17 Dec 2021
Mason Mantla, Chair
Wek’èezhìi Land and Water Board
#1, 4905 – 48th Street
Yellowknife, NT, X1A 3S3
Re: W2020L2-0004 Ekati AEMP Submission of Design Plan Version 7.1 for 2020 to 2022
Dear Mr. Mantla:
Arctic Canadian Diamond Company Ltd. (Arctic) is pleased to provide the updated Aquatic Effects Monitoring
Program (AEMP) Design Plan, Version 7.1 to the Wek’èezhìi Land and Water Board (the Board). The AEMP
Design Plan for 2020 to 2022, Version 7.0 was proposed with the 2019 AEMP Re-evaluation. This AEMP
Design Plan for 2020 to 2022, Version 7.1 incorporates the Board Decisions (WLWB 2020, 2021a, and
2021b) on the 2019 AEMP Re-evaluation and Sediment Sampling Method Comparison Study (ERM 2021)
and incorporates the Sable AEMP and the Aquatic Response Framework (ARF). Traditional knowledge (TK)
is incorporated through the involvement of community members where practicable. A summary of changes
from the approved AEMP Plan for 2017 to 2019, is provided in the concordance table (Table 1.1-1) as well as
a revision history table at the beginning of the AEMP Design Plan attached.
This design plan reverts sediment detection limits back to those submitted in Version 7.0 of the Design Plan
and clarifies the sampling frequency of the hydrology program as approved by the Board in the 2019 AEMP
Re-Evaluation. Any differences in sediment detection limits from Version 7.1 of the Design Plan for 2021
sampling will be addressed in the 2021 AEMP Report. Changes to detection limits for some sediment
variables will be submitted when there are additional changes to the Design Plan in order to accommodate a
more efficient and streamline public review process.
Arctic trusts that you will find the information to be clear and informative. Should you have any questions,
please contact Madison Jerhoff, Environment Advisor – Aquatics, at Madison.jerhoff@arcticcanadian.ca or
403 910-1933 ext. 2407 or the undersigned at Laura.Pacholski@arcticcanadian.ca or 403 589 0689.
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REVISION HISTORY

REVISION HISTORY
The AEMP Design Plan for 2017 to 2019, Version 6.1 was the previously approved version of the AEMP
Design Plan (ERM 2018a). The design plan for the Sable Development and the Aquatic Response
Framework (ARF) were approved under separate documents (the Sable AEMP Design Plan, Version 1.3
[ERM 2018d] and the ARF, Version 3.0 [ERM 2018b]). The AEMP Design Plan for 2020 to 2022,
Version 7.0 was proposed with the 2019 AEMP re-evaluation. The AEMP Design Plan for 2020 to 2022,
Version 7.1 (July 21, 2021) incorporated Wek’èezhìi Land and Water Board (WLWB) decisions (WLWB
2020, 2021a, and 2021b) on the 2019 AEMP Re-evaluation and Sediment Sampling Method Comparison
Study (ERM 2021) and adjusted target analytical detection limits for various sediment quality variables.
The AEMP Design Plan for 2020 to 2022, Version 7.1 (December 17, 2021) corrected target analytical
detection limits for sediment quality, clarified hydrology data collection, and incorporates the Sable AEMP
and the ARF.
A summary of changes from the approved AEMP Plan for 2020 to 2022, Version 6.1 is provided in the
table below.
Version

Submission Date

Approval Date

May 23, 2018

August 27, 2018

December 15, 2019

NA

Amalgamated AEMP Design Plan for Sable
and ARF with main Ekati Diamond Mine
AEMP Design Plan. Incorporated
recommendations from the 2019 AEMP
Re-evaluation and Appendix A. Adjusted
target analytical detection limits for sediment
particle size based on the minimum detection
limits achievable by the analytical laboratory.

7.1

July 21, 2021

NA

Incorporated Direction from the Decision on
the 2019 AEMP Re-evaluation and updated
the sediment sampling protocol based on the
Decision on the Sediment Sampling Method
Comparison Study. Adjusted target analytical
detection limits for various sediment quality
variables based on the minimum detection
limits achievable by the analytical laboratory.

7.1

December 17, 2021

NA

Corrected target analytical detection limits for
sediment quality variables based on values
presented in Version 7.0 and clarified the
number of manual streamflow measurements
to be collected based on the Board Decision
on the 2019 AEMP Re-evaluation.

6.1
Proposed 7.0

Key Changes from Previous Version
-

Notes:
NA = not applicable,
AEMP = Aquatic Effects Monitoring Program
ARF = Aquatic Response Framework
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GLOSSARY AND ABBREVIATIONS
Action Level

“A predetermined change, to a monitored parameter or other qualitative or
quantitative measure, that requires the Licensee to take appropriate actions that
may include, but that are not limited to: further investigations, changes to
operations, or enhanced mitigation measures” as defined in the Class A Water
Licence (W2012L2-0001).

AEMP

Aquatic Effects Monitoring Program. A “monitoring program designed to
determine the short- and long-term effects in the Receiving Environment resulting
from the Project; to evaluate the accuracy of impact predictions; to assess the
effectiveness of planned impact mitigation measures; and to identify additional
impact mitigation measures to reduce or eliminate environmental effects” as
defined in the Class A Water Licence (W2012L2-0001).

AIC

Akaike information criterion

Arctic

Arctic Canadian Diamond Company Ltd.

ARF

Aquatic Response Framework. “Response Framework is a systematic approach to
responding when the results of a monitoring program indicate that an Action Level
has been reached” as defined in the Class A Water Licence (W2012L2-0001).

BACI

Before-after control-impact

Benthic

Pertaining to the bottom region of a water body, on or near bottom sediments
or rocks.

Benthos

Benthos communities are a group of organisms that live associated with the
bottom of lakes or streams. These communities contain a diverse assortment of
organisms that have different mechanisms of feeding. The term benthos is used
interchangeably with benthic invertebrates in this report. Benthos are an important
food source for fish.

BIC

Bayesian information criterion

Biomass

The amount of living matter as measured on a weight or concentration basis.
Biomass is an indication of the amount of food available for higher trophic levels.
In the AEMP, phytoplankton biomass is estimated as chlorophyll a, and
zooplankton biomass is measured as milligrams of dry weight per cubic metre.

CCME

Canadian Council of Ministers of the Environment

Chlorophyll

Chlorophyll is a molecule contained in photosynthetic organisms which is required
to carry out photosynthesis. Chlorophyll a is used as an indicator of phytoplankton
biomass in this report.

Construction

“Any activities undertaken to construct or build any components of, or associated
with, the development of the Project” as defined in the Class A Water Licence
(W2012L2-0001).

CPUE

Catch per unit effort

DELT

Deformities, erosions, lesions, and tumours
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Development

“All of the activities and facilities associated with the Construction, operation and
Reclamation of the Sable, Pigeon, and Beartooth pits” as defined in the Class A
Water Licence (W2012L2-0001). “Misery Development means all of the activities
and facilities associated with the Construction, operation, and Reclamation of the
Misery pit” and “Sable Development means all of the activities and facilities
associated with the Construction, operation, and Reclamation of the Sable pit” as
defined in the Class A Water Licence (W2012L2-0001).

Dewatering

“The removal of all water from a natural water body or the portion of a natural
waterbody enclosed by Engineered Structures” as defined in the Class A Water
Licence (W2012L2-0001).

Diatom

Diatoms are a type of single-celled algae. They photosynthesize and may live
either free-floating in water (as phytoplankton) or attached to substrates
(as periphyton). Diatoms contain a silica shell (called a frustule) outside of their
cell membrane.

Diptera

Refers to a taxonomic order of insects. Dipterans are the true flies, and their larval
stages are a major component of lake and stream benthos communities.
Dipterans are characterized by a single pair of functional wings and include a
wide diversity of species. Diptera include the familiar mosquito and black fly, and
their larvae are an important food source for fish. Their abundance and diversity
can be used as an indicator of lake or stream water and sediment quality.

Discharge

The direct or indirect release of any water or Waste to the Receiving
Environment” as defined in the Class A Water Licence (W2012L20001).

Diversity indices

A measure of how varied in terms of genera a community of organisms is.
In general, a healthy ecosystem will support a variety of species and have a
high diversity index.

DL

Analytical detection limit

DO

Dissolved oxygen

DOC

Dissolved organic carbon

Dominion

Dominion Diamond Mines ULC

EA

Environmental Assessment

Ecosystem

A community of interacting organisms considered together with the chemical and
physical factors that make up their environment.

Effect

Refers to any change in the aquatic environment that is a result of project
activities associated with the Ekati Diamond Mine.

EIR

Environmental Impact Report

EIS

Environmental Impact Statement

EPT

Ephemeroptera, Plecoptera, and Trichoptera

EQC

Effluent quality criteria

ERM

ERM Consultants Canada Ltd.

EROD

Ethoxyresorufin-o-deethylase
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EZD

Euphotic zone depth

Freshet

Freshet refers to a high-water flow event within a stream. In snowmelt driven
systems such as the Arctic, the term is commonly used to refer to spring
hydrology conditions in which the majority of annual water volume passes through
streams in a short period of time. At the Ekati Diamond Mine, freshet typically
begins in late May or early June, and lasts for a few weeks.

GLMM

Generalized linear mixed effects models

GSI

Gonadosomatic index

HEPES

Hydroxyethyl piperazine ethanesulfonic acid

Hydrology

The study of the properties of water and its movement in relation to land.

HWL2

Horseshoe Watershed Lake 2

Invertebrates

Collective term for all animals without a backbone or spinal column.

ISQG

Interim sediment quality guidelines

K-B

Kajak-Brinkhurst

Kimberlite

An ultrabasic igneous rock that consists mainly of the mineral olivine and is found
in volcanic pipes. The name is derived from Kimberley, South Africa, where the
rock was first identified. The host rock for diamonds at the Ekati Diamond Mine.

