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PLAIN LANGUAGE SUMMARY – Conceptual Yellowknife Bay Aquatic
Effects Monitoring Program
This section provides a Plain Language Summary of the Conceptual Aquatic Effects Monitoring Program (AEMP)
Design Plan – Yellowknife Bay, part of the Giant Mine Remediation Project. The Plain Language Summary is for
both non-technical readers and for those looking for an overview of the Conceptual AEMP Design Plan.

Introduction
Crown-Indigenous Relations and Northern Affairs Canada (CIRNAC) and the Government of the Northwest
Territories are responsible for care, custody, and control of the Giant Mine Site (the Site). Ongoing care,
maintenance, and remediation of the Site is known as the Giant Mine Remediation Project (GMRP). The Giant
Mine is located near Yellowknife, Northwest Territories. It is 1.5 kilometres from the community of Ndilǫ and
9 kilometres from the community of Dettah. The GMRP is currently in the process of preparing an application to
the Mackenzie Valley Land and Water Board for a Type A Water Licence. The GMRP is proposing to build a new
water treatment plant, which will discharge directly to Yellowknife Bay; however, until the new water treatment
plant is commissioned, the existing effluent treatment plant will be used.
Treated effluent discharge (water that is treated on-site in the water treatment plant) is currently released into
Baker Creek. A new water treatment plant is anticipated to be built by 2026. The two different treatment plants
discharge to different locations and so will have different monitoring requirements and different AEMP programs.
The Baker Creek AEMP will be in place until the new water treatment plant releases treated effluent to Yellowknife
Bay through the new outfall, at which point the Yellowknife Bay AEMP will replace the Baker Creek AEMP.
This document is the conceptual AEMP Design Plan for discharges to Yellowknife Bay from the new water
treatment plant. It is not a final plan. This document is a draft to allow reviewers to understand the proposed plan
for monitoring Yellowknife Bay as part of the new water treatment plant discharge. This plan will be replaced by a
detailed, final AEMP for approval before the new water treatment plant starts releasing treated effluent.
The guidance on how to develop AEMPs is given by the Mackenzie Valley Land and Water Board for new
developments. The guidance was used by the GMRP to develop this plan, recognizing the guidance is more for
new projects than a clean-up project.

Yellowknife Bay Current Conditions and Effects from Treated Effluent
This study describes what is known about the aquatic life and habitat close to the location of the proposed water
treatment plant outfall. This includes information from traditional knowledge studies but it is noted that updated
traditional knowledge information is expected from Yellowknives Dene First Nation and the North Slave Métis
Alliance soon. This information will also be used in the final plan for monitoring the bay near the treated effluent.
Some of the science information needs updating, so a special study, called the “Yellowknife Bay Special Study,”
was started in 2018, and any new updates will go into a final plan.
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The Yellowknife Bay Special Study includes the following:
•

water quality

•

toxicity sampling

•

benthic invertebrate communities (small animals living at the bottom of Yellowknife Bay and providing food for
fish) and supporting information on sediment where they live

•

fish health

•

fish tissue chemistry

Based on what we know about the Yellowknife Bay environment close to the proposed water treatment plant area,
a diagram was made. This is called a “conceptual site model.” This diagram shows that plants and fish might be
affected by the discharges from the Site. It shows that release from the mine including treated effluent into
Yellowknife Bay and water from Baker Creek could cause stress to fish and fish food (benthic invertebrates) and
that both fish and fish food need to be monitored. This model helps confirm what we need to monitor: water,
sediment, food for fish, and small fish that live in the area. Fish tissue testing of large-bodied fish also will be done
to get up to date information on fish tissue as part of this special study.

Conceptual Aquatic Effects Monitoring Program Design Plan
The AEMP is being developed to meet high-level objectives, such as:
•

Maintain water quality in Yellowknife Bay so that water uses in the bay are safe, including the protection of
aquatic life and the protection of drinking water sources (e.g., the proposed new City of Yellowknife drinking
water intake).

•

Meet requirements from the Giant Mine Environmental Assessment (Measures 12, 13, and 15).

•

Monitor to confirm that water quality objectives are met at the end of the remediation works.

The specific kinds of monitoring in Yellowknife Bay are discussed below. This work will be done where the new
water treatment plant effluent will be released (close to the mouth of Baker Creek) and in clean areas not affected
by the effluent (“reference area”).
•

Water quality and toxicity—The purpose of water quality and toxicity monitoring is to understand water
quality in Yellowknife Bay and describe if it could be harmful to the benthic invertebrates and fish in the bay.
Water quality monitoring compares concentrations of substances at monitoring stations within the bay close
to the outfall with water quality guidelines and background concentrations measured at reference stations.
Toxicity testing of collected water samples to laboratory-reared plants, invertebrates, and fish under controlled
laboratory conditions provides additional information to describe if the water could be harmful to the benthic
invertebrates and fish in the bay.

•

Benthic invertebrates—The purpose of benthic invertebrate is to determine whether benthic invertebrate
communities have been affected by changes in water and sediment quality in Yellowknife Bay. This will be
done by collecting these invertebrates from areas close to the treated effluent and farther away. The
invertebrates are then counted and identified.
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•

Small fish—The purpose of the fish survey is to determine whether treated effluent is having an effect on how
fish grow, reproduce, and live; on their body condition; and if they have metals in their tissue. Monitoring will
focus on small fish that live their whole life in the area near the outfall, not on fish that move in and out only
occasionally swim within the area. Note that monitoring of metals in fish tissue of large fish will also be done
to update the information about fish tissue in large fish found in Yellowknife Bay.
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Acronyms and Abbreviations
Acronym

Definition

AANDC

Aboriginal Affairs and Northern Development Canada

AEMP

Aquatic Effects Monitoring Program

CCME

Canadian Council of Ministers of the Environment

CDWG

Canadian drinking water guideline

CIRNAC

Crown-Indigenous Relations and Northern Affairs Canada

CWQG

Canadian water quality guideline

EA

Environmental Assessment

ECCC

Environment and Climate Change Canada

EEM

Environmental Effects Monitoring

ETP

effluent treatment plant

GMRP

Giant Mine Remediation Project

GNWT

Government of the Northwest Territories

Golder

Golder Associates Ltd.

IC25

the inhibiting concentration for a 25% effect; the concentration of sample estimated to cause
25% reduction in survival, growth, or fecundity of the test organisms

INAC

Indigenous and Northern Affairs Canada

N

north

MDMER

Metal and Diamond Mining Effluent Regulations

MVEIRB

Mackenzie Valley Environmental Impact Review Board

MVLWB

Mackenzie Valley Land and Water Board

NT/NWT

Northwest Territories

POPC

parameter of potential concern

QA

quality assurance

QC

quality control

Site

Giant Mine

SNP

Surveillance Network Program

SSWQO

site-specific water quality objective

Stantec

Stantec Consulting Ltd.

TCA

Tailings Containment Area

TDS

total dissolved solids

W

west

WTP

water treatment plant
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Units of Measure
Symbol

Unit

'

minutes

%

percent

±

plus or minus

>

greater than

°

degree

°C

degree Celsius

µg/L

micrograms per litre

cm

centimetre

km

kilometre

km2

square kilometre

m

metre

m2

square metre

m3

cubic metre

m3/day

cubic metres per day

mg/kg

milligrams per kilogram

mg/kg dw

milligrams per kilogram dry weight

mg/L

milligrams per litre

mL

millilitre
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Glossary

abundance

Number of organisms present in a sample.

action levels

Quantitative benchmarks associated with changes to measure endpoints for specific
components relative to baseline (as identified in the Environmental Impact Statement),
which if exceeded trigger management actions.

adaptive management

The exact definition of adaptive management varies among monitoring programs, but
typically adheres to having four themes as follows (WLWB 2010):

assessment endpoint

1)

learning in order to reduce management uncertainties

2)

using what is learned to change policy and practice

3)

focusing on improving management

4)

doing the above in a formal, structured, and systematic way

General statement about what is being protected (e.g., suitability of water quality to
support a healthy aquatic ecosystem) through the existing conditions of the site, and
into the future during remediation and into post-closure.

acute

A stimulus severe enough to rapidly induce an effect; in aquatic toxicity tests, an effect
observed in 96 hours or less is typically considered acute. When referring to aquatic
toxicology or human health, an acute effect is not always measured in terms of
lethality.

alkalinity

A measure of water’s capacity to neutralize an acid. It indicates the presence of
carbonates, bicarbonates, and hydroxides, and less significantly, borates, silicates,
phosphates, and organic substances. Alkalinity is expressed as an equivalent of
calcium carbonate. Its composition is affected by pH, mineral composition,
temperature, and ionic strength. However, alkalinity is normally interpreted as a
function of carbonates, bicarbonates, and hydroxides. The sum of these three
components is called total alkalinity.

background

An area not influenced by chemicals released from the site under evaluation.

baseline

A surveyed or predicted condition that serves as a reference point to which later
surveys are coordinated or correlated.

benchmark

A standard or point of reference against which things may be compared or assessed.
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benthic invertebrates

Invertebrate organisms living at, in, or in association with the bottom (benthic)
substrate of waterbodies such as lakes, ponds, and streams. Examples of benthic
invertebrates include some aquatic insect species, such as caddisfly larvae, that
spend at least part of their life stages dwelling on bottom sediments in the waterbody.
These organisms play several important roles in the aquatic community. They are
involved in the mineralization and recycling of organic matter produced in the water
above or brought in from external sources, and they are important second and third
links in the trophic sequence of aquatic communities. Many benthic invertebrates are
major food sources for fish.

biota

Living organisms and vegetation.

chronic

The development of adverse effects after extended exposure to a given substance. In
chronic toxicity tests, the measurement of a chronic effect can be reduced growth,
reduced reproduction, or other non-lethal effects, in addition to lethality. Chronic should
be considered a relative term depending on the life span of the organism.

conductivity

A measure of the capacity of water to conduct an electrical current. It is the reciprocal
of resistance. This measurement provides an estimate of the total concentration of
dissolved ions in the water.

Fisheries and Oceans Canada

Responsible for policies and programs in support of Canada’s economic, ecological,

(DFO)

and scientific interests in oceans and inland waters; for the conservation and
sustainable utilization of Canada’s fisheries resources in marine and inland waters; for
leading and facilitating federal policies and program on oceans; and for safe effective
and environmentally sound marine services responsive to the needs of Canadians in a
global economy.

density

Number of organisms per unit area or volume.

detection limit

The lowest concentration at which individual measurement results for a specific
analyte are statistically different from a blank (that may be zero) with a specified
confidence level for a given method and representative matrix.

diffuser

A device used to disperse an effluent plume to a waterbody.

drainage basin

The area drained by a river or stream; see also watershed.

ecosystem

An integrated and stable association of living and non-living resources functioning
within a defined physical location. A community of organisms and its environment
functioning as an ecological unit. For the purposes of assessment, the ecosystem
must be defined according to a particular unit and scale.

effect

A change that follows and event or cause.

effluent

Stream of water discharging from a source.
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far-field

Exposure area further away from treated effluent release point; distinguished from
near-field area. Also refers to exposure area from previous environmental effects
monitoring programs located in Yellowknife Bay just beyond the breakwater outside
the 1% dilution zone boundary.

field blank

A sample of de-ionized water provided by the laboratory that is filled in the field and is
used to detect sample contamination during the collection, shipping, and analyses of
samples.

fish

Fish as defined in the Fisheries Act; includes a) parts of fish, b) shellfish, crustaceans,
marine animals and any parts of shellfish, crustaceans, or marine animals; and c) the
eggs, sperm, spawn, larvae, spat and juvenile stages of fish, shellfish, crustaceans,
and marine animals.

geographic information system

Computer software designed to develop, manage, analyze, and display spatially

(GIS)

referenced data.

groundwater

That part of the subsurface water that occurs beneath the water table, in soils and
geologic formations that are fully saturated.

habitat

The place or environment where a plant or animal naturally or normally lives or occurs.

ice-covered conditions

The period of time, during the year, when waterbodies are covered in ice.

Management Plan

Describes management actions, objectives, roles and responsibilities, monitoring, and
guidelines for specific Site components. An example include the Water Management
and Monitoring Plan

measurement endpoint

Quantifiable measures associated with specific components that have an influence on
the assessment endpoints. Used to assess the significance of impacts to Valued
Components by linking residual changes in these measures (e.g., chemical
concentrations) through comparison with thresholds.

mitigation

A measure to control, reduce, eliminate, or avoid an adverse environmental impact.

mixing zone

The region in which the initial dilution of a discharge occurs.

monitoring component

A term used to broadly describe the aspect of the environment and population that
may be impacted and monitored.

near-field

Exposure area near to release of treated effluent, distinguished from the far-field;
exposure area from previous environmental effects monitoring programs located in
Baker Creek within Reaches 0 and 1, behind the breakwater.

nutrients

Substances (elements or compounds), such as nitrogen or phosphorus, that are
necessary for the growth and development of plants and animals.

open-water season

The period of time during the year when waterbodies are relatively free of ice.
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plankton

Small, often microscopic, plants (phytoplankton) and animals (zooplankton) that live in
the open water column of non-flowing waterbodies such as lakes. They are an
important food source for many larger animals.

plume

The area or volume of detectable effluent in a waterbody.

population

A group of individuals in a defined area

quality assurance (QA)

Management and technical practices designed so that the data generated are of
consistent high quality. They include standardization and review by field and office
personnel of procedures used in the collection, transport, and analysis of samples.

quality control (QC)

Internal techniques used to measure and assess data quality, including samples that
are used to detect and reduce systematic and random errors that may occur during
field sampling and laboratory procedures.

Response Framework

A systematic structure to responding when results of monitoring of specific
components indicate that an action level has been reached.

Response Plan

Describes the scope of management responses to environmental changes, as well as
the mitigation actions in response to an action level being reached. Documents
planning, investigation, and results; identifies mitigation that must be taken or changes
that need to occur to address the effects identified in the annual monitoring reports;
and details investigation as to the source of the environmental change.

seepage

Slow water movement in the subsurface. Flow of water from constructed retaining
structures. A spot or zone where water oozes from the ground, often forming a small
spring.

sediment

Solid material that is transported by, suspended in, or deposited from water. It
originates mostly from disintegrated rocks; it also includes chemical and biochemical
precipitates and decomposed organic material, such as humus. The quantity,
characteristics, and cause of the occurrence of sediment in streams are influenced by
environmental factors. Some major factors are degree of slope, length of slope soil
characteristics, land usage, and quantity and intensity of precipitation.

sedimentation

The process of deposition of suspended matter carried by water, wastewater, or other
liquids, by gravity. It is usually accomplished by reducing the velocity of the liquid
below the point at which it can transport the suspended material.

sentinel species

Species that can be used as an indicator of environmental conditions.

