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BACKGROUND

The Snap Lake Mine owned by De Beers Canada Inc. (De Beers) is located approximately 220 km northeast
of Yellowknife, Northwest Territories (NT). The Snap Lake Mine is a former underground diamond mine that
commenced commercial production in January 2008. In December 2015, DeBeers suspended operations
of the Snap Lake Mine and placed the Mine into temporary closure (termed ‘Care and Maintenance’). Since
June 2017, Mine activities and planning have been guided by three successive iterations of an Extended
Care and Maintenance Plan (Versions 1.1, 2.0, and 3.0) approved by the Mackenzie Valley Land and Water
Board (ARKTIS 2018a).
The MVLWB and Indigenous and Northern Affairs Canada (INAC) provide guidance for closure and
reclamation of Mine sites in the Northwest Territories (MVLWB/AANDC 2013). In accordance with
MVLWB/AANDC (2013) guidance, an Interim Closure and Reclamation Plan (ICRP; ARKTIS 2018a) was
developed and describes the closure objectives for the Snap Lake Mine. DeBeers is planning for the
permanent closure of the Snap Lake Mine, thus a Final Closure and Reclamation Plan (FCRP) has been
developed that will guide closure and reclamation activities with the objective of obtaining a closure
certificate and relinquishment of the former Mine site (ERM 2018a).
As outlined in the FCRP (ERM 2018a), De Beers developed closure objectives guided by four general closure
principles: (1) chemical stability, (2) physical stability, (3) no long-term active care requirements, and
(4) future land use (MVLWB/AANDC 2013; ARKTIS 2018a). The specific closure objectives borne out of the
closure principles are the result of extensive consultation with aboriginal groups, regulators and other
stakeholders, and were approved by the MVLWB in November 2012 (MVLWB 2012).
ERM Consultants Canada Ltd. (ERM) has been retained by DeBeers to ascertain whether a complete human
health and ecological risk assessment (HHERA) is necessary to fulfill the closure principles and objectives
outlined in the FCRP (in progress). The consideration of a HHERA for the post-closure period specifically falls
under the closure principle of chemical stability, which is described in MVLWB/AANDC (2013) guidance:
“Any project component (including associated wastes) that remains at the Mine after closure
should be chemically stable; chemical constituents released from the project components should
not endanger human, wildlife, or environmental health and safety, and should not result in the
inability to achieve the water quality objectives in the receiving environment, and should not
adversely affect soil or air quality into the long-term.”
This report presents the problem formulation step of a post-closure HHERA for the Snap Lake Mine.
A problem formulation is the first key step in the risk assessment process, and includes a detailed
characterization of the Mine site, relevant biological receptors and exposure pathways, and the
identification of contaminants of potential concern (COPCs). Ultimately, the key outcome of the problem
formulation is the determination of whether a complete risk assessment is required for the site and
conditions under investigation. This determination relies on the identification of COPCs in environmental
media, but is also largely dependent on which exposure pathways and protection goals (e.g., Snap Lake
Mine closure principles and objectives) are relevant to the identified COPCs.
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Site Characterization
Mine History and Timeframe

In 1997, a diamond-bearing kimberlite dyke was discovered at Snap Lake, NT. From 1998 to 2001,
exploration and resource studies continued with diamond drilling at Snap Lake. In early 1999, bulk samples
of kimberlite were mined from two pits on the Northwest Peninsula of Snap Lake. In 2001, the program
included the underground extraction and on-site processing of up to 40,000 t of kimberlite, construction of
an on-site processing plant, a Processed Kimberlite Containment (PKC) facility (later renamed Water
Management Pond, WMP), a power generating facility, a camp, an airstrip, an explosives storage facility, a
fresh water intake system, and fuel storage and distribution facilities (ARKTIS 2018a). De Beers was
granted a Type ‘B’ Water Licence and a Class ‘A’ Land Use Permit from the Mackenzie Valley Land and
Water Board (MVLWB) for these activities.
In late 2001, the Mine went into care and maintenance mode. Pumping equipment was removed, and the
underground Mine was allowed to flood. The Mine remained in care and maintenance until completion of
permitting in mid-2004. In 2004, De Beers received the necessary Water Licence, Land Use Permit, Land
Leases and Environmental Agreement to begin construction activities at the Mine site. Mine construction
occurred between 2004 and 2008. The mine began production in 2008, and was scheduled to cease
operation in 2028. However, in December 2015, the site went into Care and Maintenance mode due to
market conditions and the Mine was ultimately allowed to flood.
In 2017, the Mine entered Extended Care and Maintenance, and the Mine’s underground workings were
decommissioned and allowed to flood. In early 2018, De Beers announced intent to enter into final closure
on the Mine and was instructed to submit a FCRP to the MVLWB (ERM 2018a). Following the permitting
process, the closure activities described in the FCRP (ERM 2018a) will begin and run for approximately
5 years before the Mine enters the post-closure period.

1.1.2

Ecological Setting

The Snap Lake Mine is located within the Slave Geological Province, within the headwaters of the Lockhart
River drainage system. The Mine is located at the south and west side of Snap Lake. The Lockhart River
flows north to MacKay Lake, east to Aylmer Lake, and then south to Artillery Lake where the river finally
drains into the east arm of the Great Slave Lake.
The Report of Environmental Assessment by the MVEIRB (2003) described the topography as “gently
sloping with occasional bedrock knolls. Large scattered boulders and frost-shattered rocks dominate the
ground. Permafrost features occur in small pockets where poorly drained, peat-filled depressions are
present. Snap Lake is in the zone of continuous permafrost. Mean annual air temperatures are
approximately minus 6 Degrees Celsius.”
The Snap Lake Diamond Mine is situated within the Taiga Shield Ecozone in the High Subarctic Ecoclimatic
Region. The area experiences short cool summers and long cold winters. Between October and April, the
mean monthly temperature at the Mine site is below 0°C. In the ‘open water’ season between May 15 and
October 15, the mean air temperature is above 0°C and peaks in July with a mean temperature of 13.4°C.
The average annual temperature is -5.9°C (De Beers 2002c).

SNAP LAKE MINE
Post-Closure Problem Formulation

February 2019
Page 1-3

Spring freshet occurs in May when high volumes of water are released from melting snow. The winter freeze
begins in October when the average temperature drops below 0°C. In a typical year, 67% of precipitation
occurs as snow, while 33% occurs as rain (De Beers 2002c).
The MVEIRB’s report described the environment at Snap Lake as follows: “The Snap Lake area is mostly
composed of boulder fields and heath tundra. Stunted stands of black spruce and tamarack with white
spruce, and ground cover of dwarf birch, willow, cotton grass, lichen, and moss are interspersed among
boulders. Tussocks of sedge, cotton grass, and sphagnum moss can be found in poorly drained sites. The
area provides habitat for wildlife including grizzly bears, caribou, arctic and red foxes, wolves, and
wolverines. Birds, including small perching birds, shorebirds, gulls, ravens, ptarmigans, raptors
(e.g., peregrine falcon, gyrfalcon), and waterfowl also inhabit the lake area.” (Mackenzie Valley
Environmental Impact Review Board 2003).
As reported in the 2018 Aquatic Effects Re-evaluation Report (Golder 2018a), Snap Lake and Northeast Lake
sediments have similar characteristics such as particle size and total organic carbon (TOC) content. These
sediment qualities have generally remained consistent since the Aquatic Effects Monitoring Program (AEMP)
began in 2004. These sediments are comprised of greater than 80% fine grain material (rather than sand).
Average sediment TOC values are generally within 14 to 20 percent in Snap Lake and the reference Northeast
Lake which are considered high relative to other sub-Arctic lakes (Golder 2018a).
Arctic lakes tend to be clear, cold, and oligotrophic in nature with limited nutrients. Low nutrient levels
contribute to low primary productivity, which in turn naturally limits the biomass of secondary producers
and fish. Snap Lake and reference lakes were identified as northern clearwater oligotrophic lakes (Golder
2018a). The aquatic environment of the Snap Lake Mine area includes phytoplankton, zooplankton, and
benthic invertebrate communities. Fish species found in Snap and reference lakes include Lake Trout
(Salvelinus namaycush), Round Whitefish (Prosopium cylindraceum), and Lake Chub (Couesius plumbeus;
Golder 2018a). A more detailed discussion on habitat and identified presence of aquatic and wildlife
receptors in the Snap Lake Mine area anticipated during closure is included in Section 2.2.

1.1.3

Mine Site Setting

The Mine was an underground operation, which includes the underground workings, as well as surface
facilities. Notable surface components include: the North Pile; water management structures (i.e., sumps,
trenches, ditches and the WMP); a water treatment plant (WTP); fuel storage facilities; powder magazines
and related storage facilities; process facilities and related infrastructure; power facilities and related
infrastructure; underground heating plant; roadways; airstrip; quarries; laydown areas; and various other
buildings (i.e., mine offices, accommodations complex, general utility and storage buildings, construction
shops and warehouses, mine dry and maintenance shops, etc.).
For the purpose of the FCRP, four Mine components are considered:


Site Wide: the entire Mine site;



North Pile: the processed kimberlite storage area (including the disposal facility embankments, rock
cover, and all waste materials deposited within);



Underground Mine: all subsurface development for mining activities (including vents and portals); and
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Mine Infrastructure Areas: all surface infrastructure (e.g., the airstrip, roads, water management
structures, buildings, laydown areas, etc.) except for the North Pile and underground vents and portals.

Closure objectives to which a potential HHERA would be applicable are site-wide, thus the scope of this
Problem Formulation is also site-wide. The characteristics of individual components and related
reclamation activities for Mine closure relevant to the Problem Formulation are discussed in the following
sections and were based on pre-feasibility and feasibility level closure engineering and planning.

1.1.3.1

Waste Rock and Construction Materials

The dominant waste and construction materials found at the Snap Lake Mine site include:


Processed kimberlite (PK) and kimberlite – PK is composed of a fine fraction (i.e., <0.125 mm
particles), and a combined coarse and grits fraction (i.e., 0.125 to 6 mm). During Mine operations, fine
PK was deposited within the North Pile while coarse/grits PK was either stored in the North Pile or used
to construct embankments and rib berms of the North Pile. Some unprocessed kimberlite (which is
geochemically similar to PK) may occur in areas on site such as the bulk sample pits or former ore
stockpiles (Golder 2018c).



Metavolcanic rock – Metavolcanic rock originated from the underground mine or from quarried
materials on site and was used to construct Starter Cell rib berms and a Divider Dyke within the North
Pile. For the most part these structures were buried by PK, but a small amount of metavolcanic rock
remains on the surface of some Mine site areas (e.g., the fresh air raise near the bulk sample mine
rock pad) as a result of blasting in areas where the underlying bedrock was composed of metavolcanic
rock. Metavolcanic rock was also deposited in the North Pile as waste rock (Golder 2018c).



Granitic rock – Granitic rock originated from the underground mine or from quarried materials on site
and was used in the construction of North Pile perimeter embankments, roads, the laydown, and the
airstrip. Granitic rock was also deposited in the North Pile as waste rock (Golder 2018c).

1.1.3.2

North Pile Materials

The North Pile Facility is the engineered permanent surface storage facility for Mine waste rock (i.e., granitic
and metavolcanic rock) and PK produced during the operating life of the Mine. The North Pile was
developed in phases as waste rock and PK materials became available. Three phases, or cells, were
developed over the operating life of the Mine: The Starter cell, East Cell, and West Cell. In general, the North
Pile is composed of perimeter embankments, internal embankments, and a network of water control
structures. The perimeter berm embankments were constructed of non-potentially acid generating (PAG)
waste rock (i.e., granitic rock) and PK materials (Golder 2008). A grout curtain was constructed as a method
to limit the flow of water from Snap Lake into the perimeter water control structures of the East Cell, which
is approximately 500 m from Snap Lake.
In addition to PK and other waste rock (e.g., metavolcanic and granitic rock), the North Pile facility
incorporates a disposal facility for non-hazardous wastes. In 2012, relocation of the landfill to the East Cell
was approved by the MVLWB, as the Starter Cell approached capacity.
The geochemical assessment of kimberlite, PK, metavolcanic rock, and granitic rock has not changed from
the Environmental Assessment Report (EAR) based on subsequent geochemical assessments during
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operations, and no changes to the geochemical criteria for Mine rock management have been proposed.
Ongoing testing and monitoring occur as part of the Acid/Alkaline Rock Drainage (ARD) and Geochemical
Characterization Plan (De Beers 2014b), and results are reported annually in the ARD and Geochemical
Characterization Annual Report.
One of the main reclamation activities for the Mine site is the placement of a cover on the surface of the
deposited waste in the North Pile. As described in the North Pile Closure Cover Feasibility Report (Golder
2018f), the design objectives of this cover are to:


convey surface water runoff away from the North Pile;



resist wind and water erosion;



physically isolate waste materials from the surrounding environment;



provide safe access and egress for wildlife; and



reduce infiltration of water into the North Pile (Golder 2018f).