KPSF

King Pond Settling Facility. “Comprises the basin and associated containment
structures as generally described in the application for renewal of Water Licence
N7L2-1616 filed on December 12, 2003 and given file number MV2003L2-0013
[see Figure 1.6c in the Mining Industry Questionnaire] or as modified in
subsequent plans and/or drawings as approved by the Board” as defined in the
Class A Water Licence (W2012L2-0001).

Larva (larvae)

The immature stage, between egg and pupa, of an insect or juvenile stage of fish.

Limnology

The study of lakes, including their physical, chemical, and biological processes.

LLCF

Long Lake Containment Facility. “Comprises the basin and containment
structures that are designed to contain Processed Kimberlite and other Waste” as
defined in the Class A Water Licence (W2012L2-0001).

LME

Linear mixed effects

LSI

Liver somatic index

MAC

Maximum acceptable concentration

Metals

For the purpose of the AEMP, the term metals includes metalloids.

Minewater

“Runoff from facilities associated with the Project and all water or Waste pumped
or flowing out of any open pit or underground mine” as defined in the Class A
Water Licence (W2012L2-0001).

MQO

Measurement qualified objective

NADPH

Nicotinamide adenine dinucleotide phosphate

OMOE

Ontario Ministry of Environment
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PDC

Panda Diversion Channel. An engineered channel used to divert water from
North Panda Lake to Kodiak Lake.

Photosynthesis

The metabolic process by which carbon dioxide and sunlight are converted to
simple sugars and oxygen. Organisms that photosynthesize contain the molecule
chlorophyll.

Phytoplankton

Phytoplankton are microscopic primary producers that live free-floating in water.
These organisms are single-celled algae that photosynthesize. Some common
types of phytoplankton include diatoms and cyanobacteria.

Primary producers

In this report, primary producers refer to organisms that convert sunlight into food
through the process of photosynthesis (see above). Aquatic primary producers
can include phytoplankton, periphyton, macrophytes, and submerged vegetation.
Only phytoplankton are examined as part of the Ekati Diamond Mine AEMP.

PEL

Probable effects levels

Processed
Kimberlite

“Material rejected from the process plant after the recoverable diamonds have
been extracted” as defined in the Class A Water Licence (W2012L2-0001).

PSD

Pigeon Stream Diversion. An engineered diversion constructed to allow flows
from the headwater reaches of the Yamba/Exeter Watershed to enter Fay Bay
channel unaltered and to circumvent Pigeon Pit.

QA/QC

Quality assurance and quality control

Receiving
Environment

“For the purpose of this Licence, the natural aquatic environment that receives
any deposit or Discharge of Waste, including Seepage or Minewater, from the
Project” as defined in the Class A Water Licence (W2012L2-0001).

Response Plan

“A part of the Response Framework that describes the specific actions to be
taken by the Licensee in response to reaching or exceeding an Action Level”
as defined in the Class A Water Licence (W2012L2-0001).

RMS

Root mean square deviate

ROS

Regression on order statistics

RPD

Relative percent difference

Secchi depth

Secchi depth is the depth at which a Secchi disc (standardized white and black
disc) can no longer be seen when it is lowered into a lake. Secchi depth can be
used to calculate the depth of the euphotic zone.

Seepage

“Includes water or Waste that drains through or escapes from any structure
designed to contain, withhold, divert or retain water or Waste, including Waste
Rock Storage Areas” as defined in the Class A Water Licence (W2012L2-0001).

Sewage

“All toilet Waste and greywater” as defined in the Class A Water Licence
(W2012L2-0001).

Significance
Threshold

“A level of environmental change in any monitored parameter which, if reached,
would result in a significant adverse effect” as defined in the Class A Water
Licence (W2012L2-0001).

Sj

Jaccard’s similarity index

SNP

Surveillance Network Program
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Specific
conductivity

The ability of water to conduct electricity. Conductivity increases with increasing
concentrations of dissolved salts. Because conductivity varies with temperature,
specific conductivity (conductivity standardized to 25 °C) is reported.

SSWQO

Site-specific water quality objective

TDS

Total dissolved solids

TK

Traditional knowledge

TKN

Total Kjeldhal nitrogen

TOC

Total organic carbon

TPH

Total petroleum hydrocarbons

Trophic levels

Functional classification of organisms in an ecosystem according to feeding
relationships. Primary producers constitute the first trophic level, and convert
energy from the sun into food. All other trophic levels depend upon primary
producers for their food. Secondary producers (or primary consumers) constitute
the second trophic level, and tertiary producers (or secondary consumers)
constitute the third trophic level. In a lake, phytoplankton constitute the first trophic
level, zooplankton and some benthic organisms the second, and fish the third.

TRSP

Two Rock Sedimentation Pond. “The containment structure that is designed to
contain the Minewater from the Sable pit during operation, drainage from the
Waste Rock Storage Area, and the turbid water and solids fraction of the lake
sediments after lake Dewatering and stripping” as defined in the Class A Water
Licence (W2012L2-0001).

TSS

Total suspended solids

US EPA

United States Environmental Protection Agency

VEC

Valued Ecosystem Component

Waste

“Any substance defined as Waste by section 1 of the Waters Act” as defined in
the Class A Water Licence (W2012L2-0001).

Waste Rock

“All unprocessed rock materials that are produced as a result of mining
operations” as defined in the Class A Water Licence (W2012L2-0001).

WLWB, the Board

Wek’èezhìi Land and Water Board, referred to as the Board within this report with
the exception of reference citations.

WRSA

Waste Rock Storage Area. “The facilities where Waste Rock, Coarse Processed
Kimberlite, and other materials as approved by the Board are deposited in
accordance with this Licence” as defined in the Class A Water Licence
(W2012L2-0001).

WSC

Water Survey of Canada

Zooplankton

Zooplankton are small animals that live in the water column. They are secondary
producers and feed mainly on phytoplankton.
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Units of Measurement and Symbols
centimetre

cm

micrometre (micron)

µm

cubic metre

m3

microsiemens per centimetre

µS/cm

cubic metre per second

m3/s

milligram

mg

degree Celsius

°C

milligrams per kilogram

mg/kg

discharge

Q

milligrams per litre

mg/L

dry weight

dwt

millilitre

mL

equals

=

millimetre

mm

gram

g

millimolar

mM

greater than

>

nanometre

nm

greater than or equal to

≥

nephelometric turbidity units

NTU

hour

h

number

No.

kilometre

km

picomole

pmol

less than

<

percent

%

less than or equal to

≤

relative centrifugal force

G

litre

L

second

s

metre

m

square kilometre

km2

metre per second

m/s

square metre

m2

microlitre

µL

stage

h

micrograms per litre

µg/L

wet weight

wwt
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1.

INTRODUCTION

1.1

Purpose and Scope of the AEMP Design Plan

INTRODUCTION

The Ekati Diamond Mine and its surrounding mineral lease area are located approximately 200 km south
of the Arctic Circle and 300 km northeast of Yellowknife, Northwest Territories (Figure 1.1-1). The mine is
situated within the Lac de Gras Watershed at the headwaters of the Coppermine River drainage basin,
which flows north to the Arctic Ocean.
The Aquatic Effects Monitoring Program (AEMP) is one of a number of monitoring and management
plans for the Ekati Diamond Mine that employ an adaptive approach to identifying, understanding, and
reducing the magnitude, frequency, and extent of the potential effects of mine activities on the aquatic
environment. The AEMP is a comprehensive monitoring program that monitors for potential mine-related
effects in waterbodies located in the Receiving Environment in close proximity to the mine and
downstream of mine Discharge. Currently, the potential for mine-related effects exists primarily within four
geographic areas: the Koala Watershed and Lac de Gras, the King-Cujo Watershed and Lac du Sauvage,
the Pigeon-Fay and Upper Exeter Watershed, and the Horseshoe Watershed and Lower Exeter Lake
(Figure 1.1-2). This document presents the Ekati Diamond Mine AEMP Design Plan for 2020 to 2022,
which amalgamates the AEMP Design Plans for the four geographic areas.
The AEMP Design Plan is a requirement of Arctic Canadian Diamond Company Ltd.’s (Arctic’s) Water
Licence (W2012L2-0001, Part J and Schedule 8). The AEMP Design Plan for 2020 to 2022 is based on
the approved AEMP Design Plan for 2017 to 2019, Version 6.1 (ERM 2018a) and the approved Sable
AEMP Design Plan, Version 1.3 (ERM 2018d), and incorporates changes recommended and approved
through the 2019 AEMP Re-evaluation and Sediment Sampling Method Comparison Study (ERM 2021).
The AEMP Design Plan for 2020 to 2022 also incorporates revisions to the Aquatic Response Framework
(ARF). The ARF is based on the approved ARF, Version 3.0 (ERM 2018b) and incorporates changes
recommended in Appendix A to the 2019 AEMP Re-evaluation and approved by the Wek’èezhìi Land and
Water Board (the Board).
Traditional knowledge (TK) is incorporated through the involvement of community members where
practicable – for example, during the sampling of large-bodied fish (see Section 4.3.8). Additionally,
relevant TK gathered during Arctic led community consultations, including presentations specific to the
AEMP, will be considered in future AEMP Design Plans.
Table 1.1-1 indicates the concordance of this document with these Water Licence conditions.

