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Back River Project Fact Sheet December 2013

Location

« Located in the western Kitikmeot Region of Nunavut at approximately 65° north latitude, and 106° west longitude. About
400 km south of Cambridge Bay and 525 km northeast Yellowknife.

« Primary communities: Kugluktuk, Cambridge Bay, Gjoa Haven, Kugaaruk and Taloyoak

* The closest community areas to the Project are Kingaok, located approximately 160 km north of the Goose Property, and
Omingmaktok, located approximately 250 km northeast of the Goose Property

Reserves

« Six mining areas within the Goose and George Properties. Three locations at the Goose Property (Goose, Umwelt,
and Llama) and three locations at the George Property (Locale 1, Locale 2, and LCP North).

Site Preparation and Construction Phase

« Site preparation may begin in 2014 (winter roads, fuel depots, laydown areas)
« Full construction of the project could commence as early as 2016 — two years to complete construction
« Approximately $605 M initial capital investment

Operational Phase

» Goose Property: open pit at Llama, Umwelt and Goose deposits; underground at Umwelt deposit
» George Property: Open pits at Locale 1, Locale 2, LCP North

Production

« Production Rate (Ore): 15.0 million tonnes of mill feed for life of mine
« Projected annual 300,000 ounces of gold for about up to 10 years

Processing

« 5,000 tonnes per day
« Standard gravity separation and cyanide leaching circuit
« Tailings facility at Goose Property

Transport
» Gold doré bars shipped out by aircraft

Access Roads

« All-weather roads within George and Goose properties

» Winter road between George and Goose properties

» Winter road to link properties to the Marine Laydown Area at Bathurst Inlet
« Short term winter road link to Tibbett-Contwoyto Winter Road

» Marine supply via open water seasonal shipping (max of 10 ships, average of 3 to 5 per year)
« Year-round by aircraft

» Winter road to the Marine Laydown Area

» Winter road connection to Yellowknife (short term)

Environment

« Extensive baseline studies including terrestrial environment, wildlife (particularly caribou), marine environment,
freshwater environment, air quality and resource utilization

« Traditional knowledge information collected and analyzed through an Inuit owned major study - Naonaiyaotit
Traditional Knowledge Project

* Will form the foundation of Environmental Impact Statement , and provide information for development of
mitigation and management plans

« Fly-in/fly-out operation
« Direct construction employment up to 1200 person years over a two year period
« Direct operations employment up to 4442 person years for 10 years

Social and Economic Benefits

« Inuit Impact Benefits Agreement with the Kitikmeot Inuit Association
» Opportunities for local businesses
« Royalties and taxes to governments

Closure and Post-closure Phase

« Closure will ensure that the former operational footprint is both physically and chemically stable in the long term for protection
of people and the natural environment

« Post closure environmental monitoring will continue sufficient to verify that reclamation has successfully met closure and
reclamation objectives

A __
Sabina

GOLD & SILVER CORP. www.backriverproject.com www.sabinagoldsilver.com an ERM company

J




BACK RIVER PROJECT

DRAFT ENVIRONMENTAL IMPACT STATEMENT
Supporting Volume 7:

Marine Environment

December 2013
Project #0194096-0040

Citation:

Rescan. 2013. Back River Project: Draft Environmental Impact Statement Supporting Volume 7: Marine Environment.
Prepared for Sabina Gold & Silver Corp. by Rescan Environmental Services Ltd., an ERM company.

Prepared for:

Sabina

GOLD & SILVER CORP.
Sabina Gold & Silver Corp.

Prepared by:

(Rescan)

an ERM company

Rescan Environmental Services Ltd., an ERM company
Vancouver, British Columbia



Draft Environmental Impact Statement Supporting Volume 7:
Marine Environment

Executive Summary

(Rescan)

an ERM company



Executive Summary

The Back River Project (the Project) is a proposed gold project owned by Sabina Gold & Silver Corp.
(Sabina) within the West Kitikmeot region of Nunavut. The Project is composed of three main areas:
the Goose Property, the George Property, and a Marine Laydown Area (MLA) situated along the western
shore of southern Bathurst Inlet. Sabina has prepared an Environmental Impact Statement (EIS) to
identify and assess potential environmental and social effects resulting from the Project, and is
consistent with the requirements outlined in the Nunavut Land Claim Agreement (NCLA) and the
Nunavut Impact Review Board (NIRB) Guidelines for the Preparation of an Environmental Impact
Statement for the Back River Project (NIRB File No. 12ZMN036; NIRB 2013). This volume of the EIS
presents the assessment of potential environmental effects to the marine environment associated with
proposed Project activities following the application of mitigation and management measures.

The scoping of potential Valued Ecosystem Components (VECs) involved Sabina-led public
consultations, the use of Traditional Knowledge (TK), regulator consultations and regulatory
considerations such as conservation status of species or groups, and recommendations presented in the
NIRB EIS guidelines (NIRB 2013). The Inuit Traditional Knowledge of Sabina Gold & Silver Corp., Back
River (Hannigayok) Project, Naonaiyaotit Traditional Knowledge Project Report (KIA 2012) was
consulted extensively for TK information. Based on these sources, the following marine components
were selected as VECs: marine water quality, marine sediment quality, marine fish/aquatic habitat,
marine fish communities, seabirds/seaducks, and ringed seals. Marine physical processes were
considered a Subjects of Note and all required information noted in the EIS guidelines is included in
this volume. Additional information on the commercial shipping route and key migratory bird nesting
areas and marine mammals is included in the seabird/seaducks and ringed seals (marine mammals)
chapters. A marine diesel fuel spill model was also developed for the Project and can be found in
Volume 9 of the DEIS.

Potential effects on VECs were evaluated spatially within a Local Study Area (LSA) and a larger
Regional Study Area (RSA). The marine LSA covered 32 km? and included the water portion of the
Potential Development Area (PDA) for the MLA as well as the over-water portion of the winter road
across Bathurst Inlet (-14 km) to the Nunavut mainland. The marine RSA covered 3,000 km* and
included the marine LSA plus all of Bathurst Inlet as far north as Omingmaktok. All potential Project
effects were assessed during the Site Preparation, Construction, Operations, Reclamation and Closure,
and Post-closure Project phases. Specific legislation that was considered during the assessment
included the Fisheries Act, the Species at Risk Act (SARA), the Migratory Birds Convention Act, and the
Nunavut Wildlife Act. Canadian Council of Ministers of the Environment (CCME) water and sediment
quality guidelines for the protection of marine and estuarine life were used in the water and sediment
quality assessments.

The following presents summaries of the existing environment, primary Project activities that are
anticipated to interact with the marine VECs, mitigation measures, effects assessment, and if
applicable, cumulative effects assessment for each marine VEC.

Marine Physical Processes

The MLA is located on the southwest shore of Bathurst Inlet, which is a deep fjord extending over
200 km in a north-south direction. The navigable corridor is generally very deep, with depths between
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100 and 200 m for most of the inlet, although several sills are present midway through the fjord that
can rise to depths above 50 m.

Baseline physical oceanographic data have been collected in Bathurst Inlet since 2001 and within the
marine LSA in 2013. Results have shown that consolidated first-year sea ice (1.5 to 2 m average
thickness) usually covers the inlet from October to June, and ice break-up usually occurs in June or
early July. Tidal elevations are very weak in the inlet, with maximum amplitudes below 0.5 m.

The water column structure consists of a strongly stratified two-layer system during the open-water
season with a 15 to 20 m warmer, fresher and more oxygenated top layer above a colder, saltier and
lower oxygen bottom layer (Rescan 2008, 2012). This stratification is weaker when ice is present due to
the absence of freshwater inflow and the presence of salt extrusion during ice formation. Water
circulation generally follows a two-layered positive estuarine flow with the surface waters moving north
towards Coronation Gulf and the deep water moving south into Bathurst Inlet. The estuarine flow is
driven primarily from horizontal pressure gradients generated by the combined freshwater inputs from
several rivers along the inlet, such as the Western River at the southern head of the inlet and the
Hiukitak River that flows into Gordon Bay. Significant variability in both current speeds and directions is
present due to the strong influence of winds on the water column. Average velocities in southern
Bathurst Inlet can be less than 10 cm/s in the bottom layer, while in the top layer they can range from
20 to 60 cm/s, with maximum recorded magnitudes reaching over 90 cm/s during strong wind events.

Wave height measurements obtained near the MLA indicate that surface waves are small, generally less
than 0.5 m during the open-water season, although maximum heights approaching 1 m have been
measured. Most currents were linked to wind-driven forcing, while calculated tidal currents were
generally almost negligible.

Marine Water Quality

Baseline marine water quality data have been collected in the marine RSA in Bathurst Inlet since 2001
and within the LSA in 2013. The results showed that the water in southern Bathurst Inlet was typical of
pristine Arctic marine waters, with low concentrations of nutrients, suspended solids, and metals.
Nutrients were lower in the open-water surface layer than at depth or during the winter due to
enhanced biological uptake (e.g., phytoplankton) and freshwater dilution through ice melt and
freshwater inflow. Nitrogen was likely the limiting nutrient for primary production as nitrate
concentrations were near or below detection limits in the summer surface waters, while phosphorus
concentrations were still measureable (>0.01 mg P/L). Metal concentrations were generally below the
CCME guidelines for the protection of marine and estuarine aquatic life and were often undetectable.
Near-shore sites by stream outflows or in areas of shallow bathymetry sometimes had elevated levels of
suspended material and metal concentrations. Cadmium was the only naturally elevated metal above
CCME marine water quality guidelines in the LSA. Deep water dissolved oxygen concentrations were
occasionally below the CCME dissolved oxygen guideline of 8 mg/L, which is common in deep fjords
where deep water renewal is slow and organic material is continually re-mineralized.

Potential Project effects on the marine water quality VEC included shipping activities; sediment
introduction to water as a result of site preparation, construction, and reclamation; site contact water;
winter roads; explosives; fuels, oils, and polycyclic aromatic hydrocarbons (PAHs); treated discharges;
and dust deposition. The potential effects from these activities were assessed based on their potential
interaction pathways with the marine environment, including runoff, contact and physical effects
(shipping), treated discharge, and aerial deposition. The mitigation and management measures
designed to control these pathways, and therefore minimize or eliminate potential Project effects on
the marine water quality VEC included: minimizing vessel speeds and restricting vessels to deeper
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waters, intercepting runoff in ditches and diverting the water to a collection pond at the MLA, using
geochemically suitable material for roads and pads, adhering to regulatory guidelines for treated
discharges, and using best management practices for the storage, transport, and use of fuels,
explosives, and hazardous materials as well as for dust suppression and incineration.

