly, the
significant freezing of the riverbed) and movements of permafrost, which is undergoing profound
changes with global warming.

Following the vulnerability assessment of the water source, two of the six indicators (physical
integrity of the sampling site and vulnerability to turbidity) were set as "high". The level of physical
vulnerability was considered high following repeated episodes of water scarcity during the winter,
a probable cause of which would be the exceptional freezing of the bed of the Kuuguluk River. This
phenomenon occurs chronically in winter and is likely to place severe strain on drinking water intake
installations. The level of vulnerability to turbidity was classified as "high" following an assessment
of the natural characteristics of the watershed.

The anthropogenic activities that have been identified in the inner and intermediate protection areas
are the operation of the borrow pit and the passage of a portion of the Immiqgtavik road. However,
after evaluating the contaminants and potential events associated with these activities, it was
determined that these activities do not significantly threaten the quality, or the quantity of water
exploited.

Finally, within the limits of the northern village of Salluit, the water source protection areas are all
included in the “Nuna” land use, which is mainly dedicated to traditional and recreational activities
and where no development or activity. likely to pollute the municipal water source is not allowed,;
this contributes to the protection of the water source.

It emerges from this study that the source of drinking water in Salluit therefore provides the northern
village with quality water, so far very little influenced by human activities. However, it also emerges
from this assessment that the drinking water intake does not seem to provide a sufficient volume
of water for the needs of the community. It is therefore urgent to carry out a complete evaluation of
the installations at the water intake, as well as a hydrodynamic study at the location of the water
intake in the riverbed, to determine the exact origin of the encountered problems and to propose
solutions to guarantee safe and permanent access to drinking water for the inhabitants of the
community.
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Recommendations are made in section 5.3 to compensate for the lack of certain data and to
strengthen the monitoring and protection of the drinking water source.

5.2 MISSING DATA

There are no data on low water levels and high-water mark. Riparian strips were determined from
the cartographic boundaries of the studied watercourses, available on the databases used for
mapping. The best available resolution was used.

There is no event log.
The number of the most recent authorization granted by the Ministry is also missing information.

A request for access to water quality data had been made to the regional office of the MELCC for
Nord-du-Québec on January 6, 2021 concerning drinking water quality for the northern village of
Salluit. However, no data had been provided to us at the time of writing this report.

Some data on analyzes of inorganic substances are missing.

5.3 RECOMMENDATIONS

Following the analysis of the vulnerability of the drinking water source in the northern village of
Salluit, here is a list of recommendations, ranked in order of priority to validate certain data
discussed in the report and to guarantee the best possible protection of the water. source of drinking
water.

— A complete assessment of the drinking water intake and treatment infrastructures should be
done by a professional, as well as a hydrodynamic study at the water intake;

— Following the results of this evaluation: upgrade the drinking water withdrawal and treatment
facilities where necessary;

— Train more personal capable of operating the drinking water installations;

— Create a register in which to record the values of the turbidity of the raw water, particularly
during periods of flood (spring melt, heavy rains) when the turbidity is likely to increase
sharply;

— Keep a written record of events, even minor ones, which have affected the drinking water
production chain and keep this information for inter-annual monitoring. An example of such a
register is provided in Annex 6;

During Colilert tests performed every week, test raw water samples at least once a month in
winter, and weekly in summer.

Projet 21-0056 28



BIBLIOGRAPHY

Allard, M., Mathon-Dufour, V., Chiasson, A., B. St-Amour, A., Aubé-Michaud, S., L’'Hérault, E.,
Bilodeau, S. et Deslauriers, C. 2020. Caractérisation géotechnique et cartographie ameliorée
du pergélisol dans les communautés nordiques du Nunavik : Salluit. Québec, Centre d'études
nordiques, Université Laval. 115 pp.

Box, J.E., Colgan, W.T., Christensen, T.R., Schmidt, N.M., Lund, M., Parmentier, F.-J.W., Brown,
R., Bhatt, U.S., Euskirchen, E., Romanovsky, V.E., Walsh, J.E., Overland, J.E., Wang, M.,
Corell, R.W., Meier, W.N., Wouters, B., Mernild, S., Mard, J., Pawlak, J., and Olsen M.S. 2019.
Environ. Res. Lett. 14, 045010. 18 pp, DOI 10.1088/1748-9326/aafclb.

CIMA+. 2012. Village de Salluit, Rapport de recherche d’'une nouvelle source d’alimentation en eau
potable par le biais de puits verticaux. Montréal. 16 pages + annexes.