1.2

Objectives of the AEMP

The overall objectives of the AEMP over the life of the mine are defined in Water Licence W2012L2-0001,
Part J, Condition 1 as follows:


To determine the short‐ and long‐ term effects of the project on the Receiving Environment;



To test the predictions made in the 1995 Environmental Impact Statement (BHP and Dia Met 1995)
and Environment Assessment (BHP and Dia Met 2000) or in other submissions to the Board
regarding the impacts of the project on the aquatic Receiving Environment;



To assess the efficacy of mitigation measures that are used to minimize the effects of mine activities
on the aquatic Receiving Environment; and



To identify the need for additional mitigation measures to reduce or eliminate mine-related effects.
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Table 1.1-1: Concordance of AEMP Design Plan for 2020 to 2022 with Water Licence
W2012L2-0001
Conditions Applying to the AEMP Design Plan
Part J,
Condition 2

Section

The Licensee shall operate in accordance with the approved AEMP Design
Plan. The Licensee shall submit a revised AEMP Design Plan, that satisfies
the objectives of Part J, Condition 1, and the requirements of Schedule 8,
Condition 1, to the Board for approval, at the following times:

-

a. At least one year prior to commencement of Construction at each of the
Pigeon and Sable pits;

NA (previous
version)

b. At least six months prior to commencement of Dewatering of Lynx Lake;
and

NA (previous
version)

c. Within six months of the effective date of Amendment #4.

NA
(Golder 2018)

The revised AEMP Design Plan shall include those sampling stations
necessary to determine short- and long-term effects in the Receiving
Environment as a result of the Pigeon, Sable, Lynx, or Jay Development.

4.1, see
Dominion 2019
for Jay AEMP
Design

Part J,
Condition 3

The Licensee may at any time propose revisions to the AEMP Design Plan
and shall review and revise the AEMP Design Plan as necessary to reflect
directives from the Board. All revised plans shall be submitted to the Board for
approval.

All

Part J,
Condition 4

The Licensee shall review and revise, as necessary, the AEMP Design Plan
every three years, or as directed by the Board. The Licensee shall submit a
revised AEMP Design Plan that satisfies the objectives of Part J, Condition 1,
and the requirements of Schedule 8, Condition 1, to the Board for approval.

All

Schedule 8,
Condition 1

The AEMP Design Plan for the AEMP referred to in Part J, Conditions 2, 3,
and 4 shall include, but not be limited to, the following:

Schedule 8,
Condition 1(a)

Clearly identifiable objectives of the AEMP;

1.2

Schedule 8,
Condition 1(b)

A description of the area to be monitored including maps showing all sampling
and control sites, as well as the overall Zone of Influence of the Project;

4.1

Schedule 8,
Condition 1(c)

A description of the sampling program that will be conducted to achieve the
objectives of the AEMP including the variables, sample media, monitoring
protocols, and QA/QC procedures;

4.2, 4.3, 4.4

Schedule 8,
Condition 1(d)

Statistical design criteria, including a description of sampling frequencies for
each parameter that ensures both accurate characterization of short-term
variability and the collection of sufficient data to establish long-term trends;

4.2

Schedule 8,
Condition 1(e)

A description of procedures to analyse and interpret data collected and
procedures to identify and address information gaps;

Schedule 8,
Condition 1(f)

A description of evaluation criteria for the AEMP and approaches to revise and
refine the AEMP;

Schedule 8,
Condition 1(g)

A description of how proposed changes in monitoring protocols will be
calibrated to previous monitoring procedures and data sets so that continuity,
consistency, validity, and usability of monitoring results will be maintained;

Schedule 8,
Condition 1(h)

The findings of an integrated biological, chemical, and biophysical assessment
of the monitoring data and rationale for how the results of these findings are
incorporated into revisions of the AEMP Design Plan;
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Conditions Applying to the AEMP Design Plan
Schedule 8,
Condition 1(i)

Schedule 8,
Condition 1(j)

Schedule 8,
Condition 1(k)

A process for measuring Project-related effects to:

-

i.

Physical limnology (dissolved oxygen/temperature profiles, and water
clarity),

4.2, 4.3.2,
4.4.2, 4.5

ii.

Lake water quality (major ions, nutrients, and metals) under ice and
during the open-water season (August),

4.2, 4.3.3,
4.4.3, 4.5

iii.

Stream water quality (major ions, nutrients, and metals) during the
open-water season (freshet, July, August, and September),

4.2, 4.3.3,
4.4.3, 4.5

iv.

Sediment quality (nutrients and metals) every three years during the
open-water season (August),

4.2, 4.3.4,
4.4.4, 4.5

v.

Chlorophyll a concentrations, phytoplankton density, and community
composition during the open-water season (August),

4.2, 4.3.5,
4.4.5, 4.5

vi.

Zooplankton biomass, density, and community composition during the
open-water season (August),

4.2, 4.3.6,
4.4.6, 4.5

vii. Lake and stream benthos density, and community composition during
the open-water season (August),

4.2, 4.3.7,
4.4.7, 4.5

viii. Fish community, tissue contaminant levels, and biological
characteristics (length, weight, age, sex, sexual maturity, reproductive
status, gonad weight, number of eggs, and liver weight), and

4.2, 4.3.2,
4.4.2, 4.5

ix.

4.2, 4.3.8,
4.4.8, 4.5

Fish parasites, deformities, erosion, lesions, and tumors, as well as
chlorinated phenolics (known to impair fish palatability);

The establishment of sufficient control sites outside the immediate Zone of
Influence of mining operations and associated activities to provide the
necessary information on reference conditions including:

4.1

i.

A detailed rationale for site selection,

4.1

ii.

An assessment of adequacy of existing data for representing
predevelopment conditions, and

4.1

iii.

An assessment of the degree to which each site is representative;

4.1

The establishment of sufficient monitoring sites within the Zone of Influence
including sites located at:
Lakes in the vicinity of the project including, but not limited to, Leslie
Lake, Moose Lake, Nema Lake, Slipper Lake, and connecting streams,

4.1

ii.

Lakes in the vicinity of the Misery operation and connecting streams,

4.1

iii.

Lac de Gras in the vicinity of the outflow of Slipper Lake,

4.1

iv.

Lac du Sauvage in the vicinity of the Misery operation,

4.1

v.

Lakes in the vicinity of the Sable Development (when constructed)
including, but not limited to, Horseshoe Lake and outflow, Ulu Lake,
Ross Lake and outflow, Lower Exeter Lakes, and connecting streams,

4.1

vi.

Lakes in the vicinity of the Pigeon Development (when constructed)
including, but not limited to, Upper Exeter Lake, Pigeon Fay Stream
and Fay Lake,

4.1

viii. Lac du Sauvage in the vicinity of the Jay Development (when
constructed), including, but not limited to, the Narrows, and
ix.

Version: 7.1

4.1

i.

vii. Lakes in the vicinity of the Lynx Development (when constructed)
including, but not limited, to Cujo Lake,
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Conditions Applying to the AEMP Design Plan

Section

Schedule 8,
Condition 1(l)

A description of the procedures that will be used to minimize the impacts of
the AEMP on fish populations;

4.3.8

Schedule 8,
Condition 1(m)

A description of the procedures that will be used to assess the accuracy of the
Licensee’s impact predictions and to evaluate the effectiveness of the
proposed mitigation measures;

1.2, 4.5, 5

Schedule 8,
Condition 1(n)

A description of how the data collected in the AEMP will be used to identify the
need for additional mitigation strategies to minimize the impacts of the project;

1.2, 5

Schedule 8,
Condition 1(o)

A summary of how TK will be collected and incorporated into the Aquatic
Effects Monitoring Program;

Schedule 8,
Condition 1(p)

An evaluation of the project-related effects on the Receiving Environment that
may contribute to cumulative effects in the region;

4

Schedule 8,
Condition 1(q)

A description of an Response Framework that will link the results of the AEMP
to those actions necessary to ensure that Project-related effects on the
Receiving Environment remain within an acceptable range. The Response
Framework shall include:

5

a. Definitions, with rationale, for Significance Thresholds and tiered Action
Levels applicable to biotic and abiotic parameters monitored in the aquatic
Receiving Environment of the Project; and

5.2 – 5.5

1.1, 4.3.8

b. For each Action Level:
i.

A description of the rationale including, but not limited to, a
consideration of the predictions and conclusions of the Environmental
Assessment as well as AEMP results to date;

5.2.3, 5.3.3,
5.4.3

ii.

A description of how exceedances of Action Levels will be assessed;
and

5.2.3, 5.3.3,
5.4.3

iii.

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

5.6

Schedule 8,
Condition 1(r)

A summary table of all baseline data that will be utilized in AEMP for the Jay
Development and a description of any additional baseline data to be collected;

NA

Schedule 8,
Condition 1(s)

A description of comparisons to be made to baseline data for the Jay
Development, including:

NA

i.

Identification of the baseline and proposed sampling stations, and
parameters to be compared,

NA

ii.

A description of why the baseline stations are considered comparable
to the proposed stations,

NA

iii.

A description of variability in each baseline data set, and

NA

iv.

Based on Schedule 6, Condition 1(s)(i-iii), an estimation of the magnitude
of change that could be reliably detected in each planned comparison;

NA

Schedule 8,
Condition 1(t)

An evaluation, based on the information in Schedule 6, Condition 1(s), of the
adequacy of the baseline data to support the objectives of the AEMP;

NA

Schedule 8,
Condition 1(u)

A summary of the results of the reconnaissance study and provide
recommendations for the use of Thonokied Lake as the reference lake for the
AEMP, or for the selection of another potential reference lake; and

NA

Schedule 8,
Condition 1(v)

An evaluation of the use of Slimy Sculpin as a sentinel species for detecting
effects due to the Jay Development, including recommendations for sample
sizes, frequency, locations, and measured parameters as well as a description
of contingencies if adequate sample sizes cannot be achieved.

NA

Notes: NA = not applicable, AEMP = Aquatic Effects Monitoring Program, QA/QC = quality assurance/quality control,
TK = Traditional Knowledge
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The overall framework for monitoring, evaluating, and adaptively managing potential aquatic effects at
the Ekati Diamond Mine is presented in Figure 1.2-1. The primary objective of the annual AEMP is to act
as an early warning system. The AEMP Design Plan describes the monitoring that is carried out with a
focus on detecting change and assessing its magnitude and extent to determine whether observed
changes may be mine-related effects. This is achieved through the evaluation of annual AEMP results,
which relies on a hierarchy of steps described in the AEMP Evaluation Framework (see Section 4.5.2).
In brief, the AEMP Evaluation Framework involves the following:


Data collection and screening;



Data analysis (e.g., graphical and/or statistical, comparison to benchmarks);



Assessment of whether a change has occurred; and



Determination of whether an observed change may be the result of a mine-related effect.