Following the application of mitigation and management measures, three residual effects were
identified: marine water quality changes due to shipping (propeller wash), sediment introduction to
marine waters as a result of site preparation, construction, and reclamation, and marine water quality
changes due to site contact water. The magnitude of the anticipated residual effects is expected to be
low, the duration short to medium term (confined to the life of the Project), sporadic in nature, and
confined to within the marine LSA. The residual effects are also anticipated to be reversible.
Contingent on the implementation of mitigation measures outlined in the Aquatic Effects Management
Plan (AEMP; Volume 10, Chapter 19) and the Site Water Monitoring and Management Plan (Volume 10,
Chapter 7), the significance of residual effects for marine water quality is predicted to be
Not Significant.

A potential cumulative effects assessment was conducted because residual Project effects were
predicted. Due to the fact that Project residual effects are confined to the marine LSA, the closest
project that could potentially interact with the Project is located outside the spatial boundary of the
cumulative effects assessment and, hence, there are no potential cumulative effects on marine water
quality. As the Project residual effects were confined to the marine LSA, which resides entirely within
Nunavut, there was no potential for transboundary effects.

Marine Sediment Quality

Sediment quality data have been collected in the marine RSA in Bathurst Inlet since 2001 and directly
within the LSA in 2013. The sediment environment in Bathurst Inlet is generally a function of water
depth and physical processes, where shallower, near-shore areas are subjected to increased erosion
and re-suspension due to the interaction of the wind-driven water currents and the seabed. Thus, the
shallower sediments (<5 m) in Bathurst Inlet were composed of coarser sand substrates (60 to >95%)
than the finer silts and clays found in the deeper waters 100 m from shore (50 to 90%). Sediments near
the MLA within the LSA were sandy (>75%), particularly in the near-shore environment where the
majority of Project activities will occur. Metal concentrations in marine sediments were strongly
correlated to the relative abundance of silt and clay particles, and therefore were generally greater in
the deeper waters. Naturally elevated concentrations of arsenic, chromium, and copper were observed
in the deeper sediment samples and were often greater than the CCME sediment quality guidelines for
the protection of aquatic life. Sediment metal concentrations near the MLA were observed to be
naturally low, as expected because of the relative dominance of sand-size particles.

Potential Project effects on marine sediment quality shared the same pathways and mitigation and
management measures as outlined for marine water quality. The primary pathways between the
Project activities and the marine sediment quality VEC were identified as runoff, contact and physical
effects (shipping), discharge, and aerial deposition. The same mitigation and management measures
would be applied as described above in the marine water quality section.

Following the application of mitigation and management measures, three residual effects were
identified: marine sediment quality changes due to shipping (propeller wash), sediment introduction to
the marine environment as a result of site preparation, construction, and reclamation, and marine
sediment quality changes due to site contact water. The magnitude of the anticipated residual effects
is expected to be low, the duration short to medium term (confined to the life of the Project), sporadic
in nature, and confined to within the marine LSA. The residual effects are also anticipated to be
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reversible. Contingent on the implementation of mitigation measures outlined in the Aquatic Effects
Management Plan (AEMP; Volume 10, Chapter 19) and the Site Water Monitoring and Management Plan
(Volume 10, Chapter 7), the significance of residual effects for marine sediment quality is predicted to
be Not Significant.

A potential cumulative effects assessment was conducted because residual Project effects were
predicted. Due to the fact that Project residual effects are confined to the marine LSA, the closest
project that could potentially interact with the Project is located outside the spatial boundary of the
cumulative effects assessment and, hence, there are no potential cumulative effects on marine
sediment quality. As the Project residual effects were confined to the marine LSA, which resides
entirely within Nunavut, there was no potential for transboundary effects.

Marine Fish/Aquatic Habitat

The VEC marine fish/aquatic habitat comprises both the physical habitat and the biological resources
that sustain the productivity of marine fisheries species and the diversity of marine fish communities.

Baseline data on marine habitat have been collected in the RSA in Bathurst Inlet since 2001 and in the
LSA in 2012 and 2013. The shoreline of the LSA and the southern section of the RSA are dominated by a
shallow water shelf, which extends to a depth of approximately 10 m and a distance of 120 m offshore.
Beyond this, the bottom descends steeply to depths greater than 40 m. The substrate in the intertidal
zone is dominated by cobble and gravel, while deeper areas feature more mud and silt. Based on
nearshore surveys and traditional knowledge, potentially important habitat areas for marine and
anadromous fish were identified in the LSA and RSA. The outlet of some rivers are important habitat
for Arctic Char (Salvelinus alpinus), with some of these areas acting as migratory pathways for
anadromous Arctic Char. Intertidal gravel beaches and shallow gravel beds are important spawning
habitats for Capelin (Mallotus villosus).

The assessment of potential Project-related effects on marine fish/aquatic habitat involved the direct
effects of Project activities on the physical habitat of marine fish. Potential indirect effects are
addressed as part of the marine water quality and sediment quality assessments. Project activities that
have the potential to directly affect marine fish/aquatic habitat include the in-water construction of
MLA infrastructure (in-water construction of a seasonal dock and beach ramp).

The following measures are expected to fully mitigate the potential Project effect on marine
fish/aquatic habitat: measures in place to eliminate or reduce potential effects to water quality and
sediment quality, and the construction of artificial marine shoals to offset the marine fish/aquatic
habitat loss as described in the Conceptual Fisheries Offsetting Plan. Therefore, no residual effects are
anticipated on the VEC marine fish/aquatic habitat.

As no Project residual effects are anticipated, there are no effects that could act cumulatively with
other projects. Therefore no cumulative effects or transboundary effects are expected.

Marine Fish Community

The marine fish community of Bathurst Inlet is characteristic of Arctic marine ecosystems and includes
marine, anadromous, and freshwater/estuarine species. Many of these species play important roles in
the ecological and cultural health of the area. Nineteen fish species have been captured during
baseline studies between 2001 and 2013, or are presumed to occur, in the marine LSA. Dominant
species include Fourhorn Sculpin (Myoxocephalus quadricornis), Capelin (Mallotus villosus), Pacific
Herring (Clupea pallasii), and Starry Flounder (Platichthys stellatus). None of the species sampled
during the baseline studies are threatened or endangered. Arctic Char (Salvelinus alpinus) were not
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captured during baseline studies, but are presumed to occur in the LSA due to the presence of char
spawning rivers and streams in the marine RSA.

Potential Project effects on the VEC marine fish community focused on Arctic Char and include
potential direct mortality from in-water construction and blasting, population effects from introduced
species carried by ballast water, and underwater noise from shipping activities. Mitigation measures to
eliminate or reduce potential effects to the marine fish community include limiting the amount of in-
water construction, eliminating ballast water exchange, and enforcing speed limits for ships navigating
through the RSA.

Following the application of mitigation and management measures, one residual effect was identified:
effects of shipping noise on marine Arctic Char populations. The magnitude of the anticipated residual
effect is expected to be low, the duration medium term (confined to the life of the Project), sporadic
in nature (3-10 ships per open-water season, depending on the Project phase), and confined to the
marine RSA. The residual effect will be reversible as it will end when shipping associated with the
Project ends. Contingent on the implementation of mitigation measures outlined in the Aquatic Effects
Management Plan (AEMP; Volume 10, Chapter 19), the Shipping Plan (Volume 10, Chapter 15), and the
Noise Abatement Plan (Volume 10, Chapter 18), the significance of the residual effect for marine fish
communities as assessed for Arctic Char is predicted to be Not Significant.

A potential cumulative effects assessment was conducted because a residual Project effect was
predicted. There are two potential future projects that could act cumulatively with the Project
residual effects: the proposed Bathurst Inlet Port and Road Project (BIPR) and the proposed Hackett
River Project which would use the same port location as BIPR. If these two proposed projects would
proceed, marine Arctic Char would be exposed to noise from shipping within the marine RSA. The total
amount of noise that Arctic Char may be exposed to could increase if ships passed close to each other,
but the magnitude of the effect is expected to be low, as noise increases would be confined to within
approximately 100 m of the ship location and drop to background levels outside of this area. The
frequency of noise may increase, but would continue to be sporadic. The cumulative effect would
cease once shipping activity has ended for the Project, so the cumulative effect would be of medium
duration and would be reversible. Assuming the mitigation measures that would be in place for the
Project as noted above, the significance of the cumulative effect of shipping noise on Arctic Char is
predicted to be Not Significant.

As the Project residual effect and cumulative effect were confined to the marine RSA, which resides
entirely within Nunavut, there was no potential for transboundary effects.

Seabirds/Seaducks

Seabirds and seaducks include migratory bird species that may use marine areas during any time of
year and encompass a diverse group of avian species including eiders, scoters, geese and swans,
dabbling ducks, diving ducks, loons, and gulls. Seabirds and seaducks and their nests are protected by
the federal Migratory Birds Convention Act (1994). The following three seabird and seaduck species are
listed as “Sensitive” under the Canadian Endangered Species Conservation Council (CESCC) designations
for Nunavut: common eider, glaucous gull, and long-tailed duck (CESCC 2010).

Aerial and ground surveys were conducted in the marine wildlife RSA between 2007 and 2013 during
breeding (June and July) and staging periods (August) and documented a total of 23 species in the
marine RSA in Bathurst Inlet. No evidence of breeding was recorded during breeding surveys in any
years. In spring, staging areas appeared to occur in open-water areas and near major river drainages
such as the Burnside River and Western River outflows during the spring when the majority of the inlet
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is ice covered. In late-summer and fall (mid-July and August), large numbers (> 50 birds) of Canada
geese and ducks (greater scaup and red-breasted mergansers) were observed in the shallow bay
southwest of the MLA footprint in the LSA. The greatest abundances of seabirds and seaducks were
observed in late-summer and fall periods.

Two types of Project-related activities were evaluated for potential effects to the VEC seabirds and
seaducks, including shipping and Construction and Operation activities at the MLA. Mitigation measures
have been implemented to minimize or eliminate the effects of the Project on seabirds and seaducks.
For example, the seabird and seaduck staging areas identified during the baseline surveys were
included in Project design to avoid these sensitive habitats. These areas will be avoided by developing
pre-determined flight paths, when possible, to provide horizontal and vertical buffer distances from
staging birds. A flight altitude of 650 m will also be maintained above known staging areas where it is
safe to do so. Aircraft landing and take-offs will avoid staging areas for the safety of humans and
wildlife.

Consideration of the mitigation and management activities planned to reduce potential Project effects
on seabirds and seaducks resulted in the identification of two residual effects after mitigation:
disturbance (e.g., noise) and reduced reproductive productivity. These residual effects were expected
to be of moderate to low magnitude, of medium duration (confined to the life of the Project), sporadic
in nature, confined to within the marine RSA, and reversible. The residual effects were rated as
Not Significant, contingent on the implementation of mitigation measures outlined in the Wildlife
Mitigation and Management Plan (Volume 10, Chapter 20).