Simpson’s diversity index

One of several indices used to measure diversity. In ecology, it can be used to quantify
the biodiversity of a habitat. It takes into account the number of species present, as
well as the relative abundance of each species. The Simpson index represents the
probability that two randomly selected individuals in the habitat will not belong to the
same species.
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specific conductivity

A measure of how well water conducts electricity.

taxa

Plural of taxon, see below.

taxon

A group of organisms at the same level of the standard biological classification system;
the plural of taxon is taxa.

total dissolved solids (TDS)

The total concentration of all dissolved solids found in a water sample.

total organic carbon (TOC)

Total organic carbon is composed of both dissolved and particulate forms. Total
organic carbon is often calculated as the difference between total carbon and total
inorganic carbon. Total organic carbon has a direct relationship with both biochemical
and chemical oxygen demands, and varies with the composition of organic matter
present in the water. Organic matter in soils, aquatic vegetation, and aquatic
organisms are major sources of organic carbon.

toxicity

The inherent potential or capacity of a material to cause adverse effects to a living
organism.

travel blank

A water sample prepared by the laboratory and shipped to the field sampling location
and subsequently returned to the laboratory unaltered. These samples are used to
detect sample contamination during transport.

trophic

Of or relating to feeding or nutrition.

trophic level

A functional classification of organisms in an ecosystem according to feeding
relationships, from primary producers through herbivores (primary consumers) and
carnivores (secondary and tertiary consumers).

turbidity

An indirect measure of suspended particles, such as silt, clay, organic matter,
plankton, and microscopic organisms, in water.

under ice

The period of year when the lakes are partially or completely covered with ice.

watershed

The entire catchment area of runoff containing a single outlet.
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1.0

INTRODUCTION

The Giant Mine (the Site) is located within the city of Yellowknife boundary (Figure 1-1). The Site is situated on
Commissioner’s Land administered by the Government of the Northwest Territories (GNWT). The Site produced
gold from 1948 until 1999 and ore for off-site processing from 2000 until 2004. In 1999, the owner of the Site went
into receivership; care, custody, and control of the site was transferred to Crown-Indigenous Relations and
Northern Affairs Canada (CIRNAC) 1 and the GNWT. Ongoing care, maintenance, and remediation of the Site is
known as the Giant Mine Remediation Project (GMRP). While the federal and territorial governments are ultimately
responsible for the GMRP, its implementation will be conducted by private sector contractors procured through
PSPC. To this end, PSPC has awarded the Main Construction Manager (MCM) contract to Parsons Incorporated.
The MCM will oversee the implementation and coordination of the overall remediation plan and associated
activities. The MCM will be responsible for awarding various sub-contracts and providing employment and training
opportunities for Indigenous peoples and Northerners and for health and safety.
The Site consists of eight abandoned open pits (Figure 1-2); an underground mine with an arsenic trioxide storage
area; Tailings Containment Areas (TCAs) with associated rock fill dams; a tailings retreatment plant (out of service
since 1990); an effluent treatment plant (ETP); a Mill Complex; several warehouses; and a Townsite. Baker Creek
flows through the Site seasonally with one ponded area. Photographs of existing Site conditions can be found in
the Closure and Reclamation Plan (CIRNAC and GNWT 2019a).
The GMRP is in the process of preparing an application to the Mackenzie Valley Land and Water Board (MVLWB)
to renew its Type A Water Licence for the Site, with an anticipated submission date of January 2019. It is
anticipated that under the MVLWB Type A Water Licence #MV2007L7-0031 and associated Land Use Permit, an
Aquatic Effects Monitoring Program (AEMP) will be required. As described in the Guidelines for Designing and
Implementing Aquatic Effects Monitoring Programs for Development in the NWT (INAC 2009) and the Draft
Guidelines for Aquatic Effects Monitoring Program (MVLWB et al. 2017), four different types of documents are
required to be submitted under the AEMP: a Design Plan, Annual Report, Re-evaluation Report, and Response
Plan. The aforementioned guidelines (INAC 2009, MVLWB 2017) are applicable to closure remediation projects
such as the GMRP but do not specifically address these types of projects that sometimes differ to development
projects with respect to some aspects of AEMP planning and design processes. This document, the conceptual
AEMP Design Plan for discharges to Yellowknife Bay, was drafted in consideration that the GRMP is a closure
and remediation project. Concordance of this Conceptual AEMP Design Plan for discharges to Yellowknife Bay to
the proposed Type A Water Licence #MV2007L7-0031 is provided in Appendix A.

Former names include Indigenous and Northern Affairs Canada (INAC) and Aboriginal Affairs and Northern Development Canada
(AANDC).

1
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The GMRP is proposing to build a new water treatment plant (WTP), which will discharge directly to Yellowknife
Bay; however, until the new WTP is commissioned, the existing ETP will be used. The two different treatment
plants discharge to different locations and so will have different monitoring requirements and different AEMP
programs:
•

Baker Creek AEMP (provisionally 2019 to 2026)—existing ETP with discharge to Baker Creek, under status
quo treated effluent discharge conditions. This AEMP will be implemented upon approval of the Water Licence
but will be superseded by the more permanent Yellowknife Bay AEMP upon commissioning of the new WTP
into Yellowknife Bay. Thus, the Baker Creek AEMP represents an interim monitoring plan for the closure
remediation project applicable until the effluent discharge is re-located to Yellowknife Bay.

•

Yellowknife Bay AEMP (provisionally 2026 onwards)—proposed new WTP with discharge into Yellowknife
Bay. This AEMP represents the AEMP the GRMP will move forward with through closure into post-closure
and subsequent to the majority of remediation activity on the Site.

2
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Conceptual Aquatic Effects Monitoring Program Design Plan – Yellowknife Bay
This document represents a conceptual draft of the Yellowknife Bay AEMP Design Plan provisionally applicable
from 2026 onward. It is intended to be conceptual to allow discussions of the monitoring program with regulators
and affected parties. An AEMP Design Plan for the existing ETP discharge to Baker Creek is provided under
separate cover.
Of critical note, the Site is subject to the federal Fisheries Act (Government of Canada 1985) and relevant federal
regulations, including the Metal and Diamond Mining Effluent Regulations (MDMER; Government of Canada
2002), formerly titled the Metal Mining Effluent Regulations. Although operations at the Giant Mine ceased in 2004,
the Site does not qualify for “closed mine status” under the federal regulation. Accordingly, the MDMER regulatory
requirements are applicable to the Site and its treated effluent that is discharged seasonally into lower Baker
Creek. An Environmental Effects Monitoring (EEM) program has been conducted since 2003, with five phases of
monitoring to completed date. An EEM program will continue to be required and will run concurrently to the
development of the AEMP for Yellowknife Bay. For this conceptual AEMP Design Plan, harmonization of the
AEMP and EEM programs is proposed. A preliminary sampling design has been outlined for Yellowknife Bay in
Section 8.0, with the objective of receiving regulatory and affected party input for the detailed AEMP Design Plan.
With reference to the proposed effluent discharge to Yellowknife Bay, Phase 9 of EEM study design is due to
Environment and Climate Change Canada (ECCC) December 2027/January 2028, six months in advance of
required biological monitoring in summer/fall 2028. To bridge the federal and territorial programs, while meeting
the requirements of both jurisdictions, the EEM program forms the basis of the conceptual AEMP Design Plan,
with additions.

2.0

CLOSURE PLAN ACTIVITIES

The goals of the GMRP are to remediate the Site in a manner that protects the public and workers and
minimizes the release of constituents from the Site to the surrounding environment. Full closure goals and
objectives are outlined in the Closure and Reclamation Plan (CIRNAC and GNWT 2019a). Measures,
commitments, and requirements presented in the Report of Environmental Assessment and Reasons for Decision
(MVEIRB 2013) and modified measures provided by the Minister of CIRNAC (AANDC 2014) are addressed by
the closure and reclamation activities. A brief summary of the closure and reclamation activities relevant to this
conceptual Design Plan is provided below along with an overview of the three reclamation-focused stages defined
for the GMRP associated with Closure and Reclamation Plan development, implementation, and monitoring.
Main closure activities include:
•

covering TCAs, backfilling the open pits, freezing the arsenic chambers in the underground mine, stabilizing
the underground mine, realigning sections of Baker Creek to prevent flooding of the underground mine, and
demolishing old buildings

•

removing contaminated soils from developed areas, removing contaminated sediments from Baker Creek and
Baker Pond, and dredging or covering selected areas of sediment in Yellowknife Bay near the Townsite and
Foreshore Tailings Area

•

installation of a new WTP capable of treating arsenic to achieve the Canadian drinking water guideline
(CDWG) and development of a landfill on site
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•

maintenance of the water level in the underground mine at a target level to prevent contamination of lateral
groundwater and flooding of the arsenic chambers

•

pumping and treatment of effluent into a post-closure phase to support dewatering of the mine

•

management of water to reduce contaminated runoff to the receiving environment during construction activities

In contrast to typical projects for which AEMPs are undertaken, which often include construction, operation,
closure, and post-closure phases, the GMRP has defined three reclamation-focused phases, as described below
and outlined in the Closure and Reclamation Plan (Figure 5.0-1 of CIRNAC and GNWT 2019a).
•

Phase 1: Existing Condition - Project Definition; from licence issuance until the first remediation activity
commences

•

Phase 2: Active Remediation and Adaptive Management - implementation of the approved closure
activities, which has three corresponding sub-phases, applied on a component-by-component basis:

•

•

Detailed Design

•

Active Remediation/Construction (implementation of specific closure activity)

•

Adaptive Management (confirmation of component performance)

Phase 3: Post-closure Monitoring and Maintenance - long-term monitoring and maintenance after all site
remediation is complete

This AEMP Design Plan is intended to cover the middle years of the Active Remediation and Adaptive
Management Phase (Phase 2) when the new WTP is commissioned. The main activities that will occur during this
AEMP Design Plan are listed below:
•

treatment of effluent and surface runoff water with the WTP, dismantling of the existing ETP

•

removal of contaminated sediments from Baker Pond and downstream in Baker Creek

•

construction and operation of a landfill, removal and capping of contaminated soils, completion of pit filling,
and completion of covering of TCAs

The main stressors to the environment for this AEMP Design Plan are treated effluent from the WTP and flows
from Baker Creek, which contain runoff from the remediation activities and elevated metals from upstream of the
Site. These are discussed further with reference to the conceptual site model (Section 7).
The existing ETP facility with discharge to Baker Creek will be decommissioned and dismantled once the proposed
WTP with discharge to Yellowknife Bay is constructed and has demonstrated one successful year of operation,
provisionally through 2026. As described in the Effluent Quality Criteria Report for Giant Mine (CIRNAC and GNWT
2019b), the proposed WTP will be operated along with the existing ETP for a period of one year to demonstrate
successful operation before anticipated sole operation by 2027. The proposed WTP will run year-round, with
treated effluent conveyed by overland pipe to a submerged outfall in Yellowknife Bay. Sediments near the outfall
location will be removed/covered to reduce sediment scour and remobilization of metals.
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The proposed WTP will be constructed and designed to achieve a monthly average arsenic concentration of
10 µg/L using an appropriate treatment technology (CIRNAC and GNWT 2019b). As noted in Section 1, the
MDMER (Government of Canada 2002, 2018) will apply to the proposed WTP. To the extent possible, the GMRP
has attempted to align proposed effluent quality criteria with requirements under the MDMER. That is, the GMRP is
committing to achieve the MDMER discharge limits, or lower. Further details regarding the proposed WTP design
and operation, as well as associated effluent quality criteria, are provided in the Closure and Reclamation Plan
(CIRNAC and GNWT 2019a) and the effluent quality criteria report (CIRNAC and GNWT 2019b).

3.0
3.1

REGULATORY ENVIRONMENT
Relevant Environmental Legislation

The Site is located within the Mackenzie Valley area and within the municipal boundaries of the City of Yellowknife.
As such, the GMRP and the Site are subject to federal, territorial, and municipal legislation. Relevant legislation
in relation to the discharge of treated effluent include:
•

•

federal legislation
•

Fisheries Act (Government of Canada 1985) and the MDMER (Government of Canada 2002) and the
MDMER

•

Canadian Environmental Protection Act and the Toxic Substances Lists (Government of Canada 1999)

•

Mackenzie Valley Resource Management Act (Government of Canada 1998)

territorial legislation
•

Waters Act (GNWT 2014a) and the Water Regulations (GNWT 2014b)

Although the previous Water Licence N1L2-0043 (MWTWB 1998) expired in 2005, the requirements for discharge
were binding in the subsequent agreements for existing conditions of the Site. This included treated effluent
discharged from the Site to be monitored under the Surveillance Network Program (SNP) and meet the stipulated
discharge limits.
The most relevant pieces of legislation to the AEMP Design Plan are the Fisheries Act and MDMER, and the
Mackenzie Valley Resource Management Act. As noted in Section 1, the GMRP must maintain the monitoring
approach for the EEM study design and the AEMP Design Plan to bridge the federal and territorial programs while
meeting the requirements of both jurisdictions. The draft AEMP guidelines (MVLWB et al. 2017) indicate that
integration/harmonization of the requirements from various jurisdictions is possible, and that is the intent herein.

3.1.1

Fisheries Act

The Fisheries Act defines a deleterious substance as “a substance that, if added to any water, would degrade or
alter or form part of a process of degradation or alteration of the quality of that water so that it is rendered or is
likely to be rendered deleterious to fish or fish habitat, or to the use by man of fish that frequent that water”
(Government of Canada 1985). The MDMER were adopted under the federal Fisheries Act and are administered
by ECCC, and apply to all operating metal mines in Canada. These regulations impose limits on releases of
deleterious substances, which include cyanide, arsenic, copper, lead, nickel, zinc, radium-226, un-ionized
ammonia, and total suspended solids, as well as prohibit the discharge of effluent that is acutely lethal to Daphnia
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and fish. The amended MDMER limits that came into force June 2018 with full compliance required by 2021 have
resulted in lower discharge limits for cyanide, arsenic, and lead, as well as a new limit for un-ionized ammonia.
While the Site is not an active mine, GMRP is subject to the regulations due to two triggers:
•

The discharge of treated effluent exceeds 50 m3/day (i.e., the limit over which a mine is subject to the
regulation).

•

The treated effluent discharge also contains deleterious substances as defined in Section 3 and Schedule 4
of the MDMER.

It is possible that in the future once remediation is complete and the discharge effluent quality improves, the GMRP
may apply for consideration of closed mine status under the MDMER pending discussions with ECCC.

3.1.2

Mackenzie Valley Resource Management Act

Water use and the direct or indirect deposit of waste into water is regulated through the issuance of water licences
by the Land and Water Boards of the Mackenzie Valley under the Mackenzie Valley Resource Management Act.
For those projects that require a Type A Water Licence, an AEMP is required as outlined in the Water and Effluent
Quality Management Policy (the Policy; MVLWB 2011). The Policy states that several types of information
(i.e., effluent quality criteria, management plans, monitoring, etc.) can be used to collectively demonstrate that the
water licence meets defined objectives. For those projects that require a Type A Water Licence, an AEMP is
required as outlined in the Policy.
The GMRP is in the process of preparing an application to the MVLWB to renew its Type A Water Licence for the
Site, with an anticipated submission date of early 2019. It is anticipated that under the MVLWB Type A Water
Licence #MV2007L7-0031 and associated Land Use Permit, an AEMP will be required.