The two principal materials that will be used in the construction of the North Pile closure cover are:
1. Erosion protection material (nominal grain size of up to 15 cm): non-acid generating rockfill sourced
from local stockpiles and borrows used to cover the entire North Pile for erosion protection.
2. Transition material (grain sizes ranging from 0.125 to 6 mm): grits and coarse PK to be placed
between the underlying deposited PK or landfill waste materials and the overlying cover material.
Surface water runoff and seepage from the North Pile will be collected and treated prior to discharge (either
actively or passively) in order to reach acceptable discharge standards. The sump pumps and associated
piping and infrastructure will be removed from the perimeter of the North Pile (Golder 2018f). North Pile
closure activities and alternatives are described in Chapter 5 of the FCRP (ERM 2018a).

1.1.3.3

Underground Mine

Over 60 km of drifts and ramps were developed in the subsurface to support extraction of the kimberlite
dyke. The underground mine component included the underground workings (e.g., ramps, drifts, shafts and
raises), non-hazardous materials (e.g., air ducts, crushers, conveyor and other underground infrastructure),
hazardous elements (e.g., power generators, underground powder magazines, fuel, oil), and a mine water
collection and removal system. The main access to the underground mine was facilitated by a ramp from
the existing single portal located on the Northwest Peninsula in Snap Lake. A raise to surface on the
Northwest Peninsula served as the second means of exit from the mine. There were two intake ventilation
raises and an emergency egress raise on the Northwest Peninsula and two exhaust ventilation raises on
the north shore of Snap Lake. Ore was hauled by diesel trucks to an underground primary jaw crusher
located on the 5160 level and crushed material was transferred to surface by a single flight conveyor.
As part of Extended Care and Maintenance, fixed and mobile equipment, and all hazardous and degradable
materials were removed from the underground mine and all discharge of water was stopped in 2017, after
which the underground workings were allowed to flood (De Beers 2017b).
As part of the closure activities at the Underground Mine, raises and portals that surface on the northwest
peninsula and north of Snap Lake, will be closed off and sealed permanently with reinforced concrete and
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low-profile warning signs installed at each location. The two surface portals (one for the access ramp and
one for the crushed ore conveyor) will be dismantled and sealed with rockfill plugs and/or reinforced
concrete walls. Surface cuts at the portals will be backfilled to the general ground contour with surface
quarried waste rock. Closure activities and alternatives associated with the underground mine are
described in Chapter 5 of the FCRP (ERM 2018a).

1.1.3.4

North Pile Water Management Systems

A seepage collection system was incorporated into the North Pile design to collect surface water runoff and
internal seepage from the North Pile, and to convey the water to the WTP before it was discharged to Snap
Lake. The seepage and runoff collection system, which consists of water control structures such as ditches
and sumps, was used throughout the full operating life of the mine.
Currently, seepage and runoff from the North Pile reports to Sumps 1 through 5 situated along the North
Pile perimeter. During Extended Care and Maintenance and the closure period, the flow of Mine site water
into Snap Lake will occur as follows:


North Pile sump water is pumped to the WMP;



water from the WMP is pumped to a modular reverse osmosis WTP prior to discharge into Snap Lake;



water from the WTP is discharged into Snap Lake through an offshore and underwater diffuser in the
main basin of Snap Lake; and



additional Mine site inputs into Snap Lake include deep groundwater seepage from the North Pile,
potential seepage from the underground mine workings, and runoff from developed/undeveloped areas.

At the beginning of post-closure, it is anticipated that the WMP will be decommissioned and the reverse
osmosis WTP will be placed on standby. Flow of Mine site water will occur as follows:


North Pile runoff and seepage will continue to report to Sumps 1 through 5;



North Pile Sumps 1 and 2 will overflow into Sump 3;



North Pile Sump 4 will overflow into Sump 5;



water from Sump 3 and Sump 5 will overflow into constructed wetlands (proposed) prior to discharge
into Snap Lake; and



additional Mine site inputs into Snap Lake include deep groundwater seepage from the North Pile, ,
and runoff from developed/undeveloped areas.

During the closure period, construction of two wetlands is anticipated to replace water flow to the WMP.
The wetlands will be constructed during the active closure period, and remedial vegetation at these sites is
anticipated to be established before the beginning of the post-closure period.

1.1.3.5

Roads and Airstrip

Access and service roads on the Mine site were constructed with varying thickness of fill materials ranging
from <10 cm to approximately 50 cm and underlain by culverts and service conduits as required. Each winter,
a winter spur road approximately 35 km in length is used to connect the Mine to the Tibbit-Contwoyto Winter
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Road. All roads not required for post-closure maintenance and monitoring will be reclaimed at the end of the
closure period, and the remaining roads will be reclaimed after post-closure monitoring has ceased.
A 1,900 m by 45 m airstrip is located approximately 1.5 km west of the plant site and can accommodate
C-130 Hercules and Boeing 737 (or equivalent) aircraft. The airstrip will be reclaimed near the end of the
Active Closure period.
Hazards to wildlife (i.e., lighting, navigation equipment, culverts) from roads and the airstrip will be removed.
Reclamation of surfaces will involve scarifying and loosening the top surface to facilitate natural
revegetation. Where erosion or sedimentation is a concern, the surface will be re-contoured. Culverts and
other stream-crossing structures will be removed to permit natural drainage to become re-established.
As required, these crossings will be suitably armoured with coarse rock and the side slopes graded to
prevent erosion.
As described in the Environmental Hazards Assessment – Scope of Work (ARKTIS 2018b), potential
contamination along the roads, airstrip, and winter spur road is primarily due to hydrocarbons from spills
and leaks from vehicles and equipment traffic. Section 1.1.3.8 describes the plans for the identification
and management of Mine site waste and hazardous materials leading into post-closure.

1.1.3.6

Quarries

Two granite quarries were operated during the construction and initial mine operations, and have since
been covered by the North Pile. The West Cell Airstrip Quarry is currently located north of the airstrip, and
was previously operated until the Mine entered into Care and Maintenance in December 2015. Closure
activities and alternatives associated with the West Cell Airstrip Quarry are described in Chapter 5 of the
FRCP (ERM 2018a).

1.1.3.7

Surface Facilities and Equipment

The surface facilities and equipment are described in Chapter 4 and Appendix G of the FCRP (ERM 2018a).
Briefly, the existing infrastructure includes the following major components/areas:


Processing Plant Complex;



Fresh water and wastewater treatment facilities;



Batch Plant and Maintenance Shop;



Emulsion Plant;



Ammonium nitrate (AN) storage facility;



Airstrip-related structures and laydown areas; and



Bulk Fuel Storage Compound with approximately 45 ML diesel storage capacity.

Ancillary surface infrastructure that supports site operations includes:


Warehouse and storage buildings;



Laydown and freight storage areas constructed of compacted fill for temporary storage of equipment
and materials;
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The closure activities (and alternatives) associated with the decommissioning, cleaning, and removal of
surface facilities and equipment are discussed in Chapter 5 of the FCRP (ERM 2018a).

1.1.3.8

Waste and Hazardous Materials

The 2018 Waste Management Plan (De Beers 2018) provides a framework for (1) the appropriate handling
and disposal of waste, (2) achieving minimal adverse environmental impacts, and (3) achieving compliance
with the mine’s Water License and waste management guidelines. The Waste Management Plan discusses
waste identification, classification, storage, disposal, treatment, and transportation for all wastes generated
during the Extended Care and Maintenance and final closure of the Snap Lake Mine (De Beers 2018).
An environmental hazards assessment has been completed (ARKTIS 2018b), which evaluated the potential
for soil contamination at the following mine areas: the Emulsion Plant and , the IL6 Watershed Catchment,
the Temporary Hazardous Materials Storage Area, Laydown 1, the former construction camp, the landfarm,
the roads and airstrip, and the West Cell of the North Pile. The hazards assessment identified the Areas of
Potential Environmental Concern (APEC) that will inform the development of a Phase II/III Environmental
Site Assessment (ESA) at the Mine in accordance with the Canadian Standards Association (CSA Z-769/00).
With consideration of the APECs identified by (ARKTIS 2018b), surface soil sampling across the entire Mine
site will be conducted after decommissioning and analyzed for contaminants such as hydrocarbons and
glycol to determine the extent of soil contamination. Any contaminated soils will be excavated and stored
in appropriate sealed containers for off-site shipment and disposal, or treatment in the landfarm.
A Remedial Action Plan (RAP) will be developed based on the results of the ESA, and will include a detailed
plan for remediation of these soils.

1.1.3.9

Mine Site Environments

Aquatic Environment
During the post-closure period, the aquatic environment will comprise all surface water waterbodies within
the Local Study Area (LSA; see Section 2.1), the Regional Study Area (RSA), and downstream of Snap Lake.
These surface water environments include:


North Pile and Mine site seepage/runoff;



North Pile perimeter sumps (i.e., Sumps 1 through 5);



proposed constructed wetlands;



bogs;



underground workings;
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Organisms inhabiting the aquatic environment include various species of periphyton, zooplankton,
phytoplankton, benthic invertebrates, and fish (De Beers 2018a). Wildlife and humans may also use the
aquatic environment as sources of drinking water or for habitat. The biological receptors associated with
the aquatic environment are described in greater detail in Section 2.1.
North Pile seepage, runoff, perimeter sumps, and constructed wetlands will not be fish-bearing waterbodies
and will represent a negligible fraction of the overall available habitat to aquatic life in the area. The main
receptor of concern with respect to these water management features is terrestrial wildlife (e.g., caribou,
birds, etc.) which may come into temporary contact with them. As described in Section 2.5 of the Problem
Formulation, all sites within the aquatic environment were conservatively screened against water and
sediment quality benchmarks/guidelines designed for the protection of aquatic life. However, any COPCs
specifically associated with the North Pile water management structures were further assessed for
relevance using guidelines applicable to the protection of wildlife (Section 2.5; CCME 1999a).

Terrestrial Environment
During the closure and post-closure periods, the terrestrial environment comprises all surface terrestrial
areas within the LSA and RSA. These areas have the potential to be influenced by chemicals originating
from other existing Mine site components (e.g., via dustfall onto the terrestrial surface or by uptake of
chemicals from soil into plants).
Animals in contact with the terrestrial environment include wildlife (e.g., mammals and birds) and humans. The
biological receptors associated with the terrestrial environment are described in greater detail in Section 2.2.

1.2

Objectives and Guidance for the Problem Formulation

Problem Formulation is the first component of a HHERA and involves: describing site conditions, describing
key human and ecological receptors likely present at the Snap Lake Mine site at the time of closure, and
screening COPCs at concentrations predicted to be present at closure. The objective is to determine
whether a complete HHERA is necessary at the time of post-closure.
For any risk to exist, three prerequisites have to be in place:
1. a substance must be present at hazardous concentrations;
2. a receptor must be present; and
3. an exposure pathway must exist by which the receptor can come into contact with the substance.
The principles of the Problem Formulation is used to identify (1) potential sources of COPCs, (2) projectspecific COPCs, (3) receiving environments, (4) exposure pathways, and (5) potential receptors. Each
component includes consideration of uncertainties that may affect the confidence of the Problem
Formulation conclusions. The current report uses the approach and framework outlined by Environment
Canada (2012) to conduct the Problem Formulation.
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PROBLEM FORMULATION

The purpose of the Problem Formulation is to identify COPCs at levels that are potentially harmful to
ecological and human receptors present, or with the potential to be present, at the Snap Lake Mine site
and adjacent aquatic receiving environments during the post-closure period (years 2026 to 2050).
A product of the Problem Formulation step is a Conceptual Site Model (CSM), which represents the current
understanding of the COPC sources, release, and transport within and among environmental media, and
exposure pathways by which COPCs may contact receptors. The Problem Formulation step involves:


identification and description of potential receptors based on the current and future use of the site;



identification of operable exposure pathways;



the CSM; and



screening and identification of COPCs.

The following assumptions apply to the identification of post-closure COPCs in environmental media
relevant to the Mine site:


The most recently sampled and analyzed environmental media quality represents the closest
approximation to closure and post-closure conditions in media for which predictive modelling was not
conducted (i.e., all media except surface water and air quality), and will be used to identify COPCs.



Current measured surface water quality (i.e., field-collected in 2017) representing uncontrolled runoff
influenced by key Mine site geochemistries (i.e., processed kimberlite, metavolcanic rock, and granitic
rock; Section 1.1.3.1) does not necessarily represent post-closure conditions and are not appropriate
for identifying post-closure COPCs. Nevertheless, water quality from recently measured Mine site
components receiving uncontrolled runoff was conservatively screened for COPCs because predictive
modelling was not conducted for this surface water. Any COPCs identified in measured surface water
representing the key Mine site geochemistries will therefore serve only as early indicators of potential
future exceedances of relevant water quality benchmarks or guidelines, but will not be carried forward
in the Problem Formulation as final COPCs (see Section 2.5.1).