A potential cumulative effects assessment was conducted because residual Project effects were
predicted. Project residual effects have the potential to interact with the reasonably foreseeable
future BIPR and Hackett River projects as they would be located within the marine RSA. The
cumulative residual effects were expected to be of low magnitude, of medium duration (confined to
the life of the Project), sporadic in nature, confined to within the marine RSA, and reversible. Overall,
the combined significance of the cumulative residual effects was anticipated to be Not Significant and
a population level effect on seabirds and seaducks is not expected to occur. As the Project residual
effects were confined to the marine RSA, which resides entirely within Nunavut, there was no potential
for transboundary effects.

Ringed Seals

Aerial surveys were conducted during the spring moulting period (mid-May through mid-July) between
2007 and 2013 in the marine RSA to assess abundance and distribution of ringed seals. Results indicated
that ringed seal abundance was spatially variable in Bathurst Inlet, with moderate densities present in
most parts of the inlet, except in the southern RSA south of Kingaok where very low densities of adult
and 8 to 10-week-old pups were found. Ringed seal lairs were only found in the northern RSA during
surveys; no lairs were observed in the southern RSA or the LSA. The low ringed seal abundance in
southern Bathurst Inlet and the absence of lairs may be due to the ice having fewer cracks and pressure
ridges as these are often used by seals for lairs and access points for breathing holes. During the
summer, ringed seal density is anticipated to be very low in Bathurst Inlet based on incidental
recordings during other baseline studies conducted in the marine RSA and evidence from literature
elsewhere.

Two types of Project-related activities were evaluated for potential effects to the VEC ringed seals,
including shipping and Construction and Operation activities at the MLA (e.g., aircraft and traffic on
winter roads that overlap marine areas). Mitigation measures will be implemented to minimize or
eliminate the effects of the Project on ringed seals. Shipping for the Project will be conducted during
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the open-water periods only (August 25 to October 31) when ringed seal density in the marine LSA and
RSA is anticipated to be very low. Activities occurring at the MLA are expected to be during the open-
water shipping period and during the winter when the winter roads are operational (December through
March). These time periods correspond to periods when seals are not in the vicinity of the LSA or
southern RSA (south of Kingaok). Therefore, the Project is not predicted to result in any residual
effects on ringed seals and no cumulative or transboundary effects are anticipated to occur.
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Acronyms and Abbreviations

Terminology used in this document is defined where it is first used. The following list will assist readers
who may choose to review only portions of the document.

ADCP
AEMP
ARD
BACI
BIPR
BMP
BWE
CCME
CEA
CESCC
CHS
COSEWIC
CPUE
CTD

Cws
DFO
DWT
EBSA
EEM
EIS
GN DOE
IBA
IPS
ISQG
KIA
KMHS
KTHS
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acoustic Doppler current profiler

Aquatic Effects Monitoring Plan

acid rock drainage

before-after/Control-impact

Bathurst Inlet Port and Road

best management practice

ballast water exchange

Canadian Council of Ministers of the Environment
cumulative effects assessment

Canadian Endangered Species Conservation Council
Canadian Hydrographic Service

Committee on the Status of Endangered Wildlife in Canada
Catch-per-unit-effort

Oceanography instrument for measuring conductivity,
temperature, depth. Conductivity is a measure of salinity.

Canadian Wildlife Service

Fisheries and Oceans Canada

deadweight tonnage

ecologically and biologically significant area
environmental effects monitoring
Environmental Impact Statement
Government of Nunavut Department of Environment
Important Bird Area

ice profiling sonar

interim sediment quality guideline
Kitikmeot Inuit Association

key marine habitat site

key terrestrial habitat site
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Project
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SE
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Local Study Area

metal leaching

metal leaching/Acid rock drainage
Marine Laydown Area

Metal Mining Effluent Regulations
Sample size

Nunavut Impact Review Board

no net loss

Nunavut Settlement Area
National Snow & Ice Data Center
Naonaiyaotit Traditional Knowledge Project
nephelometric turbidity unit
Nunavut

Nunavut Wildlife Act

Northwest Territories

permanent alteration or destruction [of fish habitat]
polycyclic aromatic hydrocarbons
protection of aquatic life
Potential Development Area
Polydimethylsiloxane

Probable Effects Level

The proposed Back River Project.
practical salinity scale

quality assurance/quality control
Regional Study Area

Species At Risk Act

standard deviation

standard error

Tributyltin
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traditional knowledge
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total suspended solids
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1. Physical Processes

1.1 EXISTING ENVIRONMENT AND BASELINE INFORMATION
1.1.1 General Bathurst Inlet Overview

1.1.1.1 Geographic Setting

Bathurst Inlet is a deep fjord-type inlet along the northern coast of the Canadian mainland, within the
territory of Nunavut (Figure 1.1-1). The entrance to the inlet is through Coronation Gulf between Cape
Barrow (68° 01' N, 110° 06' W) and Cape Flinders (68° 17' N, 108° 35" W), and the body extends over
200 km southwest into the mainland past the Arctic Circle. It has a large network of irregular shores,
and is littered with numerous islands, islets and rocks, most of which are described in greater detail by
the Canadian Hydrographic Service (1994). Melville Sound extends eastward from northern Bathurst
Inlet into Elu Inlet.

The main channel of Bathurst Inlet is relatively narrow (-2 to 15 km) and deep, with depths generally
between 100 and 200 m depth, and maximum depths over 300 m in the northern basin near
Omingmaktok (Bay Chimo). The most characteristic oceanographic features of the channel are several
sills spread along the inlet, which result in rapid shoaling of the bathymetry to depths shallower than
50 m. The largest sill is near Manning Point at the centre of Bathurst Inlet, and the shallow bathymetry
is accompanied by a narrowing of the channel width to less than 1.5 km between Quadyuk Island and
the Tinney Hills (Figure 1.1-1). This sill approximately divides Bathurst Inlet in two major basins:
the outer inlet that comprises all regions north of Manning Channel and contains the deeper, more
complex bathymetry; and the inner inlet that runs landward from near Kingaok and has few islands and
relatively simple structure with shallower depths between 100 and 150 m.

As part of the Project, a Marine Laydown Area (MLA) is proposed for the western shore of southern
Bathurst Inlet (Figure 1.1-2). The deeply indented rocky shorelines in the region lead to steep
bathymetry with narrow near-shore areas, a consequence of the inlet cutting through the massive
granite rocks that characterize the surrounding Bathurst Hills Ecoregion. Hence, the MLA site consists
of a long cobble/sand beach with a steep shoreline consisting of limited shallow areas (i.e., < 10 m)
and follows a general 120 - 125° WSW heading. The water shelf extends orthogonally from the shore at
a steep slope of approximately 20% to depths below 50 m about 240 m offshore. Beyond this distance,
the seabed slopes more gently to depths below 150 m in the main inlet channel.

1.1.1.2 Climate and Sea Ice Conditions

Meteorological baseline information for southern Bathurst Inlet has been intermittently available since
2001, and is detailed in Volume 4, Chapter 3 Climate and Meteorology and Rescan (2003, 2007, 2012a,
2012c). In general, the climate near the MLA site is characterized by long winter periods from October
to May, with limited snow (maximum snow depth ~-65 cm) and low mean monthly temperatures varying
from -29.0to -1.3°C. As is typical in the Arctic, the remaining seasons are condensed between
June and October, with relatively low mean annual rainfall (206 mm) and mean monthly temperatures
ranging from 0.5 to 14.5°C. The lowest mean daily minimum since 2001 was -38.0°C
(February 12, 2008) and highest mean daily maximum was 16.8°C (July 20, 2007).

Historically, consolidated first-year ice covers Bathurst Inlet from October to June. Ice break-up usually
occurs in the first few weeks of July, after which open waters prevail until thin new ice forms around
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mid-October. Figure 1.1-3 from Environment Canada (2013b) displays the average sea ice freeze-up and
break-up dates within the Canadian Arctic for the past 30 years. There has been significant temporal
and spatial variation in the timing of break-up and freeze-up in southern Bathurst Inlet, as well as in
the amount of ice present year-to-year. This can be seen in Figure 1.1-4 from Environment Canada
(2013a), which shows recent ice coverage data collected between 2005 and 2013 for Barrow Strait,
Franklin Strait, and the area between Queen Maud and Coronation Gulfs. The bar graphs show the
percent of ice coverage expressed as a percent of the total sea area on a weekly basis compared to the
30-year average of 1981-2010.

Observational evidence from the last few decades indicates that sea ice in the Arctic has been thinning
and retreating earlier than historical reports (Stroeve et al. 2012). Figure 1.1-4 illustrates this by
showing that most ice concentration records in the last 8 years have been lower than historical
averages. The strongest changes occurred in the summer for the more northern straits, with several
ice-free periods recently recorded where ice used to be present year-round. In 2012, Arctic sea ice was
at the lowest recorded levels since ice monitoring by satellite began three decades ago (NSIDC 2012).
Arctic ice concentrations rebounded during the 2013 summer with over 60% more ice cover than the
previous year, although the coverage was still much lower than historical averages (NSIDC 2013).

1.1.1.3 Winds and Riverine Discharge

Winds are typically a dominant forcing mechanism in the water circulation of open-water estuaries
(Liand Li 2012). Wind speed and direction were logged continuously near Bathurst Inlet at
approximately 17 km south of the MLA since 2007 (66°31'N, 107°34' W); the records for these are
described in detail elsewhere (Rescan 2012a, 2013c). Yearly wind roses from the currently available
wind data are plotted in Figure 1.1-5. Measured wind directions were generally variable year-to-year,
but could be classified in two major directions, north-northwest and west-southwest, with
south-southeastern winds having secondary importance.

The dominant wind blowing directions in Bathurst Inlet are mainly influenced by high-latitude polar
high-pressure systems. When such systems form in the Arctic, the high-pressure points move cold air
southward to lower latitudes through types of winds commonly known as Polar Easterlies.
The topography and orientation of the inlet plays a large role in funnelling these winds, thus they
maintain a northwest-to-southeast alignment in the southern channel. When polar high-pressure
systems do not form, westerlies usually dominate the Bathurst Inlet wind compass.

Due to the relative absence of obstructions (e.g., trees, buildings, mountains), wind speeds regularly
exceed 5m/s in southern Bathurst Inlet (Rescan 2012a), with average speeds ranging between
3 and 7 m/s. Stronger winds over 11 m/s occur approximately 7-10% of the time and predominantly
come from the north.