3.2

Environmental Assessment Measures

The GMRP concluded its Environmental Assessment (EA) process in 2014. The Mackenzie Valley Environmental
Impact Review Board (MVEIRB) identified specific measures for the GMRP, defined in the 20 June 2013 Report
of Environmental Assessment and Reasons for Decision (MVEIRB 2013) and the modified measures identified by
the Minister of CIRNAC provided with final project approval on 11 August 2014 (AANDC 2014). The five EA
Measures directly applicable to this conceptual AEMP design and to be met at the end of the Active Remediation
and Adaptive Management Phase for the GMRP, are listed in Table 3-1, along with key information and
interpretation relevant to the conceptual AEMP Design Plan.
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Table 3-1:

Modified Measures from the Environmental Assessment for the Giant Mine Remediation Project Considered Relevant to the
Conceptual Aquatic Effects Monitoring Design Plan for Yellowknife Bay
Environmental Assessment Measure(a)

Measure 12 - To prevent significant adverse impacts on Great
Slave Lake from contaminated surface waters in the existing or
former channel of Baker Creek, should it be re-routed to avoid
the mine site, the Developer will ensure that water quality at the
outlet of Baker Creek channel will meet site-specific water
quality objectives based on the CCME Guidance on the SiteSpecific Application of Water Quality Guidelines in Canada
Measure 13 - The Developer will design and, with the applicable
regulators, manage the Project to ensure that, with respect to
arsenic and any other contaminants of potential concern, the
following water quality objectives are achieved in the vicinity of
the outlet of the existing or former channel of Baker Creek,
should it be re-routed to avoid the mine site, excluding Reach 0:
i)
Water quality changes due to discharge from Baker
Creek will not reduce benthic invertebrate and plankton
abundance or diversity.
ii)
Water quality changes due to discharge from Baker
Creek will not harm fish health, abundance or diversity.
iii)
Water quality changes due to discharge from Baker
Creek will not adversely affect areas used as drinking
water sources.
iv) Water quality changes due to discharge from Baker
Creek will not adversely affect any traditional or
recreational users.
v) There is no increase in arsenic levels in Great Slave
Lake due to discharge from Baker Creek beyond the
parameters described in Measure 12.

Key Information/Interpretation

•

Baker Creek will remain on site

•

Water quality objectives will be developed based on site-specific conditions in Yellowknife Bay as
described in the effluent quality criteria report (CIRNAC and GNWT 2019b)

•

Monitoring of water quality through the Yellowknife Bay AEMP will confirm that these SSWQOs are
met

•

Linked to Measure 13

•

SSWQOs for arsenic and other POPCs will be met in Yellowknife Bay after remediation activities
are complete (i.e., once Baker Creek is stabilized, pits are filled, tailings covered, proposed WTP
commissioned)

•

Water quality monitoring through the Yellowknife Bay AEMP will confirm that these SSWQOs are
met

•

Water uses will be protected (i.e., aquatic life, drinking water, and traditional or recreational uses)
as described in CIRNAC and GNWT (2019b)

•

Water quality and biological monitoring through the Yellowknife Bay AEMP will confirm that
measures 13 a) to d) are met

•

Arsenic concentrations in Great Slave Lake, beyond the edge of the mixing zone (i.e., 200 m from
breakwater), will not increase from present-day concentrations due to the WTP discharge. Water
quality monitoring through the Yellowknife Bay AEMP will confirm that measures 13a) to d) are met
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Table 3-1:

Modified Measures from the Environmental Assessment for the Giant Mine Remediation Project Considered Relevant to the
Conceptual Aquatic Effects Monitoring Design Plan for Yellowknife Bay
Environmental Assessment Measure(a)

Measure 15 - The Developer and regulators will design and
manage the Project so that, with respect to arsenic and any
other contaminants of potential concern:
vi) Water quality at the outfall will meet the Health Canada
Guidelines for Canadian Drinking Water Quality.
vii) The following water quality objectives in the receiving
environment are met:
a) Water quality changes due to effluent discharge
will not reduce benthic invertebrate and
plankton abundance or diversity beyond 200 m
of the outfall.
b) Water quality changes due to effluent discharge
will not harm fish health, abundance or diversity.
c)
Water quality changes due to effluent discharge
will not adversely affect areas used as drinking
water sources.
d) There is no increase in arsenic levels in
Yellowknife Bay water at 200 m from the outfall.
e) There is no increase in arsenic levels in
Yellowknife Bay sediments at 500 m from the
outfall.
Measure 16 - Before construction, the Developer will model resuspension of arsenic from sediments and resulting
bioavailability in the vicinity of the outfall. If the modelling
results indicate that the outfall may re-suspend arsenic from
sediments, the Developer will modify the outfall design until
operation does not cause re-suspension of arsenic from
sediment.

Key Information/Interpretation

•

Related to Measure 14, the proposed WTP will be designed to treat arsenic to 10 µg/L (CIRNAC
and GNWT 2019b; Health Canada 2017).

•

For antimony, the only other parameter of potential concern for which concentrations are predicted
to exceed the CDWG in the WTP effluent, concentrations will meet the CDWG at the edge of the
combined mixing zone (i.e., 200 m from the outfall) (CIRNAC and GNWT 2019b).

•

SSWQOs for arsenic and other POPCs protective of aquatic life (including plankton, benthic
invertebrates, and fish) will be met in Yellowknife Bay after remediation activities are complete.

•

Water uses will be protected (i.e., aquatic life, drinking water, and traditional or recreational uses)
as described in CIRNAC and GNWT (2019b).

•

Arsenic concentrations in Great Slave Lake water quality, beyond the edge of the combined mixing
zone (i.e., 200 m from outfall), will not increase from present-day concentrations due to the WTP
discharge.

•

No increase in arsenic concentrations in sediments beyond 500 m from outfall from present-day
concentrations

•

Water quality, biological monitoring, and receiving environment toxicity testing through the
Yellowknife Bay AEMP will confirm that measures 15a) to e) are met.

•

Outfall will be designed to prevent sediment scour and remobilization. Engineering controls will be
in place at the outfall.

•

Sediments near the outfall location will be removed/covered to prevent re-suspension of arsenic
from sediments during operation.

•

Visual monitoring at the outfall pipe will occur; modelling to be completed as required.
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Table 3-1:

Modified Measures from the Environmental Assessment for the Giant Mine Remediation Project Considered Relevant to the
Conceptual Aquatic Effects Monitoring Design Plan for Yellowknife Bay
Environmental Assessment Measure(a)

Measure 17: Before operating the outfall, the Developer will
design and implement a comprehensive aquatic effects
monitoring programme that is sufficient to determine if the
water quality objectives listed in Measure 15 are being met.
This programme will:
i)
At a minimum, be able to identify any accumulation of
arsenic over time in the water, sediment or fish in the
receiving environment
ii)
Include appropriate monitoring locations near N’dilo, in
Back Bay and in Yellowknife Bay, with a focus on areas
in the vicinity of the outfall and areas used by people.
iii)
Include the establishment of a baseline for aquatic
effects in Back Bay before beginning Project construction
and installation of the outfall.
iv) Be developed according to AANDC Guidelines for
Designing and Implementing Aquatic Effects Monitoring
Programs for Development Projects in the Northwest
Territories, June 2009, with corresponding action levels
and management response framework.

Key Information/Interpretation

•

Draft Conceptual AEMP Design Plan provided herein; to be revised with input from affected parties

a) AANDC (2014).
CCME = Canadian Council of Ministers of the Environment; SSWQO = site-specific water quality objectives; AEMP = aquatic effects monitoring program; POPC = parameter of potential concern;
WTP = water treatment plant; CDWG = Canadian drinking water guideline
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4.0

YELLOWKNIFE BAY SITE CHARACTERIZATION

A high-level characterization of the aquatic receiving environment is provided in this section, primarily focused on
Yellowknife Bay where the proposed WTP outfall will be located. This high-level summary of existing information
is not intended to fully represent existing conditions for the outfall, but to provide an indication of what is known to
date for each component. A Yellowknife Bay Special Study has been initiated, and the findings of this Special
Study will be included in a future detailed AEMP Design Plan. The Yellowknife Bay Special Study will focus on the
following core AEMP components: water quality, toxicity, benthic invertebrate communities and supporting
sediment quality, fish health, and fish tissue chemistry.

4.1

Overview

Yellowknife Bay is located on the north arm of Great Slave Lake at latitude 62°29ʹN and longitude 114°22ʹW and
at an elevation of 156 m above sea level, has an approximate area of 32 km2, and measures 11.3 km in length
and 2.8 km in width (Moore et al. 1978; Stantec 2014a). The primary inflow is the Yellowknife River (north end,
south of Walsh and Prosperous lakes). Yellowknife Bay also receives runoff from the shoreline near the Site,
Jackfish Lake watershed (3.5 km2), Niven Lake watershed (0.58 km2) and local land runoff (5.2 km2) from the west,
and from the Hay Lake watershed (46 km2) from the east. The Niven Lake watershed is urbanized and Niven Lake
was a historical sewage lagoon for the city of Yellowknife. Several land parcels are currently being developed just
north of Jackfish Lake. Other aforementioned watersheds are natural. Yellowknife Bay has a maximum depth of
20 to 40 m, but near Baker Creek the water is 3 to 10 m deep (Moore et al. 1978; Stantec 2014b).
Yellowknife Bay is surrounded by mineral formations containing arsenic and associated metals 2 (i.e., copper, zinc,
lead, and nickel), which contribute, via weathering of the bedrock, to contaminant concentrations present in the
environment (Jackson et al. 1996). The city of Yellowknife is situated on the western shore of Yellowknife Bay.
The Indigenous communities of Dettah and Ndilǫ are located near the southeastern shore of Yellowknife Bay and
at the north end of Latham Island, respectively. The fish populations of Yellowknife Bay are an important food
source of the Ndilǫ and Dettah Indigenous communities (Jackson et al. 1996). Yellowknife Bay is also a
recreational area that includes resident houseboats, the Great Slave Sailing Club, and numerous docks and float
plane bases.
Previous investigations have divided Yellowknife Bay into smaller segments (SRK/Senes 2007; INAC and
GNWT 2010). This AEMP Design Plan references the same general spatial areas within Yellowknife Bay as
those identified for the effluent quality criteria report (CIRNAC and GNWT 2019b) as depicted in Figure 4-1,
i.e., Back Bay, north Yellowknife Bay, and south Yellowknife Bay.

2

The term “metal” is used throughout this report and includes non-metals (e.g., selenium) and metalloids (e.g., arsenic).
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4.2

Anthropogenic Influences on Yellowknife Bay

A summary of anthropogenic influences on Yellowknife Bay, including the exisiting ETP and other Site activities,
as well as non-point source inputs unrelated to the exisiting ETP discharge, is provided in Table 4-1.
These influences are attributed to Site or mine-related activities, regional influences, private local influences,
or fishing-related activity. Treated effluent from the existing ETP discharge remains a driver of water quality in the
lower reaches of Baker Creek during the period of seasonal discharge. The ETP also has a seasonal influence on
water quality in the nearby Yellowknife Bay receiving environment and the area close to the proposed outfall for
the new WTP. Other sources, such as private local influences, are mentioned here for completeness.
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Anthropogenic Influences on Yellowknife Bay, 2011 to 2017

General Source Category

Source

Description
Baker Creek flows through the Site, transporting loadings of metals (primarily arsenic) and other constituents from the
site to Yellowknife Bay, from the following sources:

Baker Creek
inflow

Mine Site or mine-related
activities

•

Inflows from upstream watersheds (Lower Martin, Gar, Trapper lakes)—Baker Creek originates at
Duckfish Lake, then flows from Lower Martin Lake through reaches above the Site, joins with combined outflow
from Gar and Trapper lakes via Trapper Creek, and travels through Baker Creek to Yellowknife Bay. Contaminated
sediments resulting from aerial deposition of historical roaster emissions continue to contribute to loading from the
upper reaches of Baker Creek.

•

ETP seasonal discharge of treated effluent—Water from various locations on the Site is managed and treated
in the existing ETP to reduce parameter loadings prior to discharge to Baker Creek. The minewater includes a
large volume of surface runoff over contaminated soil areas from Site facilities (TCAs, pits, and ponds).

•

Shallow seepage (from TCAs)—Arsenic and other contaminants from the TCAs are transported by infiltration,
leaching, and shallow groundwater flow. Much of this water is directed to the underground mine workings and
treated in the existing ETP prior to release; however, it is assumed a portion of the volume enters Baker Creek
either from shallow seepage from the Northwest Pond to Trapper Creek, which flows to Baker Creek, or directly to
Baker Creek from the Mill Pond.

•

Tributaries to the west of Baker Creek—Baker Creek receives a low volume of outflow from the Fox, Handle,
and Joe lake watersheds, entering near the mouth of Baker Creek.

•

Surface runoff over contaminated soil areas from Site facilities—A large proportion of runoff from the Site is
collected and treated prior to release to Baker Creek. However, some volume of surface runoff is assumed to
directly enter Baker Creek

Contaminated sediment at the mouth of Baker creek and in Yellowknife Bay may be a non-point contaminant source
should constituents remobilize from these areas:

•

Flux from sediments close to the Baker Creek—Historically, Baker Creek was contaminated with aerially
deposited arsenic trioxide dust from roaster stack emissions and tailings deposited in the creek. As well, an
overflow event in 2011 disrupted the normal flow of the creek, causing it to erode an old mine road and enter
historical Jo-Jo Lake, where sediments were impacted by mine tailings in early years of mining (Golder 2011).
Although work to clean up sediments has occurred in Reach 4, areas of contamination remain in the other on-site
reaches. Contaminants may remobilize from the porewater. Site-specific studies indicate that sediments and
porewaters from within this area are a potential source of arsenic (Mace 1998; Andrade 2006; Stantec 2015).

•

Flux from sediments in the Yellowknife Bay, particularly near the Foreshore Tailings Area—Tailings were
historically deposited in Yellowknife Bay, with portions of the tailings being submerged and beached. Arsenic and
other parameters are assumed to be remobilizing from the sediment into the water column at a slow rate. There
are two separate inputs: flux from sediments throughout Yellowknife Bay from historical deposition and flux from
the foreshore tailings.

Flux of arsenic
from sediments
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Anthropogenic Influences on Yellowknife Bay, 2011 to 2017

General Source Category

Mine Site or mine-related
activities (cont’d)

Regional influences

Private local influences

Source

Description

Shallow
groundwater
lateral seepage

Arsenic and other contaminants from tailings ponds are transported by infiltration, leaching, and shallow groundwater
flow. Much of this water is directed to the underground mine workings and treated prior to release; however, a portion
of the volume may enter Yellowknife Bay via shallow seepage from the South, Central, and North ponds.

Surface runoff
near shoreline

A volume of runoff from contaminated soils is assumed to flow directly to Yellowknife Bay.

Historical roaster
emissions

Historical emissions of arsenic on and around the Site contaminated both surface water and sediment within the
exposure area. Recent studies have estimated that the aerial extent of roaster stack emissions from the initial two
years of operations may extend 20 to 30 km from the historical roaster stack (Jamieson et al. 2017).