The WMP is anticipated to be decommissioned prior to post-closure, and constructed wetlands
(currently in the design phase) will be installed to collect overflow from Sump 3 and Sump 5 prior to
discharge into Snap Lake. Thus, measured or predicted WMP water quality was not used to screen for
post-closure COPCs.



All controlled runoff and seepage from the North Pile will report to Sump 3 and Sump 5 during
post-closure; therefore, predicted water quality in Sumps 3 and 5 reasonably represent the surface
water quality of North Pile seepage, runoff, and all perimeter collection sumps.



The edge of the mixing zones in Snap Lake (e.g., in the main basin and northwest arm) conservatively
represent Snap Lake water quality in post-closure because this will be the first point of contact between
Mine site discharge water and Snap Lake. Thus, COPCs were screened using predicted Snap Lake water
quality at the edge of the mixing zones.
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The current Snap Lake diffuser station (i.e., SNP 02-20e) conservatively represents Snap Lake
sediment quality in post-closure because it is the first point of contact between Mine site discharge
water and Snap Lake. Although the diffuser will not be used in post-closure, currently measured
sediment quality at SNP 02-20e was screened for COPCs.

2.1

Study Area

Consistent with the original Environmental Health (EH) assessment of the 2002 Environmental Assessment
(EA; Section 11 of De Beers 2002c), the LSA for this Problem Formulation was defined as the project
footprint with a 500-m buffer. A 500-m buffer around the project footprint was adopted from the original
EH assessment and was considered an adequate area to address all potential effects to aquatic life,
terrestrial wildlife, and human receptors in the post-closure period.
The RSA of the 2002 EH assessment was defined as an area within a 31-km radius of the center of the Mine
site (Section 11 of De Beers 2002). As described in De Beers (2002), the 31-km radius RSA was selected to
assess and quantify all potential impact areas outside the LSA but that may still be affected by the Snap Lake
Mine. However, because the RSA for the post-closure air dispersion model was defined as the area within a
48-km radius from the Project footprint, the RSA in this Problem Formulation has been adjusted to be
consistent with the air dispersion modelling (i.e., a 48-km radius from the center of the Mine site). The LSA and
RSA are shown in Figure 2.1-1.

2.2
2.2.1

Receptor Selection
Rationale for Receptor Selection – Ecological Receptors

There are many species of aquatic biota and terrestrial wildlife present in the sub-Arctic environment. Based
on a review of species that may be present at or around the Snap Lake Mine site, representative (surrogate)
receptor types for each receptors group are selected for inclusion in the Problem Formulation.
Determination of a representative receptor type for each ecological receptor group was based on
methodology from Environment Canada (2012) taking into consideration the following criteria:


ecological relevance: the species is representative of the local ecosystem and the species plays a key
role in the food chain or could be representative of a trophic level within the food chain;



potential for COPC exposure: the species has the greatest potential for exposure based on how it uses
the site (migratory versus resident; site utilization), home range and habitat suitability;



availability of ecotoxicological and life history data: the species has sufficient characterization data to
facilitate the calculation of exposure and risk, and/or is recognized to be sensitive to the identified COPCs;



conservation relevance: the species is of intrinsic ecological significance (e.g., endangered, threatened
or rare species); and



social, economic, or cultural relevance: the species has been identified as a valued ecological
component for cultural, social, or economic reasons.
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Wildlife Receptors

The 2002 EA identified a number of wildlife receptors representative of the species that would be found in
different positions in the food chain (e.g., plant-eating and meat-eating species; De Beers 2002a):


caribou (Rangifer tarandus) from the Bathurst herd;



grizzly bear (Urus arctos horribilis);



wolf (Canis lupus arctos);



red and Arctic fox (Vulpes vulpes and Vulpes lagopus);



wolverine (Gulo gulo);



peregrine falcon (Falco peregrinus tundrius);



willow ptarmigan (Lagopus lagopus);



Arctic ground squirrel (Spermophilus parayii);



common loon (Gavia immer);



mallard duck (Anas platyrhynchos); and



semi-palmated plover (Charadrius semipalmatus).

Upon reclamation, it is expected that these wildlife receptors will return to the Mine site and therefore these
receptors have been adopted for the post-closure Problem Formulation. As described in the 2002 EA
(De Beers 2002c), it is expected that the above listed species represent a wide range of sensitivity to
COPCs, and are among the species expected to experience the highest degree of exposure to the Mine site
during post-closure.
Species such as caribou and ptarmigan are valued by recreational users (e.g., for hunting purposes) and
are therefore represented in the list of wildlife receptors (De Beers 2002c). Species that are prey for other
wildlife (e.g., arctic ground squirrel, fox, caribou, etc.) are also represented in the list of wildlife receptors.
Wildlife inhabiting the LSA or RSA which have small home ranges (e.g. arctic ground squirrel) could
potentially be exposed to the Mine site area more often than wildlife with much greater home ranges
(e.g., grizzly bear or caribou). Therefore, the list of wildlife receptors also represents species with a variety
of home range sizes (De Beers 2002c).

2.2.1.2

Aquatic Life Receptors

With respect to aquatic life, a variety of primary producers, benthic and pelagic invertebrates, and fish species
are present in waterbodies at the Snap Lake Mine site. Planktonic species (e.g., algae, fungi, rotifers, and
protozoa species) in the lakes at the Mine site and surrounding area support zooplankton and
macroinvertebrates, which are in turn preyed upon by fish. As described in the 2002 Aquatic Organism and
Habitat Baseline Report (De Beers 2002b) and the 2010 to 2017 AEMP reports (De Beers 2011a, 2012a,
2013a, 2014a, 2015a, 2016a, 2017a, 2018a; Golder 2018a), typical planktonic species in Snap Lake
include cyanobacteria (blue green algae) and diatoms. The predominant zooplankton taxa present in Snap
Lake, depending on water depth and season, are rotifers and copepods (Calanoida; Golder 2018a).
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Nutrient concentrations have changed in Snap Lake since 2004 when the Mine started operating.
Nitrogen (as well as nitrate and nitrite) concentrations have been steadily increasing in Snap Lake since
2004, but phosphorus concentrations have remained relatively constant (Golder 2018a). The higher
nitrogen concentrations are related to the treated effluent from the Mine. Since the beginning of the AEMP,
small changes have been observed in the phyto- and zooplankton communities of Snap Lake (Golder
2018a), including a temporal shift in cladocerans (water fleas) and spatial and temporal differences in
phytoplankton abundance within different areas of Snap Lake. However, these changes have not adversely
affected the function of this community as a key component of the food chain for fish (Golder 2018a).
Benthic invertebrates are effectively sedentary residents in surface waters and include: snails, mussels,
insect larvae (midges, flies), and worms. Benthic invertebrates feed on (and moderate) standing crops of
primary producers (i.e., phytoplankton) and are a major food source for bottom feeding dabbling ducks,
fish, and other invertebrates. Predators may feed on a variety of different invertebrate groups, as
community structure can change seasonally or over time.
Golder (2018a) reported that between 2009 and 2013, the average densities of total benthic invertebrates
in Snap Lake have remained relatively consistent. Between 2013 and 2015, mean total density in the Snap
Lake main basin increased by approximately 40-fold. This increase in density was accompanied by an
increase in total number of species groups, suggesting that there may be a biologically significant effect of
mine effluent on the benthic invertebrate community, potentially due to nutrient enrichment. However,
these changes have not adversely affected the function of this community as a key component of the food
chain for fish; potential fish food has increased, not decreased (Golder 2018a).
Typical fish species in Snap Lake include: longnose sucker (Catostomus catostomus), burbot (Lota lota),
lake trout (Salvelinus namaycush), round whitefish (Prosopium cylindraceum), Arctic grayling (Thymallus
arcticus), lake chub (Couesius plumbeus), and slimy sculpin (Cottus cognatus; De Beers 2002b). Lake trout,
whitefish, and lake chub are dependent on zooplankton, insects, aquatic insect larvae and phytoplankton
for their diet, and tissue quality (i.e., metal concentrations) has been assessed for these species during
baseline and AEMP studies (Golder 2018a). In this Problem Formulation, lake trout and whitefish were
selected as representative insectivorous and piscivorous fish species, respectively.

2.2.2

Rationale for Receptor Selection – Human Receptors

The Problem Formulation for human health identifies human receptors that may be present at the former
Snap Lake Mine site upon reclamation and thus may be exposed to COPCs released by the Mine. Employees
of the Mine (workers conducting reclamation, maintenance, or monitoring) are not included in this Problem
Formulation, as occupational health and safety regulations are protective of employees at all times while
on the site. Employees will not be permitted to fish or harvest game during work periods.
On December 3, 2017, a Traditional Knowledge (TK) workshop was organized by North Slave Metis Alliance
(NSMA) to discuss incorporation of TK into Snap Lake closure criteria prior to regulatory submission of an
updated closure plan in January 2018 (NSMA 2017; ERM 2018b). Participants from the NSMA responded
to questions on TK posed by DeBeers for incorporation into closure criteria. Notes from the workshop were
consulted to provide context on potential human land use of the former Snap Lake Mine site at closure and
post-closure. Based on the workshop, people are expected to visit the former Mine site and thus human
receptors are included in the Problem Formulation (NSMA 2017):
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“The group consensus was that future land use strongly depends on two factors: access, and the
potential future return of caribou. If the caribou return, the area will definitely be used for hunting
trips, especially if an all-season road to the Lockhart Lake camp ever is built. However, in the
absence of caribou, the group expected that most of the people visiting the area would be those
who are curious to see how the site has been cleaned up. It was noted that Snap Lake itself does
not have good fishing, and so without caribou there is little reason to use the area.”
“The group agreed that the site would be used mostly in winter, unless road access becomes
possible. The group agreed that duration of time land users would stay on site will vary with
conditions. Groups will stay “until they get a caribou.” However, it was noted that trips would likely
be relatively short as there is not much firewood in the area.”
Furthermore, natural revegetation of the Mine site with seeds from the local environment was strongly
encouraged. The group did not want to see structures that would allow wildlife to be cornered by predators.
The group also reiterated their desire for fine cover material over all rock structures so that wildlife, and
especially caribou, would not be injured when passing through the area.
Based on the results of the TK workshops (ERM 2018b), the most likely non-occupational exposure would
be to people who travel to the study area to visit the former Mine site or to harvest traditional foods
(i.e., game, fish, and vegetation). People who visit, hunt, harvest, and fish in the area could be exposed
directly to chemicals from the Snap Lake Mine site in air (dust), water, snow, and soil. Vegetation and
wildlife may accumulate chemicals from the Snap Lake Mine site; therefore, indirect exposure to people
that hunt and fish may occur through consumption of traditional foods. Family and other community
members of all age groups may be indirectly exposed to chemicals from the Project because traditional
foods (e.g., caribou meat) could be brought back to communities for consumption.

2.2.3

Identified Receptors of Concern

Based on the text in the preceding sections (Sections 2.2.1 to 2.2.3), representative aquatic and wildlife
receptors are identified in Table 2.2-1.

Table 2.2-1

Representative Receptors for Quantitative Evaluation

Receptor Group

Representative Receptor
Type or Species

Rationale for Inclusion in HHERA

Primary Producers
(Phytoplankton/
Macrophytes)

Macrophytes
(aquatic plants)

Species like sedge are important forage for sensitive species
(e.g., caribou, grizzly) and other species at the Snap Lake
Mine site (e.g., dabbling ducks).

Primary Producers

Algae

Major taxonomic group in most freshwater lakes at the Snap
Lake Mine site.

Zooplankton (rotifer and
copepod species)

Major taxonomic group in most freshwater lakes at the Snap
Lake Mine site.
Key food source for important fish species.

Pelagic
Invertebrates
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Representative Receptor
Type or Species

Rationale for Inclusion in HHERA

Insect larvae

Major taxonomic group in most freshwater lakes at the Snap
Lake Mine site.
Key food source for important fish species and water birds
(e.g., dabbling ducks).

Insectivorous Fish

Lake Chub

Small home range, a proposed sentinel species for exposure
to COPCs within Snap Lake.
Feed on mainly aquatic invertebrates and some aquatic
vegetation.
Currently monitored in as part of the AEMP and during
baseline studies.
Prey species for larger piscivorous lake trout.

Insectivorous Fish

Whitefish

Feed on mainly on benthic aquatic invertebrates.
Currently monitored in as part of the AEMP and during
baseline studies.

Piscivorous Fish

Lake Trout

Major taxonomic group in most freshwater lakes at the Snap
Lake Mine site.
Mainly piscivorous, but rely on aquatic insects and
zooplankton during early life stages and to supplement their
diet.
Identified as a fish for human consumption.
Large available toxicological dataset.

Herbivorous
Mammal

Arctic Ground Squirrel

Small resident species, with small home range.
Expected to be attracted to soils around Snap Lake Mine for
burrowing.
Key prey item for avian and mammalian carnivores.
Opportunistic forager, that is mainly herbivorous, though
very rarely eats carrion.