Freshwater enters Bathurst Inlet through a number of tributaries, the three largest being the Burnside
River that enters the inlet next to Kingaok, the Hiukitak River that flows partly into Gordon Bay to the
east of Manning Point, and the Western River that flows into the head of the inlet at the southern tip.
Several other smaller rivers flow into the southern inlet, notably the Amagok and No Name creeks,
which were extensively studied by Rescan (Rescan 2012d). Both creeks followed the same general
pattern of other Arctic watersheds (Woo 1990), namely, peak flows during the spring freshet after the
ice melt, followed by low flows in the summer period, and a larger flow surge in late
August/September due to increasing rainfall before the surface waters begin to freeze. A similar type
of flow pattern is surmised for the larger rivers flowing into Bathurst Inlet.
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1.1.2 Baseline Study Area

Baseline physical oceanographic surveys have been conducted regularly in Bathurst Inlet since 2001.
Open-water surveys have been carried out in the southern basin during 2001/2002, 2007, 2010, and
2012 (Rescan 2002, 2008a, 2012b, 2013a), with sampling near the MLA taking place in 2013 (Rescan
2013b). Under-ice sampling was conducted in 2008, 2012 and 2013 (Rescan 2008b, 2013a), with the
2008 sampling covering the entire inlet. Sampling sites encompassed the near-shore, mid-shore, and
the mid-channel habitat. Figure 1.1-6 shows the majority of sampling site locations in Bathurst Inlet,
while Figure 1.1-7 shows sites near the proposed MLA that were sampled in 2013.

1.1.3 Proximity to Designated Environmental Areas

No existing or proposed parks or conservation areas are near the proposed Project. The nearest
conservation area is the Queen Maud Gulf Migratory Bird Sanctuary approximately 100 km east of
Bathurst Inlet on the far side of the Kent Peninsula. The Draft Nunavut Land Use Plan (Nunavut
Planning Commission 2012) has no special designation for the marine environment of Bathurst Inlet, but
the caribou calving grounds in the region have been designated PSE-R2. The proposed Huikitak River
Cultural Area is on the eastern shore of Bathurst Inlet, ~40 km northeast of the MLA.

1.1.4 Baseline Study Methods

The following text presents the sources of the marine baseline data and describes the methods used
during the comprehensive marine studies conducted between 2001 and 2013.

1.1.4.1 Information Sources

The baseline physical oceanographic programs collected data on the ice draft, physical water column
structure (salinity and temperature), tides, light attenuation, water currents, and wave heights.
A summary of the surveys and their physical oceanographic components is presented in Table 1.1-1.
Sources of baseline physical oceanography information include the following reports:

o 2012 Marine Baseline Report, Back River Project (Appendix V7-1A; Rescan (2013a)); and
o 2013 Marine Baseline Report (Rescan (2013b)).

Other supplementary physical oceanographic data available included:

o 2001-2002 Marine Environment Baseline Report, BIPR (Rescan 2002);

o 2007 Marine Baseline Report, Hackett River Project (Rescan 2008a);

o 2008 Marine Baseline Report, Hackett River Project (Rescan 2008b);

o 2010 BIPR Project: Marine Aquatic Resources Baseline Study (Rescan 2012b); and
o 2012 BIPR Project: Physical Oceanography Baseline Study (Rescan 2012c).

1.1.4.2 Ice Draft

Ice draft is a measurement of the ice thickness below the surface waterline and serves as a close proxy
for the total ice thickness (i.e. approximately 80 to 95% (Toyota 2009)). The thicknesses of the ice cover,
as well as the timing of its eventual breakup, are important parameters that drive the changes in
seasonal water circulation within the inlet. Ice draft was measured in southern Bathurst Inlet between
May and July 2013 using a moored upward-looking ice profiling sonar (IPS; see Fissel, Marko, and Melling
(2008)) on a taught-line mooring deployed through an excavated ice hole at station ICE_WAVE_2013
(Table 1.1-1). The ice depth is determined from the return travel time of an acoustic pulse (420 kHz;
1.8° beam at -3 dB) reflected off the underside of the ice. The return time is converted to an acoustic
range value through use of the speed of sound in water. When ice is not present, water level can be
determined by the reflection from the air-water interface (see Section 1.1.4.7). Acoustic range data was
sampled every second and the internal temperature and pressure sensors collected data every 60 seconds.
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Table 1.1-1. Marine Baseline Physical Processes Sampling Program, Bathurst Inlet 2001 to 2013

Year 2001 2007 2008 2010 2012 2013
Sampling August August May August April, August, May to August
month(s) September
Sampling Rescan Rescan Rescan Rescan Rescan Rescan
agency Environmental Environmental  Environmental Environmental Environmental Environmental
Services Ltd. Services Ltd. Services Ltd. Services Ltd. Services Ltd. Services Ltd.
Sampling In-situ CTD In-situ CTD In-situ CTD In-situ CTD In-situ CTD sonde; In-situ CTD
method sonde; Secchi sonde; Secchi sonde sonde; Secchi  Secchi disk; tide sonde; Secchi
disk disk disk gauge; ADCP disk; tidal gauge;
current meter; IPS
tidal gauge
Data Water column  Water column Water column ~ Water column Water column Water column
collected profile profile profile profile profile profile
temperature temperature  temperature and temperature  temperature and temperature and
and salinity; and salinity; salinity and salinity; salinity; light salinity; light
light light light attenuation; tidal attenuation; tidal
attenuation attenuation attenuation heights; water heights; ice
currents draft; waves
Site(s) BIPR2001A HACK20071 HACK20081 BIPR2010R BACK2012BI1 BACK2013N10
sampled BIPR2001B HACK20072 HACK20082 BIPR20101 BACK2012BI2 BACK2013N12
BIPR2001C HACK20074 HACK20083 BIPR20102 BACK2012BI3 BACK2013J10
BIPR2001D HACK2007Rb HACK20084 BIPR20103a BACK2012BI4 BACK2013J12
BIPR2001E HACK20085 BIPR20103b BACK20120410 BACK2013510
HACK20086 BIPR20104 BACK20120412 BACK2013512
HACK2008R BIPR20105 BACK20120414 BACK20130650
HACK2008RSA1 BIPR20106a BACK20120420 BACK2013M7
HACK2008RSA2 BIPR20106b BACK20120422  BACK2013_TIDES
HACK2008RSA3 BIPR20107 BACK20120424  ICE_WAVE_2013*
HACK2008RSA4 BACK20120430
HACK2008RSA5 BACK20120432
HACK2008RSA6 BACK20120440
HACK2008RSA7 BACK20120442
HACK2008RSA8 BACK20120444
BACK20120610
BACK20120620
BACK20120622
BACK20120624
BACK20120630
BACK20120632
BACK20120642
BACK20120644
BACK20120650
BACK20120652
BACK20120654
BACK2012_TIDES
PHYSOC_STNA*
PHYSOC_STNB*
PHYSOC_STNC*
Number of Water column profile conducted with continuous in-situ sonde lowered at a rate < 0.5 m/s.
replicates
per site

* Stations for ADCP current meter; ** Station for IPS ice and wave measurements
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PHYSICAL PROCESSES

1.1.4.3 Water Column Structure

Water column structure in the Arctic is principally defined by the vertical stratification, which is driven
by the freezing and melting process of surface ice (Rudels, Larsson, and Sehlstedt 1991) and are
directly correlated to flow patterns and the strength of mixing. Stratification precludes mixing of nutrients
throughout the water column, which contributes to the low primary productivity observed in the region.
The physical characteristics involved in assessing water column structure include vertical profiles of
water temperature and salinity, which allow profiles of density and stratification to be calculated.

Temperature and salinity profiles were collected at several locations in southern Bathurst Inlet during
ice-covered winter (Rescan 2008b, 2013a) and ice-free summer (Rescan 2002, 2008a, 2008b, 2012c,
2012b, 2013a, 2013b) seasons. Baseline sampling was conducted at several sites in southern Bathurst
Inlet in 2001/2002, 2007, 2008, 2010, and 2012 (Figure 1.1-6), over the entire inlet during the
ice-covered period in April 2008 (Rescan 2008b), and near the MLA in 2013 (Figure 1.1-7). All vertical
profiles of temperature and salinity were taken through ice and in the open water using an
internally-logging in situ conductivity-temperature-depth (CTD) probe deployed at roughly 0.5 m/s
(Table 1.1-1; Rescan (2013a)). Sampling stations varied from year to year according to the various
project details (see Table 1.1-1).

1.1.4.4 Water Level and Tides

Water level changes in marine waters come from a combination of tidal (i.e., caused by the
gravitational pull of the moon and sun) and non-tidal (i.e. precipitation, river discharges, drought,
etc.) inputs. In order to accurately assess those inputs in Bathurst Inlet, tidal gauge stations were
operated in 2012 at the BACK2012_TIDES station situated approximately 27 km southeast of the MLA,
and in 2013 at the BACK2013_TIDES station located next to the MLA (see Figure 1.1-6). The stations
consisted of a 0-5 psi vented PT2X® pressure transducer (Instrumentation Northwest Inc.) attached to a
platform and anchored to the ocean bottom. The unit recorded water levels every 10 minutes.

Benchmarks established in 2012 and 2013 for the BACK2012_TIDES and BACK2013_TIDES locations
respectively were used as survey control points along the shoreline. The local datum was assumed to
have an elevation of 0.0 m and the main benchmark an arbitrary elevation of 100 m relative to the
datum. The elevations of the pressure transducer and water level relative to the station datum were
surveyed using an engineer’s rod and level.

1.1.4.5 Light Attenuation and Euphotic Zone

Baseline information on light attenuation was gathered at several sites during each open-water marine
survey from 2001 to 2013. Measurements of light attenuation were collected using a 30-cm, white
Secchi disk that was lowered over the shaded side of a boat until it disappeared from sight. The depth
of disappearance was identified as the Secchi depth, which was then used to calculate the depth of the
euphotic zone using known equations (Parsons, Maita, and Lalli 1984). Euphotic zone depth is the water
column depth where 1% of surface radiation reaches, and generally represents the zone where
integrated photosynthesis equals the integrated respiration (i.e., compensation depth). Above this
depth net primary production is possible given sufficient nutrients.

1.1.4.6 Marine Currents

Marine currents are continuous, directed movements of seawater generated by a variety of forces
acting on the water column. In large estuarine settings like Bathurst Inlet, these forcings can include
winds, breaking waves, density differences, tides, the Coriolis effect, and shoreline configurations.
The largest currents typically observed at the surface of estuaries are wind-driven and can sometimes
develop a downward clockwise spiral in the northern hemisphere due to the Ekman motion (Li and Li
2012), although this is usually difficult to observe in shallow coastal areas.

SABINA GOLD & SILVER CORP. 1-15
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Marine currents were measured in southern Bathurst Inlet between August and September 2012 using
moored Acoustic Doppler Current Profilers (ADCP “Sentinel Workhorse”; see Rescan (2012c)) on
taught-line moorings deployed from two aluminum boats at three different stations: PHYSOC_STNA,
PHYSOC_STNB and PHYSOC_STNC (Table 1.1-1). The ADCPs had pulse frequencies of 600 kHz and
measured water velocities at a vertical spacing of 1 m and a period of 10 minutes.
Station PHYSOC_STNA was close (i.e., ~ 13 km southeast) to the proposed MLA, Station PHYSOC_STNB
was between Tinney Cove and the southern stretch of the inlet, and Station PHYSOC_STNC was at the
narrowest point between Quadyuk Island and the Tinney Hills within Manning Channel.