Results from the annual AEMP are then screened against Action Levels defined in the ARF and a
Response Plan is developed, if required (Figure 1.2-1). In some cases a Response Plan is not required
because there is already a Response Plan in place for the particular Action Level exceedance. Response
Plans may include special studies aimed at understanding change that has been detected or mitigative
actions aimed at reducing or eliminating effects. Results from the annual AEMP, comments received on
the AEMP Report, and the results of special studies feed into the three-year AEMP Re-evaluation, which
provides an opportunity to assess the efficacy of the AEMP and adjust the AEMP Design Plan, if needed.
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Aquatic Response
Framework

AEMP Design Plan

Annual
AEMP

AEMP Re-evaluation
(every 3 years)

Stakeholder
Comments

Compare AEMP Results
to Action Levels

Action Level
Exceeded

Action Level
Not Exceeded

Response Plan

Mitigative Actions
(e.g., snow clearing of lake
to increase phytoplankton
activity in response to low
dissolved oxygen)

Special Study
(e.g., literature review
of biological response
to mine-related effects)

Note: Dashed lines indicate exceptional circumstances where immediate changes to the annual AEMP
or Aquatic Response Framework are required.

Figure 1.2-1: Overall Framework for Monitoring Aquatic Effects for the
Ekati Diamond Mine
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PROJECT DESCRIPTION

The Ekati Diamond Mine mineral lease area covers an area that is approximately 7% of the total area of
the Coppermine River drainage. To date, mine development has occurred in less than 2% of the mineral
lease area (Figure 1.1-1).
The Koala Watershed contains the Panda Diversion Channel (PDC) and the majority of the Ekati
Diamond Mine infrastructure including the main camp; the process plant; the Long Lake Containment
Facility (LLCF); the airstrip; and the Panda, Koala, Koala North, Fox, and Beartooth pits with associated
Waste Rock Storage Areas (WRSAs). The King-Cujo Watershed contains the King Pond Settling Facility
(KPSF) and a portion of the Misery Camp and Misery WRSA. The Pigeon-Fay and Upper Exeter
Watershed contains the Pigeon Pit and the Pigeon Stream Diversion (PSD). The Horseshoe Watershed
contains the Sable Pit and associated WRSA and the Two Rock Sedimentation Pond (TRSP). The Carrie
Pond Watershed contains a portion of the Misery Pit, the associated WRSA, and Desperation Sump
(Figure 1.1-2). The Lynx Pit is also contained within the larger Lac de Gras Watershed (Figure 1.1-1).
Mining operations in 2020 and onward will focus on extraction of ore from Pigeon and Sable open pits
as well as Misery underground. Mining in Beartooth, Fox, Panda, Koala, Koala North and Lynx pits have
concluded production at this time.
The potential for mine-related effects in the aquatic environment exists primarily within four geographic
areas: the Koala Watershed and Lac de Gras, the King-Cujo Watershed and Lac du Sauvage, the
Pigeon-Fay and Upper Exeter Watershed, and the Horseshoe Watershed and Lower Exeter Lake
(Figure 1.1-2). Potential mine-related effects may result from potential influences such as mine Discharge,
Construction and operation of stream diversion channels (i.e., the PDC and PSD), blasting, roads and/or
the airstrip, runoff, emissions, Seepage, and/or potential spills. Discharge from the LLCF, KPSF, and
TRSP are the key direct influences of the mine on the receiving and downstream aquatic environments
of the Koala Watershed and Lac de Gras, the King-Cujo Watershed and Lac du Sauvage, and the
Horseshoe Watershed and Lower Exeter Lake, respectively. The Pigeon-Fay and Upper Exeter
Watershed does not receive any Discharge from the mine; all Minewater and drainage from the Pigeon
WRSA is directed into the site Minewater containment facilities (e.g., the LLCF). However, the potential
for effects in the Pigeon-Fay and Upper Exeter Watershed exists from activities such as the Construction
and operation of the PSD and mining at the Pigeon Pit. The Lac de Gras Watershed does not receive any
Discharge from the Lynx Pit. Mining of the Lynx Pit ceased in June 2019 and during mining all Minewater
was directed to the KPSF. The main mine-related influence on the Carrie Pond Watershed was
historically Discharge from Desperation Pond; however, the majority of Desperation Pond was
encapsulated within the WRSA and the area that remains is currently being utilized as a sump. Water
from Desperation Sump is pumped to the KPSF on an as-needed basis but is no longer Discharged to
a Receiving Environment. Thus, the potential for mine-related effects from the Lynx Pit and Desperation
Sump are monitored in the King-Cujo Watershed and Lac du Sauvage.
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DESCRIPTION OF THE ENVIRONMENT

The Ekati Diamond Mine is located 100 km north of the tree line on the sub-Arctic tundra. The local
terrain is characterized by boulder fields, tundra, wetlands, and numerous lakes with interconnecting
streams. There are more than 8,000 lakes within the 2,663 km2 mineral lease area. The landscape near
the Ekati Diamond Mine consists of a variety of bedrock and glacial remnants, including extensive boulder
fields and sinuous eskers. Surface drainage is poorly developed and because of weak hydraulic gradients,
stream and river channels wander extensively. Permafrost is present to an average depth of greater
than 300 m and is continuous except under larger lakes and rivers. The seasonal active layer ranges
in thickness from up to 1.5 m in organic substrates, to several metres in dark, rocky outcrops. Talik
(unfrozen) zones occur beneath waterbodies, and, depending on the thermal storage capacity of the lake
(generally a function of its area, depth, and geometry), may fully penetrate the permafrost horizon.
Well-drained terrestrial habitats may become quite dry during the growing season, and small streams
may only flow during the brief spring freshet period.
Winters are long and extremely cold with daily temperatures that often fall below -30°C. The ice-free
season is short (June to September) and cool. Annual precipitation (as rainfall and snowfall) is generally
low and has ranged from 169 mm (in 2018) to 519 mm (in 1995) and the average for the 1994 to 2018
period was 331 mm (ERM unpublished).
The presence of permafrost means that surface water does not sink into the soil but remains on the
surface as a multitude of shallow interlinked ponds, lakes, and streams. The low relief of the landscape
means that waterbodies form complex drainages with wide, meandering, braided streams connecting
chains of shallow ponds and slightly deeper lakes. For the same reason, there are only minor
groundwater flows in the active layer during summer. There is, however, very ancient groundwater
trapped in fractures in the bedrock below the permafrost layer at depths greater than 300 m. It is called
connate water, which means it was trapped in pores in the rock at the time the rock was formed.
This fossil water is highly saline and its salinity increases with depth. This water is only encountered in
deep open pit and underground mining operations, but its presence has important implications for
the water management strategy at the Ekati Diamond Mine.
The presence of permafrost also means that most of the nutrients in the soil are not accessible to flowing
water. Low temperatures in the active layer result in extremely low rates of organic matter decomposition
and nutrient release. Hence, surface waters are very low in nutrients and in aquatic plant production.
Stream flow is greatest in spring as the snow cover melts. Stream flows decline steeply over the summer
and reach minimum levels in late August. Flows typically increase slightly in September in response to
autumn rains. Freeze-up occurs in early October. Most streams in the barrenlands freeze to the bottom
during winter; therefore, all fish must leave streams in late summer to overwinter in lakes. The presence
or absence of lake overwintering habitat is a key determinant of fish biogeography.
The Ekati Diamond Mine lakes and streams are characterized by clear, soft, low-nutrient waters typical
of pristine northern aquatic environments. The biological productivity and biomasses of plants and
animals in streams and lakes in the Ekati Diamond Mine mineral lease area are low compared to streams
and lakes in southern Canada. Lower productivity and biomass in sub-Arctic lakes is well documented
(e.g., Pienitz, Smol, and Lean 1997) and occurs as a result of lakes being cold, nutrient poor, and
covered with up to 2 m of ice for nine months of the year.
The aquatic ecosystem in the Ekati Diamond Mine mineral lease area supports a diverse array of plants
and other organisms. Phytoplankton are the base of the food chain in lakes (Figure 3-1). Phytoplankton
are grazed by zooplankton—mainly rotifers and small crustaceans—that live in the water column, and
by filter-feeding members of the benthic invertebrate (benthos) community living on the lake bottom.
Zooplankton and benthos are eaten by a small community of fish. Small-bodied fish such as Slimy Sculpin
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(Cottus cognatus) eat zooplankton and benthos, while Round Whitefish (Prosopium cylindraceum) eat
mainly benthos. Large-bodied fish such as Lake Trout (Salvelinus namaycush) eat smaller fish as well as
benthos and the larger species of zooplankton. Food fragments, faeces, and carcasses sink to the bottom
of lakes where they are consumed by detritus-eating benthos. Many benthos are aquatic insects,
particularly the early life stages of dipteran flies such as midges and mosquitoes. Terrestrial insects that
fall on lake surfaces are consumed by surface-striking fish.
Periphyton are the base of the food chain in streams (Figure 3-1). Mats of periphyton serve as substrates
for bacteria, protozoans, and benthos. Zooplankton from upstream lakes and insects that release
themselves from the stream bottom are referred to as stream drift. Arctic Grayling is the predominant fish
species in streams, followed by Slimy Sculpin and Burbot. Obligate lake dwellers such as Lake Trout are
rarely found in streams, but their juveniles and adult phases occasionally use streams as refuges and as
migration corridors.
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4.