Herbivorous
Mammal

Caribou

Of cultural significance as key game species and sensitive
conservation status.
Important prey item for key predators (e.g., wolves, grizzly).
Feed on vegetation typical of lakeshores (e.g., sedges) and
boulder fields and rocky outcrops (e.g., lichens).
Attracted to eskers around lakeshores.

Piscivorous/
Carnivorous
Mammal

Grizzly bear

Resident species, top predator.
Low reproductive capacity.
Feed on fish, aquatic vegetation, and wildlife (caribou is an
important food item).
Of cultural significance and sensitive conservation status.
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Rationale for Inclusion in HHERA

Representative Receptor
Type or Species
Red and Arctic Fox

Resident species.
Small home range, and are accustomed to disturbed human
use areas.
Opportunistic; feeds on terrestrial invertebrates, birds, small
mammals, as well as vegetation.
Significant predator for nesting waterfowl and small mammals.
Representative of wolf and wolverine.

Herbivorous Bird

Rock Ptarmigan

Resident species, with a small home range and preference
for habitat typical of the Snap Lake Mine area.
Culturally important game species.
Key prey item for higher level avian and mammalian
carnivores, especially in winter.
Contribute to moderating productivity of primary producers.
Representative of willow ptarmigan and other similar
species.

Piscivorous/
Carnivorous Bird

Peregrine Falcon

Sensitive conservation status (i.e., listed as species of
special concern).
Key predator of small mammals, fish, and birds at the Snap
Lake Mine site.
Monitored in the Snap Lake Mine Wildlife Effects monitoring
Program since 1999.

Omnivorous Bird

Mallard Duck

Forages within lakes on aquatic invertebrates and vegetation.
Of cultural and economic significance, dabbling ducks are
game birds.
Present at the Snap Lake Mine area (2015 and 2016; De
Beers 2018b).
Representative of common loon.

Notes:
HHERA = human health and ecological risk assessment
AEMP = aquatic effects monitoring plan

2.3

Potential Receptor Exposure Pathways

There are several potential exposure pathways that link substances in environmental media (e.g., COPCs)
to relevant ecological and human receptors. The exposure routes that exist between environmental media
and receptors depend on many factors which may be direct, indirect, or both. Ecological receptors
(i.e., aquatic life or terrestrial wildlife) and humans are directly exposed to substances in environmental
media through contact with water, sediment, soil, and vegetation (depending on the species). Uptake of
environmental media can also occur indirectly through the transfer of substances in the food chain.
Exposure pathways considered for inclusion in the Problem Formulation include the following:


incidental ingestion of soil (human and terrestrial wildlife receptors);



incidental ingestion of sediment (aquatic life, terrestrial wildlife, and human receptors);
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dermal contact with sediment (aquatic receptors only);



gill uptake (fish and benthic invertebrate receptors);



ingestion of water (aquatic life, terrestrial wildlife, and human receptors);



ingestion of plants exposed to Mine site soil and water (terrestrial wildlife and human receptors);



ingestion of terrestrial prey that have absorbed substances through the ingestion of soil, vegetation,
and surface water (human and wildlife receptors);



ingestion of aquatic prey that have absorbed substances from their diet and surrounding water (aquatic
life, terrestrial wildlife, and human receptors); and



inhalation of air influenced by fugitive dust (human receptors only).

Ecological receptor exposure to COPCs via inhalation and dermal contact are not pathways usually
considered in ecological risk assessments (Environment Canada 2012). Wildlife toxicity reference values
(TRVs) for inhalation and dermal contact are unavailable. In addition, fur and feathers are effective at
blocking most materials from direct contact with the skin and the ingestion pathway is expected to be a
much larger contributor to wildlife exposure, while inhalation and dermal exposures are expected to be very
small contributors (Sample et al. 1997; BC MOE 2013). Thus, terrestrial wildlife exposure to COPCs via the
inhalation and dermal contact pathways were not considered in this Problem Formulation.
The dermal contact route was included for aquatic life receptors, as benthic invertebrates have a large
surface area to volume ratio and are embedded in sediments and water. Therefore, the dermal exposure
route may be a significant portion of benthic invertebrates’ exposure to COPCs and thus was included for
aquatic life receptors.

2.4

Conceptual Site Model

A CSM is a representation of the characteristics of the site in diagrammatic form, and is developed within
the Problem Formulation step of a risk assessment to identify the exposure routes that link relevant
environmental media (e.g., Mine site components) to ecological and human receptors.
In Section 2.2, ecological and human receptors with the potential for exposure to environmental media
(e.g., surface water, sediment, soil, prey tissues, and air) within the LSA and RSA were described. Representative
site-specific receptors were selected for both the terrestrial (i.e., wildlife and human) and aquatic (e.g., benthic
invertebrates and fish) receiving environments. As described in Section 2.3, exposure pathways between
biological receptors and environmental media were identified, while non-significant pathways (e.g., the
inhalation and dermal contact routes for terrestrial wildlife) were eliminated from further consideration.
Figure 2.4-1 represents a pictorial representation of the general pathways by which aquatic life, terrestrial
wildlife, and human receptors may be exposed to Mine site components (e.g., North Pile seepage and
runoff, North Pile perimeter sumps, the proposed constructed wetlands, Snap Lake, Mine site surface soil
and vegetation, and fugitive emissions in air).
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Conceptual Site Model for Potential Exposure of Biological Receptors to Post-Closure

1

Runoff and seepage from the North Pile report to
perimeter Sumps 1-5.
2
Sump water overflows to proposed constructed wetlands.
3
Groundwater seepage from North Pile reports to Snap
Lake.
4
Water from the sumps and/or constructed wetlands is
discharged to Snap Lake.
5
Fugitive dust within the Mine site in post-closure (e.g.,
from access roads and North Pile cover).

Water management system
water flow
Surface water and sediment
Dermal contact and/or
ingestion
Dietary exposure pathway
Inhalation exposure
pathway
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Identification of Contaminants of Potential Concern

The objective of this section is to identify COPCs at the Snap Lake Mine site during closure and/or postclosure periods. Based on the identified receptors of concern (Section 2.2), the environmental media
screened for COPCs includes air, surface water, sediment, soil, and fish tissue. Where model predictions of
media quality are not available, the most recent field-monitored data obtained during Care and
Maintenance (or Extended Care and Maintenance) were screened as a surrogate for closure and/or
post-closure conditions.
Model predictions are available for air quality and surface water quality in closure and/or post-closure.
All other media (i.e., sediment, soil, and fish tissue) were screened for COPCs using recent field-sampled
data. Chemical concentrations that have been modelled and/or measured in field samples predominantly
include metals, major ions, and nutrients.
Despite the expectation of a general decrease in concentrations following closure, Mine-related COPCs have
the potential to be remain elevated (i.e., above relevant benchmarks or guidelines) in various environmental
media during post-closure. These media include surface water (e.g., including seepage and runoff), sediment,
air, animal tissues, soil, and vegetation. The identification of COPCs was focused on the available measured
and modelled chemical analytes reported from various monitoring programs and modelling reports produced
for the Snap Lake Mine. The sources of data, relevant screening criteria (i.e., guidelines, benchmarks, etc.),
and identification of COPCs are described for each environmental medium below.

2.5.1

Surface Water

2.5.1.1

Sources of Surface Water Data

Modelled Post-Closure Surface Water Quality
Preliminary water quality modeling was performed to predict concentrations of parameters (i.e., dissolved
solids, major ions, nutrients, total metals, and total metalloids) from the Snap Lake Mine site. The following
sources of modelling results were reviewed for COPC screening:


Snap Lake Mine – Predictions of Total Dissolved Solids, Major Ions, Nutrients, and Total Metals and
Metalloids Concentrations from the Snap Lake Mine site, 2018-2050 (Golder 2018b);



Snap Lake Mine – Predictions of Total Dissolved Solids, Major Ions, Nutrients, and Total Metals and
Metalloids Concentrations in Snap Lake, 2018-2050 (Golder 2018d); and



Snap Lake Mine – Effluent Quality Criteria Report for Closure and Post-Closure (Golder 2018e).

Golder (2018b, 2018d) provide preliminary water quality modelling results for Extended Care and
Maintenance, the closure period, and the post-closure period. Predictive water quality modelling was
performed for the following locations:


overflow from North Pile Sumps 3 and 5;



the WMP;



discharge from the WTP; and
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Snap Lake (sites SNP 02-20e, SNAP-08, and the edge of the mixing zones at main basin and
northwest arm).

Based on the above modelling results, Golder (2018e) has developed proposed effluent quality criteria
(EQC) as part of an application to renew Water Licence MV2011L2-0004 for the Mine during post-closure.
The EQC will be applied at the last point of discharge to Snap Lake and are intended to help meet closure
objectives and be protective of Snap Lake and downstream waterbodies (Golder 2018e). EQC were
developed for parameters which met the following three criteria:


the predicted 95th percentile discharge concentration (i.e., overflow from Sump 3 or 5) was greater than
the ‘normal range’ in Snap Lake (the normal range is described in the AEMP reports; Golder 2018a);



the predicted 95th percentile discharge concentration (i.e., overflow from Sump 3 or 5) was greater
than the corresponding AEMP benchmark (Golder 2018e); and



the predicted concentrations at the edge of the mixing zone in Snap Lake are greater than 75% of the
AEMP benchmark.

Because the EQC report screened water quality predictions at key locations during the post-closure period
against the AEMP benchmarks (Golder 2018e), the EQC report was considered a source for the preliminary
identification of surface water COPCs in the Problem Formulation (see Section 2.5.1.2).
The WMP and the WTP will be decommissioned prior to the beginning of the post-closure period. Therefore,
post-closure water quality of North Pile seepage and runoff discharged into Snap Lake is conservatively
represented by Sump 3 and Sump 5 predictions (although water discharged into Snap Lake is reasonably
expected to be of higher quality because Sump 3 and Sump 5 water will be directed to passive treatment prior
to discharging into Snap Lake). Similarly, post-closure water quality in Snap Lake is conservatively represented
by predictions of water quality at the edge of the mixing zones (at the main basin and the northwest arm of
Snap Lake), as these are the first points of contact between Sump 3 and Sump 5 water into Snap Lake (prior
to substantial dilution of the discharged water in Snap Lake). Thus, modelled concentrations in Sump 3,
Sump 5, and the edge of the mixing zones in Snap Lake were considered to be sufficiently representative of
surface water chemistry influenced by Mine site materials and were screened for COPCs.
Further details on the preliminary water quality modelling inputs, assumptions, methodology, and results
are provided in the draft modelling reports (Golder 2018b, 2018d) and the Effluent Quality Criteria Report
for Post-Closure (Golder 2018e).

Current Measured Surface Water Quality
In addition to surface water locations for which modelled concentrations are available (i.e., the North Pile
sumps, Snap Lake, the WMP, and discharge from the WTP), there are a number of surface water features in
the Mine site area (e.g., runoff, seepage, sumps, ditches, ponds) that are sources of water exposure to
ecological receptors. During the open water season (approximately May 15 to October 15), these surface
water features are monitored as part of the annual Seepage Survey (ARKTIS 2017a), and/or the annual ARD
and Geochemical Characterization Reports (De Beers 2018c). Not including Snap Lake or downstream lakes
(which are monitored as part of the annual AEMP), monitored Mine site surface water locations include:


Surveillance Network Program (SNP) monitoring locations (27 sites);
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Based on a review of annual ARD and Geochemical Characterization reports from 2003 to 2018, Golder
(2018c) characterized the overall geochemistry and stability of the Snap Lake Mine in preparation for closure.
In consideration of the final Mine site layout, the geochemical characteristics of closure conditions will be
dominated by three rock types: processed kimberlite, metavolcanic rock, and granitic rock (Golder 2018c).
Based on the leachate potential of these materials during closure conditions, Golder (2018c) identified
specific surface water sites that reasonably represent the surface water quality influenced by PK,
metavolcanic rock, and/or granitic rock. These monitoring locations include the following:


SNP 02-02: a collection ditch at the base of the North Pile (representative site for combined runoff and
seepage from the North Pile);



SNP 02-05: a site at the bulk sample mine rock pad (BSMRP) that collects surface runoff from the helipad,
roads, and buildings (representative of uncontrolled, metavolcanic site runoff to Snap Lake); and



Airstrip Bogs: Bog Runway West, Bog Runway Northwest, Bog Runway South, and Bog Runway
Southeast are located near the airstrip and are representative sites for uncontrolled granitic runoff.

The geochemistries of the above locations represent the dominant influences of post-closure surface water
quality at the Mine site, the most recently sampled water quality at these sites was considered for identifying
current COPCs that have the potential to remain elevated (i.e., exceed AEMP benchmarks or relevant
guidelines) in the closure and post-closure periods. The rationale for including (or excluding) SNP 02-02,
SNP 02-05, and the Airstrip Bogs water quality for the identification of COPCs is provided below.

Exclusion of SNP 02-02
Measured water quality at SNP 02-02 was not screened for COPCs because post-closure surface runoff and
seepage from the North Pile PK is reasonably represented by modelled water quality at Sumps 3 and 5.