1.1.4.7 Marine Waves

Marine waves are wind-generated surface waves that occur on the free surface of marine waters,
either from the near-immediate pressure fluctuations of local winds or from swells advected into the
measurement area. In large enclosed bodies of water with a complex shoreline (such as Bathurst Inlet),
local winds are the almost entirely responsible for the local wave regime.

Marine surface waves were measured in southern Bathurst Inlet between May and August 2013 using the
IPS instrument moored at station ICE_WAVE_2013 (Table 1.1-1; also see Section 1.1.4.2). The IPS
resolves marine waves by measuring the time-of-travel for acoustic pulses (420 kHz; 1.8° beam
at -3 dB) transmitted by the instrument and reflected off the sea surface. Processing of the wave data
sets involves the conversion of the time-of-travel measurements recorded internally by the instrument
to an edited time series of wave heights.

1.1.5 Baseline Study Results

The remainder of this section details each of the major collected datasets as they pertain to the
Project area.

1.1.5.1 Ice Draft

The hourly mean ice drafts for the measurement period are plotted in Figure 1.1-8. Draft values
hovered between 1.5 and 1.6 m for most of May, with an increase in drafts observed in late May
culminating with a maximum measured draft of 1.75 m on May 29. This ramping of draft is surmised to
be due to slow ice movement rather than ice growth in the measurement area. As air temperatures
began to warm in early June, the ice gradually began to melt. Complete ice breakup occurred between
June 21 and June 27, and is highlighted in Figure 1.1-8. During this period, mobile ice keels were
frequently observed with average drafts of 0.3 to 0.5 m. Open water was first observed on June 22 and
was present for the remainder of the measurement period after June 27.

1.1.5.2 Water Column Structure

The differences between winter and summer profiles throughout the inlet is illustrated in Figure 1.1-9,
which shows a composite of all water column structure data collected in Bathurst Inlet between 2001 and
2012 (see Table 1.1-1). Winter thermohaline profiles generally approximated a vertically two-layered weakly
stratified system comprised of a colder (~-1.5 - -0.5°C), less saline (26 - 27.5) upper layer of approximately
10 to 15 m depth overlaying a slightly warmer (~-0.5 - 0°C) and denser bottom layer of higher salinity (> 27).
The lack of wind-driven mixing due to the ice cover combined with the contribution of brine inputs from
surface ice formation were the most important factors in maintaining the weak water column stratification.
In the summer season, the thermohaline structure of the water column was again a two-layered profile for
all stations in Bathurst Inlet, with a sharp ~3 to 4 m thick pycnocline present at roughly 15 to 20 m depth
that separated a warmer (10 - 14°C), fresher (salinity 12 - 20) upper layer from a cold (2 to -0.5°C) and
salty (salinity > 25) oceanic bottom layer. The surface salinity in the inlet is highly dependent on the
seasonal riverine inputs (i.e., freshet) and precipitation. The combination of freshwater discharges and
wind-driven forcing during the summer months were instrumental in forming the observed surface
mixed-layer and maintaining the steep stratification between the top and bottom waters of Bathurst Inlet.
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PHYSICAL PROCESSES

Typical water structure profiles near the MLA are shown in greater detail in Figure 1.1-10, where
temperatures and salinity measured at station BACK2012BI4 during the winter ice-covered season are
compared to the summer open-water profiles of station BACK20120654. While two distinct vertical
layers were observed in both seasons, there were large variations in the upper layer characteristics.
In summer, both layers were separated by a sharp pycnocline between 10 and 15 m depth with the
surface layer comprised of warmer (10 - 12°C) and fresher (salinity: 18 to 20) waters than the cold
(0°C) and salty (27 to 28) oceanic bottom layer. The latter varied very little from summer to winter;
the deep waters remained relatively isolated throughout the year due to vertical mixing being inhibited
by the mid-layer pycnocline. However, the surface layer underwent a large transformation into a much
colder (-1.5°C) and more saline (> 27) mixed-layer from summer to winter, with a very thin pycnocline
at ~ 14 m depth. This change is surmised to occur shortly after the growing ice cover isolated the water
surface from wind mixing and triggered the slow entrainment of bottom waters into the surface
through convective exchange and brine rejection, thereby severely weakening the stratification.

While the seasonal variability of temperatures and salinity play a defining role in assessing the physical
water column structure of Bathurst Inlet, spatial variability is also an important factor for the dynamics
of the inlet. Figure 1.1-9 reveals that spatial variability of temperature and salinity in winter was very
low throughout most sampled areas of the inlet. In summer, spatial variability was slightly higher with
temperature variations of about 4°C and salinity variations of around 7; however, this was restricted to
the upper 10 m of the water column as the deep waters varied little between seasons. In terms of
across shore variability, near shore environments shallower than 15 m depth were well-mixed from
surface to sediment bottom near the MLA and at sites in southern Bathurst Inlet north and south of the
MLA; however, water column profiles were highly stratified at deeper stations (Rescan 2013a).

Spatial bottom water variations are more easily observed by examining the stratification data along the
main channel of Bathurst Inlet, which was thoroughly examined by Rescan (2008b) and is represented
in the contour plots of Figure 1.1-11. The most apparent feature of Figure 1.1-11 was the difference in
bottom water characteristics between the north and southern basins of the inlet that are separated by
the shallow sill near Manning Point. In the northern basin, bottom waters were up to 1°C colder and
2 salinity greater than similar waters south of the sill. This difference would be caused by the
constrictive effect of the sill and channel on the bottom waters in the inlet: the deep Bathurst Inlet
waters are advected from the northern oceanic waters of Coronation Gulf; however, only a fraction of
those waters are surmised to reach the southern inlet due to the sill. Thus, the water column structure
observed is very similar to a number of Fjord-type estuaries (Kennish 1986) around the world, where
deep waters have limited exchange with adjacent layers (also see bottom waters in Figure 1.1-10).

1.1.5.3 Water Level and Tides

Bathurst Inlet is characterized by two main tidal cycles: the fortnightly spring-neap cycle and the daily
mixed semidiurnal cycle consisting of two unequal sets of high and low tides per day. Water level
measurements recorded for 2012 and 2013 from the tidal gauges on the shores of Bathurst Inlet are shown
in Figure 1.1-12. Water level height data in the figure was decomposed into non-tidal and tidal components
using classical harmonic analysis (see Pawlowicz, Beardsley and Lentz (2002) for complete details);
both the daily mixed signal and the longer period spring-neap signals are clearly shown within the
extracted tidal oscillations for both years of sampling. The measured tidal heights for the inlet were
small, with a maximum tidal range for spring tides (new and full moon) of around 0.4 m, and between
0.1 and 0.3 m for neap tides (first and third quarter moons). The weak tides displayed in Figure 1.1-12
corroborate earlier preliminary data surveys by the CHS (1994) that indicated Bathurst Inlet water
circulation during open-water season was influenced by winds rather than by tides, with tidal currents
likely significantly weaker than the down-slope density flows originating freshwater discharge at the inlet
surface. Additional information on the tidal constituents in Bathurst Inlet is found in Rescan (2012c).
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1.1.5.4

Light Attenuation and Euphotic Zone

PHYSICAL PROCESSES

Baseline data for light attenuation and the depth of the euphotic zone in southern Bathurst Inlet is
presented in Table 1.1-2.

Table 1.1-2. Secchi and Euphotic Zone Depths Measured within Southern Bathurst Inlet

Station Depth Pycnocline Secchi Depth Euphotic Zone Depth
Station Date (m) Depth (m) (m) (m)
2001
BIPR2001A 14-Aug-01 40 7.0 3.5 9.5
BIPR2001B 14-Aug-01 17 5.5 3.5 9.5
BIPR2001D 15-Aug-01 64 3.0 8.1
BIPR2001E 15-Aug-01 70 4.5 3.5 9.5
BIPR2001C 14-Aug-01 29 5.5 3.5 9.5
2007
HACK20071 7-Aug-07 30 10 4.7 12.7
HACK20072 6-Aug-07 12 9.0 3.6 9.7
HACK20074 6-Aug-07 30 9.5 3.5 9.5
HACK2007Rb 4-Aug-07 22 8.0 4.5 12.2
2012
BACK20120410 1-Aug-12 1.2 bottom bottom
BACK20120412 1-Aug-12 8.1 5.5 bottom
BACK20120414 1-Aug-12 31.0 11.9 5.1 13.8
BACK20120420 1-Aug-12 1.9 1.4 bottom
BACK20120422 1-Aug-12 4.6 2.5 bottom
BACK20120424 1-Aug-12 30.3 11.9 5.4 14.6
BACK20120430 1-Aug-12 1.8 1.6 bottom
BACK20120432 1-Aug-12 10.0 3.3 8.8
BACK20120440 1-Aug-12 2.2 bottom bottom
BACK20120442 1-Aug-12 5.6 bottom bottom
BACK20120444 1-Aug-12 42 12.0 5.4 14.6
BACK20120610 3-Aug-12 2.0 1.4 bottom
BACK20120620 3-Aug-12 1.6 0.8 bottom
BACK20120622 3-Aug-12 5.9 1.2 3.2
BACK20120624 3-Aug-12 17.2 6.1 1.2 3.2
BACK20120630 3-Aug-12 1.9 bottom bottom
BACK20120632 3-Aug-12 6.4 4.0 bottom
BACK20120640 3-Aug-12 1.4 bottom bottom
BACK20120642 3-Aug-12 4.9 bottom bottom
BACK20120644 3-Aug-12 12.9 10.6 6.5 bottom
BACK20120650 3-Aug-12 1.7 bottom bottom
BACK20120652 3-Aug-12 6.0 6.0 bottom
BACK20120654 3-Aug-12 30.2 8.9 7.1 19.2

SABINA GOLD & SILVER CORP.
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DRAFT ENVIRONMENTAL IMPACT STATEMENT SUPPORTING VOLUME 7: MARINE ENVIRONMENT

South of the MLA, Secchi depths in the 2001 and 2007 sampling programs ranged from 3.0 to 4.7 m, and
the estimated euphotic zone depth ranged from 8.1 to 12.7 m (Table 1.1-2). The euphotic depth was
always deeper than the pycnocline in the well-mixed, well-oxygenated surface waters.
Thus, phytoplankton was consistently suspended in an optimal light regime to support photosynthesis and
growth during the open-water season (pending available nutrients). In shallower environments, light usually
reached the sediment surface and benthic production was therefore possible (periphyton, macroalgae).