AEMP DESIGN

4.1

Sampling Locations

AEMP DESIGN

The AEMP study area includes areas outside of the immediate zone of influence of the mine (reference or
control areas) as well as four areas anticipated to be potentially influenced by mine-related activities:


The Koala Watershed and Lac de Gras,



The King-Cujo Watershed and Lac du Sauvage,



The Pigeon-Fay and Upper Exeter Watershed, and



The Horseshoe Watershed and Lower Exeter Lake.

The AEMP lake and stream sampling locations are presented in Table 4.1-1 and shown on Figure 4.1-1.
Most of the AEMP sampling locations within the Koala Watershed are located downstream of mine
Discharge from the LLCF. Exceptions include Vulture Lake and Vulture-Polar Stream, which are
reference sites located upstream of mine Discharge in the Koala Watershed. Grizzly Lake, Kodiak Lake,
Kodiak-Little Stream, and the Lower PDC are also located upstream of the LLCF, but are in close
proximity to the mine, which results in the potential for effects from mine activities. Potential effects at
these sites stem from roads and/or the airstrip, emissions, and potential spills. In addition, Kodiak Lake
and Kodiak-Little Stream may be susceptible to potential effects associated with the weathering of the
PDC, an artificial channel constructed to allow fish passage between North Panda and Kodiak Lake.
Kodiak Lake and Kodiak-Little Stream are also susceptible to surface runoff from the vicinity of the
ammonium nitrate building situated near the eastern shore of Kodiak Lake. Downstream of the LLCF, all
lakes and streams are susceptible to the quantity and quality of water Discharged from the LLCF as far as
Lac de Gras, which receives water from the Koala Watershed at its northern end. In addition, Nema Lake
and Nema-Martine Stream are located near the Fox Pit and are susceptible to Seepage from Fox Pit and
its associated WRSA.
All AEMP sampling stations in the King-Cujo Watershed are located downstream of Discharge from the
KPSF. Lac du Sauvage receives water from the King-Cujo Watershed along its western shore. These
AEMP lakes and streams are therefore potentially influenced by mining activities associated with the
Misery Development.
All but one of the AEMP sampling stations in the Pigeon-Fay and Upper Exeter Watershed are located
downstream of the PSD. The exception is Pigeon Reach 7, which is an internal reference site located
upstream of the PSD. The Pigeon-Fay and Upper Exeter Watershed does not receive any Discharge from
Pigeon Pit; all Minewater and drainage from the WRSA is directed into the Minewater storage facilities
(e.g., the LLCF). Thus, potential effects in this watershed stem from the Construction and operation of
the PSD and from Pigeon Pit activities and roads.
In the Horseshoe Watershed, Ulu Lake and outflow stream are monitored because they are located within
the drainage area of the Sable WRSAs and have the potential to be influenced by mining activity. Northeast
Lake and Northeast Outflow are internal reference sites located upstream of mine Discharge in the
Horseshoe Watershed. All other sampling locations in the Horseshoe Watershed are located downstream
of Discharge from the TRSP. Lower Exeter Lake is the receiving lake for the Horseshoe Watershed.
The external reference lakes and streams (Nanuq and Counts lakes and their outflows) are located well
away from any mine activities. Nanuq Lake is located in the northeast corner of the Ekati Diamond Mine
mineral lease area, approximately 11 km from the nearest possible mine influence (Sable Development).
Counts Lake is located southeast of the Ekati Diamond Mine Main Camp, approximately halfway between
the camp and Misery Pit, about 5 km away from the nearest possible mine influence (Misery Road).
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The Carrie Pond Watershed is no longer monitored as part of the AEMP because Discharge from
Desperation Sump no longer occurs. However, if Discharge from Desperation Sump to the Carrie Pond
Watershed resumes, AEMP monitoring at Mossing Outflow will also resume in accordance with
monitoring protocols for other AEMP streams.

Table 4.1-1: AEMP Sampling Locations, 2020 to 2022
Lake Sites

Stream Sites

Reference1
Nanuq Lake

Nanuq Outflow

Counts Lake

Counts Outflow

Vulture Lake

Vulture-Polar

Northeast Lake

Northeast Outflow
Pigeon Reach 7

Koala Watershed and Lac de Gras
Grizzly Lake

Lower PDC

Kodiak Lake

Kodiak-Little

Leslie Lake

1616-30 (LLCF)

Moose Lake

Leslie-Moose

Nema Lake

Moose-Nero

Slipper Lake

Nema-Martine

Lac de Gras: S2, S3, S5, S6

Slipper-Lac de Gras

King-Cujo Watershed and Lac du Sauvage
Cujo Lake

1616-43 (KPSF)

Lac du Sauvage: LdS2, LdS1

Cujo Outflow
Christine-Lac du Sauvage

Pigeon-Fay and Upper Exeter Watershed
Fay Bay

Pigeon Reach 1

Upper Exeter Lake
Horseshoe Watershed and Lower Exeter Lake
Ulu Lake

Ulu Outflow

Horseshoe Lake

0008-Sa3 (TRSP)

HWL2 Lake

Horseshoe Outflow

Ross Lake

HWL2 Outflow

Logan Lake

Ross Outflow

Lower Exeter Lake

Logan Outflow

Notes:
LLCF = Long Lake Containment Facility, KPSF = King Pond Settling Facility, TRSP = Two Rock Sedimentation Pond
1 Reference sites are applicable to the AEMPs for all watersheds except for Pigeon Reach 7 which is applicable only
to the Pigeon-Fay and Upper Exeter Watershed and Northeast Lake and outflow which are applicable to the
Horseshoe Watershed and Lower Exeter Lake.

Water Licence W2012L2-0001, Schedule 8, Item 1(j) requires the establishment of sufficient control
(reference) sites, including rationale for site selection, an assessment of the adequacy of existing data for
presenting pre-development conditions, and an assessment of the degree to which each site is representative.
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The reference locations for the 2020 to 2022 AEMP are identical to the stations used in previous years
and approved under previous versions of the AEMP Design Plan. There is no evidence to suggest that
the suitability of reference sites or the adequacy of existing reference data has changed through time thus
rationale for the reference sites included in the 2020 to 2022 AEMP Design Plan is not discussed further.

4.2

Sampling Scheme

The following components of the aquatic ecosystem will be monitored as part of the 2020 to 2022 AEMP:


Stream hydrology;



Phytoplankton;



Physical limnology;



Zooplankton;



Lake and stream water quality;



Lake and stream benthos; and



Lake sediment quality;



Small-bodied fish.

The components monitored at each AEMP lake and stream sampling location are outlined in Tables 4.2-1
and 4.2-2, respectively. This information is also depicted on Figures 4.2-1 to 4.2-3.
The AEMP focusses on the identification of potential long-term effects (i.e., changes from year to year) in
these physical, chemical, and biological components; however, within year (i.e., short-term) variability is
characterized through sampling replication, sampling of water quality and physical limnology during both
the ice-covered season (April) and open-water season (August), and monthly monitoring of water quality in
streams through the open-water season (June, July, August, and September). The annual and seasonal
sampling frequency and replication for each monitoring component are presented in Table 4.2-3.
The AEMP will be conducted annually, with certain components or sites monitored less frequently.
Sediment quality was last assessed in the 2017 AEMP and is monitored every three years; thus,
sediment sampling was scheduled for 2020. Arctic requested, and the Board approved, delaying
sediment sampling until 2021 due to the COVID-19 pandemic. Small-bodied fish (Slimy Sculpin, Cottus
cognatus) and large-bodied fish (Lake Trout, Salvelinus namaycush; Round Whitefish, Prosopium
cylindraceum) were last assessed in the 2018 AEMP and are monitored every three and six years,
respectively and thus will next be sampled in 2021 and 2024, respectively. Given this monitoring schedule
no large-bodied fish sampling is planned for 2020 to 2022 and sampling locations and methods for the
large-bodied fish component of the AEMP are not discussed further in this Design Plan.
Physical limnology and water quality in Grizzly Lake; phytoplankton in Fay Bay; and benthos in Kodiak,
Moose, Nema, and Slipper lakes, and site S2 in Lac de Gras will be sampled every three years, rather
than annually. Sampling of these components at these sites was last completed in 2020 and will next be
completed in 2023 to align with the sediment quality sampling year and the timing of the statistical
Evaluation of Effects for water quality (see Section 4.5). Benthos in Kodiak-Little, Nema-Martine, and
Slipper-Lac de Gras streams will be sampled every three years, rather than annually. Benthos sampling
at these sites was last completed in 2019 and was scheduled to be completed in 2020 and 2023 to align
with the timing of the statistical Evaluation of Effects for water quality (see Section 4.5). Arctic requested,
and the Board approved, delaying stream benthos sampling until 2021 due to the COVID-19 pandemic.
Annual sampling of physical limnology and water quality in Grizzly Lake, phytoplankton in Fay Bay, and/or
benthos in Kodiak Lake or Kodiak-Little Stream will be reinstated if a mine-related effect or potential minerelated effect is detected at the site, at which time, monitoring will resume its original annual monitoring
frequency. Scheduled monitoring of phytoplankton in Upper Exeter Lake has been discontinued but
annual monitoring of phytoplankton in Upper Exeter Lake will also resume, as conducted historically, if
a mine-related effect on phytoplankton is detected upstream in Fay Bay. Annual sampling of benthos in
Moose, Nema, and Slipper lakes and site S2 in Lac de Gras and/or Nema-Martine Stream and SlipperLac de Gras Stream will be reinstated if a mine-related effect is confirmed at Leslie Lake for lakes or
Moose-Nero Stream for streams (the site immediately downstream of the Discharge point).
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Table 4.2-1: AEMP Lake Sampling Scheme, 2020 to 2022
Lake