Surface runoff in
drainage basins
adjacent to and
away from the
Site

Metals may be transported via surface runoff across contaminated soils from the region. Receptors are Trapper
Creek, Baker Creek, and ultimately Yellowknife Bay. Other sources of potentially contaminated runoff include the
Niven Lake outlet and Jackfish Lake outlet, both of which drain to Back Bay and are directed north toward Yellowknife
Bay. Niven Lake is the former sewage lagoon for the city of Yellowknife; Jackfish Lake is the outlet for water for the
Northwest Territories Power Corporation diesel plant. Surface runoff from Giant Mine Access Road and runoff from
the city of Yellowknife in Back Bay and Yellowknife Bay area also influence water in the area.

Yellowknife River

Yellowknife River flows enter Yellowknife Bay northeast of the Site. The Yellowknife River is a source of
uncontaminated water; however, because the volume of water is high, it contributes a notable portion of the overall
loadings of metals such as arsenic to Yellowknife Bay.

Surface runoff
from the Marina

The Marina owned by the Great Slave Sailing Club is a source of potential petroleum hydrocarbon contamination due
to boat motors and runoff from the parking lot at the Marina. Soils in the Marina area were impacted by historical
roaster emissions, which would affect surface runoff quality. The input of the Marina to Yellowknife Bay is assumed to
be small.

Surface runoff
from the public
boat launch

The city of Yellowknife public boat by the mouth of Baker Creek is a source of potential petroleum hydrocarbon
contamination from boat motors and runoff from the parking areas at the public boat launch.

Modification of
area by presence
of houseboats

There are a number of houseboats moored in Yellowknife Bay. While residents are prohibited from depositing waste
and sewage into the water, there is a potential for this to occur; therefore, this is a potential source of contamination.

Float bases and
privately owned
float planes

Commercial float plane bases operate on Yellowknife Bay, and there are a number of privately owned float planes
that are docked in Back Bay. These may be a source of sediment remobilization or petroleum hydrocarbon
contamination.
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Anthropogenic Influences on Yellowknife Bay, 2011 to 2017

General Source Category

Fishing-related influences

Source

Commercial and
sport fishing

Description
Baker Creek is closed annually to sportfishing from 15 April to 15 June; after this time, sportfishing can affect fish in
the creek and nearby bay areas. The number of Arctic Grayling (Thymallus arcticus) that can be fished in Baker
Creek and within 100 m of the mouth is regulated (daily fish catch limit). Commercial fishing in Great Slave Lake can
affect the stocks of fish entering Yellowknife Bay and potentially Baker Creek. Although insufficient information exists
to predict the potential impacts of either sportfishing or commercial fishing to Baker Creek, it should be noted that this
stressor does exist.

ETP = effluent treatment plant; TCA = Tailings Containment Area.
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4.3

Studies in Yellowknife Bay Relevant to the Aquatic Effects
Monitoring Program

The following current and previous studies have been undertaken in Yellowknife Bay by the GMRP to collect
information in support of remediation initiatives and to collect up-to-date data in support of the Water Licence
application.

4.3.1

Current Studies

•

SNP

•

surface water quantity and quality monitoring at the Site

•

Yellowknife Bay Background Data Collection Program

•

Baker Creek and Yellowknife River Program

•

bathymetry in Yellowknife Bay

•

aquatic habitat mapping

•

seep survey and runoff evaluation

•

groundwater quality monitoring planned at the Site

•

deep multiport wells monitoring

•

shallow wells monitoring

•

drive points installation and monitoring

•

minewater sampling

4.3.2

Previous Studies

•

Surface Water Quantity and Quality Monitoring Results at Giant Mine, 2017 (Golder 2018)

•

supplementary sampling in 2016: Baker Creek entering Reach 6, Baker Creek entering Yellowknife Bay, and
Yellowknife Bay, as referenced in the Phase 5 EEM investigation of cause study (Golder 2017)

•

Giant Mine desktop Phase 5 EEM investigation of cause study (Golder 2017)

•

Aquatic Habitat Survey in the Foreshore Tailings Area, Yellowknife Bay, NT (Stantec 2015)

•

Yellowknife Bay studies: water, sediment, and lower trophic data collection within the vicinity of the proposed
diffuser location for the proposed WTP and at reference areas within Yellowknife Bay (Stantec 2014a)

•

Analysis of Constituents in Tissues of Fish Captured in the Yellowknife Bay Area, NT (Stantec 2014b)

•

2011 Baker Creek Assessment, Giant Mine (Golder 2013a)

•

Giant Mine EEM field programs Phases 1 to 4 (Golder 2005b, 2008, 2010, 2013b)

•

Report on Investigation of the Distribution of Historic Tailings in North Yellowknife Bay (Golder 2005a)

•

EA of Yellowknife Bay tailings, Giant Mine (Golder 2002)

•

Assessment of Back Bay Tailings Deposit, Giant Mine, Yellowknife, NT (EBA 2001)
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In addition to these studies completed by the GMRP, other researchers have also reported water and sediment
data collected within Yellowknife Bay. The most relevant studies are:
•

Arsenic, Antimony and Metal Concentrations in Water and Sediment of Yellowknife Bay (Chételat et al. 2017)

•

Metal Concentrations in Sediments and Surface Waters Adjacent to Ndilo and Dettah in Yellowknife Bay,
Northwest Territories (Chételat 2015)

•

Arsenic Speciation and the Controls on its Release in Contaminated Sediments and Corresponding
Toxicological Effects at Giant Mine, NWT (Nash 2014)

•

Total Arsenic Concentrations of Lake Sediments Near the City of Yellowknife, Northwest Territories (Galloway
et al. 2012)

•

Arsenic Cycling and Speciation in Mining-Impacted Sediments and Pore-Waters from Yellowknife Bay, Great
Slave Lake, NWT (Andrade 2006)

•

Yellowknife – Back Bay Study on Metal and Trace Element Contamination of Water, Sediment and Fish
(Jackson et al. 1996)

A summary of data available for Yellowknife Bay, from the above information sources for the monitoring
components listed below, is provided in Figures B-1 to B-4 in Appendix B. Further, a summary of information
relevant to the AEMP is provided below by component.

4.4

Water Levels

Figure 4-2 summarizes the historical daily water level data at Great Slave Lake, recorded by the Water Survey of
Canada (WSC 2018) at hydrometric station 07SB001 (Great Slave Lake at Yellowknife Bay). The period of record
is from 1934 to 2017, with an approximately three-year gap in the record from November 1935 to May 1938.
Preliminary data are available for 2017 and 2018; however, these have not been validated by the WSC, and were
therefore not included in Figure 4-2. The maximum water level recorded was approximately 157.3 m in 1962, and
the minimum water level recorded was approximately 156.0 m in 2010. A higher than average water level of
156.9 m was sustained from July 1996 to September 1998. Over the period of record, the average water level of
Great Slave Lake was 156.6 m, with a mean annual fluctuation of 0.5 m over the year. Lake water levels generally
peak in the summer and decrease steadily thereafter; minimum water levels occur during the winter months.
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Figure 4-2:

Water Levels in Yellowknife Bay, 1934 to 2017
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Note: Water levels in 2017 are shown in grey because they have not yet been verified.
masl = metres above sea level

4.5

Water Temperatures

Yellowknife Bay has variable water temperatures depending on season and water depth, as indicated by the
results of seasonal monitoring undertaken by the GMRP in 2017 at stations shown in Figure 4-3. The water profile
temperature data are shown in Figure 4-4.
In 2017, surface temperatures measured in April under ice ranged from 0.3°C to 0.5°C (Figure 4-4). Temperatures
increased with depth to 1.2°C at the deepest depth measured (6 m). During the open-water season
(measurements taken in June, July, and September), surface temperatures peaked in July at 20°C to 21°C.
Temperatures decreased with depth in the open-water season, but at the deepest interval measured (16 to 17 m)
temperature increased gradually through the open-water season. The data indicate that in 2017, Yellowknife Bay
stratified during ice-cover and during the open-water season stratification was the most prominent in July. A
thermocline was present between 5 and 6 m below the lake surface (Figure 4-4; CIRNAC and GNWT 2019b).
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Figure 4-4:

Measured Water Temperatures in Yellowknife Bay, 2017
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4.6

Water Quality and Toxicity

Seasonal water quality data have been collected in Yellowknife Bay to characterize existing conditions in the
area near the proposed WTP outfall, and at stations farther out into the bay (e.g., Stantec 2014a, Golder
Associates Ltd. [Golder 2018]) as documented in Figure B-1, Table B-1, Appendix B. A synthesis of the available
data in graphical form, including comparison to applicable water quality guidelines, is provided in the detailed
Baker Creek AEMP Design Plan (CIRNAC and GNWT 2019c). The available data are also presented in graphical
format in the effluent quality criteria report (CIRNAC and GNWT 2019b).
Yellowknife Bay has clear water with low total suspended solids and turbidity values. The bay is moderately
alkaline with soft to medium-hard water and has low specific conductivity. Organic carbon is primarily available in
dissolved form. With respect to seasonality, values for pH, specific conductivity, total dissolved solids (TDS),
turbidity, total alkalinity, major ions, and most total and dissolved metals tended to be higher in Yellowknife Bay
during the open-water season compared to the under-ice period based on the available data. Water in Yellowknife
Bay was generally softer, and slightly more acidic and had lower alkalinity (i.e., lower buffering capacity) under
ice. Differences between seasons were likely due to the influence of lake stratification. In contrast to these
parameters, total and dissolved organic carbon did not appear to display seasonal changes in the bay.
Nutrient concentrations in Yellowknife Bay recently reported by Golder (2018) and through the EEM program in
previous years were generally close to or below detection limits (Baker Creek AEMP Design Plan, Appendix B
[CIRNAC and GNWT 2019c]). Interpretation of trophic status has, however, been complicated by consistent
reporting of analytical detection limits above the oligotrophic/mesotrophic trophic boundary (i.e., 0.01 mg/L)
defined by the Canadian Council of Ministers of the Environment (CCME 2004), as a result of interference from
arsenic in the analysis of phosphorus in these waters. The same analytical issue was encountered by Stantec
(2014a), where analytical detection limits for total phosphorus above the oligotrophic/mesotrophic boundary were
also frequently reported. Thus, while Stantec (2014a) inferred that Yellowknife Bay was likely an oligotrophic
waterbody, trophic status cannot be confirmed with certainty based on current data. With respect to Great Slave
Lake as a whole, historical studies have documented either oligotrophic or mesotrophic conditions depending in
part on the influence of river tributaries such as the Slave or Hay rivers (e.g., Evans 1997).
Concentrations of most metals were below reported detection limits in Yellowknife Bay, though for some metals,
including arsenic, detected concentrations have been reported above Canadian water quality guidelines for the
protection of aquatic life (CWQGs; CCME 1999), particularly at stations near the breakwater (Baker Creek AEMP
Design Plan Appendix B [CIRNAC and GNWT 2019c]). However, detected concentrations tended to be
consistently lower than those reported in Baker Creek (Stantec 2014a; Golder 2018; CIRNAC and GNWT 2019b).
For example, from 2011 to 2018, median arsenic concentrations in Yellowknife Bay near the breakwater were
approximately two times greater than the CWQG and approached the CDWG of 0.010 mg/L (CIRNAC and GNWT
2019c). This compared to higher median concentrations in Baker Creek behind the breakwater that were
approximately four times greater than the CWQG and approximately two times greater than the CDWG (CIRNAC
and GNWT 2019c).
Farther into Yellowknife Bay (e.g., north and south Yellowknife Bay), median arsenic concentrations were typically
lower than those measured in Yellowknife Bay near the breakwater and were well below the CWQG and the
CDWG (CIRNAC and GNWT 2019c). Arsenic release from bay sediments near the breakwater is a possible source
for the higher reported concentrations relative to other areas sampled in Yellowknife Bay, as discussed by Stantec
(2014a).
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No sublethal toxic effects were observed for three of the four test species (i.e., Pimphales promelas,
Pseudokirchneriella subcapitata, and Lemna minor) in water samples collected from north Yellowknife Bay in
August 2016 (Table 4-2; Golder 2017; Appendix B, Figure B-1). There was reduced reproductive output in full
strength water samples (i.e., inhibition concentration for a 25% effect [IC25] of 75%) to the fourth test species,
Ceriodaphnia dubia, but no adverse effects on C. dubia survival were observed (Table 4-2; Golder 2017).
Table 4-2:

Sublethal Toxicity Testing Results for North Yellowknife Bay, 2016

Test Species

Biological Endpoint of Test

Pseudokirchneriella subcapitata
Growth
(alga)
Reproduction (frond number)
Lemna minor
(lesser duckweed)
Growth (biomass)
Survival
Ceriodaphnia dubia
(water flea)
Reproduction
Survival
Pimephales promelas
(Fathead Minnow)
Growth

Test Duration

Statistic

Test Result
(% Sample)

72 hours

IC25

>91

IC25
IC25
LC50
IC25
LC50
IC25

>97
>97
>100
75 (74, 80)
>100
>100

7 days
7 days
7 days

Note:
Sample collected in north Yellowknife Bay (Golder 2017; Appendix B, Figure B-1).
Confidence limits where calculated are provided in parentheses. Confidence limits cannot be calculated for test endpoints >100%, >97%, or
>91%.
Results are presented as a percentage compared to a negative control.
The maximum concentrations for the algae and Lemna minor toxicity tests are 91% and 97%, respectively. The maximum concentration is
less than 100% in each of these tests to allow for addition of nutrients and stock inoculum to the sample water.
IC = inhibition concentration; LC = lethal concentration; LC50 = percent effluent concentration that results in a lethal effect to 50% of the test
population; IC25 = concentration that causes a 25% inhibitory effect in the sublethal endpoint being measured.

More recent water samples collected from Yellowknife Bay in April, June, and September 2017 showed no
sublethal toxic effects on growth and/or reproduction for the four test species (i.e., P. subcapitata, L. minor,
C. dubia, or P. promelas) (Table 4-3; Golder 2018). Likewise, no adverse effects were observed in survival
of C. dubia or P. promelas in Yellowknife Bay in 2017 (Table 4-3; Golder 2018).
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Table 4-3:

Sublethal Toxicity Testing Results for Yellowknife Bay, 2017
Test Species

Biological Endpoint
of Test

19 April 2017 Under-Ice Sampling Program
Pseudokirchneriella subcapitata
Growth
(alga)
Survival
Ceriodaphnia dubia
(water flea)
Reproduction
Survival
Pimephales promelas
(Fathead Minnow)
Growth (biomass)
Growth (frond number)
Lemna minor
(lesser duckweed)
Growth (biomass)
13 June 2017 Spring Open-Water Sampling Program
Pseudokirchneriella subcapitata
Growth
(alga)
Survival
Ceriodaphnia dubia
(water flea)
Reproduction
Survival
Pimephales promelas
(Fathead Minnow)
Growth (biomass)
Growth (frond number)
Lemna minor
(lesser duckweed)
Growth (biomass)
13 September 2017 Fall Open-Water Sampling Program
Pseudokirchneriella subcapitata
Growth
(alga)
Survival
Ceriodaphnia dubia
(water flea)
Reproduction
Survival
Pimephales promelas
(Fathead Minnow)
Growth (biomass)
Growth (frond number)
Lemna minor
(lesser duckweed)
Growth (biomass)

Test Duration

Statistic

Test Result
(% Sample)

72 hours

IC25

>91

LC50
IC25
LC50
IC25
IC25
IC25

>100
>100
>100
>100
>97
>97

IC25

>91

LC50
IC25
LC50
IC25
IC25
IC25

>100
>100
>100
>100
>97
>97

IC25

>91

LC50
IC25
LC50
IC25
IC25
IC25

>100
>100
>100
>100
>97
>97

5 to 8 days
7 days
7 days

72 hours
5 to 8 days
7 days
7 days

72 hours
5 to 8 days
7 days
7 days

Note:
Sample collected in at station S25 in Yellowknife Bay (Figure 4-3; Golder 2018).
Confidence limits cannot be calculated for test endpoints >100%, >97%, or >91%.
Results are presented as a percentage compared to a negative control.
The maximum concentrations for the algae and Lemna minor toxicity tests are 91% and 97%, respectively. The maximum concentration is
less than 100% in each of these tests to allow for addition of nutrients and stock inoculum to the sample water.
IC = inhibition concentration; LC = lethal concentration; LC50 = percent effluent concentration that results in a lethal effect to 50% of the test
population; IC25 = concentration that causes a 25% inhibitory effect in the sublethal endpoint being measured.