Inclusion of SNP 02-05
Measured water quality at SNP 02-05 was screened for COPCs because post-closure modelling was not
conducted for this location (nor for any other location sufficiently representative of uncontrolled site runoff
to Snap Lake). According to the source terms of the Snap Lake water quality model (Golder 2018d), water
quality at SNP 02-05 is assumed to linearly converge to Stream 1 water quality (i.e., natural watershed
runoff to Snap Lake) by the year 2035 (i.e., within 10 years of the post-closure period). Thus, the monitored
water quality from 2017 at both SNP 02-05 and Stream 1 were reviewed for identifying potential sources
of surface water COPCs in post-closure.

Inclusion of the Airstrip Bogs
Measured water quality at the bogs in proximity to the airstrip (i.e., Bog Runway West, Bog Runway
Northwest, Bog Runway South, and Bog Runway Southeast) were screened for COPCs because post-closure
modelling was not conducted for these locations (nor for any other locations sufficiently representative of
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uncontrolled granitic runoff). The most recently monitored water quality from 2017 at the airstrip bogs was
screened for identifying potential sources of surface water COPCs (due to historical and uncontrolled
granitic runoff from the airstrip) during post-closure. Water quality at a recently sampled reference bog
(“Bog Reference North Shore”) was also considered for COPC identification.

2.5.1.2

Criteria for Selection of Contaminants of Potential Concern in Surface Water

In the post-closure period, the Snap Lake Mine site will include various surface water features (e.g., North
Pile seepage and runoff, collection sumps, bogs, streams, and Snap Lake) that are potential exposure
pathways to ecological and/or human receptors. Therefore, the identification of COPCs was determined
using relevant water quality benchmarks or guidelines (referred to as screening criteria) for aquatic life,
wildlife, and humans. Below are the screening criteria that were used for the identification of COPCs for
post-closure conditions at the Snap Lake Mine.

Criteria based on Current and Proposed AEMP Benchmarks
The main source of screening criteria used to identify COPCs in surface water was the current and proposed
AEMP benchmarks developed for the Mine site waterbodies (Golder 2018e). The AEMP benchmarks for the
protection of aquatic life are comprised of generic Canadian Council of the Ministers of the Environment
(CCME) water quality guidelines (CCME 1999a), site-specific EAR benchmarks (De Beers 2002c),
health-based drinking water guidelines (Health Canada 2018b), and approved site-specific water quality
objectives (SSWQOs; Golder 2018e). The current and proposed AEMP benchmarks are described in the
EQC Report for Post-Closure (Golder 2018e).

Criteria for Parameters without AEMP Benchmarks
Post-closure water quality at the Snap Lake Mine site will need to be protective of aquatic life, wildlife, and
human receptors. Generally, the AEMP benchmarks (which were developed for the protection of aquatic
life) are more stringent than water quality guidelines for the protection of wildlife and human health.
However, AEMP benchmarks were not developed for all parameters with relevant water quality guidelines
for the protection of aquatic life, wildlife, or human health.
For surface water not reasonably expected to be used by human receptors (e.g., surface water representing
North Pile seepage and runoff, or bog water), the screening criteria expanded upon the current AEMP
benchmarks to include relevant guidelines from the following sources:


CCME long-term water quality guidelines for the protection of aquatic life (CCME 1999a);



CCME water quality guidelines for the protection of agriculture (livestock and irrigation; CCME 1999a); and



British Columbia Ministry of Environment and Climate Change Strategy (BC MOECCS) long-term water
quality guidelines for the protection of aquatic life (BC MOE 2018).

For surface water locations potentially used by human receptors (e.g., Snap Lake), the screening criteria
expanded upon the current AEMP benchmarks and the above ecologically-relevant guidelines to include
human health-based guidelines developed by Health Canada (2018b) and the BC MOE (2017).
The screening criteria for parameters which were not developed for AEMP benchmarks but with relevant
guidelines are summarized in Table 2.5-1. All AEMP benchmarks were retained as screening criteria except
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vanadium, which has a proposed AEMP benchmark of 0.12 mg/L (Golder 2018e). In this case, the
proposed AEMP benchmark for vanadium was conservatively superseded with the (CCME 1999a) water
quality guideline for the protection of agriculture (irrigation; 0.1 mg/L) in order to be protective of potential
wildlife receptors at the Mine site.

Table 2.5-1

Parameters With Relevant Guidelines but were not Developed for AEMP Benchmarks

Parameter

Long-term Aquatic Life
Guidelines
(mg/L)

CCME Water Quality Guidelines
for the Protection of Agriculture
(mg/L) a

Human Drinking
Water Guidelines
(mg/L)

-

3,000

≤500 d

Beryllium

0.00013 b

-

-

Calcium

-

1,000

-

-

0.05 d, e

Total Suspended Solids

Manganese
Sodium

-

-

≤200 d

Vanadium

-

0.1 c

-

Notes:
AEMP = Aquatic Effects Monitoring Program; CCME = Canadian Council of Ministers of the Environment
a Values are CCME (1999a) livestock watering guidelines unless indicated otherwise.
b BC MOE (2018) long term aquatic life water quality guideline.
c CCME (1999a) water quality guideline for the protection of agriculture – irrigation.
d Health Canada (2018b) human drinking water quality guideline.
e BC MOE (2017) human drinking water quality guideline.

2.5.1.3

Identified Contaminants of Potential Concern in Surface Water

Modelled Post-Closure Surface Water Quality
The EQC Report (Golder 2018e) provides the model results and the comparison of post-closure water quality
(i.e., the 95th percentile concentrations) in Sump 3, Sump 5, and Snap Lake (at the edge of the mixing zones)
to AEMP benchmarks. Table 2.5-2 lists the post-closure COPCs that were identified in Sump 3 and Sump 5
surface water predictions to be greater than Snap Lake baseline conditions (described as the “whole-lake
average upper bound concentration of the normal range”) and greater than the AEMP benchmarks (Golder
2018e). No modelled parameters exceeded the additional screening criteria listed in Table 2.5-1.
Table 2.5-3 lists the post-closure COPC (i.e., nitrate) that was identified in Snap Lake (i.e., at the edge of
the mixing zones in the main basin and the northwest arm) to be greater than Snap Lake baseline
conditions (described as the “whole-lake average upper bound concentration of the normal range”) and
greater than the AEMP benchmarks (Golder 2018e). Of the modelled Snap Lake concentrations reported
by (Golder 2018e), no parameters exceeded the additional screening criteria listed in Table 2.5-1.
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Identified Post-Closure COPCs in Sumps 3 and 5
Units

Sump 3 a

Sump 5 a

AEMP
95th Percentile
AEMP
95th Percentile
Benchmark Concentration in Post-Closure Benchmark Concentration in Post-Closure
(2026 to 2050)
(2026 to 2050)
Nutrients
Ammonia-N

mg/L

1.52

3.4

1.52

3.3

Nitrate-N

mg/L

2.93

60

3.2

53

Nitrite-N

mg/L

0.2

0.37

0.2

0.36

Phosphorous

mg/L

0.011

0.055

0.011

0.041

Major Ions
Chloride

mg/L

120

201

120

179

Sulphate

mg/L

128

288

128

225

Total Metals
Aluminum

mg/L

0.1

0.27

0.1

0.27

Cobalt

mg/L

0.0008 to
0.0018

0.0042

0.0008

0.0032

Copper

mg/L

0.002

0.0027

0.002

0.0024

Iron

mg/L

0.3

0.46

0.3

0.51

Nickel

mg/L

0.025

0.09

0.025

0.067

Zinc

mg/L

0.0056

0.0095

0.0065a

0.0085

Notes:
COPC = Contaminant of potential concern; AEMP = aquatic effects monitoring plan
a Modelled concentrations and associated AEMP benchmarks are presented in the EQC Report for Post-Closure
(Golder 2018e).

Table 2.5-3
COPC

Identified Post-Closure COPCs at Edge of Mixing Zones in Snap Lake
Units

Snap Lake (Main Basin) a

Snap Lake (Northwest Arm) a

AEMP
95th Percentile Concentration
AEMP
95th Percentile Concentration
Benchmark
in Post-Closure
Benchmark
in Post-Closure
Nutrients
Nitrate-N

mg/L

2.2

2.4

3.2

3.3

Notes:
AEMP = aquatic effects monitoring plan
a Modelled concentrations and associated AEMP benchmarks are presented in the EQC Report for Post-Closure
(Golder 2018e).
The COPCs in Snap Lake were identified using the AEMP benchmark minus 25% (shown).
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Current Measured Surface Water Quality
Selected surface water monitoring sites (see Section 2.5.1.1) which are not represented by predictive water
quality modelling were also screened for COPCs under ‘current conditions’ (i.e., using the most recent data
available). The ‘current conditions’ COPCs identified below do not represent COPCs for the post-closure
period (and are therefore not being carried forward as COPCs). However, COPCs identified under current
conditions serve as an early indicator of future potential COPCs in the post-closure period if current Mine
site conditions remain fairly constant over time.
The ‘current conditions’ COPCs were identified based on maximum measured surface water concentrations
from the 2017 monitoring period that exceeded the relevant screening criteria (i.e., the AEMP benchmarks
and additional guidelines from Table 2.5-1), as well as reference site concentrations (+ 10%). The ‘current
conditions’ COPCs identified in the Airstrip Bogs (i.e., Bog Runway West, Bog Runway Northwest, Bog
Runway South, and Bog Runway South) are presented in Table 2.5-4. The Airstrip Bogs represent Mine site
surface water quality influenced by granitic geochemistry (Golder 2018c).

Table 2.5-4

Airstrip Bog Monitoring Sites (Representative of Granitic Geochemistry)
Units

Screening
Criteria a

Reference Bog
(North Shore) b

Minimum

Mean

95th
Percentile

Maximum

Nitrate-N

mg/L

2.93 c

0.0025

0.0025

2.92

11.6

14.5

Phosphorous

mg/L

0.011

0.011

0.0053

0.0547

0.136

0.148

Aluminum

mg/L

0.1

0.0857

0.0582

1.57

5.098

5.98

Cobalt

mg/L

0.0008 to
0.0018c

0.000215

0.000588

0.0017

0.00413

0.00475

Copper

mg/L

0.002 c

0.00104

0.00098

0.004

0.010372

0.0119

Iron

mg/L

0.3

0.178

0.0278

2.24

6.11

7.01

Lead

mg/L

0.001 c

0.000042

0.000014

0.000827

0.00254

0.00288

Zinc

mg/L

0.03

0.00485

0.0015

0.0218

0.0459

0.049

Current
Conditions
COPCs
Nutrients

Total Metals

Dissolved Metals
Cadmium

mg/L

0.000029 c

0.0000313

0.0000025

0.0000242

0.000062

0.000073

Zinc

mg/L

0.002 d

0.00485

0.00249

0.02

0.0352

0.0378

Notes:
a Listed screening criteria are the AEMP benchmarks described by Golder (2018e)
b Total concentrations for the reference site (North Shore Bog) were not available. Dissolved concentrations are shown in
place of total concentrations for the reference site.
c Hardness-dependent guideline for the minimum observed hardness in the runway bogs in 2017 monitoring period
(6.6 mg/L as CaCO3). Range for cobalt is based on the guideline hardness range of 52 to 396 mg/L as CaCO3 (ECCC 2017).
d Hardness-, pH-, and dissolved organic carbon (DOC)-dependent water quality guideline by CCME (1999a). Value based on
hardness of 6.6 mg/L, pH of 7, and DOC concentration of 1 mg/L.
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The ‘current conditions’ (i.e., 2017) COPCs identified at monitoring site SNP 02-05 are presented in
Table 2.5-5. Monitoring site SNP 02-05 represents Mine site surface water quality influenced by
metavolcanic geochemistry (Golder 2018c).

Table 2.5-5

Monitoring Site SNP 02-05 (Representative of Metavolcanic Geochemistry)

Current
Conditions COPCs

Units

Screening
Criteria a

Reference Runoff
(Stream 1) b

Minimum

Mean

95th
Percentile

Maximum

Aluminum

mg/L

0.1

0.064

0.319

0.470

0.563

0.564

Cobalt

mg/L

0.0008 to
0.0018c

0.000174

0.00232

0.0029

0.00313

0.00314

Copper

mg/L

0.0020

0.00108

0.0112

0.0155

0.0235

0.0254

Iron

mg/L

0.30

0.319

0.301

0.556

0.7009

0.703

Zinc

mg/L

0.03

0.00176

0.0124

0.0260

0.0466

0.0497

Total Metals

Notes:
a Listed screening criteria are the AEMP benchmarks described by Golder (2018e)
b Stream 1 represents natural watershed runoff to Snap Lake (Golder 2018d) and serves as a reference surface water
location for Mine site runoff/seepage.
c Range for cobalt is based on the guideline hardness range of 52 to 396 mg/L as CaCO3 (ECCC 2017).