Physical
Limnology

Water
Quality

Phytoplankton

Zooplankton

Sediment
Quality

Benthos

Smallbodied
Fish

Reference Lakes
Nanuq

X

X

X

X

X

X

X

Counts

X

X

X

X

X

X

X

Vulture

X

X

X

X

X

X

X

Northeast

X

X

X

X

X

X

X

Koala Watershed and Lac de Gras
Grizzly

X

X

-

-

-

-

-

Kodiak

X

X

X

X

X

X

X

Leslie

X

X

X

X

X

X

X

Moose

X

X

X

X

X

X

X

Nema

X

X

X

X

X

X

X

Slipper

X

X

X

X

X

X

X

S2

X

X

X

X

X

X

-

S3

X

X

X

X

-

-

-

S5

X

X

-

-

-

-

-

S6

X

X

-

-

-

-

-

King-Cujo Watershed and Lac du Sauvage
Cujo

X

X

X

X

X

X

X

LdS2

X

X

-

-

-

-

-

LdS1

X

X

X

X

X

X

-

Pigeon-Fay and Upper Exeter Watershed
Fay Bay

X

X

X

-

-

-

-

Upper Exeter

X

X

-

-

-

-

-

Horseshoe Watershed and Lower Exeter Lake
Ulu

X

X

X

-

-

-

-

Horseshoe

X

X

X

X

X

X

X

HWL2

X

X

X

X

X

X

X

Ross

X

X

X

X

X

X

X

Logan

X

X

X

X

X

X

X

Lower Exeter

X

X

X

X

X

X

-

Notes:
LLCF = Long Lake Containment Facility, KPSF = King Pond Settling Facility, TRSP = Two Rock Sedimentation Pond
Dashes (-) indicate the component is not sampled. X indicates the component is sampled.
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Table 4.2-2: AEMP Stream Sampling Scheme, 2020 to 2022
Stream

Hydrology

Water Quality

Benthos

Nanuq Outflow

-

X

X

Counts Outflow

-

X

X

Vulture-Polar

-

X

X

Pigeon Reach 7

-

X

-

Northeast Outflow

-

X

X

Lower PDC

X

X

-

Kodiak-Little

-

X

X

Pumps

X

-

Leslie-Moose

-

X

-

Moose-Nero

-

X

X

Nema-Martine

-

X

X

Slipper-Lac de Gras

X

X

X

Pumps

X

-

Cujo Outflow

X

X

X

Christine-Lac du Sauvage

-

X

-

-

X

-

-

X

-

Pumps

X

-

Horseshoe Outflow

X

X

X

HWL2 Outflow

-

X

X

Ross Outflow

-

X

X

Logan Outflow

X

X

X

Reference Streams

Koala Watershed

1616-30 (LLCF)

King-Cujo Watershed
1616-43 (KPSF)

Pigeon-Fay and Upper Exeter Watershed
Pigeon Reach 1
Horseshoe Watershed
Ulu Outflow
0008-Sa3

Notes:
Dashes (-) indicate the component is not sampled.
X indicates the component is sampled.
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Table 4.2-3: AEMP Sampling Frequency and Replication, 2020 to 2022
Monitoring
Component

Annual Frequency

Seasonal Frequency

Physical
limnology

Annually at all sites1
except Grizzly Lake
which will be monitored
once every three years

April (under-ice)2

Water quality

Annually at all sites1
except Grizzly Lake
which will be monitored
once every three years

Replication and Depths at Each
Lake/Stream per Sampling Event

Lakes

Late July to early August
(open-water)

n=1 profile
n=1 profile; Secchi depth

April (under-ice)2

n=1 @ mid water column depth;
n=1 @ 2 m from the bottom;
10% replication in each watershed
and duplicates at each depth at ARF
near-field sites3

Late July to early August
(open-water)

n=1 @ 1 m below surface;
n=1 @ mid water column depth2;
10% replication in each watershed
and duplicates at each depth at ARF
near-field sites3
Leslie and Moose lakes only
n=1 @ 2m from the bottom

Annually at all sites1
except Fay Bay which
will be monitored once
every three years

Late July to early August

n=3 @ 1 m for taxonomy;
n=3 @ 1 m for biomass

Annually at all sites1

Late July to early August

n=3 vertical hauls from 1 m above
bottom to surface for taxonomy;
n=3 vertical hauls from 1 m above
bottom to surface for biomass

Sediment
Quality

Every three years at all
sites1

Late July to early August

n=3 @ mid-depth site (5 to 10 m)

Benthos

Annually at all sites1
except Kodiak Lake and
sites downstream of
Leslie Lake (Moose,
Nema, Slipper, and S2)
which will be monitored
once every three years

Late July to early August

n=3 @ mid-depth site (5 to 10 m)

Small-bodied
fish

Every three years at all
sites1

August to early September

Slimy Sculpin4
n=30 lethal; n=up to 100 non-lethal

Automated
stations

Annually at all sites1

Installation prior to freshet,
data collection monthly

n=1

Manual flow
measurements

Annually at all sites1

1 to 2 times during the
freshet period; 1 to 3 times
during the remainder of
the open-water season
(i.e., minimum of 3 to
4 measurements)

n=1

Differential
levelling survey

Annually at all sites1

Coupled with manual flow
measurements

n=1

Phytoplankton

Zooplankton

Streams
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Monitoring
Component

Annual Frequency

Seasonal Frequency

Staff gauge
surveys

Annually at all sites1

Coupled with manual flow
measurements

n=1

Cross section
survey

Annually at all sites1

During station installation

n=1

As needed

During low flow conditions
only if there is a significant
stream shape altering
freshet event in a given year

n=1

Annually at all sites1

June (freshet), July, August,
September5

n=1
10% replication in each watershed

Annually at all sites1
except Kodiak-Little and
sites downstream of
Moose-Nero Stream
(Nema-Martine, SlipperLac de Gras) which will
be monitored once
every three years

August to September

Hydraulic
geometry
survey
Water quality
Benthos

Replication and Depths at Each
Lake/Stream per Sampling Event

n=5

Notes:
n = number of measurements or sample size; ARF = Aquatic Response Framework
1 All sampled sites refers to sites sampled as part of the AEMP Design Plan for that particular monitoring component
(see Tables 4.2-1 and 4.2-2).
2 LdS2 is not sampled under-ice and is only sampled at 1 m below surface during the open-water season because
its depth is approximately 2 m.
3 ARF near-field sites include Kodiak, Leslie, Moose, Cujo, Fay Bay, and Horseshoe lakes.
4 n for small-bodied fish are target sample sizes; actual n achieved may vary depending on fish captures, and
deviations are reported on a case-by-case basis.
5 Water quality at Discharge sites (1616-30 LLCF, 1616-43 KPSF, and 0008-Sa3 TRSP) is only sampled in August
for the purposes of the AEMP during years when Discharge occurs.

4.3

Field and Laboratory Methods

4.3.1

Hydrology

4.3.1.1

Automated Stations

The Ekati Diamond Mine AEMP hydrometric program consists of installing automated hydrometric
stations at a subset of stream sites (Table 4.2-2) collecting continuous stage data during the open-water
season. These hydrometric stations are installed annually around freshet (usually late-May to mid-June)
and operated until mid-September when they are demobilized to protect the equipment from damage due
to channel freezing. Most hydrometric station installation occurs prior to freshet while ice and snow are still
present in the channels; flows are estimated during this time as rating relationships are not valid if snow and
ice are affecting the channels.
Each hydrometric station consists of a PT2x vented pressure transducer and temperature sensor with
internal datalogger (Instrumentation Northwest Inc.). The sensors are placed in aluminum conduits to
protect the cabling, and polyvinyl chloride tubes are mounted vertically in the water to act as stilling wells
for the sensors. Each pressure transducer is installed as deep in the channel as possible, to allow for
continuous monitoring of high, moderate, and low stage (water level). In streams with unsuitable
conditions for sensor installation, the equipment is relocated in the lake upstream of the outflow channel.
The pressure transducers continuously record water levels at ten-minute intervals.
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4.3.1.2

AEMP DESIGN

Manual Flow Measurements

Standard techniques are employed at all hydrometric stations to manually measure streamflow.
Measurements are taken throughout the open-water season to record a range of flows under different
flow conditions.
At each station, a minimum of three to four stage-discharge measurements are collected annually at
different flow conditions in order to validate developed empirical relationships (rating curves) between
water level (stage; h) and streamflow (discharge; Q). For each station, these rating curves are then used
to convert continuous stage data into continuous streamflow and from this information, specific hydrologic
variables, such as runoff and unit yield are calculated.
Manual streamflow measurement requires measuring water velocity and depth at intervals along a crosssection of the stream. The cross-sectional area of the stream (m2) and the velocity of the water (m/s) are
used to compute flow (m3/s). Measurements are collected using a hand-held electromagnetic current
meter (Hach Model FH950 or similar). At each gauging location, a minimum of 20 velocity and depth
measurements are typically obtained across the stream cross-section. In some cases, during low flow
conditions, the channel width may be narrower and the number of measurements obtained is less than 20.
Velocity measurements are collected at 60% of the flow depth, which is generally accepted as
representing the mean velocity of the vertical water section (Herschy 2009). When water depths are
greater than 0.75 m, stream velocities are measured at 20% and 80% of the water depth, with the mean
of the two readings taken to represent the mean velocity for the vertical. At each vertical water section,
a mean velocity is calculated over a measurement time of 40 seconds to represent the flow conditions.

4.3.1.3

Differential Levelling Surveys

For each hydrometric station, the elevation of the pressure transducer is surveyed relative to a local
arbitrary datum established through surveying of locally installed benchmarks. The benchmarks and
datum are used to maintain elevation control at each station. This allows the accuracy and precision of
the transducers to be assessed, for continuity between years of monitoring, and increases simplicity in
rating curve development. Surveying the stations relative to local benchmarks also allows the transducers
to be moved as required while maintaining accuracy and precision in data collection.
To establish and maintain elevation control at the hydrometric stations, at least three local benchmarks
are used at each station. One primary benchmark per station is assigned an arbitrary elevation of
100.000 m relative to a local (non-geodetic) datum. All other benchmarks, as well as all recorded water
levels, are then referenced to this primary benchmark. Simultaneous to streamflow measurements,
hydrometric levelling surveys are completed and the water levels measured by the pressure transducers
are checked and compared to surveyed water levels and the established benchmarks at the site. Surveys
are completed using an engineer’s rod and level to check whether any change in the position or drift of
the transducer signal has occurred.