In 2012, Secchi depths at the southern and northern Bathurst Inlet stations varied with station depth,
ranging from 0.8 to 7.1 m (Table 1.1-2). The euphotic zone reached the sediment bottom at most
stations with depths less than 10 m, except at station BACK20120622 where the euphotic zone depth
was 3.2 m due to sediment re-suspension causing highly turbid waters. At the deeper stations (greater
than 10 m), the mean euphotic zone depth at the southern stations near the MLA was 13 m, and at the
stations further south the euphotic zone extended to 3.2 (BACK20120624) and 19.2 m (BACK20120654).
The euphotic zone at the deep BACK20120644 station extended to the sediment bottom (17.2 m).
Overall, water clarity was high (i.e., low attenuation with depth) and the euphotic zone reached below
the pycnocline at deeper (> 10 m water depth) sites and included the sediment surface in the shallower
sites. Bathurst Inlet primary producers were thus typically suspended in optimal light regimes such that
the potential for benthic production was high.

1.1.5.5 Marine Currents

Under-ice marine currents have yet to be measured in Bathurst Inlet, but an overview of the winter
circulation can be surmised from the under-ice water column profiles collected during winter (Rescan
2008b, 2013a) and data reports from geographically similar estuaries, like Roberts Bay near Melville
Sound (Rescan 2012d). Typically, a 1 to 2 m thick sea ice layer begins to form in October and remains a
persistent and dominant feature of the water column for approximately eight months of the year.
Surface water circulation becomes limited because winds driving the circulation are isolated from
surface waters by the land-fast ice cover. Marine currents would be generally weak (-5 to 10 cm/s) and
would originate from a combination of tidal flows and density shifts due to ice formation brine
rejection. These features eventually erode the water column stratification and lead to a water column
structure comprised of a colder, fresher layer of 10 to 15 m thickness atop a slightly more saline and
warmer layer extending to the bottom. The advection of waters from Coronation Gulf would be slow
primarily due to the presence of a sill near Manning Channel, limiting the exchange between the
northern and southern portions of the inlet (see Figure 1.1-11).

Marine currents were measured at three stations in southern Bathurst Inlet during the 2012 open-water
season (Rescan 2012d). These currents varied in magnitude and direction depending on their location in
the inlet. For example, current roses at 3, 13 and 23 m sampling depths are shown in Figure 1.1-13 for
each of the moorings deployed in the southern basin in 2012. At the southernmost station ~13 km
southwest of the MLA (PHYSOC_STNA), the most apparent feature of the currents was the dominant
east/west direction of flow. This flow structure was present at all measured depths. There was a
strong disparity in velocity magnitudes between the top and bottom layers; for depths below 15 m,
currents rarely reached above 20 cm/s. In shallower waters, magnitudes above 40 cm/s often occurred,
with recorded maximums above 80 cm/s at 3 m depth. It appeared that the northwest-to-southeast
steep shoreline naturally directed currents generated by north/north-western winds into the
southeastern/east direction. Hence, surface currents were naturally strongly correlated with the wind data
but the water transport was counter-clockwise to the wind direction; it was assumed that the nearby
shoreline inhibited the natural Ekman transport and instead promoted east-to-west lateral water circulation
when northern winds persistently blew over the inlet. Tidal currents were also estimated to be weak
(i.e., ~< 5 cm/s) compared to the measured current magnitudes, which corroborated earlier preliminary
data surveys by the CHS (1994) that wind-driven circulation dominates the Bathurst Inlet currents.
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DRAFT ENVIRONMENTAL IMPACT STATEMENT SUPPORTING VOLUME 7: MARINE ENVIRONMENT

Further north, the measured currents at station PHYSOC_STNB (near Tinney Cove) and PHYSOC_STNC
(in Manning Channel) were dominant along the north/south axis, with large inputs from the
north-western and south-western directions. The strongest current magnitudes recorded at Station
PHYSOC_STNB, reached above 90 cm/s below 3 m depth when a large storm passed over the region.
Velocities again displayed a two-layered structure, with the top layer currents being stronger and more
northern, while the bottom layer had weaker currents and were proportionally more southern.
Tidal dynamics at station PHYSOC_STNB contributed little to the overall current magnitudes, similarly
to that was recorded at PHYSOC_STNA.

Station PHYSOC_STNC, situated within Manning Channel south of the bathymetric sill, also had currents
above/below 20 m generally flowing northward/southward, and velocities in the east/west directions
being 3 to 4 times lower. While overall current velocity magnitudes at the surface were comparable to
the other stations, large currents were recorded below 20 m depth with maximum velocities reaching
over 90 cm/s. Mean currents hovered between 20 to 30 cm/s at all depths and unlike the other stations
that had limited tidal inputs, tidal flows were estimated to reach velocities above 70 cm/s below the
surface layer at PHYSOC_STNC. These large flows were surmised to occur due to the bathymetric
constriction from the sill, which caused funnelling of the advecting northern waters and thus increased
the amplitudes of the tidal currents. Such variability in tidal effects is not unusual for high latitude
measurements; tidal current maximums from a few cm/s to over 130 cm/s have been recorded in the
Canadian Arctic Archipelago (Hannah, Dupont, and Dunphy 2009).

Given the open-water data accumulated during the 2012 sampling study, the general along-channel
vertical flow structure was identified as a positive fjord-type estuarine circulation, where the top layer
flowed seaward (i.e., north towards Coronation Gulf and Dease Strait) and the deeper waters flowed
southward from the ocean towards the head of the inlet (Rescan 2012c). The estuarine circulation was
mostly driven by a combination of freshwater discharges, either from sea ice melting or riverine inputs
along the inlet, which generated the horizontal pressure gradients that drove the seaward surface
flow. A corresponding deep water landward flow was formed by advection of northern saline oceanic
waters into the inlet by mass conservation. This inland flow was somewhat hindered by the large sill
present near Manning Point, as can be seen in Figure 1.1-11. The freshwater inputs lowered the salinity
of the surface waters of Bathurst Inlet, hence contributing to the vertical stratification seen in CTD
profiles (i.e., by forming a two-layer system with less dense water overlaying denser bottom water;
see Figure 1.1-9). The temporal and spatial stability of the bottom layer within the southern inlet
implied limited vertical exchange within the water column.

1.1.5.6 Marine Waves

Wave heights were previously estimated for the southern Bathurst Inlet region given the strong
correlation between winds and currents (Rescan 2012c). Maximum significant wave heights between
0.5 to 1 m were calculated using the average wind velocity and fetch length near the port site.
This estimate compares well with the direct time series measurements of significant wave height (H;),
maximum wave height (Hmax) and peak period (T,) obtained in 2013 and plotted in Figure 1.1-14.
Entries for which Hs was less than 0.1 m were discarded due to instrument error. The measured
significant waves were small compared to standard open-ocean conditions: over 70% of the wave data
was below 0.25 m Hs and less than 1% was above 0.5 m. The largest significant wave height of 0.68 m
and largest maximum wave height of 1.17 m occurred on July 18, 2013.
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DRAFT ENVIRONMENTAL IMPACT STATEMENT SUPPORTING VOLUME 7: MARINE ENVIRONMENT

1.1.6 Summary

This last section summarizes the marine physical processes discussed in this chapter for both
ice-covered and open-water seasons in Bathurst Inlet.

1.1.6.1 Ice-covered Conditions

During the ice-covered season, a 1 to 2 m thick ice layer forms that shelters Bathurst Inlet waters from
atmospheric winds. Over time, the under-ice convection generated from the ice growth combined with
the advection of waters from Coronation Gulf and the weak tidal flow lead to the formation of a
two-layer thermohaline structure with weak stratification in the water column. A colder, fresher layer
of 10 to 15 m thickness was observed atop a slightly more saline and warmer layer extending to the
bottom for most stations sampled within the inlet. Under-ice currents were not explicitly measured but
were surmised to be very weak, given that the currents in the inlet were mostly wind-driven.
The presence of a sill near Manning Channel limited the exchange of waters between the northern and
southern portions of the inlet and contributed to the lack of variability observed in the deep waters of
the inlet.

A schematic interpretation of the general winter circulation along the main channel of Bathurst Inlet
can be found in Figure 1.1-15.

1.1.6.2 Open-water Conditions

In early summer, the increased sunlight and warming atmospheric temperatures eventually caused the
ice cover to melt, flooding the surface of Bathurst Inlet with a large volume of fresh, warm water.
The addition of freshwater produced from ice melting and river inputs, combined with the mixing
resulting from wind-generated currents and warmer temperatures, progressively lead to the formation
of an alternate two-layered thermohaline structure with a warmer, fresher wind-mixed layer atop a
colder more saline bottom layer. The stratification was much stronger than that found in the winter
months, with the top layer remaining between 15 and 20 m thickness and being considerably warmer
and fresher than the deeper saline waters. Significant wave heights measurements indicated that
waves less than 0.5 m were likely present in southern Bathurst Inlet during most of the field sampling.

Current magnitudes, directions and variability were highly dependent on the station locations. At the
station south of the MLA, the dominant current direction was strongly influenced by the southeastern-
bearing steep shoreline close by. Upper layer currents had recorded maximums at the near-surface of
over 80 cm/s during periods of large flow, while current velocities in the deep layer ranged from
5to 10 cm/s in the north/south directions and between 10 to 35 cm/s in the east/west direction.
Currents sampled at the stations north of the MLA revealed similar flow magnitude profiles, except the
dominant directions were along the north/south axis since there was no direct shoreline influence.
The general water flow in the inlet was defined as a positive fjord-type estuarine circulation, where
the top layer flowed seaward (i.e., north towards Coronation Gulf and Dease Strait) and the deeper
waters flowed southward from the ocean towards the head of the inlet. Steep stratification at ~15 to
20 m depth separated both layers and implied limited vertical exchange within the water column.

A schematic interpretation of the general summer circulation along the main channel of Bathurst Inlet
can be found in Figure 1.1-16.
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PHYSICAL PROCESSES

1.2  INCORPORATION OF TRADITIONAL KNOWLEDGE (TK)

1.2.1 Incorporation of TK for Existing Environment and Baseline Information

The Inuit Traditional Knowledge of Sabina Gold & Silver Corp., Back River (Hannigayok) Project,
Naonaiyaotit Traditional Knowledge Project (NTKP) Report (KIA 2012) and Inuit Qaujimaningit
Nanurnut: Inuit Knowledge of Polar Bears Report (Keith et al. 2005) were reviewed for information on
marine physical processes. Most traditional knowledge in each report has been centered on local
weather and sea-ice conditions.

In recent years, the Inuit have observed less rain and snowfall, and noted that the ocean has taken
longer to freeze in the winter and that permafrost is melting. This view was particularly emphasized in
Keith et al. (2005), where there was a consensus among interviewees that sea-ice within Bathurst Inlet
and the northern waterways was freezing later and breaking up sooner when compared to the era
before the 1970s, which correlates well with ongoing satellite studies (NSIDC 2012). Elders questioned
during the study made several observations on the sea-ice changes in the area:

“l remember they used to tell us that the trapping season started on November 1, and
we used to go out and start putting out our traps and there [were] no dangerous spots
on the ocean everything would be frozen over. Now...the first of November there are a
lot of open spots in the ocean.”