4.7

Sediment Quality and Toxicity

Stantec (2014a) collected sediment quality data in Yellowknife Bay to characterize existing conditions within the
vicinity of the then proposed WTP discharge location and at reference areas farther afield within the bay. Although
the proposed discharge location was subsequently moved closer to shore, in line with the selection of a nearshore WTP outfall discharge option versus the previous diffuser discharge option, the data collected by Stantec
(2014a) are still relevant to the AEMP design. As shown in Figure B-2, Appendix B, sediment data were collected
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towards north Yellowknife Bay, except for one downstream station south of Dettah 3 . The near-field station sampled
closest to shore was located approximately 150 m off the west shore of Yellowknife Bay.
Sediments in the near-field area were characterized by higher proportions of finer sediments (silt and clay) in
comparison with other stations sampled that were composed more of silt and sand (i.e., the foreshore tailings
stations and the downstream reference station). Sediments sampled in the near-field and historically contaminated
areas were low in total organic carbon, with values less than 2%. Metal concentrations were spatially variable
within these areas, and some metals were present at concentrations above sediment quality guidelines
(e.g., arsenic, cadmium, chromium, copper, lead, and zinc). Some of these metals were also above guidelines at
the downstream reference station.
Consistent with the influence of regional geology, sediment arsenic concentrations were above arsenic sediment
quality guidelines at all stations sampled, including the downstream reference station. Both CCME sediment
quality guidelines apply at a national level across Canada and do not consider site-specific conditions within the
Yellowknife region. As per previous EEM reporting and assessment studies for the study area, sediment data were
also compared to the remediation objective for sediment at boat launches in the Yellowknife area (150 mg/kg
arsenic; GNWT 2003). Even though this objective is not directly relevant to the assessment of potential effects on
aquatic health, it is relevant to public use of the public boat launch close to the Baker Creek mouth. Sediment
arsenic concentrations were above 150 mg/L at near-field and historically contaminated stations but not at the
downstream reference station.
The majority of arsenic concentrations reported for the near-field area were between 500 and 1,000 mg/kg,
compared with a mean of 27 ± 9.1 mg/kg at the downstream reference location. A previous study by Golder (2002)
found that adverse effects on benthic invertebrate communities generally coincided with reported arsenic sediment
concentrations higher than 150 mg/kg.
Subsequent to this sediment study for the proposed discharge to Yellowknife Bay, Stantec (2015) undertook an
underwater video survey of the Foreshore Tailings Area in October 2014 to describe the aquatic habitat present
within a survey area of 300 m by 750 m. The survey included visual characterization of substrate type and analysis
of sediment samples for particle size, the results of which allowed the characterization of three distinct habitat
types within the Foreshore Tailings Area:
•

Habitat type HA-1—nearshore sandy substrates with low organic carbon and elevated concentrations of
metals such as arsenic. Depths between 0.5 and 3 m and poor habitat quality compared to other areas of
Yellowknife Bay. Covered a larger spatial area than the submerged tailings area delineated in 2001 by Golder
(2002), potentially due to continued erosion and redistribution along the west shore of Yellowknife Bay.

•

Habitat type HA-2—most prevalent habitat type in the survey area with fine silty-clay substrates and coarse
substrates present. Depths between 2 and 8 m and predominantly devoid of vegetation (only very patchy
macrophytes) but with the occasional presence of large bivalves.

•

Habitat type HA-3—fine silty-clay substrates within the northeast corner of the survey area. Depths between
2 and 8 m with dense standing macrophytes.

Stantec (2014a) site group names: Yellowknife Bay Near-Field, Historic Contamination (i.e., within the foreshore tailings area and the Baker
Creek outlet), and Downstream Reference at Horshoe Island south of Dettah.

3
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The only sediment toxicity data available for Back Bay or north Yellowknife Bay are data collected by Nash (2014)
within the Foreshore Tailings Area.

4.8

Benthic Invertebrate Communities

Historical benthos studies by Golder (2002, 2005b) in Yellowknife Bay identified effects on benthos communities
that were linked to sediment-related contaminant exposure, particularly arsenic. However, these studies targeted
areas in Yellowknife Bay for sampling that were more likely to have elevated metal concentrations in sediments
(i.e., historical tailings deposits) to address specific study objectives. Golder (2005b) concluded that arsenic
contamination of Yellowknife Bay sediments had negatively affected the benthic invertebrate community along the
western shore of the bay to a distance of approximately 500 m from the shore, generally within the area where
arsenic concentration in sediments was greater than 150 mg/kg. Total invertebrate density and richness and
densities of metal-sensitive invertebrates were reduced in the area of elevated arsenic concentration. Recovery
from these effects was noted as sediment arsenic concentrations declined with distance from the historical tailings
deposit and from the mouth of Baker Creek.
More recently, Stantec (2014a) collected benthic invertebrate data in Yellowknife Bay to characterize conditions
within a near-field area located within the vicinity of the boundary between Back Bay and north Yellowknife Bay 4;
areas affected by historical contamination (i.e., the Foreshore Tailings Area and at the Baker Creek outlet on the
western shoreline); and a downstream reference station located in south Yellowknife Bay beyond Dettah
(Figure B-3, Appendix B). Benthic invertebrate samples collected within all four areas were characterized by
amphipods (mainly Gammarus spp.), bivalves (mainly Pisidiidae), and chironomids (non-biting midges), with these
taxa accounting for at least 84% of the total community composition. Dominant taxa, however, differed between
areas: chironomids dominated communities sampled from the Foreshore Tailings Area and the downstream
reference station, whereas amphipods and bivalves were dominant in communities sampled from the near-field
area located within the vicinity of the boundary between Back Bay and north Yellowknife Bay.
Within the near-field area, mean benthic invertebrate density ranged from 1,926 ±1,027 organisms/m 2 to
4,725 ±2,261 organisms/m2. Mean density at the historical contamination stations within Foreshore Tailings
Area and at the Baker Creek outlet was highly variable, ranging from 93 ±874 organisms/m2 to
11,964 ±931 organisms/m2. Mean density at the downstream reference station (9,732 ±2,797 organisms/m 2) was
more similar to the upper estimate for the historically contaminated stations than to mean values reported for the
near-field area located within the vicinity of the boundary between Back Bay and north Yellowknife Bay.
Tissue concentrations in benthic invertebrates sampled by Stantec (2014a) at the near-field and historically
contaminated stations were elevated in arsenic and other trace metals such as antimony, copper, and chromium
when compared to the downstream Yellowknife Bay reference area. For some metals, such as arsenic, there was
considerable variation in tissue concentrations within the near-field area in comparison to the reference area.
Mean arsenic concentrations at the near-field stations ranged from 35 to 636 mg/kg dry weight, with concentrations
at four stations above and four stations below 400 mg/kg. Mean concentrations in invertebrates collected from the
reference area were less than 200 mg/kg dry weight. Moreover, mean concentrations in tissues and sediments
were directly correlated for arsenic and several other metals (copper, chromium, lead, and nickel), which indicated
that these metals were bioavailable for uptake by invertebrate biota within the near-field area.

4

Within the vicinity and downstream of the previously proposed diffuser location.
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4.9

Plankton

In June 2013, Stantec (2014a) collected phytoplankton and zooplankton community and zooplankton tissue data,
at 22 stations in Yellowknife Bay. Plankton samples were collected to characterize conditions within four areas:
a near-field area located in Back Bay and north Yellowknife Bay; an area affected by historical contamination
(i.e., the Foreshore Tailings Area and at the Baker Creek outlet on the western shoreline); a far-field area within
south Yellowknife Bay; and a downstream reference station in south Yellowknife.
Stantec (2014a) reported that chlorophyll a concentrations were characteristic of oligotrophic lakes and ranged
from 0.07 µg/L in the near-field area to 2.93 µg/L in the far-field area of south Yellowknife Bay. The phaeophytin
to chlorophyll a ratio, which is used to assess whether phytoplankton cells are senescing, indicated that active
phytoplankton growth was occurring at most stations, with the exception of four stations (S12 in the near-field,
S6 in the far-field, S18 in the Baker Creek Outlet area, and S20 in Foreshore Tailings Area) where phytoplankton
senescence appeared to be occurring.
Phytoplankton abundance increased farther into Yellowknife Bay and ranged from 185 cells/mL in the near-field
to 858 cells/mL in the far-field. The phytoplankton community, based on abundance, in Yellowknife Bay was
dominated by cyanobacteria, cryptophytes (flagellated algae), and diatoms. The Simpson’s Diversity Index,
Simpson’s Evenness Index, and Bray-Curtis Index suggest high species diversity, high equitability of taxa in
Yellowknife Bay, and similarity among stations in the downstream reference and far-field areas.
Zooplankton abundance ranged from 4,380 organisms/m 3 in the Foreshore Tailings Area to 57,913 organisms/m3
in the near-field area. The zooplankton community, based on abundance, in Yellowknife Bay was dominated by
rotifers and copepods, which accounted for approximately 94% of the community composition. Cladocerans were
present at all stations but in low abundance. Zooplankton diversity was high across all of the stations in Yellowknife
Bay, while evenness was variable. The Bray-Curtis Index values indicate that zooplankton samples were similar
among stations in the near-field area, while stations in the far-field area appeared to be dissimilar.
Trace metal concentrations in the zooplankton tissue was variable across stations in Yellowknife Bay with most
metals generally being higher in the Foreshore Tailings Area (i.e., the area where historical contamination
occurred). Arsenic concentrations ranged from 18 to 294 milligrams per kilogram dry weight (mg/kg dw).
The highest arsenic concentrations were measured at stations sampled within the Foreshore Tailings Area,
ranging from 113 mg/kg dw to 294 mg/kg dw, and the lowest values were measured in the near-field area, ranging
from 18 mg/kg dw to 91 mg/kg dw. Cadmium content in zooplankton tissue ranged from 0.37 mg/kg dw in the
Foreshore Tailings Area to 16.2 mg/kg dw in the near-field area. Similarly, mercury, nickel, antimony, cobalt,
copper, lead, and molybdenum concentrations in zooplankton tissue followed a similar pattern of higher
concentrations being measured at stations in the Foreshore Tailings Area compared to the remainder of the
stations.
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4.10

Fish

Sections of shoreline surrounding Yellowknife Bay and smaller islands within the bay provide excellent habitat and
optimal depth for a wide range of species. Yellowknife Bay provided spawning, rearing, migration, and
overwintering habitat for numerous species of fish. The specific fish habitat use in the area of the outfall and the
exposure area is to be determined. Numerous species have the potential to be present in Yellowknife Bay given
its connection to Great Slave Lake. Fish species previously captured within and near Yellowknife Bay include
Walleye (Sander vitreus), Burbot (Lota lota), Longnose Sucker (Catostomus catostomus), Northern Pike (Esox
lucius), Lake Whitefish (Coregonus clupeaformis), Cisco (Coregonus artedi), Arctic Grayling (Thymallus arcticus),
Lake Chub (Couesius plumbeus), Slimy Sculpin (Cottus cognatus), Ninespine Stickleback (Pungitius pungitius),
Emerald Shiner (Notropis atherinoides), Spottail Shiner (Notropis hudsonius), Lake Trout (Salvelinus namaycush),
and Trout Perch (Percopsis omiscomaycus).
Fish tissue chemistry data were previously presented as part of the Analysis of Contaminants in Tissues of Fish
Captured in the Yellowknife Bay Area, NT report (Stantec 2014b). The sampling areas for these studies are shown
in Figure B-4, Appendix B. Fish tissue chemistry data available for a number of species and tissue types from
Yellowknife Bay are summarized below:
•

Stantec (2014b) reported elevated Slimy Sculpin whole-body arsenic concentrations in Baker Creek compared
to Yellowknife Bay. Slimy Sculpin generally represent the “worst case scenario” in terms of exposure to
sediment-borne constituents for fish, because they are full-time residents of Baker Creek, do not migrate daily
or seasonally beyond their relatively small home territory (Gray et al. 2004), and live in close proximity to the
sediment. Elevated concentrations of arsenic in the sediment of Baker Creek are bioavailable (Golder 2013a).

•

Northern Pike muscle arsenic concentrations (Stantec 2014b) were elevated at Baker Creek relative to the
Yellowknife Bay areas. Arsenic concentrations were significantly different between the Baker Creek study area
and Yellowknife Bay (i.e., greater concentrations measured in fish collected from Baker Creek). Arsenic
concentrations were elevated in livers of Northern Pike sampled from areas with the greater arsenic
concentrations: mean liver arsenic concentrations measured in Northern Pike from Baker Creek in 2011 were
88 times greater than liver arsenic concentrations in Northern Pike from the Yellowknife River (Golder 2013b).
Additional metals have been documented at elevated concentrations historically in Northern Pike at Baker
Creek during mine operations (e.g., copper, cadmium, zinc [Falk et al. 1973]), and concentrations of these
metals have remained elevated in recent years (Golder 2013a).

Lake Whitefish collected at the Baker Creek outlet in June 2013 had arsenic concentrations in muscle that were
similar to those measured previously during mine operations (i.e., 0.22 parts per million, which is the equivalent
to milligrams per kilogram [Falk et al. 1973]), suggesting that the source of exposure for this species was
still present (Stantec 2014b). There were no differences in muscle and liver arsenic concentrations in
Lake Whitefish among the Yellowknife Bay sampling areas. Additional metals were documented at elevated
concentrations historically in Lake Whitefish at Baker Creek during mine operations (e.g., copper [Falk et al. 1973])
and have remained elevated relative to reference areas in more recent years (Golder 2013b).
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5.0

TRADITIONAL KNOWLEDGE

An updated Traditional Knowledge study is expected from Yellowknives Dene First Nation and the North Slave
Métis Alliance in 2019. Information can be used to finalize this study design.

6.0

ENGAGEMENT

Further engagement on the Yellowknife Bay AEMP is expected once the new water treatment plant design and
construction plan is approved and the dates for commissioning and moving from the Baker Creek AEMP to the
Yellowknife Bay AEMP are known.