4.3.1.4

Staff Gauge Surveys

All gauging stations require some form of water level reference gauge in addition to any water level
recording device. A vertical staff gauge is used as a reference gauge to which the pressure transducer is
set. The staff gauges are 1 m sections of enamelled steel plate accurately graduated to 0.01 of a metre
with each decimetre numbered. The gauge is read to the nearest millimeter if possible, with maximum
and minimum values recorded over a 10 second interval to account for high flows, turbulent water, or
windy conditions that may cause fluctuations in the water level.
The differential level survey, including collection of water elevation, must be completed at the time of the
staff gauge reading to permit determination of any correction that may be applied to the station.
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4.3.1.5

AEMP DESIGN

Cross Section Surveys at Station Control

Surveys are completed using an engineer’s rod and level to check whether any change in the shape of
the channel cross section at the station control has occurred. Tacheometric (i.e., stadia) methods are
used to infer the horizontal distance from vertical rod readings. The cross-section surveys at the station
control are conducted annually during station installation to spatially define the hydraulic control at the
station to aid in the creation of the stage-discharge rating curve. Significant changes in channel geometry
can be identified that may cause variation in rating curve development.

4.3.1.6

Hydraulic Geometry Surveys

In the case of an extreme stream geometry changing freshet event, channel geometry surveys using a
total station (i.e., an electronic/optical level) are completed at each hydrometric station that experienced
such an event during low flow that year. Hydraulic geometry surveys aid to spatially define the downstream
hydraulic controls and identify features such as slope breaks within the channel that can aid in the creation
of the stage-discharge rating curve. At low flow, at least two cross-sections, perpendicular to the channel
reach, are surveyed. At minimum, transects at the downstream boundaries of each channel reach, as well
as one transect directly in line with each station is surveyed. Additionally, one longitudinal transect is
surveyed within each channel from the downstream extent of the survey to beyond the upstream extent of
the survey in order to determine the longitudinal water surface profile for each monitored stream at the
reach where the pressure transducers are located. Surveyed cross-sections are tied into the established
arbitrary local datum at each site. These surveys are conducted using a total station.

4.3.1.7

Hydrology QA/QC

Error is calculated for each flow measurement. Measurement errors comprise the sum of errors from the
physical measurements of channel (width, depth, and velocity), instrumentation errors (current meter
averaging interval and calibration errors), and the sum of errors associated with velocity measurement
(number of measured verticals, and number of measurements per vertical). Measurement error is
expressed as uncertainty (%) at a 95% confidence interval (Herschy 2009).
Uncertainty in flow measurements with a confidence level of 95% was quantified based on (Herschy 2009):
u(Q) = 2* [um2+ us2+ (1/m)(ub2+ ud2+ up2+ (1/n)(uc2+ ue2))] ½
where:
u(Q) = uncertainty in flow measurement (%)
um =

relative uncertainty due to the limited number of verticals (%)

us =

relative uncertainty due to calibration errors (%)

ub =

relative (percentage) standard uncertainty in the measured breadth (%)

ud =

relative (percentage) standard uncertainty in the measured depth (%)

up =

uncertainty in mean velocity due to limited number of depths at which velocity measurements
are made (%)

uc =

uncertainty in point velocity at a particular depth due to variable responsiveness of current
meter (%)

ue =

uncertainty in point velocity at a particular depth due to velocity fluctuations (pulsations) in
the stream (%)

m=

number of verticals

n=

number of depths in the vertical at which velocity measurements are made

Rating measurements are assessed based on the judgement of an experienced hydrologist.
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4.3.2

Physical Limnology

4.3.2.1

Physical Limnology Field Methods

AEMP DESIGN

Ice-covered Season
Under-ice temperature and dissolved oxygen (DO) profiles are recorded annually in April. Sampling is
conducted in April as it is near the end of the ice-covered season and DO concentrations are typically the
lowest at this time. All AEMP lake sampling stations are sampled annually with the exception of LdS2,
which is not sampled in the winter due to its shallow depth (< 2 m; Table 4.2-1) and Grizzly Lake which is
sampled every three years (i.e., next sampling to occur in 2020 and 2023; Table 4.2-3). In addition, specific
conductivity profiles are recorded in the Horseshoe Watershed lakes and Lower Exeter Lake.
An auger is used to drill a hole through the ice at the sampling site. Ice chips are cleared from the
augured hole and a YSI EXO1 sonde equipped with optical DO, temperature, and depth sensor (or a
similarly capable instrument) is lowered through the water column to collect DO, temperature, and specific
conductivity profiles as required. The probes are allowed to stabilize at the surface before being lowered
slowly through the water column, measurements are collected continuously from the bottom of the ice
layer to approximately 0.5 m above the water-sediment interface. Depth is recorded using the readings
from the depth sensor and/or markings along the cable. Water column depth is recorded using a
handheld depth sonar (or similar device) or a weighted, metred line after the completion of physical
limnology and water quality sampling to avoid sediment disturbance and potential contamination.
Open-water Season
Water transparency and temperature, DO, and specific conductivity profiles are measured annually in
late July/early August at all AEMP lake sampling stations with the exception of Grizzly Lake, which is
sampled every three years (i.e., next sampling to occur in 2020 and 2023; Tables 4.2-1 and 4.2-3).
Water transparency is measured by taking the Secchi depth using a standard 20 cm black and white
Secchi disk. The Secchi disk is attached to a metred line and lowered over the shaded side of the boat
until it is no longer visible in the water column. The disk is then slowly raised until it once again becomes
visible. Both the depth of disappearance and re-appearance are recorded to the nearest 0.1 m and the
mean is taken to calculate Secchi depth at each site.
Temperature, DO, and specific conductivity profiles are measured using a YSI EXO1 sonde, equipped
with optical DO, temperature, and depth sensor (or a similarly capable instrument). The sensors are
allowed to stabilize at the surface before being lowered slowly through the water column. Measurements
are collected continuously from just below the lake’s surface to approximately 0.5 m above the watersediment interface. Depth is recorded using the readings from the depth sensor and/or markings along
the cable. Water column depth is recorded using a handheld depth sonar (or similar device) or a
weighted, metred line after the completion of physical limnology and water quality sampling to avoid
sediment disturbance and potential contamination.
Physical Limnology QA/QC
Sensors equipped on profiling instruments are calibrated regularly following the manufacturer’s
recommended frequency and methods to ensure accurate and reliable operation of the sensors in
the field.
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4.3.3

Water Quality

4.3.3.1

Lake Water Quality Field Methods

AEMP DESIGN

Ice-covered Season
Under-ice lake water quality samples are collected in April (concurrent with the ice-covered season
physical limnology sampling). All AEMP lake sites are sampled annually with the exception of LdS2, which
is not sampled in the winter due to its shallow depth (< 2 m; Table 4.2-1) and Grizzly Lake, which is sampled
every three years (i.e., next sampling to occur in 2020 and 2023; Table 4.2-3).
An auger is used to drill a hole through the ice and ice chips are scooped from the augured hole before
sampling. An acid-cleaned General Oceanics (GO) Niskin water sampler, with silicon tubing used inside
the sampler (rather than latex) to minimize sample contamination, is attached to a metred line that is
terminated with a five-pound weight to suspend the bottle vertically in the water column. The sampler is
set, lowered to the designated depth of the water column, and triggered shut using a Teflon-coated
messenger to collect a discrete water sample. Sample bottles are filled from the spigot on the sampler.
One sample is collected at each of two depths within the water column: a mid-depth (half way between
the ice surface and the sediments) and a deep-depth (~2 m above the sediment-water interface). To
avoid potential sample contamination vinyl gloves are worn during sampling and care is taken to avoid
disturbing the bottom sediments with the sampler.
Samples are kept cool (~5°C) by storing them in a cooler in the field to prevent freezing and under
refrigeration upon returning to camp until they are shipped to an analytical laboratory for analysis.
Open-water Season
Open-water lake water quality samples are collected annually in August at all AEMP lake sites (Table 4.2-1);
with the exception of Grizzly Lake, which is sampled every three years (i.e., next sampling to occur in
2020 and 2023; Table 4.2-3).
An acid-cleaned, 5 L Teflon-lined General Oceanics (GO) FLO water sampler (GO-FLO) is used to collect
samples. The GO-FLO, attached to a metred line that is terminated with a five-pound weight to suspend
the bottle vertically in the water column, is set, lowered to the designated depth of the water column, and
triggered using a Teflon-coated messenger to collect a discrete water sample. Sample bottles are filled
from the spigot on the sampler. One sample is collected from both a shallow depth (1 m below the water
surface) and a mid-depth (middle of the water column). Samples are also collected from a deep-depth
(approximately 1 to 2 m above the sediment-water interface) at Leslie and Moose lakes. To avoid potential
sample contamination vinyl gloves are worn during sampling and care is taken to avoid disturbing the
bottom sediments with the sampler.
Samples are kept cool (~5°C) by storing them in a cooler with ice packs in the field and under
refrigeration upon returning to camp until they are shipped to an analytical laboratory for analysis.