Fortier R., Allard M., Lemieux J.-M., Therrien R., Molson J., Fortier D. 2011. Stratégie de
déploiement du réseau Immatsiak: cartographie des dépdts quaternaires et compilation des
informations disponibles des villages nordiques de Whapmagoostui, Umiujag, Salluit et
Kuujjuag [Deployment strategy for the Immatsiak network: surficial geology mapping and
compilation of available data for the northern villages of Whapmagoostui, Umiujaq, Salluit et
Kuujjuaq]. Synthesis report of phase | submitted to MDDEFP, Quebec City, QC, 126 pp.

Fortier R., Lemieux J.-M., Therrien R., Molson J. 2012. Projet de déploiement du réseau
Immatsiak: campagne de levés géophysiques pour des informations complémentaires aux
sites des villages nordiques de Whapmagoostui, Umiujag, Kuujjuaq et Salluit [Deployment of
the Immatsiak network: geophysical surveys at the northern villages of Whapmagoostui,
Umiujaq, Salluit et Kuujjuaq]. Synthesis report of phase Il submitted to MDDEFP, Quebec
City, QC, 229 pp.

Gauthier, S., Allard, M. and Mathon-Dufour, V. 2019. Climate and permafrost data integration in
support of the development of the community of Salluit, Nunavik. Cold Regions Engineering,
561-569. DOI 10.1061/9780784482599.065.

Guilherme, S., Rodriguez, M.J. 2020. Water quality data to include in the assessment of the
vulnerability of the drinking water supply sources required by the Water Withdrawal and
Protection Regulation — Northern Village of Salluit. Université Laval, 6 pp.

Lemieux, J.-M., Fortier, R., Talbot-Poulin, M.-C., Molson, J., Therrien, R., Ouellet, M., Banville, D.,
Cochand, M., and Murray, M. 2016. Groundwater occurrence in cold environments: examples
from Nunavik, Canada. Hydrogeol. J., DOI 10.1007/s10040-016-1411-1.

Ministere des Affaires municipales et de I'Habitation. 2020. Répertoire des municipalités. Carte de
I’Administration régionale Kativik. 1 page [en ligne].
https://www.mamh.gouv.gc.ca/fileadmin/cartes/mrc/992.pdf

Projet 21-0056 29


https://doi.org/10.1061/9780784482599.065
https://www.mamh.gouv.qc.ca/fileadmin/cartes/mrc/992.pdf

Ministére de I'Environnement et de la Lutte contre les changements climatiques (MELCC). 2018.
Guide de réalisation des analyses de vulnérabilité des sources destinées a I'alimentation en
eau potable. 189 pages [en ligne].
http://www.environnement.gouv.gc.ca/eau/prelevements/quide-analyse-vulnerabilite-des-

sources.pdf

Ministere de I'Environnement et de la lutte contre les changements climatiques (MELCC). 2019.
Bassins hydrographiques multiéchelles du Québec. Données cartographiques du
Gouvernement du Québec https://www.donneesquebec.ca/recherche/fr/dataset/bassins-
hydrographigues-multi-echelles-du-guebec

Ministére de I'Energie et des Ressources naturelles (MERN). 2019a. Cartes topographiques des
villages autochtones du nord a I'échelle 1/2000. Données cartographiques du Gouvernement
du Québec. https://www.donneesquebec.ca/recherche/dataset/cartes-topographigues-des-
villages-autochtones-du-nord-a-I-echelle-de-1-2-000

Ministéere de I'Energie et des Ressources naturelles (MERN). 2019b. Géobase du réseau
hydrographique du Québec (GRHQ). Données cartographiques du Gouvernement du Québec.
https://www.donneesquebec.ca/recherche/fr/dataset/grhg

Ministére de I'Energie et des Ressources naturelles (MERN). 2002-2012. Imagerie des villages
autochtones du nord. https://mern.gouv.qc.ca/repertoire-geographigue/imagerie-villages-
autochtones-nord/

Ressources naturelles Canada. 2020. Données topographiques du Canada — Série CanVec. [en
ligne] https://ouvert.canada.ca/data/fr/dataset/8ba2aa2a-7bb9-4448-b4d7-f164409fe056

Vincent, W.F., Martin, D., Pienitz, R., Laurion, I.,Muir, D. Young, K., and Bégin, Y. 2012. Freshwater
resources in a changing environment. Dans: Allard, M. and Lemay, M. (eds) Integrated
Regional Impact Studies. p. 137-155.