7.0

CONCEPTUAL SITE MODEL

Conceptual site models illustrate potential interactions of stressors of potential concern, exposure pathways,
and receptors of potential concern for a particular site. The Yellowknife Bay AEMP conceptual site model
is intended to facilitate communication of potential GMRP-related effects on aquatic receptors within the
Yellowknife Bay receiving environment downstream from the proposed WTP outfall and the Baker Creek outlet.
The model also serves to visually communicate ecological connections between aquatic receptors within the
Yellowknife Bay food web and interactions of those receptors with GMRP-related stressors.
The stressors of potential concern, exposure pathways, and receptors of potential concern were identified from
monitoring studies (Section 4.3), the effluent quality criteria report (CIRNAC and GNWT 2019b), and the Closure
and Reclamation Plan (CIRNAC and GNWT 2019a).

7.1

Yellowknife Bay Aquatic Receiving Environment

A diagrammatic depiction of the aquatic receiving environment within the vicinity of the proposed WTP outfall and
the outlet of Baker Creek is provided in Figure 7-1. At the base of the food web, algae and aquatic plants use
nutrients and carbon sources in the creek water for growth, and provide food to benthic and planktonic
invertebrates that feed on algae and decaying organic material. Fish feed on invertebrates, and predatory fish feed
on smaller fish. The stressors and receptors of concern are discussed in Section 7.2.
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Figure 7-1:

Yellowknife Bay Conceptual Site Model

PHASE 2 AEMP - Yellowknlfe Bay Conceptual Site Model

AEMP = Aquatic Effects Monitoring Program
Note: Early life stages of some large-bodied fish species could potentially be directly exposed to constituents present at elevated concentrations in sediments and porewaters.
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7.2

Stressors of Potential Concern

As described in Section 2.0, the proposed WTP is expected to be operational by 2026, with discharges to
Yellowknife Bay anticipated to commence in 2026. This, along with the continued inflow from Baker Creek
(albeit without an effluent influence), represents the primary stressors included in the conceptual model. While the
WTP discharge represents the potential influence of treated effluent on the receiving environment, Baker Creek
includes inputs from mine structures (e.g., TCAs or pit covers), upstream contaminated sources (e.g., Trapper
Creek), and remediation activities (e.g., instream sediment removal, blasting)
Other influences from the closure include the covering of the Townsite sediment and Foreshore Tailings Area.
It is assumed for this AEMP that those covers are effective and the porewater to surface water release of metals
is very low to negligible, and that access to the sediments by aquatic life is prevented.

7.3

Potential Confounding Factors

As described above, the main focus of the AEMP is the GMRP, specifically the proposed WTP and the continued
inflow from Baker Creek (albeit without an effluent influence). As discussed in Section 4.2, historical sediment
contamination within Yellowknife Bay may also represent a contaminant source particularly with respect to arsenic
(Chételat et al 2017). These historical and diffuse sources could potentially represent confounding factors. The
legacy effects of historical sediment contamination are the subject of upcoming studies by ECCC and university
partners and are excluded from this AEMP, which is focused on the effects of current mine remediation activities
under the GMRP.
Within Back Bay itself, there are other anthropogenic sources that have the potential to influence the receiving
environment such as the use of the Great Slave Sailing Club Marina and public boat launch and dock
where hydrocarbon inputs to the bay can occur (Section 4.2). These are largely thought to contribute petroleum
hydrocarbons and noise / physical activity type disturbances. Water quality will be monitored for total
petroleum hydrocarbons to account for this.

7.4

Receptors of Potential Concern

Receptors of potential concern are the following aquatic components of the Yellowknife ecosystem within
Back Bay:
•

Primary and secondary producers (algal and invertebrate communities)—Algal communities situated at the
base of the food web serve as the entry point by which constituents can enter the food web through direct
waterborne uptake. Once accumulated by these primary producers, constituents are subject to transfer up the
food chain to secondary producers, such as benthic invertebrates and zooplankton.

•

Fish—The section of shoreline surrounding Back Bay and smaller islands within the bay provide excellent
habitat and optimal depth for a wide range of species. Small-bodied fish, such as Slimy Sculpin and
Spottail Shiner inhabit the shallow shoreline sections within the bay, and likely use these areas for
feeding/migration. The variable and deep-water depths of the bay provide suitable habitat for large-bodied fish
such as Northern Pike, Lake Whitefish, and Lake Trout.
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The AEMP is focused on receptors that reside in the aquatic receiving environment. Although wildlife also uses
Yellowknife Bay water and biota as drinking water and as a food source, it are not the focus of the AEMP.
Monitoring of wildlife for potential effects of the remediation occurs through the Wildlife and Wildlife Habitat
Management and Monitoring Plan. Likewise, humans are not identified as receptors of potential concern because
the AEMP focuses on receptors that reside in the aquatic receiving environment. The AEMP will, however,
compare water quality in the bay against CDWGs for arsenic and antimony to follow up from the findings of the
Human Health and Ecological Risk Assessment that reviewed the effects of the remediation on humans (CanNorth
2018).

7.5

Exposure Pathways

Stressors may influence the aquatic ecosystem both directly and indirectly. Direct pathways provide a connection
from a stressor to a receptor with no intermediate receptor (e.g., toxicity to fish or benthic invertebrates from
arsenic exposure from treated effluent). Indirect pathways often include several levels of receptors; for example,
an increase in TDS and its constituent ions that likely results in adverse effects on the benthic invertebrate
community, thereby reducing the amount of food available for fish resulting in an indirect effect of TDS to fish.
The major exposure pathways relevant to the AEMP are illustrated in Figure 7-1 and described below:
•

Benthic invertebrate communities and fish are directly exposed to waterborne constituents such as metals and
TDS and its constituent ions. Invertebrates and some small-bodied fish species are also directly exposed to
constituents present at elevated concentrations in sediments and porewaters, such as arsenic. Early life
stages of some large-bodied fish species could also potentially be directly exposed to constituents present at
elevated concentrations in sediments and porewaters.

•

The dietary exposure pathway is operable for both benthic invertebrates and fish as consumers, whereby
metals adsorbed by algae and plants can be transferred up the food chain for indirect dietary uptake by
secondary and tertiary consumers.

•

Benthic invertebrates provide a food supply for fish and, therefore, any degradation of the benthic invertebrate
community could have a potential indirect effect on the fish community.

•

Benthic invertebrate communities and fish are directly exposed to waterborne nitrogen forms that can result
in adverse toxic effects on these receptors.

•

Exposure to waterborne nutrients by primary producers can result in nutrient enrichment effects through the
food web at mild, moderate, or severe levels. The impact on community structure and productivity is dependent
on the level of enrichment and the response pattern to that enrichment.

Depending on the receptor, the relative concentrations of different chemical stressors, and exposure conditions,
different types of effects may occur in Yellowknife Bay.
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7.6

Impact Hypotheses

The exposure pathways outlined in Section 7.5 can be summarized into two overall hypotheses for this Yellowknife
Bay AEMP that describe the potential impact from the treated effluent and on-site activities:
•

Toxicological impairment hypothesis—Toxicity to aquatic organisms could occur due to substances of
toxicological concern (primarily metals and TDS) released into Yellowknife Bay, either from the Site via Baker
Creek or via the proposed WTP outfall.

•

Nutrient enrichment hypothesis—Nutrient enrichment and resultant effects to aquatic organisms could
occur due to nutrient inputs released into Yellowknife Bay, either from the Site via Baker Creek or via the
proposed WTP outfall.

8.0

CONCEPTUAL AEMP DESIGN PLAN

This AEMP Design Plan describes the proposed monitoring for the first iteration of the Yellowknife Bay AEMP
Design Plan that will be implemented upon commissioning of the proposed WTP, estimated to be in 2026. The
conceptual nature of the design means that it will not be finalized until the final location of the discharge outfall is
determined and other relevant design elements are complete. Discharge of treated effluent will continue well into
the future, and during this period there will be opportunities to adjust the Design Plan at appropriate intervals
following issuance of the Water Licence, and as required by the AEMP Response Framework based on annual
results. As the GMRP will be required to also follow the MDMER, aspects of the Yellowknife Bay AEMP design
will be consistent with the MDMER and EEM program (EC 2012). The AEMP design will also be developed based
on guidance provided by the Guidelines for Designing and Implementing Aquatic Effects Monitoring Programs for
Development Projects in the NWT (INAC 2009) and the Draft Guidelines for Aquatic Effects Monitoring Program
(MVLWB et al. 2017), currently accepted aquatic monitoring practices documented in the scientific literature, and
experience gained through AEMPs at other operating mines in the NWT.

8.1

Assessment and Measurement Endpoints

The terms “assessment endpoint” and “measurement endpoint” are commonly applied in EAs and monitoring
programs and provide concise statements of what environmental issues are being examined in an assessment or
monitoring program.
Assessment endpoints are characteristics of the aquatic ecosystem that may be affected by the GMRP, expressed
explicitly as statements of the actual environmental values that are to be protected (Suter 1990; Suter et al. 2000).
Assessment endpoints for the Yellowknife Bay AEMP were selected based on the following value statements
derived to reflect the main purpose of the AEMP that has been designed for a closure and remediation project:
•

Maintain water quality in Yellowknife Bay so that water uses in the bay are not impaired, including the
protection of aquatic life and the protection of drinking water sources (e.g., the proposed new City of
Yellowknife drinking water intake).

•

Preserve the ecological function of Yellowknife Bay (i.e. the “ecosystem services” it provides including benthic
invertebrates and fish).

•

Confirm that EA Measures 12, 13, and 15 (Section 3.2) are met and that site-specific water quality objectives
(SSWQOs) are met at the end of the Active Remediation and Adaptive Management Phase.
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In designing AEMPs and other receiving environment monitoring programs, assessment endpoints are used to
select appropriate measurement endpoints. These measurement endpoints are related to the valued
characteristics chosen as the assessment endpoint, but they also have to represent measurable responses to the
stressor(s) relevant to the study area (Suter 1990). Measurement endpoints may include measures of exposure
(e.g., chemical concentrations in water, sediments, and fish tissues) and measures of effects (e.g., benthic
invertebrate community structure, fish health). Measurement endpoints are operationally defined and can be
assessed using appropriate field and laboratory studies.
Based on assessment endpoints, it is anticipated that the following core components will be monitored as part of
the AEMP:
•

water quality

•

toxicity

•

benthic invertebrate community and supporting sediment quality

•

small-bodied fish (fish health and fish tissue chemistry)

For the first iteration of the Yellowknife Bay AEMP Design Plan, it is proposed that toxicity be used as a surrogate
for plankton monitoring. The AEMP Response Plan (Section 9) for toxicity will integrate plankton as an action level
trigger; the action levels will be developed as part of the detailed AEMP Design Plan.

8.2
8.2.1

Mixing Zones in Yellowknife Bay
Exposure Areas

The MDMER define an exposure area as “…all fish habitat and waters frequented by fish that are exposed to mine
effluent” (Government of Canada 2002). For the proposed WTP discharge, the exposure area is defined as the
area between the final point of treated effluent discharge into Yellowknife Bay up to the point in the bay where the
treated effluent concentration reaches approximately 1%. To address the EA Measures described in Section 3.2,
the exposure area for the AEMP components will be located between the combined mixing zone boundary shown
in Figure 8-1 and the point in the bay where the treated effluent concentration reaches approximately 1%. It should
be noted that the 1% boundary is predicted based on the available data and is subject to verification. With respect
to water quality, the AEMP Design Plan will be integrated with the future condition SNP, and the spatial extent for
far-field water quality monitoring is expected to extend to near Dettah.

8.2.2

Combined Mixing Zone

As outlined in MVLWB et al. (2017), the size of a mixing zone may be established on a case-by-case basis
depending on factors including effluent discharge (e.g., quality, flow, outfall design) and the receiving waters
(e.g., quality, water uses etc.). The size of mixing zones should be large enough to allow for initial dilution and
mixing of the effluent, but small enough to avoid causing adverse effects to the receiving waterbody as a whole.
Water quality objectives (i.e., chronic) are typically applied at the edge of the mixing zone (MVLWB 2011),
recognizing that conditions in the mixing zone should not cause acute toxicity to aquatic organisms. The EA
Measure 15 applicable to the GMRP, as outlined in Section 3.2, specifies that “Water quality changes due to
effluent discharge will not reduce benthic invertebrate and plankton abundance or diversity beyond 200 metres
(m) of the outfall.” and that “There is no increase in arsenic levels in Yellowknife Bay water at 200 m from the
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outfall.” CIRNAC and GNWT (2019b) interpreted this to mean that a mixing zone with a radius of 200 m is
acceptable for protection of water uses in Yellowknife Bay.
During operation of the proposed WTP, treated effluent will be conveyed by overland pipe and discharged via a
near-shore submerged outfall, near the outlet of Baker Creek in Yellowknife Bay. As discussed in CIRNAC and
GNWT (2019b), several potential outfall locations and options were evaluated and compared to support the highlevel screening and evaluations; however, the near Baker Creek option was selected because it meets surface
design engagement interests to keep cumulative effects of sources and constituents in one place and maintain
potential unsafe ice conditions close to shore in a visible area.
To meet EA Measure 15 (related to the outfall), and Measures 12 and 13 (related to the Baker Creek outlet),
CIRNAC and GNWT (2019b) proposed a combined mixing zone that includes inflows from both the proposed
WTP and the Baker Creek outlet (Figure 8-1).

8.2.3

Extent of Plume

For the proposed WTP with direct discharge to Yellowknife Bay, a preliminary extent of plume was defined in the
effluent quality criteria report (CIRNAC and GNWT 2019b). Mixing in this area occurs quickly and the plume is
expected to be focused in a limited area (Figure 8-1).
The predictions for the extent of the plume near the WTP outfall are preliminary and will be verified as the water
quality model is refined and by a plume delineation study to be undertaken upon commissioning of the proposed
WTP. The model framework used to predict effluent mixing (i.e., CORMIX) is steady-state and does not vary over
time; however, is considered adequate for characterizing central trends in the ambient aquatic environment.
In general, under winter conditions, the effluent is predicted to be diluted to 1% between 160 and 600 m from the
outfall. Under summer conditions, the effluent is expected to reach 1% between 30 and 38 m from the outfall. The
WTP effluent is predicted to be denser than surface water; therefore, a sinking plume is expected, particularly
during ice-cover. The surface and bottom extent of the plume will be delineated in the Yellowknife Bay receiving
environment prior to finalization of the near-field sampling stations.
Given that the extent of the plume still has to be confirmed through field verification, this draft conceptual plan
conservatively assumes that the effluent plume will reach 1% dilution at a distance more than 250 m from the
outfall, as the farthest predicted extent of plume was approximately 600 m under ice-cover conditions. Under these
conditions, fish and benthic invertebrate studies in Yellowknife Bay would be triggered under MDMER.
The assumption that fish and benthic invertebrate studies will occur will be reviewed as more information becomes
available. Regardless, fish and benthic invertebrate studies will be undertaken to address EA conditions as
outlined in Section 8.4.
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8.3
8.3.1

Sampling Areas
Reference Area Selection

A suitable reference lake will be identified outside the area of influence of the Site. The MDMER define a reference
area as “…water frequented by fish that is not exposed to effluent and that has fish habitat that, as far as is
practicable, is most similar to that of the exposure area” (EC 2012). Ideally, the reference area should be located
within the same waterbody but upstream of any potential discharge. A reference area within the same waterbody
will likely be more similar in terms of productivity and biological communities.
The focus of reference lake selection will be to seek out a bay comparable to Yellowknife Bay that is practicable
to include (i.e., available within a reasonable distance from the site to allow monitoring using boat access).
Candidate reference areas will initially be selected through a desktop assessment that will include a review of
existing reference areas nearby. Part of the desktop analysis will include delineation of drainage basins, estimation
of drainage areas, bathymetric comparisons, and descriptions of surficial geology, bay shape, and any other
potentially relevant factors. Input of Traditional Knowledge will also be sought during reference area selection.
Reference area selection is to be undertaken as a Special Study under the GMRP AEMP for Baker Creek and is
anticipated to occur between 2021 and 2026, once conditions within the exposure area have been characterized.
The selection of a reference area will involve the desktop component described above and a field reconnaissance
component to confirm suitability for the AEMP and to minimize confounding factors in the AEMP Design Plan.