Summary of Surface Water Contaminants of Potential Concern in Post-Closure
Based on a review of the available modelling predictions for Sump 3, Sump 5, and Snap Lake at the Main
Basin and Northwest Arm diffuser stations (Golder 2018e), post-closure COPCs were identified for several
modelled parameters using a combination of AEMP benchmarks and water quality guidelines deemed
relevant for the protection of ecological and human receptors (Section 2.5.1.2). The identified COPCs were
reviewed against the AEMP benchmarks and the relevant CCME (1999a), BC MOECCS (2018b), and Health
Canada (2018b) water quality guidelines (previously listed in Table 2.5-1) to identify the biological receptors
(aquatic life, wildlife, or humans) and exposure pathways for which the COPCs applied (Table 2.5-6).

Table 2.5-6

Post-Closure Contaminants of Potential Concern by Biological Receptor and Surface
Water Location

Biological Receptor
Group

Post-Closure Surface Water COPCs
Sumps 3 and 5 (Representative of North Pile Seepage,
Runoff, and Sump Quality)

Snap Lake

Ammonia, Nitrate, Nitrite, Phosphorous, Chloride,
Sulphate, Aluminum, Cobalt, Copper, Iron, Nickel, Zinc

Nitrate

Wildlife Receptors

None

None

Human Receptors

None a

None

Aquatic Life Receptors

Notes:
COPC = contaminant of potential concern.
a North Pile seepage, runoff, and sump water (represented by Sumps 3 and 5 predictions) are not considered as exposure
pathways to human receptors.
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The post-closure surface water COPCs listed in Table 2.5-6 were carried forward as COPCs and represent a
potential risk to aquatic life such as benthic invertebrates that are assumed to inhabit North Pile sumps in
the post-closure period. Current conditions COPCs identified from monitoring data collected in 2017 (see
Tables 2.5-4 and 2.5-5) were not carried forward as post-closure COPCs. However, the current COPCs
identified from 2017 monitoring data for the airstrip bogs and at SNP 02-05 (general site runoff) serve as
early indicators of the potential for future exceedances of relevant surface water benchmarks or guidelines
during post-closure.
Water quality at the airstrip bogs is anticipated to improve over time, as reclamation of the airstrip will
involve scarifying and loosening the top surface to facilitate natural revegetation. Where erosion is or
sedimentation is a concern, the surface of the former airstrip will be re-contoured (ERM 2018a). Thus, in
post-closure conditions, runoff collected in the airstrip bogs is not expected to be influenced by airstrip
materials to the same degree as they currently are. Similarly, general site runoff is expected to improve
over time due to the general closure activities (including remediation) described in Chapter 5 of the FCRP
(ERM 2018a) and the Snap Lake Mine Waste Management Plan for Extended Care and Maintenance and
final closure (De Beers 2018).

2.5.2

Sediment

2.5.2.1

Sources of Data

Predictive modelling of future metal concentrations in sediment was not conducted for the closure or
post-closure periods. Therefore, the most recent available sediment monitoring data was assumed to be
representative of post-closure sediment quality for certain Mine components (e.g., North Pile sumps and
Snap Lake) and used to identify COPCs for the post-closure period. A temporal and spatial analysis of
sediment quality trends in Snap Lake (including historical and current sediment quality at the Main Basin
diffuser station) was provided in a draft 2018 Aquatic Effects Re-Evaluation Report (Golder 2018a).
Sediment quality in the North Pile sumps was most recently sampled in 2016 and reported in the WMP and
North Pile Sumps Sediment Quality Investigation (ARKTIS 2016). The North Pile sumps sampled in 2016
(N = 11) include the perimeter sumps and the temporary sump (i.e., PS1, PS2, PS3, PS4, PS5, and TS4;
ARKTIS 2016).
Using these data, ARKTIS (2017b) proposed sediment closure criteria for water control structures (i.e., the
WMP and North Pile Sumps). Because the WMP will be decommissioned for the post-closure period, only
Snap Lake and North Pile sump sediment quality (as reported in ARKTIS 2017b) was considered for the
identification of COPCs.

2.5.2.2

Criteria for Selection of Contaminants of Potential Concern

Snap Lake Sediment
The data and preliminary conclusions reported in the 2018 Aquatic Effects Re-evaluation Report (Golder
2018a) were used to identify post-closure COPCs in Snap Lake. The most recent sediment quality
(i.e., concentrations measured in 2017) at the main basin diffuser station (SNP 02-20e) were compared to
Canadian interim sediment quality guidelines (ISQGs) for the protection of aquatic life developed by the
CCME (1999b). The current ISQGs (as mg/kg dry weight) are as follows: Arsenic = 5.9, cadmium = 0.6,
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chromium = 37.3, copper = 35.7, lead = 35, mercury = 0.17, and zinc = 123 (CCME 1999b). The
interpretation of temporal and spatial sediment quality trends in Golder (2018a) was also adopted for the
identification of Snap Lake sediment COPCs.

Sediment in North Pile Sumps
The maximum concentrations in North Pile sump sediment in 2016 (as reported in ARKTIS 2017b) were
screened against federal ISQGs (CCME 1999b), and compared to baseline sediment quality from Snap
Lake, Reference Lake, and Lockhart River Watershed.

2.5.2.3

Identified Contaminants of Potential Concern in Sediment

Snap Lake Sediment
Between 2004 and 2015, sediment concentrations of arsenic, cadmium, chromium, copper, and zinc were
frequently observed to be above ISQGs in Snap Lake (Golder 2018a). However, Golder (2018a) reported that
Snap Lake sediment concentrations of these metals did not show significant increasing trends in Snap Lake
between 2004 and 2015, and suggest that the metals which have historically exceeded ISQGs are often
found to be naturally elevated in lakebed sediments in the Canadian Shield. In the most recently available
sediment quality at the Snap Lake diffuser station (SNP 02-20e) in 2017, no exceedances of ISQGs were
observed, and all concentrations of metals with ISQGs fell within normal ranges observed since 2004 (Golder
2018a). Therefore, no COPCs were identified for Snap Lake sediments.

Sediment in North Pile Sumps
Based on a comparison of maximum sediment concentrations in North Pile sump to federal ISQGs (CCME
1999b) and to maximum baseline concentrations in Snap Lake, Reference Lake, and Lockhart Watershed
(ARKTIS 2017b), chromium was identified as a sediment COPC. Chromium was identified as a post-closure
COPC because the most recently collected sediment samples (i.e., 2016) in North Pile sumps had a
maximum concentration of 173 mg/kg (dry weight), which was greater than the ISQG of 37.3 mg/kg (dry
weight) and the maximum concentration across all baseline reference sites (60 mg/kg dry weight at the
Lockhart River Watershed). Table 2.5-7 summarizes the North Pile sediment concentrations in relation to
the available federal ISQGs and the reference locations.

Table 2.5-7
Parameter

North Pile Sump Sediment Quality in Relation to Sediment Quality Guidelines and
Baseline Concentrations in Other Waterbodies
ISQGs
(mg/kg
dry weight)

Baseline Sediment Concentrations a
Snap Lake Baseline

Reference Lake

Lockhart River Watershed

2016 North
Pile Sump b

Arsenic

5.9

1.6

1.5

55.3

0.23

Cadmium

0.6

0.7

0.4

1

0.134

Chromium

37.3

42.1

28

60

173

Copper

35.7

88.6

45.7

92.9

33.9
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Baseline Sediment Concentrations a

2016 North
Pile Sump b

Snap Lake Baseline

Reference Lake

Lockhart River Watershed

35

6.4

5.8

501.5

6.74

Mercury

0.17

0.1

0.07

0.739

0.0196

Zinc

123

233

104

167

120

Lead

Notes:
ISQG = Interim Sediment Quality Guideline for the protection of aquatic life (CCME 1999b).
Shaded cells represent exceedance of the ISQG.
All measured values are maximum reported concentrations.
a Baseline sediment quality was reported by ARKTIS (2017b) which cited De Beers (2002b) as the source of data.
b North Pile Sump sediment quality was reported by ARKTIS (2017b), which cited ARKTIS (2016) as the source of data.

2.5.3

Fish

2.5.3.1

Sources of Data

Metal concentrations in fish tissue were not predicted for the Project’s closure or post-closure periods;
therefore, the most recent available fish tissue data from the AEMP was assumed to be representative of
fish tissue during the closure and post-closure periods. This assumption is considered to be conservative
since treated effluent discharges were much lower in 2017 (De Beers 2017a) and discharge
concentrations of most metals are expected to continue to be lower in the closure period due to installation
of a reverse osmosis unit at the WTP (Golder 2018a).
The most recent AEMP was conducted in 2016 and it is the 13th annual AEMP report for the Project
(De Beers 2017a). Among other objectives, the AEMP is designed to monitor Snap Lake for potential
mine-related effects and one of the core programs of the AEMP is to monitor fish tissue chemistry (De Beers
2017a). In 2016, the kidney, liver, and muscle tissue from Lake Trout and Round Whitefish were collected
for tissue chemistry analyses from Snap Lake as well as from two reference lakes (Northeast Lake and
Lake 13). The raw fish tissue data is provided in Appendix 9A of De Beers (2017a).

1.1.1.2 Criteria for Selection of Contaminants of Potential Concern
The fish tissue chemistry data were screened against applicable health-based guidelines to determine COPCs
for human health. Health Canada (2018a) and the Canadian Food Inspection Agency (CFIA) apply a standard
of 0.5 mg/kg wet weight for total mercury to all commercial-sold fish. The fish tissue standard assumes an
average consumption rate of fish off 22 grams/day (Health Canada 2018a). However, this consumption rate
may not be protective of Aboriginal communities that consume large quantities of fish. Thus the BC MOECCS
aquatic life guidelines for fish/shellfish when the diet is primarily based on fish for different levels of fish
consumption were also considered (Table 2.3-7; BC MOECCS 2018a).
The most conservative BC MOECCS (2018a) guideline for total mercury for fish/shellfish consumption is
0.1 mg/kg wet weight, based on a consumption rate of 1,050 grams of fresh fish per week (equivalent to
150 grams per day). The most conservative BC MOECCS (2018a) guideline for total selenium for
fish/shellfish consumption is 1.8 mg/kg wet weight, based on a consumption rate of 220 grams of fresh
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fish per day. These high quantities of fish consumption incorporated into the BC MOECCS guidelines are
expected to be protective for Aboriginal communities with elevated fish consumption.
The metal concentrations in fish tissue collected in 2016 were also compared to baseline data from Snap
Lake collected in 1999 and 2004, reference lakes data (i.e., Northeast Lake and Lake 13), and the normal
range (i.e., the range of natural variability observed in the region; De Beers 2017a). The 2017 AEMP
(De Beers 2017a) defines the normal range as a baseline and regional reference normal range as per
(Barrett et al. 2015), thus the normal range dataset included data from: Snap Lake prior to operation of
the mine, the AEMP reference lakes, and regional reference lakes (i.e., MacKay Lake and Reference Lake).

1.1.1.3 Identified Contaminants of Potential Concern
The maximum concentrations of mercury and selenium in lake trout and round whitefish kidney, liver, and
muscle tissue collected in 2016 under the AEMP are provided in Table 2.5-8.

Table 2.5-8
Parameter

Maximum Concentrations of Mercury and Selenium in Fish Collected from Snap Lake,
Northeast Lake, and Lake 13 in 2016
Health
Canada/CIFA
Standard a

BC MOE
Consumption
Guidelines b

Mercury

0.5

Selenium

-

Lake Trout Tissue
Concentrations

Round Whitefish Tissue
Concentrations

Kidney

Liver

Muscle

Kidney

Liver

Muscle

0.1

3.39

3.95

1.55

0.203

0.188

0.0969

1.8

3.19

4.4

0.672

3.12

2.44

0.557

Notes:
All concentrations are in units of mg/kg wet weight.
(-) = not available
CIFA = Canadian Food Inspection Agency
a Health Canada (2018a). The mercury tissue guideline is based on a fish consumption rate of 22 grams/day.
b BC MOECCS (2018a). The mercury tissue guideline is based on a fish consumption rate of 150 grams/day. The selenium
tissue guideline is based on a fish consumption rate of 220 grams/day.
Grey shading indicates exceedance of the Health Canada/CIFA standard for mercury in fish tissue.
Bold and italics indicates exceedance of the BC MOE fish consumption guidelines for mercury or selenium.