Projet 21-0056 30


http://www.environnement.gouv.qc.ca/eau/prelevements/guide-analyse-vulnerabilite-des-sources.pdf
http://www.environnement.gouv.qc.ca/eau/prelevements/guide-analyse-vulnerabilite-des-sources.pdf
https://www.donneesquebec.ca/recherche/fr/dataset/bassins-hydrographiques-multi-echelles-du-quebec
https://www.donneesquebec.ca/recherche/fr/dataset/bassins-hydrographiques-multi-echelles-du-quebec
https://www.donneesquebec.ca/recherche/dataset/cartes-topographiques-des-villages-autochtones-du-nord-a-l-echelle-de-1-2-000
https://www.donneesquebec.ca/recherche/dataset/cartes-topographiques-des-villages-autochtones-du-nord-a-l-echelle-de-1-2-000
https://www.donneesquebec.ca/recherche/fr/dataset/grhq
https://mern.gouv.qc.ca/repertoire-geographique/imagerie-villages-autochtones-nord/
https://mern.gouv.qc.ca/repertoire-geographique/imagerie-villages-autochtones-nord/
https://ouvert.canada.ca/data/fr/dataset/8ba2aa2a-7bb9-4448-b4d7-f164409fe056

ANNEX 1. GEOLOGY AND PERMAFROST

- Al.1 Geological map of Québec
— Al.2 Permafrost conditions map (Source : Allard et al. 2020)
— Al1.3 Natural hazard map (Source: Allard et al. 2020)
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Conditions de pergélisol

Roc et dépéts contenant trés peu ou pas de glace

+ Affleurements rocheux ponctuels
1a Socle rocheux massif d'age précambrien. Surface parsemée de blocs et parfois recouverte d'une mince couche de sable
et gravier avec cailloux (till). L'épaisseur de la couche active varie sur le terrain entre 2,5 et 3,5 m.
1b Dépots de sable et gravier stratifiés. Contient de la glace interstitielle et possiblement de la glace sous forme de lentilles dans.

les couches de matériau a granulométrie fine.

Dépéts contenant beaucoup de glace

Sable, gravisr et blocs en oouver!ure mince sur socle rocheux L'épai: du dépot est géné inféri a2metsa
2a est olée par le ro rocheux és. La couche active atteint une épaisseur comprise entre 1,5 et 2,5 m.
Tsssement dlfférentlel Iors dela fonle du pergéllsol limité & la couche de couverture. Le contenu volumique en glace varie entre 15 et 70 %.

Sable gravisr et blocs (till) en couverture épaisse sur socle rocheux L'épai du dépot est géné supérieure a 2 m avec

rocheux Lap au roc est estimée a environ 8 m. Présence d'ostioles et de coulées
de gélnﬂuxlon sur les versants. Sujet au tassement différentiel lors de la fonte du pergélisol. La couche active atteint une épaisseur comprise
entre 1,5 et 2,5 m. Le contenu volumique en glace varie entre 15 et 70 %.

Dépodts quaternaires épais mal drainés & couverture tourbeuse. Epaisseur supérieure 4 2 m et pouvant atteindre plus de 6 m. Dépots
riches en glace avec réseaux de polygones a coins de glace bien développés. L'épaisseur de la couche active varie de 0,5 ma 2,5 m.

Dépots a granulométrie fine d’origine marine (silt et argile) trés riches en glace. Parfois recouverts d’'une couche mince de sable ou gravier.
Sujet aux tassements différentiels et aux ruptures de mollisol sur les pentes Surface frequemment recouverte d' osnoles La couche active
atteint une spalsseur comprise entre 0,5 m et 1,2 m. La teneur en glace du é dépasse réguli 30 % et peut
attendre prés de 100 %.
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Résumé

Cotlo carte_présorte los_rsquos
natures aciuels el appréhendss do la
jon de Sallut. Co vilage se stue au
Nunavi, sur la la e sud du dérot
Hudson, & 600 km au nord-ovest de
Kusjuaq (62'12 N 7535 O]

Note

compiée
prncipalement par pholo-nterprétaton

Valdés avec i nombre i
servatlons 6o erain, do sondages
e forages dans l pergélol. Toute
nformaton. poot méioror la
precison conduire &

Abstract

This map shows the actual _and
potental naural hazards of he Sallt
egion. This Nunavik vilage i located
o south shore o the Hudson Stcat, at
800"k 1o the North-West of Kuujiaq
(62'12'N 75739 W),

Note.
This map was compled mainly by ar

jos i the
permaltost. Any informaton leading o

an improvement of precision and,

a producton dune mise & jour sera
apprécie.

Les risques naturels sont représentés
par un symbole_ponctuel, Inaie ou
2onal, e foncton do lour échlle ol
de leurgéométre:
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