8.4

Preliminary Sampling Design Plan

A sampling plan to be conducted during the first three-year iteration of the AEMP is described in Tables 8-1 to 8-3.
Specifics of this preliminary design are expected to change as the AEMP Design Plan is further developed and in
consideration of the results of studies to be initiated in 2019. A preliminary plan has been proposed in this
document with the objective of receiving regulatory and affected party input for the detailed AEMP Design Plan.
In this preliminary plan, timing and frequency of sampling will vary by component, as outlined below and in
Tables 8-1 to 8-3. In summary:
•

Effluent monitoring and characterization at the final point of discharge from the outfall will follow MDMER and
SNP sampling, and will be incorporated in the AEMP as supporting information.

•

Water quality will initially be sampled once during late winter ice-covered conditions (March/April), and twice
during the open water season (July, August/September). Either August or September will be selected to
coincide with the benthic and sediment sampling that is planned to be undertaken in late summer or early fall
(Table 8-1).

•

Water samples will be collected at three areas (CIRNAC and GNWT 2019b): at the edge of the mixing zone,
within the exposure area, and at a far-field location. Within the exposure area, samples will be collected at
mid-depth, unless a gradient in conductivity is observed, in which case all samples will be collected at the
depth of maximum conductivity. Water samples will also be collected at a reference area using methods
consistent with the exposure area sampling. Appropriate monitoring locations near Ndilǫ, in Back Bay, and in
Yellowknife Bay will be considered.
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•

Toxicity will be sampled twice at the edge of the mixing zone: once during open-water (September) and once
during ice-covered conditions in late winter (March/April) (Table 8-1). Toxicity sampling will serve as a
surrogate for plankton sampling. Plankton sampling will only be initiated if triggered by the action level
assessment.

•

Benthic invertebrates and supporting sediment quality will be sampled once every three years during
late summer or early fall at stations located within an exposure area and a reference area (Table 8-2).
Stations with comparable water depth and sediment substrate types (i.e., particle size and total organic
carbon) will be selected, to the extent possible, given that these can be important confounding factors in the
exposure/reference design.

•

The fish component will include a survey for small-bodied fish health and tissue chemistry during late summer
or early fall (depending on the timing of spawning of the sentinel species chosen), and will be conducted once
every three years (Table 8-3). The small-bodied fish survey will be conducted in the exposure area and the
reference area.

Methods for the benthic invertebrate community and small-bodied fish surveys will be determined as part of the
Yellowknife Bay Special Study. It is anticipated that mesocosm studies or other alternative monitoring approaches
may be required should confounding factors or sampling considerations preclude direct monitoring of the exposure
area, as per EEM technical guidance (EC 2012). The Yellowknife Bay Special Study will be completed in advance
of finalization of the detailed AEMP Design Plan, and the findings of the existing conditions study will inform the
approach to be taken for the detailed plan.
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Table 8-1:

Component

Summary of the Conceptual Yellowknife Bay Aquatic Effects Monitoring Program Design Plan for the Initial Three Years of
Monitoring: Water Quality and Toxicity
EA Measure(s)
To Be
Addressed(a)

Program

Water quality –
Baker Creek
outlet

EA Measure 14

SNP

Water quality –
combined
mixing zone
boundary

EA Measures 12,
13 and 15

SNP/AEMP

Water quality –
exposure area

EA Measures 13
and 15

AEMP

Water quality –
far-field

EA Measures 13
and 15

AEMP

Water quality –
reference

EA Measures 13
and 15

AEMP

Timing

Sampling Depth

Sample Type

Locations(b)
(Number of Stations)

•

Monthly during open
water

SNP 43-12 – mid-depth, or
depth of maximum
conductivity if gradient is
observed

Discrete (c)

SNP 43-12 (1)

•

Monthly during
discharge

Mid-depth, or depth of
maximum conductivity if
gradient is observed

Discrete (c)

Edge of mixing zone (3)

•

2 open water (July,
September)

•

1 under ice
(March/April)

Mid-depth, or depth of
maximum conductivity if
gradient is observed

Discrete (c)

In the 1% effluent dilution
boundary (maximum of 5)

•

2 open water (July,
September)

•

1 under ice
(March/April)

Mid-depth, or depth of
maximum conductivity if
gradient is observed

Discrete (c)

Within the water quality
model boundary
referenced in CIRNAC
and GNWT (2019b)
(maximum of 5)

•

2 open water (July,
September)

Discrete (c)

•

1 under ice (March)

Mid-depth and potentially at
deeper depths as needed to
be consistent with exposure
area sampling

Reference area
(maximum of 5)
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Table 8-1:

Component

Receiving
environment
toxicity – sublethal testing

Summary of the Conceptual Yellowknife Bay Aquatic Effects Monitoring Program Design Plan for the Initial Three Years of
Monitoring: Water Quality and Toxicity
EA Measure(s)
To Be
Addressed(a)

Program

Timing

Sampling Depth

AEMP

•

1 open water
(September)

•

1 under ice
(March/April)

Locations(b)
(Number of Stations)

Composite sample from
the 3 stations at the edge
of the mixing zone
Possible four test species
to be considered in the
detailed AEMP Design
Plan

Twice
EA Measures 13
and 15

Sample Type

Surface

•

7-day Pimephales
promelas

•

7-day Ceriodaphnia
dubia

•

72-hour
Pseudokirchneriella
subcapitata

•

96-hour Lemna minor

Edge of mixing zone (1)

(a) The draft AEMP Design Plan addresses Measures 12, 13, 14, 15, and 17. EA Measure 17 is not explicitly referenced in Table 8-1 because it requires that an AEMP be implemented that is
sufficient to determine if the water quality objectives listed in Measure 15 are being met. Measure 15 is explicitly referenced in Table 8-1.
(b) Exact station locations will be finalized during the detailed AEMP Design Plan.
(c) The suite of water quality parameters will be consistent with those described in Section 7 of the detailed Baker Creek AEMP Design Plan (CIRNAC and GNWT 2019c) that includes physical
parameters, ions, nutrients, total and dissolved metals, and total and dissolved organic carbon.
EA = Environmental Assessment; AEMP = Aquatic Effects Monitoring Program; SNP = Surveillance Network Program; CIRNAC = Crown-Indigenous Relations and Northern Affairs Canada;
GNWT = Government of the Northwest Territories.
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Table 8-2:

Summary of the Conceptual Yellowknife Bay Aquatic Effects Monitoring Program Design Plan for the Initial Three Years of
Monitoring: Benthic Invertebrate Communities

Component

EA Measure(s) To
Be Addressed(a)

Timing

Frequency

Sampling Depth or
Sampling Type

Number of Samples
per Station/Area

1 composite sample per
station plus assessment
of within station
variability per area

EA Measures 13
and 15

Late summer or
early fall

Once every 3
years

Bottom natural substrates.
If confounding factors are
identified by the baseline
study, then alternative
approaches will be
considered as per the EEM
technical guidance
document (EC 2012)

Supporting
sediment quality

Provides information
relevant to EA
Measure 15

Late summer or
early fall

Once every 3
years

Top 5 to 10 cm for metals,
total organic carbon and
particle size

1 composite sample per
station

Supporting water
quality for benthic
invertebrates

Provides information
relevant to EA
Measure 15

Once every 3
years

Water sample to meet EEM
requirements and will be in
addition to AEMP water
quality sampling related to
location of plume

Discrete

Benthic
invertebrate
communities

Late summer or
early fall

Locations(b) and Stations
Exposure Area: 5 stations
in the area exposed to
effluent, to be delineated in
plume study (final sample
size TBD and location
based on consistent water
depth, particle size and total
organic carbon)
Reference Area: 5 samples
At each benthic invertebrate
station in the exposure and
reference areas.
Two stations 500 m from the
outfall
1 sample per area

(a)

The draft AEMP Design Plan addresses Measures 12, 13, 14, 15, and 17. EA Measure 17 is not explicitly referenced in Table 8-2 because it requires that an AEMP be implemented that is
sufficient to determine if the water quality objectives listed in Measure 15 are being met. Measure 15 is explicitly referenced in Table 8-2.
(b) Exact station locations will be finalized during the detailed AEMP Design Plan.
EA = Environmental Assessment; AEMP = Aquatic Effects Monitoring Program; EEM = Environmental Effects Monitoring; TBD = to be determined.
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Table 8-3:

Summary of the Conceptual Yellowknife Bay Aquatic Effects Monitoring Program Design Plan for the Initial Three Years of
Monitoring: Small-Bodied Fish

Component

EA Measure(s) To
Be Addressed(a)

Small-bodied Fish
Health

EA Measures 13
and 15

To be determined
based on sentinel
species timing of
spawning

Once every 3
years

n/a

30 adult male
30 adult female
30 juvenile

Small-bodied Fish
Tissue Chemistry

EA Measures 13
and 15

To be determined
based on sentinel
species timing of
spawning

Once every 3
years

n/a

Minimum of 8

Once every 3
years

Water sample to
meet EEM
requirements and
will be in addition to
AEMP water quality
sampling related to
location of plume

Supporting Water
Quality for Fish

n/a

Timing

At the same time
as the small-bodied
fish health survey

Frequency

Sampling Depth

Number of Samples
per Area

1

Locations(b)

•

Exposure Area

•

Reference Area

•

Exposure Area

•

Reference Area

•

Exposure Area

•

Reference Area

(a)

The draft AEMP Design Plan addresses Measures 12, 13, 14, 15, and 17. EA Measure 17 is not explicitly referenced in Table 8-3 because it requires that an AEMP be implemented that is
sufficient to determine if the water quality objectives listed in Measure 15 are being met. Measure 15 is explicitly referenced in Table 8-3.
(b) Exact locations will be finalized during the detailed AEMP Design Plan.
EA = Environmental Assessment; AEMP = Aquatic Effects Monitoring Program; EEM = Environmental Effects Monitoring; n/a = not applicable.
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8.5

Data Analysis and Interpretation

The primary objectives of the analysis and interpretation of the AEMP data for each component will be to inform
the AEMP Response Framework through the action levels and provide input to the overall integration of monitoring
components results. The detailed AEMP Design Plan will be partly dictated by the AEMP Response Framework
(yet to be developed for this conceptual AEMP Design Plan); however, analyses and interpretation of the AEMP
data are expected to focus on answering the following key questions:
•

Are changes in measurement indicators monitored by the AEMP consistent with EA Measures?

•

How do measurement indicators monitored by the AEMP compare to applicable water quality objectives?

•

Are there temporal trends in measurement indicators monitored by the AEMP and are trends consistent with
the reference area?

•

Are there spatial and seasonal patterns in measurement indicators monitored by the AEMP?

Each monitoring component will follow a consistent design plan and will consider seasonality (e.g., ice cover and
open water periods) in the measurement indicators.
Statistical comparisons among/within areas will be conducted using one of two design plans:
•

exposure/reference design

•

before-after design (ETP discharge via Baker Creek, proposed WTP discharge directly to Yellowknife Bay and
the Baker Creek outlet)

The results of the AEMP will be reported for each component as required to assess the action levels of the
Response Framework. The results will also be combined in a separate section of the AEMP annual report to
integrate the results of the individual components. This procedure will be used to assess the overall support for
the impact hypotheses.

8.6

Quality Assurance/Quality Control

Quality assurance (QA) refers to plans or programs encompassing internal and external management and
technical practices designed to confirm that data of known quality are collected and that such collections match
the intended use of those data (EC 2012). Quality control (QC) is an internal aspect of QA. It includes the
techniques used to measure and assess data quality and the remedial actions to be taken when QC assessment
criteria are not met. The QA/QC procedures make sure that field sampling, laboratory analyses, data entry, data
analysis, and report preparation produce technically sound and scientifically defensible results.
The QA/QC procedures for the AEMP will apply to the following program components:
•

field program (e.g., staff training, procedures and responsibilities, standard operating procedures, technical
procedures, and written specific work instructions to field crews)

•

sample collection (e.g., equipment calibration and cleaning, avoidance of cross-contamination, duplicate
samples, field blanks, travel blanks, and equipment blanks)

•

documentation (e.g., field logs, labelling, and chain-of-custody forms)
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•

sample handling and shipping

•

sample analysis (e.g., equipment calibrations and cleaning, avoidance of cross-contamination, duplicate
samples, field blanks, travel blanks, equipment blanks, detection limits, analytical spikes)

•

assessment of data quality and decision rules for acceptance/rejection

•

data entry, manipulations, and analyses

•

report preparation

8.7

Special Studies

Special studies occur as needed and include research activities that support effects monitoring. These studies are
not part of the monitoring activities, as they do not assess changes that may be related to the GMRP, but rather
focus on development of monitoring methods, further investigation of monitoring findings, to fill data gaps, or to
integrate Traditional Knowledge.
No special studies have been identified at this time. These studies may be identified based on ongoing
engagement and initial findings of the AEMP, and would be completed during the implementation of the AEMP.

9.0

RESPONSE FRAMEWORK

The Response Framework provides a systematic approach to responding to results of the AEMP in that it links
monitoring results to actions with the purpose of maintaining the assessment endpoints described in Section 7
within an acceptable range.
The goal of the Response Framework is to systematically respond to monitoring results such that the potential for
significant adverse effects is identified and any necessary mitigation actions are undertaken. This is accomplished
by implementing appropriate mitigation at predefined action levels, which are triggered before a significant adverse
effect could occur. An “effect” is a change that follows an event or cause. An effect is not inherently negative or
positive. A linkage must be established between a measured change and a cause (e.g., closure activity) for the
change to be deemed an effect and before appropriate management actions can be determined. Should an effect
be detected during the GMRP AEMP, a corresponding “action” will occur. The type of action depends on the
magnitude or severity of an effect relative to an assessment endpoint. This is termed the action level. If an action
level is exceeded, a MVLWB-approved AEMP Response Plan will be implemented, which may include additional
monitoring and possibly management responses (e.g., changes to mitigation), as appropriate. Exact responses
detailed in a Response Plan will be depend on the component affected, the likely cause of the effect, and the type
and magnitude of effect.
The Response Framework for the GMRP AEMP will be developed based on guidance provided by the Guidelines
for Designing and Implementing Aquatic Effects Monitoring Programs for Development Projects in the NWT (INAC
2009) and the Draft Guidelines for Aquatic Effects Monitoring Program (MVLWB et al. 2017). It is expected that
the Response Framework will be provided in conjunction with the final detailed AEMP design plan as the two are
intrinsically linked. Both the response framework and the detailed AEMP design plan will be developed in
recognition that the GMRP is a closure remediation project and thus the associated AEMP and response
framework may differ in some respects to those developed for development projects.
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Proposed Type A Water Licence
The proposed Type A Water Licence, Schedule 4, Condition 2 is included in Table A-1 along with sections of the
Conceptual AEMP Design Plan – Yellowknife Bay where each condition is addressed.
Table A-1: Proposed Water Licence Conditions
Corresponding
Section
1.0, 3.2

Condition

a)

Clearly identifiable objectives.

b) A conceptual site model that describes the pathways of potential effects from the

GMRP to the aquatic ecosystem. The conceptual site model will clearly define testable
hypotheses for the AEMP as well as a justification of assessment and measurement
endpoints.

c)

7.0

A description of the types of monitoring conducted under the AEMP:
i.