“In the springtime the ice goes away a lot faster now, and it takes a lot longer to
freeze up...in the fall. When | was young the ice used to go away in August. Today the
ice goes away in mid-July and even in the first week of July.”

Other sea-ice changes remarked on were the times necessary for sea-ice to become safe for travel, and
the diminishing overall thickness of sea-ice which renders ice travel more difficult than in the past:

“...I notice the difference between now and then, when it comes to the ice and snow
conditions. In the old days, there used to be a lot of snow and lots of thick ice around
the edge, but these days there is a lot less snow and the ice is not as thick... We have
to be able to interpret the ice conditions in order to make it out there, but it’s
becoming more difficult to do so as the climate changes (Bob Konana).”

Another change noted by interviewees was the disappearance of icebergs. This change, as with the
changes in sea-ice, is associated with the era of changing from dog teams to snowmobiles, around the
1970s. Keith et al. (2005) outline that the exact timing of the disappearance of icebergs is not easy to
determine, as the definition of an iceberg is subjective. For instance, what younger hunters may
consider a true iceberg (piqalujaq), older hunters may define as a piece of multi-year ice (hikutugaq).

The NKTP report (KIA 2012) also extensively touched on how the cycle of marine ice formation and
melting was a critical factor in the hunting strategies of the local Inuit. Several elders interviewed
bemoaned some of the impacts climate change had on their people, for example:

“The climate is changing and the weather is different now. Even the lakes have

changed. [...] Inuit have begun to talk about the changes now. Even to drink out of the
river is not very good because the water is changing...”
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Other changes affecting marine processes included shallower lakes and shallower rivers that drained to
the ocean, leading to reductions in river flow, smaller fish spawning runs, and that the Arctic Ocean
took longer to freeze in general, leading to a reduction in the hunting season duration.

1.2.2 Incorporation of TK for Valued Ecosystem Component (VEC) Selection

The results of the NKTP report (KIA 2012) were used for scoping and refining the potential VEC list.
The NTKP report presents clear maps of valued animal species, environmental components, and
traditional land use activities. This information was used to determine if these valued aspects
potentially interacted with the proposed Project, and if so, they were included in the VEC list.

There were few comments related to physical marine processes in the TK report; therefore, coupled
with the Sabina-led public consultation, consultation with regulatory agencies, and regulatory
considerations, marine physical processes were classified as Subjects of Note for the DEIS.

1.3  VALUED COMPONENTS

1.3.1 Potential Valued Components and Scoping

Marine physical processes were included in the scoping and refining process with all other potential
VECs/VSECs (see Volume 9, Chapter 1). Based on Sabina-led public consultation, the TK reports
(Keith et al. 2005; KIA 2012), consultation with regulatory agencies, and regulatory considerations,
marine physical processes were classified as Subjects of Note.

1.3.2 Valued Components Included in Assessment

Marine physical processes are considered Subjects of Note for the DEIS. All information requested in
the NIRB-issued EIS guidelines relating to marine physical processes are included in this DEIS.
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2. Marine Water Quality

2.1 EXISTING ENVIRONMENT AND BASELINE INFORMATION

2.1.1 Overview and Regional Setting

The proposed Back River Project (the Project) lies in western Nunavut in the continuous permafrost
zone of the continental Canadian Arctic. The Project area is composed of three main areas: the Goose
Property Area, the George Property Area, and the Marine Laydown Area (MLA; Figure 2.1-1).
The Project will sealift materials and supplies through Bathurst Inlet during the open-water season to
the MLA located on the western shore of southern Bathurst Inlet.

Bathurst Inlet itself is a long fjord (-165 km) that is narrow (-2 to 15 km) and deep (> 300 m). It is
divided into two major basins separated by a shallow sill midway along the inlet. The outer inlet is the
deeper of the two basins and contains many islands and complex bathymetry. The inner inlet runs
landward from near Kingaok, has a relatively simple structure with few islands, and is shallower than
the outer inlet, with depths between 100 and 150 m. The Western River discharges into the head of the
inlet at the south, and the Mara River and Burnside River discharge into the western shoreline of the
inlet. Numerous small streams discharge into the inlet along the eastern and western shorelines.

Bathurst Inlet cuts through the Bathurst Hills Ecoregion that is characterized by strong relief built from
massive granite rocks. The deeply indented, rocky shorelines lead to steep bathymetry with narrow
near-shore areas. Winter is characterized by extreme cold (mean monthly temperatures -33°C), and ice
cover is generally present from November to July. Air temperatures are highest in July, reaching a mean
monthly temperature of 14°C. Regional meteorological stations report total annual precipitation between
125 mm (2009) to 344 mm (2007) for the interval 2006 to 2012 (see Volume 4, Chapter 3 for additional
information). The long cold winters promote the formation of sea-ice across the Inlet, which is typically
ice-covered from October through June with up to 2 m of ice (Volume 7, Chapter 1; Rescan 2008b).

Mean annual temperature may increase in Canada’s North by approximately 2.0°C for the climate
normal period for the years 2010 to 2030 (Volume 4, Chapter 3). Over the same time periods,
projections suggest that total annual precipitation could increase from 5 to 8% (Lemmen et al. 2008).
The projected increase in mean annual air temperatures would lead to effects on the regional
cryosphere. This would likely include alterations to sea, river, and lake ice regimes, permafrost
conditions, and winter snow pack, especially during the shoulder seasons of spring and fall.

2.1.2 Proximity to Designated Environmental Areas

No existing or proposed parks or conservation areas are in or border, Bathurst Inlet. The nearest
conservation area is the Queen Maud Gulf Migratory Bird Sanctuary approximately 100 km east of
Bathurst Inlet on the far side of the Kent Peninsula. The Draft Nunavut Land Use Plan (Nunavut
Planning Commission 2012) has no special designation for the marine environment of Bathurst Inlet, but
the caribou calving grounds in the region have been designated PSE-R2. The proposed Hiukitak River
Cultural Area is on the eastern shore of Bathurst Inlet, and is located 40 km east of Kingaok, 60 km
north-east of the proposed Marine Laydown Area (MLA), and 140 km north of the George Property Area.
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MARINE WATER QUALITY

2.1.3 Baseline Study Area

The Project will primarily interact with the marine environment locally with the site activities at the
MLA (Local Study Area; LSA) in southern Bathurst Inlet, and regionally with the ship travel through
Bathurst Inlet (Regional Study Area; RSA). The MLA may include in-water structures (marine ramp and
seasonal dock) and will be the location of the majority of Project activities that may interact with the
marine environment. For the purposes of the existing environment and baseline information, the sites
are divided into those near the proposed MLA (LSA), and those throughout the wider region of Bathurst
Inlet (RSA).

Baseline marine water quality data has been collected in Bathurst Inlet by Rescan Environmental
Services Ltd. (Rescan) since 2001, with sampling in the LSA being conducted in 2013 (Figure 2.1-2,
Table 2.1-1).

2.1.4 Baseline Studies

2.1.4.1 Information Sources

The baseline data on marine water quality were compiled from recent site-specific surveys in the
Project area. The primary sources of baseline water quality information used in the DEIS were from the
LSA that contains the MLA Potential Development Area (PDA; Rescan 2013b) and the RSA in the broader
Bathurst Inlet area (Rescan 2002, 2008a, 2008b, 2012c, 2013a). This information can be found in the
following reports:

o Bathurst Inlet Port and Road Project: 2001-2002 Marine Environment Baseline Studies (Rescan
2002);

o Hackett River Project: 2007 Marine Baseline Report (Rescan 2008a);

o Hackett River Project: 2008 Marine Baseline Report (Rescan 2008b);

o Bathurst Inlet Port and Road Project: 2010 Marine Aquatic Resources Baseline Study (Rescan
2012c);

o Back River Project: 2012 Marine Baseline Report (Rescan 2013a; Appendix V7-1A); and
o Back River Project: 2013 Marine Baseline Report (Rescan 2013b).

Baseline Study Methods

Baseline marine water quality data have been collected in the southern Bathurst Inlet during 2001,
2002, 2007, 2008, 2010, 2012, and 2013. A summary of the various sampling programs, including the
analyzed water quality parameters, sampling locations, and methodologies, is shown in Table 2.1-1.
The baseline sampling locations, including those near the MLA, are shown on Figure 2.1-2.
Full methodologies can be found in the reports listed above.

Water quality samples were collected using acid-washed Niskin (under ice) or GO-FLO (open water)
water sampling bottles. Depths of water quality sampling were determined based on the water column
structure (as determined by the temperature-salinity profiles), and whether the sites were deep
(> 5 m; several samples per site) or shallow (< 5 m; single sample at 1 m). At the deeper sites, the
following four depths were usually sampled based on the vertical stratification that was typically
observed: 1 m below the surface, 4 m above the pycnocline, 4 m below the pycnocline, and at the
mid-depth of the deep waters. The pycnocline was defined as the depth zone where the density
(i.e., salinity and temperature) changed most sharply.
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Table 2.1-1. Marine Baseline Water Quality Sampling Program in Bathurst Inlet, 2001 to 2013

Year
Sampling
Month(s)
Sampling
Agency

Sampling
Method

Data
Collected

Site(s)
Sampled

Number of
Replicates
per Site

2001
August

Rescan
Environmental
Services Ltd.

CTD**, YSI DO
Sonde,
Discrete
sampling
bottles*
Dissolved
Oxygen,

Routine Water
Quality",

Nutrients,
Metals*

BIPR2001A
BIPR2001B
BIPR2001C
BIPR2001D
BIPR2001E

2007
August

Rescan
Environmental
Services Ltd.

CTD, YSI DO
Sonde,
Discrete
sampling
bottles*
Dissolved
Oxygen,

Routine Water
Quality",
Nutrients,
Metals*

HACK20071

HACK20072

HACK20074

HACK2007Rb

2008
May

Rescan
Environmental
Services Ltd.

CTD, YSI DO
Sonde,
Discrete
sampling
bottles*
Dissolved
Oxygen,

Routine Water
Quality",
Nutrients,
Metals*

HACK20081

HACK20082

HACK20083

HACK20084

HACK20085

HACK20086

HACK2008R

HACK2008RSA1
HACK2008RSA2
HACK2008RSA3
HACK2008RSA4
HACK2008RSA5
HACK2008RSA6
HACK2008RSA7
HACK2008RSA8

2010
August

Rescan
Environmental
Services Ltd.

CTD, YSI DO
Sonde,
Discrete
sampling
bottles*
Dissolved
Oxygen,

Routine Water
Quality",
Nutrients,

Metals*
BIPR2010R
BIPR20101
BIPR20102
BIPR20103a
BIPR20103b
BIPR20104
BIPR20105
BIPR20106a
BIPR20106b
BIPR20107

2012
April, August

Rescan
Environmental
Services Ltd.