2016 Results for Lake Trout Tissues

Mercury
The mercury concentrations in lake trout liver and muscle tissue collected from Snap Lake in 2016 were
significantly lower than baseline concentrations (De Beers 2017a). A baseline comparison for kidney
tissues sampled in Snap Lake was not available (De Beers 2017a). The mercury concentrations in lake
trout kidney, liver, and muscle tissue sampled from the two reference lakes (Northeast Lake and Lake 13)
were not significantly different than concentrations in Snap Lake (De Beers 2017a). Liver and muscle tissue
mercury concentrations in Snap Lake were within the normal range, while mean kidney tissue
concentrations were below the normal range (De Beers 2017a).
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The maximum mercury concentrations in lake trout kidney, liver, and muscle tissue sampled from Snap
Lake, Northeast Lake, and Lake 13 in 2016 exceeded both the Health Canada (2018a) standard and the
BC MOECCS (2018a) high fish consumption guideline (De Beers 2017a).
Mercury concentrations in lake trout tissue measured in 2016 were significantly lower than baseline
concentrations and were within (or lower than) the range of the reference lakes and normal range (De Beers
2017a). Thus, the mercury concentrations in lake trout tissues that exceed the BC MOECCS (2018a) fish
consumption guideline are consistent with the guideline exceedances observed before the mine started
operating are natural background levels that are not mine-related. Although two AEMP Low Action Levels for
mercury were triggered for further investigation, the mercury concentrations in lake trout tissues are currently
not a concern for human consumption of fish from Snap Lake (De Beers 2017a). Therefore, mercury in lake
trout tissues is not considered a Project-related COPC and is not carried forward in a risk assessment.

Selenium
The selenium concentrations in lake trout liver tissue collected from Snap Lake in 2016 were not
significantly different than baseline concentrations; however, muscle tissue concentrations were
significantly lower than baseline (De Beers 2017a). A baseline comparison for kidney tissues sampled in
Snap Lake was not available (De Beers 2017a). The selenium concentrations in lake trout kidney tissue
sampled from Snap Lake were significantly lower than the two reference lakes (Northeast Lake and
Lake 13) and were also lower than the normal range (De Beers 2017a). The selenium concentrations in
lake trout liver tissue sampled from Snap Lake were not significantly different than the two reference lakes
(Northeast Lake and Lake 13) and were within the normal range (De Beers 2017a). The selenium
concentrations in lake trout muscle tissue sampled from Snap Lake were significantly different than the
two reference lakes (lower than Northeast Lake and higher than Lake 13) but were within the normal range
(De Beers 2017a).
The maximum selenium concentrations in lake trout muscle tissue sampled from Snap Lake, Northeast
Lake, and Lake 13 in 2016 were below the BC MOECCS (2018a) high fish consumption guideline (De Beers
2017a). The maximum selenium concentrations in lake trout kidney and liver tissue sampled from Snap
Lake, Northeast Lake, and Lake 13 in 2016 exceeded the BC MOECCS (2018a)high fish consumption
guideline (De Beers 2017a).
Selenium concentrations in lake trout tissue measured in 2016 were either consistent or significantly lower
than baseline concentrations and were within (or lower than) the range of the reference lakes and normal
range (De Beers 2017a). Thus, the selenium concentrations in lake trout kidney and liver tissues that
exceed the BC MOECCS (2018a) fish consumption guidelines are natural background levels that are not
mine-related. Therefore, selenium in lake trout tissues is not considered a Project-related COPC and is not
carried forward in a risk assessment.

2016 Results for Round Whitefish Tissues

Mercury
The mercury concentrations in round whitefish liver tissue collected from Snap Lake in 2016 were not
significantly different than baseline concentrations; however, muscle tissue concentrations were significantly
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lower than baseline (De Beers 2017a). A baseline comparison for kidney tissues sampled in Snap Lake was
not available (De Beers 2017a). The mercury concentrations in round whitefish kidney and liver tissue
sampled in Snap Lake were not significantly different from the reference lakes (Northeast Lake and Lake 13);
however, muscle tissue mercury concentrations from fish in Snap Lake and Northeast Lake were significantly
higher than Lake 13. Mercury concentrations in kidney and muscle tissue were within the normal range;
however, mean liver tissue concentrations exceeded the normal range (De Beers 2017a).
The maximum mercury concentrations in round whitefish tissue sampled from Snap Lake, Northeast Lake,
and Lake 13 in 2016 were below the Health Canada (2018) mercury standard. The maximum mercury
concentrations in round whitefish muscle tissue sampled from Snap Lake, Northeast Lake, and Lake 13 in
2016 were below the BC MOECCS (2018a) high fish consumption guideline (De Beers 2017a). However,
the maximum mercury concentrations in round whitefish kidney and liver tissue exceeded the BC MOECCS
(2018a) high fish consumption guideline (De Beers 2017a).
Mercury concentrations in round whitefish tissue measured in 2016 were either consistent or significantly
lower than baseline concentrations and were within or slightly higher than the range of the reference lakes
and normal range (De Beers 2017a). Thus, the mercury concentrations in round whitefish tissues that
exceed the BC MOECCS (2018a) fish consumption guideline are consistent with the guideline exceedances
observed before the mine started operating are natural background levels that are not mine-related.
Therefore, mercury in round whitefish tissues is not considered a Project-related COPC and is not carried
forward in a risk assessment.

Selenium
The selenium concentrations in round whitefish liver and muscle tissue collected from Snap Lake in 2016
were not significantly different than baseline concentrations (De Beers 2017a). A baseline comparison for
kidney tissues sampled in Snap Lake was not available (De Beers 2017a). The selenium concentrations in
round whitefish kidney tissue sampled from Snap Lake were significantly lower than Northeast Lake but
were not significantly different than Lake 13 and were within the normal range (De Beers 2017a).
The selenium concentrations in round whitefish liver tissue sampled from Snap Lake were not significantly
different than the two reference lakes (Northeast Lake and Lake 13) and were within the normal range
(De Beers 2017a). The selenium concentrations in round whitefish muscle tissue sampled from Snap Lake
were significantly higher than Lake 13 but were not significantly different than Northeast Lake and the
concentrations in Snap Lake were within the lower bound of the normal range but were higher than the
upper bound of the normal range (De Beers 2017a).
The maximum selenium concentrations in round whitefish muscle tissue sampled from Snap Lake,
Northeast Lake, and Lake 13 in 2016 were below the BC MOECCS (2018a) high fish consumption guideline
(De Beers 2017a). The maximum selenium concentrations in round whitefish kidney and liver tissue
exceeded the BC MOECCS (2018a) high fish consumption guideline (De Beers 2017a).
Selenium concentrations in round whitefish tissue measured in 2016 were consistent with baseline
concentrations and were within (or lower than) the range of the reference lakes and normal range (De Beers
2017a). Thus, the selenium concentrations in round whitefish tissues that exceed the BC MOECCS (2018a)
fish consumption guideline are natural background levels that are not mine-related. Therefore, selenium in
round whitefish tissues is not considered a Project-related COPC and is not carried forward in a risk assessment
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Predictive modelling of future metal concentrations in soil was not conducted for the Project’s closure or postclosure periods; therefore, the most recent available soil monitoring data was assumed to be representative of
soil quality during the closure and post-closure periods. This assumption is considered to be conservative since
fugitive dust is anticipated to be much lower during the closure and post-closure periods due to a decrease in
Mine site activities such as the use of the airstrip, Mine site roads, and access roads.
Samples of typical surface construction materials at the Mine site, including PK coarse and grits, soil
overburden, and granite crush from the quarry were analyzed for metal concentrations in 2016. The 2016
soil sampling results were presented in a report titled “Snap Lake Mine, Soil and Sediment Quality Criteria”
(ARKTIS 2017b) and are reproduced in Table 2.3-8 below.

2.5.4.2

Criteria for Selection of Contaminants of Potential Concern

The criteria used to identify soil COPCs in typical surface construction materials at the Mine site were the
federal soil quality guidelines for agricultural use or residential/parkland use (CCME 1999a). In addition,
sampled soil quality was compared to the following baseline soil data:


baseline soil concentrations (mean values; De Beers 2002b);



baseline granite concentrations (upper confidence limit values; De Beers 2011b, 2012b, 2013b,
2014c, 2015b, 2016b)



baseline metavolcanic concentrations (upper confidence limit values; De Beers 2011b, 2012b, 2013b,
2014c, 2015b, 2016b)

The selection of soil COPCs was based on combined exceedances of baseline concentrations and relevant
soil quality guidelines. The COPC screening results are presented in Table 2.3-8.

2.5.4.3

Identified Contaminants of Potential Concern

As shown in Table 2.3-8, the only material sampled in 2016 with metal concentrations that exceeded the
CCME (1999a) soil quality guidelines was the PK coarse and grits material. While concentrations of barium,
boron, chromium, cobalt, copper, and nickel in the PK coarse and grits material were elevated above the
CCME (1999a) soil quality guidelines, those same metals exceeded the guidelines in baseline samples of
granite and metavolcanic material.
The soil quality guideline exceedances (Table 2.5-9) in PK coarse and grits are generally consistent with
occurrences of guideline exceedances from metavolcanic and granitic samples observed before the mine
started operating. As described in the North Pile Closure Cover Feasibility Design (Golder 2018f), PK coarse
and grits on the Mine site will be stored in the North Pile storage facility, which will be covered with erosion
protection material composed of non-acid generating rockfill (with grain sizes of up to 15 cm) prior to
closure. Therefore, potential wildlife and human receptors are not reasonably expected to come into contact
with PK coarse and grits during the post-closure period. Due to a lack of a direct exposure pathway to PK
coarse and grits, the guideline exceedances in the PK coarse and grits material sampled in 2016 are not
considered COPCs and are not recommended to be carried forward in a risk assessment.
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Metal Concentrations in Soil Materials under Baseline Conditions and Processed Kimberlite, Surface Soil Overburden, and
Granite Crush Sampled in 2016
CCME Soil
Quality
Guidelines a

Soil
Baseline
(Mean) b

Granite Baseline
(Upper Confidence
Limit) c

Metavolcanic Baseline
(Upper Confidence
Limit) c

Processed
Kimberlite Coarse
and Grits d

Surface Soil
Overburden
(General Site)

Construction
Granite Crush

Antimony

20

<0.1

0.37

0.52

<0.10

<0.10

<0.10

Arsenic

12

1.4

2

11

1.71

0.98

1.44

Barium

500

80.2

180

513

1,040

78.6

56.6

Beryllium

4

<1

-

-

1.21

0.42

0.49

Boron

2

-

41.2

43.7

61.3

<5.0

<5.0

Cadmium

1.4

<0.5

0.2

0.41

0.047

0.451

0.030

Chromium

64

43.4

135.2

298

387

19.5

20.6

Cobalt

40

5.9

16.8

82

47.7

4.38

11.0

Copper

63

21.5

21.4

590.7

71.6

32.8

17.4

Lead

70

<5

4.8

37.8

4.58

4.48

3.81

Mercury

6.6

0.05

2.6

0.021

<0.0050

0.0709

<0.0050

Molybdenum

5

1.8

9.7

3.7

1.04

2.20

2.26

Nickel

45

21.8

118.9

433.7

657

24.7

17.9

Selenium

1

0.1

1.1

1.2

<0.20

<0.20

<0.20

Silver

20

<1

0.21

0.61

0.12

0.13

<0.10

Sulphur

500

-

0.13

1.2

<5,000

<5,000

<5,000

Thallium

1

<1

0.32

0.21

0.112

0.053

0.103

Tin

5

<5

-

-

<2.0

<2.0

<2.0

Uranium

23

-

2.2

4.2

1.78

1.22

1.67
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Parameter

CCME Soil
Quality
Guidelines a

Soil
Baseline
(Mean) b

Granite Baseline
(Upper Confidence
Limit) c

Metavolcanic Baseline
(Upper Confidence
Limit) c

Processed
Kimberlite Coarse
and Grits d

Surface Soil
Overburden
(General Site)

Construction
Granite Crush

Vanadium

130

31

48.9

95.8

35.9

23.0

42.7

Zinc

250

38.7

81.6

140.1

58.2

30.2

41.2

Notes:
All concentrations in mg/kg dry weight.
CCME = Canadian Council of Ministers of the Environment
(-) = not available.
a CCME (2018). Soil quality guidelines for agricultural use are shown in the table, except for barium which is for residential/parkland use since that is a more conservative
soil quality guideline.
b Baseline soil concentrations from De Beers (2002).
c Baseline granite and metavolcanic concentrations from De Beers (2011, 2012, 2013, 2014, 2015, 2016).
d Coarse PK is 1.5 to 6 mm in diameter; grits PK is 0.125 to 1.5 mm in diameter.
Data obtained from Table 1 in ARKTIS (2017).
Grey shading indicates exceedance of the CCME (1999) soil quality guidelines for agricultural use (except for barium, which is for residential/parkland use).
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Cases where the soil quality guideline was equal to or below the detection limit were not considered
exceedances and the parameter was not identified as a COPC. It is recommended that further soil sampling
with improved resolution (i.e., lower analytical detection limits) is conducted, where appropriate, to better
assess Mine site soil quality, particularly for overburden and other materials most representative of
post-closure conditions which are potential sources of exposure to wildlife and human receptors. Plans for
soil sampling leading into final closure are described in Chapter 5 of the FCRP (ERM 2018a). Additional soil
sampling will be conducted as part of a Phase II/III post-closure Environmental Site Assessment (ESA) to
determine the presence or absence of contaminated soil at the emulsion plant, the AN storage facility, the
Inland Lake 6 watershed catchment, the temporary hazardous material storage area, laydown 1, the former
construction camp, the landfarm, the roads, airstrip, and rights of way, and the west cell.