Monitoring for the purpose of measuring GMRP-related effects on the following
components of the Receiving Environment:
a.

Surface Water quality;

8.0

b.

Sediment quality;

8.0

c. Toxicity testing at the edge of mixing zone;

8.0

d.

Benthic invertebrates;

8.0

e.

Small-bodied fish health; and

8.0

f.

Any other Receiving Environment components, or supporting
information (e.g., hydrology and weather conditions), as necessary to
fulfill the objectives of Part I, Condition 1 of this Licence.

8.0

ii.

Monitoring to verify or assess the Water quality objectives contained within
Approved EA Measures 12, 13 and 15 are being met.

8.0

iii.

Monitoring sufficient to meet the requirements of Approved EA Measure 17
including monitoring for the accumulation of arsenic over time in the Water,
sediment or fish in the Receiving Environment.

8.0

iv.

Monitoring of the impacts of dust generated on site to the aquatic Receiving
Environment.

8.0

v.

Monitoring for the purpose of assessing the mixing of treated Wastewater in
Great Slave Lake.

8.0

vi.

Monitoring to assess whether arsenic in sediments near to the outfall of the
New Water Treatment Plant are being re-suspended and/or made more
bioavailable due to Discharges from the outfall (Measure 14).

8.0

d) A description of the AEMP sampling and analysis plan required, including:
i.

A description of the areas to be monitored including maps showing all sampling
and reference locations as well as the overall predicted zone of influence of the
GMRP.

4.0, 8.2, 8.3

ii.

The variables, sample media, monitoring protocols, and quality assurance and
quality control procedures.

8.4, 8.6

iii.

A description of the sampling program including a description of sampling
frequencies for each parameter.

8.4

iv.

A description of procedures to analyze and interpret data collected.

8.5

1
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Table A-1: Proposed Water Licence Conditions
Corresponding
Section

Condition
v.

The quality assurance and quality control procedures to be followed during
monitoring and data analysis such that continuity, consistency, validity, and
applicability of monitoring results will be maintained. This program shall also
explicitly describe the measures that will be taken to identify and address any
information deficiencies.

8.6

A description of how relevant SNP and OMP monitoring will be incorporated into
the AEMP.

8.4

e)

Procedures to minimize the impacts of the AEMP on fish populations and fish habitat.

8.4

f)

A description of the approaches to be used to evaluate and update the AEMP.

9.0

g)

A summary of how Traditional Knowledge has been collected and incorporated into the
AEMP, as well as a summary of how Traditional Knowledge will be incorporated into
further studies relating to the AEMP.

5.0

vi.

h) A description of an AEMP Response Framework including:
i. Definitions, with rationale, for Significance Thresholds and tiered Action Levels
applicable to the aquatic Receiving Environment of the GMRP.

9.0

ii. For each Action Level:
a. A description of the rationale including, but not limited to, a consideration
of the predictions and conclusion of the Report of Environmental
Assessment EA0809-001.

9.0

b. A description of how exceedances of Action Levels will be assessed.

9.0

c.

9.0

A general description of what types of actions may be taken if an Action
Level is exceeded.

i)

A description of the Annual AEMP Report format.

j)

A plain language description of the program objectives, methodology, and
interpretative framework.

Plain Language
Summary

k)

when updates are made to the AEMP Design Plan, a summary will be included of
changes to the AEMP since the last approved design and a rationale for the changes.

n/a

8.5
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Table B-1: Effluent and Water Quality Grouping Stations
Group Name
Effluent Treatment Plant Effluent

Baker Creek Behind Breakwater

Yellowknife Bay Near Breakwater

Station Name

Station Description

UTM Coordinates, Zone 11V
Easting

Northing

Sampling Year(s)

Data Source

2003 to 2018(a)

MDMER, EEM Biological and SNP Programs:
Golder (2013a, 2015a, 2016, 2017a, 2018a, 2019a,b), DCNJV (2014)

SNP 43-1

Treated effluent discharge

636367

6933862

SNP 43-5

Baker Creek - Reach 0

635893

6931243

E01

Baker Creek - behind breakwater

635917

6931236

2004, 2010

E02

Baker Creek - behind breakwater

635959

6931242

2006

E03

Baker Creek - behind breakwater

635994

6931226

2006, 2010

E03-2

Baker Creek - behind breakwater

636013

6931172

2017, 2018(a)

E04

Baker Creek - behind breakwater

636005

6931191

2010

E05

Baker Creek - behind breakwater

636014

6931160

2004

E06

Baker Creek - behind breakwater

636023

6931137

2006

BOVEG-SW

Baker Creek - near breakwater

635933

6931212

2012

E07

Yellowknife Bay near Baker Creek

636041

6931153

2010

E07-5

Yellowknife Bay near Baker Creek

636063

6931161

2017, 2018(a)

E10

Yellowknife Bay near Baker Creek

636016

6931240

2004, 2006

E14

Yellowknife Bay near Baker Creek

636051

6931130

2004

E16

Yellowknife Bay near Baker Creek

636065

6931037

2006, 2010

S18

Yellowknife Bay near Baker Creek

636086

6931144

2012, 2013

2011
2004 to 2018(a)

2016

Back Bay/Yellowknife Bay

636642

6931127

2012, 2013

Aquatic Baseline Study (Stantec 2014)

636932

6931155

2012, 2013

Aquatic Baseline Study (Stantec 2014)

636289

6931287

2012, 2013, 2018(a)

Aquatic Baseline Study (Stantec 2014), Golder (2019a,b)

636632

6931296

2012, 2013, 2018(a)

Aquatic Baseline Study (Stantec 2014)

636615

6931757

2012, 2013

Aquatic Baseline Study (Stantec 2014)

Yellowknife Bay - south Back Bay

636387

S17

Golder 2017b

Aquatic Baseline Study (Stantec 2014), Golder (2019a,b)

S1

S16

Aquatic Baseline Study (Stantec 2014)

2012, 2013, 2018(a)

6931125

S15

MDMER, EEM Biological and SNP Programs:
Golder (2013a, 2015a, 2016, 2017a, 2018a,b, 2019a,b),
DCNJV (2014)

6929500

636056

S14

Nash (2014)

MDMER, EEM Biological and SNP Programs:
Golder (2013a, 2015a, 2016, 2017a, 2018a,b, 2019a,b),
DCNJV (2014)

Yellowknife Bay at breakwater

Yellowknife Bay - approximately 550 m off the west
shore
Yellowknife Bay - approximately 750 m off the west
shore
Yellowknife Bay - approximately 150 m off the west
shore
Yellowknife Bay - approximately 510 m off the west
shore
Yellowknife Bay - approximately 170 m off the west
shore

MDMER, EEM Biological and SNP Programs:
Golder (2013a, 2015a, 2016, 2017a, 2018a,b, 2019a,b),
DCNJV (2014)

2003 to 2018(a))

SNP 43-12

S2

Baker Creek Study (Golder 2013b)

S19

Yellowknife Bay - north Back Bay

636698

6930399

2012, 2013, 2018(a)

S25

Yellowknife Bay - near pumphouse

636155

6931314

2017, 2018(a)

Golder (2018b, 2019a,b)

S26

Yellowknife Bay - near pumphouse

636323

6931553

2017, 2018(a)

Golder (2018b, 2019a,b)

ND1

Yellowknife Bay Ndilo shoreline

637267

6930151

2014

B-2

Aquatic Baseline Study (Stantec 2014), Golder (2019a,b)

Chételat (2015)
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Table B-1: Effluent and Water Quality Grouping Stations
Group Name

Station Name

Sampling Year(s)

Data Source

6931158

2012, 2013, 2018(a)

S11

North Yellowknife Bay - mid-bay

637536

6931086

2012, 2013

Aquatic Baseline Study (Stantec 2014)

637404

6931215

2012, 2013

Aquatic Baseline Study (Stantec 2014)

637340

6931205

2012, 2013

Aquatic Baseline Study (Stantec 2014)

Yellowknife Bay - approximately 1,250 m off the west
shore
Yellowknife Bay - approximately 1,100 m off the west
shore

Aquatic Baseline Study (Stantec 2014), Golder (2019a,b)

S3

North Yellowknife Bay - mid-bay

637488

6931174

2012, 2013

Aquatic Baseline Study (Stantec 2014)

S4

North Yellowknife Bay - mid-bay

637730

6930819

2012, 2013

Aquatic Baseline Study (Stantec 2014)

YK-1

Yellowknife Bay, 328 m off shore

637208

6932303

2016

Golder (2017b)

ND2

Yellowknife Bay nearshore Ndilǫ

637511

6930496

2014

Chételat (2015)

ND3

Yellowknife Bay Ndilǫ shoreline

637567

6930387

2014

Chételat (2015)

ND5

Yellowknife Bay offshore Ndilǫ

637198

6931202

2014

Chételat (2015)

S23

South Yellowknife Bay

637574

6922995

2012, 2013, 2018(a)

S6

South Yellowknife Bay

637863

6929997

2012, 2013, 2018(a)

S7

South Yellowknife Bay

636854

6927146

2012, 2013, 2018(a)

S8

South Yellowknife Bay

637485

6926460

2012, 2013

ND4

Yellowknife Bay offshore Ndilǫ

637491

6929714

2014

Chételat (2015)

DE1

Yellowknife Bay Dettah shoreline

638861

6922856

2015

Chételat (2015)

DE2

Yellowknife Bay Dettah shoreline

638809

6922854

2015

Chételat (2015)

DE3

Yellowknife Bay offshore Dettah

640523

6922703

2014

Chételat (2015)

DE4

Yellowknife Bay offshore Dettah

638120

6922627

2014

Chételat (2015)

636795

6932240

2012, 2013

636913

6932164

2012, 2013

636733

6932172

2012, 2013

S21

Historical Contamination - foreshore tailings

S22

Upstream Baker Creek

Northing

637481

S20

Foreshore Tailings

Easting
North Yellowknife Bay - mid-bay

S13

South Yellowknife Bay

UTM Coordinates, Zone 11V

S10

S12

North Yellowknife Bay

Station Description

Aquatic Baseline Study (Stantec 2014), Golder (2019a,b)

Aquatic Baseline Study (Stantec 2014)

YKBAY-1

Yellowknife Bay Beach - foreshore tailings

636732

6932354

2012

Nash (2014)

YKBAY-2

Yellowknife Bay Beach - foreshore tailings

636732

6932354

2012

Nash (2014)

YKBAY-3

Yellowknife Bay Beach - foreshore tailings

636732

6932354

2012

Nash (2014)

YKBEACH-SW

Yellowknife Bay Beach - foreshore tailings

636732

6932354

2012

Nash (2014)

2011

Baker Creek Study (Golder 2013b)

2016

Golder (2017b)

SNP 43-11

Baker Creek - Reach 7 (reference)

635726

6933914

2004 to2018(a)

B-3

MDMER, EEM Biological and SNP Programs:
Golder (2013a, 2015a, 2016, 2017a, 2018a,b, 2019a,b),
DCNJV (2014)
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Table B-1: Effluent and Water Quality Grouping Stations
Group Name

Yellowknife River

Horseshoe Island Bay

Station Name

Station Description

UTM Coordinates, Zone 11V
Easting

Northing

Sampling Year(s)

Data Source

Prosperous Lake 1

Prosperous Lake - upstream Yellowknife River

645748

6937304

2011

Prosperous Lake 2

Prosperous Lake - upstream Yellowknife River

646188

6937364

2011

Prosperous Lake 3

Prosperous Lake - upstream Yellowknife River

642985

6939543

2011

Tartin Rapids

Yellowknife River - reference area

642798

6939348

2012

MDMER, EEM Biological and SNP Programs: Golder (2013a, 2015a,
2016), DCNJV (2014)

YK River 01

Yellowknife River - reference area

638452

6936763

2011

Baker Creek Study (Golder 2013b)

R01

Yellowknife River - reference area

638358

6936638

2004

R06

Yellowknife River - reference area

638172

6934065

2004, 2006, 2010

R07

Yellowknife River - reference area

638181

6934143

2004, 2006, 2010

R08

Yellowknife River - reference area

637776

6934755

2006

R10

Yellowknife River - reference area

637922

6934735

2004, 2006

R12

Yellowknife River - reference area

638211

6935490

2004

R16

Yellowknife River - reference area

637810

6934864

2006

R17

Yellowknife River - reference area

638190

6934179

2010

R18

Yellowknife River - reference area

638199

6934224

2010

R19

Yellowknife River - reference area

638175

6934278

2010

Ref Area A

Yellowknife River - reference area

638566

6935851

2004

S9

Yellowknife River - reference area

638120

6935316

2012, 2013

YK River

Yellowknife River - near bridge, reference area

638250

6935564

2012, 2017, 2018(a)

YK River 2

Yellowknife River - reference area

636086

6931000

2006, 2010

Horseshoe Island Bay

Yellowknife Bay – reference area

641081

6919971

2012

S24

Yellowknife Bay – reference area

639653

6919933

2012, 2013

WS03

Yellowknife Bay – reference area

640779

6920087

2004

WS04

Yellowknife Bay – reference area

640808

6920154

2004

HB1

Yellowknife Bay – reference area

641112

6920088

2007, 2015

HB2

Yellowknife Bay – reference area

641051

6920094

2007

HIB 2009

Yellowknife Bay – reference area

640779

6920087

2009

HIB 2012

Yellowknife Bay – reference area

640118

6919797

2012

Baker Creek Study (Golder 2013b)

MDMER, EEM Biological and SNP Programs: Golder (2013a, 2015a,
2016), DCNJV (2014)

Aquatic Baseline Study (Stantec 2014)
MDMER, EEM Biological and SNP Programs:
Golder (2013a, 2015a, 2016, 2018b, 2019a,b), DCNJV (2014)
MDMER, EEM Biological and SNP Programs:
Golder (2013a, 2015a, 2016), DCNJV (2014)
MDMER, EEM Biological and SNP Programs: Golder (2013a, 2015a,
2016), DCNJV (2014)
Aquatic Baseline Study (Stantec 2014)

EEM Biological Programs at Con Mine (Golder 2015b)

MDMER = Metal and Diamond Mining Effluent Regulations; EEM = Environmental Effects Monitoring; SNP = Surveillance Network Program; SCNJV = Deton’Cho/Nuna Joint Venture; UTM = Universal Transverse Mercator
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