CTD, YSI DO
Sonde,
Discrete
sampling
bottles*

Dissolved
Oxygen,
Routine Water
Quality",
Nutrients,
Metals*

BACK2012BI1

BACK2012BI2

BACK2012BI3

BACK2012BI4

BACK20120410
BACK20120412
BACK20120414
BACK20120420
BACK20120422
BACK20120424
BACK20120430
BACK20120432
BACK20120440
BACK20120442
BACK20120444
BACK20120610
BACK20120620
BACK20120622
BACK20120624
BACK20120630
BACK20120632
BACK20120642
BACK20120644
BACK20120650
BACK20120652
BACK20120654

Dissolved Oxygen sampled in a profile at 0.5 m depth increments
Water Quality samples n = 1; sampled from at least one depth (shallow sites, <5 m) up to four depths
(deep sites, > 5m)

2013
July

Rescan
Environmental
Services Ltd.

CTD, YSI DO
Sonde,
Discrete
sampling
bottles®

Dissolved
Oxygen,
Routine Water
Quality",
Nutrients,
Metals*

BACK2013N10

BACK2013N12

BACK2013J10

BACK2013J12

BACK2013510

BACK2013512

BACK20130650

BACK2013Mm7

* Discrete water samples were collected in acid-washed Niskin or GO-FLO sampling bottles.
** CTD - conductivity, temperature, and depth probe.
T Routine water quality analysis includes total suspended solids (TSS), turbidity, pH, and anions.
* Metal analysis included both dissolved and total fractions.
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MARINE WATER QUALITY

Subsamples for the various water quality parameters (e.g., nutrients and metals) were drawn from the
GO-FLO and Niskin sampling bottles, with all scientists wearing powder-free nitrile gloves, and
particular care being taken not to bring the bottle or bottle cap into contact with the plastic spigot or
other possible sources of contamination. After collection and preservation, all samples were kept cold
and in the dark while in the field and refrigerated at camp prior to transport to ALS Environmental
(Burnaby, BC) for analysis. Dissolved profiles were recorded at 0.5 to 1 m intervals through the water
column using a calibrated YSI dissolved oxygen meter.

Water Quality QA/QC

Field duplicates were collected for approximately 20% of samples during each marine water quality
survey. All water quality samples were recorded on chain of custody forms before being sent to the
analytical laboratory. Equipment, field, and travel blanks were processed and submitted with the
water samples as part of the QA/QC program.

2.1.5 Marine Water Quality

2151  pH

The pH throughout the water column in the marine baseline sampling program was between 7.7 and
7.9 pH units throughout the baseline sampling program. Vertical profiles of pH collected during the
ice-covered season were generally uniform. Samples for surface waters had minor (~0.1 units) increases
at some sites during summer, likely due to inorganic carbon uptake by phytoplankton. The pH of all
samples in the marine baseline program was within the CCME marine water quality guideline range of
7.0 to 8.7 pH units (Rescan 2002, 2008a, 2008b, 2012c, 2012a, 2013a, 2013b).

2.1.5.2 Total Suspended Solids and Turbidity

The concentration of total suspended solids (TSS) and turbidity are related measures describing the
quantity of particulate material, primarily sediment, suspended in the water column. Natural variation
in TSS concentration and turbidity occur due to spatial differences in terrestrial runoff, bathymetry,
currents, and tides, and to temporal changes from season and weather. The spatial and temporal
variation in natural TSS and turbidity levels in Bathurst Inlet was evident in the baseline sampling
program (Table 2.1-2). During the open-water season, mean total suspended solids (TSS) and turbidity
levels tended to be greater in the shallower LSA sites than in the deeper RSA sites, and were greater in
the surface waters in the RSA than at depth (Table 2.1-2). Surface TSS and turbidity levels were also
greater in open water than under ice. This reflects the influence of wind-driven wave action with the
shallower sediments in the LSA, as well as the importance of riverine and aerial inputs into the entire
inlet during the open-water season. Baseline surveys have shown that naturally elevated TSS values of
greater than 20 mg/L and turbidity values greater than 15 NTU are present near river outflows
(e.g., BIPR20107) or in shallow waters (e.g. BACK20120622; (Rescan 2012c, 2013a).

2.1.5.3 Dissolved Oxygen

Dissolved oxygen concentration is an important environmental parameter that has major effects on the
aquatic life and chemistry of marine ecosystems. The atmosphere is generally the source of oxygen in
marine environments with aquatic photosynthesis supplying oxygen when conditions favour the growth
of primary producers. Respiration and the re-mineralization of organic matter consume oxygen.
Therefore, the dissolved oxygen concentration, at any moment, is the balance between oxygen
consumption (respiration), oxygen production (photosynthesis), and atmospheric influx. Water mixing
processes are very important for oxygen concentrations, since the atmospheric influx is the largest
source of oxygen for marine systems.
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Table 2.1-2. Summary of Marine Water Column TSS at LSA and RSA Sites, 2001 to 2013

n Min Mean Max
LSA
TSS (mg/L) Surface
Open-water 8 4.4 6.8 10
Turbidity (NTU) Surface
Open-water 8 3.4 5.4 7.5
RSA
TSS (mg/L) Surface
Ice-covered 35 1.0* 5.8 18.7
Open-water 73 1.0* 7.0 23.8
Deep
Ice-covered 38 1.0 6.3 27
Open-water 31 1.0* 10.0 16.7
Turbidity (NTU) Surface
Ice-covered 35 0.13 0.28 0.65
Open-water 73 0.52 3.0 18
Deep
Ice-covered 38 0.13 0.34 0.86
Open-water 31 0.20 0.51 1.9

* Analytical detection limit for TSS ranged from 2 to 3 mg/L; the minimum value shown is calculated as ¥z of the lowest
detection limit.

Water column dissolved oxygen concentrations in the LSA ranged from -9 to 12 mg/L during the
open-water season in July 2013 (Figure 2.1-3). Shallow near-shore sites (BACK2013N10) were uniformly
mixed from the surface to the sediments, with dissolved oxygen concentrations near 12 mg/L and
saturation levels near 100%. Deeper sites (BACK2013S12) did have lower (9 to 11 mg/L) dissolved
oxygen concentrations in the pycnocline. No dissolved oxygen concentrations were below the CCME
interim water quality guideline of 8 mg/L (Rescan 2013b).

In the RSA, dissolved oxygen concentrations were lower in the deep waters (> 8 mg/L) of Bathurst Inlet
than in the surface (12 to 16 mg/L; Rescan 2002, 2008a, 2008b, 2012c, 2013a). The lower oxygen
concentrations observed at depth indicate natural processes of respiration and re-mineralization were
exceeding the flux of oxygen from photosynthesis and water mixing (ultimately from the atmosphere).
On occasion, these natural processes reduced the dissolved oxygen concentration to below the
CCME interim water quality guideline of 8 mg/L, which is a common phenomenon in deep fjords
(Rescan 2008b, 2012c, 2013a).

2.1.5.4 Nutrients

Nutrients are the chemicals required by photosynthetic organisms for growth and productivity and
ultimately serve as building blocks for organic matter flowing through marine food webs. Variation in
nutrient concentrations can be caused by periodic mixing, terrestrial and atmospheric inputs, and
variations in nutrient uptake (primary producers) and re-mineralization (microbes). Nutrient uptake by
phytoplankton is often greatest in the surface mixed layer, and re-mineralization occurs primarily in
the sediments and in the deep waters. A classic “nutrient” profile has the lowest concentrations in the
surface waters, increasing concentrations through the pycnocline, and the highest concentrations in
the deep waters and near the sediments.
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The concentration of nitrogen (ammonia, nitrate, and nitrite) and phosphorus (total phosphorus and
orthophosphate) varied in Bathurst Inlet vertically within the water column and seasonally between
winter and summer (Table 2.1-3 and Figure 2.1-4). The baseline sampling program found that nutrient
concentrations throughout the Bathurst Inlet RSA and the LSA generally followed the classic vertical
profile (Figure 2.1-4). Winter nutrient profiles tended to show higher concentrations in the surface
waters during the ice-covered season than during the open-water season, likely the result of lower
rates of phytoplankton growth during the light-limited winter (Rescan 2002, 2008a, 2008b, 2012c, 2013a).

Table 2.1-3. Summary of Marine Water Nitrogen Concentrations at LSA and RSA Sites,
2001 to 2013

n Min Mean Max
LSA
Nitrate-N (mg/L) Surface
Open-water 8 0.003* 0.0039* 0.0093*
Ammonia-N (mg/L) Surface
Open-water 8 0.0025" 0.0025" 0.0025"
RSA
Nitrate (mg/L) Surface
Ice-covered 35 0.035 0.093 0.25
Open-water 73 0.003* 0.004 0.071
Deep
Ice-covered 38 0.073 0.160 0.530
Open-water 31 0.003* 0.070 0.150
Ammonia (mg/L) Surface
Ice-covered 35 0.0025" 0.0049 0.0220
Open-water 73 0.0025" 0.0071 0.0180
Deep
Ice-covered 38 0.0025" 0.0120 0.2400
Open-water 31 0.0025" 0.0230 0.0790

* Analytical detection limit for nitrate was 0.005 to 0.006 mg/L; the minimum value shown is calculated as : of the
detection limit.

T Analytical detection for ammonia was 0.005 mg/L; the minimum value shown is calculated as % of the detection limit.
* Only one of seven samples collected in the MLA were above the analytical detection limit of 0.006.

Nitrate followed the nutrient-type profile in both the ice-covered and open-water seasons throughout
the baseline sampling program (Table 2.1-3 and Figure 2.1-4). Nitrate concentrations in the surface
waters were ~0.09 mg N/L during the ice-covered season and increased to ~0.15 mg N/L in the deep
waters (one observation of 0.53 mg N/L in April 2012; Rescan 2013a). In contrast, summer nitrate
concentrations in both the LSA and RSA were near or below the analytical detection limit
(0.005 mg N/L) in the surface waters. The very low nitrate concentrations observed in the surface
waters of Bathurst Inlet in summer indicated that nitrogen was likely limiting the growth of
phytoplankton, which frequently occurs in coastal Arctic ecosystems (Rysgaard, Nielsen, and Hansen
1999). The deep waters in the Bathurst Inlet RSA had similar concentrations of nitrate in summer to
winter. Natural nitrate concentrations throughout the baseline sampling programs were much lower
than the conservative CCME long-term exposure guideline of 45 mg N/L.
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The other nitrogenous nutrients, nitrite and ammonia, were generally at low concentrations throughout
LSA and RSA. Nitrite concentrations were low (< 0.005 mg N/L) in both winter and summer, and were
often near or below detection limits throughout the baseline sampling program. Ammonia concentrations
were variable between seasons, depths, and years, but average concentrations were generally between
0.01 and 0.02 mg N/L (Table 2.1-3 and Figure 2.1-4).

Phosphorus concentrations 