2.5.5

Air

2.5.5.1

Sources of Data

Preliminary air quality dispersion modeling for the Project’s closure period (ARKTIS 2018c) was conducted to
predict concentrations of airborne particles of interest at the site after the active reclamation period of the
Project is completed. Full detail on the preliminary air quality modelling inputs, emission sources,
methodology, results, and figures showing the predicted plume extents are provided in (ARKTIS 2018c).
The post-reclamation period represents the time after completion of active reclamation of the mine
components (ARKTIS 2018c). Combustion emission sources will not be present at the Mine site after active
reclamation is complete, thus those emission sources were not included in the closure period modelling
(ARKTIS 2018c). The only atmospheric emission sources from the mine during the closure period are
fugitive dust sources, which were represented as an area source within the closure model (ARKTIS 2018c).
This area source represents a conservative estimate of the sum of the disturbed areas at the mine and the
model is considered a reasonable approximation of the mine (ARKTIS 2018c).
The model simulated the atmospheric dispersion of select criteria air contaminants within a 500 m radius
(LSA) and 48 km radius (RSA) around the mine footprint (Figure 1 in ARKTIS 2018). The model predicted
the maximum 1-hour, 24-hour, and annual concentrations of three criteria air contaminants in the LSA and
RSA: sulphur dioxide (SO2), nitrogen dioxide (NO2), and particulate matter less than 2.5 microns in diameter
(PM2.5).

2.5.5.2

Criteria for Selection of Contaminants of Potential Concern

The screening criteria used to identify COPCs were the applicable Northwest Territories standards (GNWT
2014) and Canadian Ambient Air Quality Standards applicable in 2015 and 2020, respectively (CCME
1999a). Further details about the guidelines used to compare air modelling results are provided in the air
dispersion model report (ARKTIS 2018c).

2.5.5.3

Identified Contaminants of Potential Concern

Within the RSA and LSA during the closure period, all predicted maximum concentrations of SO2, NO2, and
PM2.5 (Tables 3 through 5 in ARKTIS 2018c) were below the applicable Northwest Territories standards
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(GNWT 2014) and Canadian Ambient Air Quality Standards applicable in 2015 and 2020 (CCME 1999a).
Furthermore, plume dispersion of the criteria air contaminants at the mine is contained within the RSA
(ARKTIS 2018c). Therefore, based on the results of the preliminary air quality dispersion model, there are
no identified atmospheric COPCs in closure conditions that require further evaluation with a HHERA.

2.5.6

Organics in Surface Water and Sediment

Recently measured field samples in surface water (2017) and sediment (2016) have included analyses
for petroleum hydrocarbons and polycyclic aromatic hydrocarbons (PAHs).
The analytical results of surface water samples collected in 2017 were reviewed for the identification of
current organic COPCs at all monitoring locations that comprise the 2017 annual Seepage Survey (ARKTIS
2017a), and/or the annual ARD and Geochemical Characterization Report (De Beers 2018c).
In surface water, all SNP sites which were analyzed for organics (i.e., F1 (C6-C10) and F2 (C10 – C16)
hydrocarbons, benzene, ethylbenzene, toluene, and xylene) in 2017 generally had concentrations below
the detection limit. A single exception was at site SNP 02-11 (which is described as “WMP dam 1” and is
located between the WMP and Snap Lake) in a sample dated October 1, 2017. Toluene (0.011 mg/L)
exceeded the CCME water quality guideline of 0.002 mg/L (CCME 1999a), and F2 hydrocarbons
(0.16 mg/L) was measured above the detection limit.
Sediment quality analyzed in 2016 was reported in the WMP and North Pile Sumps Sediment Quality
Investigation (ARKTIS 2016). At the WMP, the maximum concentration of the F3 hydrocarbons
(4,030 mg/L) exceeded the ISQG of 1,300 mg/L (CCME 1999a). Similarly, the maximum concentration of
pyrene (0.082 mg/L) exceeded the ISQG of 0.053 mg/L (CCME 1999a).
The above results indicate that concentrations of organics are generally below detection limits across the
SNP monitoring locations; however, three COPCs (i.e., toluene in water; F3 hydrocarbons and pyrene in
sediment) have been identified within or next to the WMP. Prior to post-closure, the WMP area (as well as
the existing sumps) will be stripped during construction of the new wetland system and all contaminated
materials will be treated in the landfarm or landfill where appropriate (Whitaker pers. comm. 2018).
Therefore, the organics COPCs identified in the WMP area were not carried forward in this Problem
Formulation because they are not expected to represent conditions in post-closure. It is recommended that
petroleum hydrocarbons and PAHs continue to be monitored after the construction of the wetlands in order
to assess the success of the remediation efforts associated with the installation of the wetlands.

2.5.7

Final List of Identified Contaminants of Potential Concern

The available modelled (i.e., surface water and air) and measured (i.e., sediment, soil, and fish tissue)
concentrations of nutrients, major ions, metals, and metalloids in environmental media relevant to
post-closure Mine site components was reviewed to identify COPCs for which guidelines exist for the
protection of aquatic life, wildlife (or agriculture), and human health.
The rationale for the exclusion of COPCs identified in specific media from the final list of COPCs is provided
in Sections 2.5.1 to 2.5.6. Based on the sources of data and screening criteria described in Sections 2.5.1
to 2.5.6, the final list of identified post-closure COPCs organized by media, location, and receptor type is
presented in Table 2.5-10.
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Final List of Identified Contaminants of Potential Concern Across All Environmental Media
Surface Water a

Sediment b

Soil c

Fish Tissue d

Air e

North Pile Sump 3
and Sump 5

Snap Lake
(edge of
mixing zone)

North Pile
Sumps

Snap Lake
(diffuser
station)

Mine
Site

Snap Lake

LSA and
RSA

Ammonia, Nitrate,
Nitrite, Phosphorous,
Chloride, Sulphate,
Aluminum, Cobalt,
Copper, Iron, Nickel,
Zinc

Nitrate

Chromium

None

None

n/a

n/a

Wildlife
Receptors

None

None

n/a

n/a

None

n/a

n/a

Human
Receptors

n/a

None

n/a

n/a

None

None

None

Aquatic
Life

Notes:
n/a = media not screened for COPCs due to lack of relevant benchmarks or guidelines, or lack of relevant exposure
pathway to biological receptor; LSA = local study area; RSA = regional study area
Shaded cells indicate occurrences of COPCs.
a Based on modelled surface water predictions for the post-closure period (years 2026 to 2050).
b Based on measured 2016 sediment chemistry in North Pile Sumps and 2017 sediment chemistry at the Snap Lake
diffuser station (SNP 02-20e).
c Based on measured 2016 soil chemistry in surface soil overburden, processed kimberlite coarse and grits, and
construction granite crush.
d Based on measured kidney, liver, and muscle concentrations in round whitefish and lake trout from Snap Lake in 2016.
e Based on modelled air quality in the local study area (LSA) and regional study area (RSA).

2.5.7.1

Contaminants of Potential Concern Identified in North Pile Sumps

The surface water COPCs identified in North Pile sumps 3 and 5 (Table 2.5-10) exceeded the screening
criteria for the protection of aquatic life (e.g., AEMP benchmarks), but did not exceed relevant guidelines
for the protection of terrestrial wildlife (i.e., water quality guidelines for the protection of agriculture; (CCME
1999a). North Pile sump water was not screened against drinking water guidelines for the protection of
human health because human receptors are not reasonably expected to use or ingest sump water to any
appreciable degree, particularly in the post-closure period.
The sediment COPC (i.e., chromium) identified in North Pile sumps (Table 2.5-10) exceeded the screening
criterion for the protection of aquatic life (e.g., the Canadian ISQG; CCME 1999b). There are no relevant
sediment quality guidelines for the protection of wildlife or human health, thus no sediment COPCs were
identified for these receptor groups.
Because the North Pile sumps are not fish-bearing waterbodies, the identified COPCs for the protection of
aquatic life (in both surface water and sediment) are associated with the potential to cause adverse effects
in lower trophic level organisms such as benthic invertebrates that will inhabit the North Pile sumps
(i.e., Sumps 3 and 5). The North Pile sumps (or any other water management structure such as constructed
wetlands) that will be present in post-closure represent a negligible fraction of the overall available habitat
to aquatic life in the area. Any potential adverse effects experienced by lower trophic organisms exposed
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to sump water and sediment is not considered to represent a measurable ecological impact in the context
of overall effects within the project footprint, the LSA, or the RSA.

2.5.7.2

Contaminants of Potential Concern Identified in Snap Lake

The surface water COPC identified in Snap Lake (i.e., nitrate) exceeded the screening criteria for the
protection of aquatic life (i.e., 75% of the AEMP benchmark), but was well below relevant guidelines for the
protection of wildlife (i.e., water quality guidelines for the protection of agriculture; CCME 1999) or human
health (i.e., health-based drinking water guideline; Health Canada 2018). Thus, the relevant ecological
receptors for potential exposure and adverse effects associated with elevated nitrate include aquatic
organisms such as benthic invertebrates and fish.
Golder (2018e) has developed EQC as part of an application to renew Water Licence MV2011L2-0004 for
post-closure. The EQC will be applied at the last point of discharge to the receiving environment and are
intended to help meet closure objectives and be protective of Snap Lake and downstream waterbodies.
Because nitrate was identified as exceeding 75% of the AEMP benchmark at the edge of the mixing zones
in Snap Lake, EQC for the post-closure period were developed for nitrate (Golder 2018c). Accounting for
the degree of near-field mixing of Sump 3 and 5 discharge at the edge of the mixing zones, the proposed
EQC for nitrate include a maximum annual concentration (MAC) and maximum grab concentration (MGC)
of 25 mg/L and 30 mg/L (as nitrogen), respectively (Golder 2018c).
EQC must be determined by the MVLWB to be protective of the receiving environment (i.e., Snap Lake and
downstream lakes) as well as be consistently achievable by the proponent. Therefore, it is expected that
the final EQC set for nitrate as part of the Water Licence renewal application will ensure that aquatic life
receptors in Snap Lake will not be adversely affected by nitrate. The EQC for nitrate is expected to be
achievable, possibly requiring the use of constructed wetlands (currently in the design phase) as a nitrate
sink for North Pile waste water prior to discharge into Snap Lake.
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SUMMARY AND CONCLUSIONS

This post-closure Problem Formulation integrated the results of environmental media predictive studies
and the most recent monitoring reports (described in Section 2.5) to ascertain whether a complete HHERA
is necessary to fulfill the closure principles and objectives outlined in the FCRP. As the first step of an
HHERA, this Problem Formulation includes a detailed characterization of the Mine site (Section 1.1), and
identifies relevant biological receptors (Section 2.2), exposure pathways (Section 2.3), and COPCs
(Section 2.5) that may be present in post-closure conditions.
Several surface water COPCs (i.e., ammonia, nitrate, nitrite, phosphorous, chloride, sulphate aluminum,
cobalt, copper, iron, nickel, and zinc) were identified in modelled post-closure water quality for Sumps 3
and 5. In addition, one COPC (chromium) was identified in North Pile sump sediment measured in 2016.
The concentrations of these COPCs exceeded the AEMP benchmarks for the protection of aquatic life, but
did not exceed any CCME water quality guidelines relevant for the protection of terrestrial wildlife
(i.e., agricultural livestock/irrigation guidelines; CCME 1999a).
Because the North Pile sumps (and any other feature of the water management system) are non-fish
bearing waterbodies not expected to be used by humans, the only receptors that may experience adverse
effects associated with the identified COPCs are lower trophic level aquatic organisms such as benthic
invertebrates. The North Pile water management system represents a negligible fraction of the overall
available habitat to aquatic life in the area, and any potential adverse effects experienced by lower trophic
organisms exposed to sump water and sediment is not considered to represent a measurable ecological
impact in the context of overall effects within the project footprint, the LSA, or the RSA. Thus, a full-scale
post-closure HHERA is not warranted on the basis of the identified COPCs in North Pile sumps.
The surface water COPC identified in Snap Lake (i.e., nitrate) exceeded the screening criteria at the edge
of the mixing zone in Snap Lake (i.e., 75% of the AEMP benchmark), but was well below relevant guidelines
for the protection of wildlife (i.e., water quality guidelines for the protection of agriculture; CCME 1999a) or
human health (i.e., health-based drinking water guideline; Health Canada 2018). Thus, the relevant
ecological receptors for potential exposure and adverse effects associated with elevated nitrate include
aquatic organisms such as benthic invertebrates and fish. Due to the development of an EQC for nitrate as
part of the renewal of Water License MV2011L2-0004, nitrate is not expected to reach concentrations that
could adversely affect aquatic life in the receiving environment. Thus, a full-scale post-closure HHERA is not
warranted on the basis of the identified COPC in Snap Lake.
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