4.3.3.2

Stream Water Quality Field Methods

Water quality samples are collected from the stream channel at each of the AEMP stream sites
(Table 4.2-2). Samples are collected four times during the open-water season (freshet [typically early
June], July, August, and September) with the exception of Discharge locations (1616-30 of the LLCF,
1616-43 of the KPSF, and 008-Sa3 of the TRSP), which are only sampled as part of the AEMP in August
in years in which Discharge occurs. In addition to the AEMP sampling, samples from Discharge locations
are also collected as part of the Ekati Diamond Mine Surveillance Network Program (SNP). All SNP data
collected from these stations during August is included in the AEMP dataset.
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During stream water quality sampling, sample bottles are handled with clean vinyl gloves and care taken
to wade/stand downstream of the point of sample collection to avoid potential contamination from
unsettled stream debris. A grab sample is collected by inverting the general parameters sample bottle
and rotating it so the mouth is positioned upstream. All other sample bottles are filled by decanting from
the general parameters bottle, any excess water is then discarded and the bottle is refilled. Discharge
sites are included within the AEMP streams because of similarities in sampling methods; however, at
Discharge sites samples are collected from the edge of the containment cell/pond near the line intake or
from a spigot on the Discharge line when pumping is active. To avoid potential contamination, care is
taken to avoid disturbing the bottom sediments or collecting surface water.
Samples are kept cool (~5°C) by storing them in a cooler in the field and under refrigeration upon
returning to camp until they are shipped to the laboratory.

4.3.3.3

Water Quality Laboratory Analysis

Water quality samples are collected for analysis of general physical/ion variables, nutrients and organics,
total metals, and total mercury at an accredited laboratory. The water quality variables to be analysed and
analytical detection limits (DLs) are listed in Table 4.3-1. DLs are established to be below water quality
benchmarks and in line with commitments made in the Ekati Diamond Mine: Aquatic Effects Monitoring
Program Design Plan for 2017 to 2019, Version 6.1 (ERM 2018a).
Samples are field preserved and/or filtered according to recommendations provided by the analytical
laboratory. Clean sample bottles for water collection are provided by the analytical laboratory, total metals
bottles are acid-cleaned prior to shipment to the mine site.

Table 4.3-1: Analysed Water Quality Variables and Analytical Detection Limits
Variables

Units

Target Detection Limit

µS/cm

2

mg/L

0.5

-

0.1

TSS

mg/L

3

TDS (calculated)

mg/L

1

Turbidity

NTU

0.1

Total alkalinity

mg/L

1 to 2

Bicarbonate

mg/L

1

Carbonate

mg/L

1

Hydroxide

mg/L

1

Chloride

mg/L

0.5

Fluoride

mg/L

0.01

%

NA

Total ammonia-N

mg/L

0.005

Nitrite-N

mg/L

0.001

Nitrate-N

mg/L

0.003

Physical/Ion
Specific conductivity
Hardness
pH

Ion balance
Nutrients/Organics
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Variables

Units

Target Detection Limit

Ortho-phosphate

mg/L

0.001

phosphorus1

mg/L

0.002

TOC

mg/L

0.5

TKN

mg/L

0.05

Aluminum

mg/L

0.0007

Antimony

mg/L

0.00002

Arsenic

mg/L

0.00002

Barium

mg/L

0.00002

Beryllium

mg/L

0.00001

Boron

mg/L

0.005

Cadmium

mg/L

0.000005

Calcium

mg/L

0.02

Chromium

mg/L

0.0001

Cobalt

mg/L

0.000005

Copper

mg/L

0.0001

Iron

mg/L

0.001

Lead

mg/L

0.00001

Magnesium

mg/L

0.005

Manganese

mg/L

0.00005

Mercury

mg/L

0.000005

Molybdenum

mg/L

0.00005

Nickel

mg/L

0.00005

Potassium

mg/L

0.05

Selenium

mg/L

0.00004

Silicon

mg/L

0.05

Silver

mg/L

0.000005

Sodium

mg/L

0.01

Strontium

mg/L

0.0005

Uranium

mg/L

0.000003

Vanadium

mg/L

0.00005

Zinc

mg/L

0.0005

Total

Total Metals

Notes:
NA = not applicable, TSS = total suspended solids, TDS = total dissolved solids, TKN = total Kjeldhal nitrogen,
TOC = total organic carbon
1 The terms total phosphorus and total phosphate-P are interchangeable for the purposes of the Ekati Diamond Mine
AEMP. Previously the analytical laboratory reported the data as total phosphate-P and currently reports the data as
total phosphorus though there has been no change to the analytical method through time.
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4.3.3.4

AEMP DESIGN

Water Quality QA/QC

At AEMP monitored and reference lakes and streams, with the exception of ARF near-field sites, replicate
samples are collected during each sampling event to represent 10% of the total numbers of samples
collected among all depths (lakes) or all sites (streams) or for each of the watersheds sampled (e.g.,
Horseshoe Watershed and Lower Exeter Lake, reference streams). Duplicate samples are collected at
each depth at ARF near-field sites (Kodiak, Leslie, Moose, Cujo, Fay Bay, and Horseshoe lakes).
Field and travel blanks are prepared and processed during each sample program (e.g., August lake water
quality, September stream water quality) to account for approximately 5% of the total number of samples
collected in each program. An equipment blank is also processed at the beginning of each lake sampling
program from each sampler (Niskin or GO-FLO) used to collect water samples by rinsing and filling with
double deionized water to fill a complete sample set. Blanks are processed to assess potential
contamination associated with sample collection, preservation, transit, and laboratory procedures.

4.3.4

Sediment Quality

4.3.4.1

Sediment Quality Field Methods

Triplicate sediment quality samples are collected every three years in August from mid-depth sampling
stations (approximately 5 to 10 m depth) at a subset of AEMP monitoring and reference sites (Table 4.3-1).
Arctic requested, and the Board approved, delaying sediment sampling until 2021 due to the COVID-19
pandemic. Sediment will be sampled in 2021 and 2023.
Sampling for metals and nutrients is completed using the EK-core method; a hybrid method based on the
concept of bringing undisturbed lake sediments to the surface in a standard 15 cm × 15 cm Ekman
sampler and taking core subsamples from within the Ekman using a core template. Core templates
(cellulose acetate butyrate, diameter = 51 mm, approximately 15 cm in length) are fitted with a cap that
has a hole in the centre (for pressure control).
The Ekman sampler is set for deployment (set open) and slowly lowered into the sediment using a metred
line. The depth of the water column is recorded and the Ekman triggered shut using a brass messenger.
The triggered Ekman is then retrieved and inspected to verify whether a complete sediment sample is
obtained. Signs of an undisturbed sediment sample include clear water overlying the sediment-water
interface and the presence of algal mats and/or chironomid tubes on the sediment surface. The water
overlying the sediment sample is carefully siphoned from the Ekman and the sample is again examined to
verify that it had not been substantially disturbed. The undisturbed nature of the sediments are recorded
on field sheets and documented with a photograph.
If the sample is deemed to be of sufficient quality, up to five core templates will be slowly inserted into
undisturbed sediments within the Ekman; the hole in the cap allows air to be pushed out as sediments fill
the core template and minimizes disturbance of the surface sediments. Once the core templates are fully
inserted, the hole is firmly covered to create suction allowing the sediment within the core template to be
extracted from the Ekman. Suitable EK-core subsamples are extruded and the uppermost 1 cm of the
sediment core is sliced off and placed into one air-tight sample bag for chemical analysis (nutrients,
organic matter, and metals). The process is repeated until each replicate EK-core sample contains
sediment collected from five core templates. It is expected that it will not always be possible to extract
five EK-core subsamples from each Ekman grab; the number of Ekman grabs required to obtain
five EK-core subsamples and the number of EK-core subsamples collected from each Ekman grab will
be recorded on field sheets.
Sampling for particle size distribution is completed using a standard Ekman sampler. Due to the quantity of
sediment required for particle size distribution, the top 2 cm of sediment is removed from the Ekman with
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a spoon and placed into one air-tight sample bag for particle size analysis (nutrients and organic carbon
analyses may be completed if insufficient material is available in the EK-core samples).
Three replicates are collected approximately 5 to 10 metres apart at location of approximately equal water
depth. Samples are kept cool by being stored in a cooler in the field and under refrigeration upon
returning to camp until they are shipped to the laboratory for analysis.

4.3.4.2

Sediment Quality Laboratory Analysis

All sediment quality samples are sent to an accredited laboratory for analysis of variables listed in
Table 4.3-2 to the indicated DLs. DLs for particle size are reasonably achievable by the analytical
laboratory and are as presented in the proposed AEMP Design Plan for 2020 to 2022, Version 7.0. DLs
for nutrients and metals are in line with commitments made in the Ekati Diamond Mine: Aquatic Effects
Monitoring Program Design Plan for 2017 to 2019, Version 6.1 (ERM 2018a).

Table 4.3-2: Analysed Sediment Quality Variables and Analytical Detection Limits
Variables

Unit

Target
Detection
Limit

Particle Size

Variables

Unit

Target
Detection
Limit

%

0.1

mg/kg

2.0

Physical/Nutrients

Gravel (> 2.00 mm)

%

1.0

Moisture

Sand (2.00 mm - 0.063 mm)

%

1.0

Available phosphorus

Silt (0.063 mm - 4 μm)

%

1.0

Total nitrogen

%

0.02

Clay (< 4 μm)

%

1.0

TOC

%

0.1

Aluminum

mg/kg

50

Manganese

mg/kg

0.3

Antimony

mg/kg

0.05

Mercury

mg/kg

0.005

Arsenic

mg/kg

0.1

Molybdenum

mg/kg

0.1

Barium

mg/kg

0.1

Nickel

mg/kg

0.5

Beryllium

mg/kg

0.1

Phosphorus

mg/kg

50

Boron

mg/kg

5

Potassium

mg/kg

40

Cadmium

mg/kg

0.05

Selenium

mg/kg

0.1

Calcium

mg/kg

50

Silver

mg/kg

0.05

Chromium

mg/kg

0.5

Sodium

mg/kg

50

Cobalt

mg/kg

0.1

Strontium

mg/kg

0.1

Copper

mg/kg

0.5

Uranium

mg/kg

0.05

Iron

mg/kg

50

Vanadium

mg/kg

0.2

Lead

mg/kg

0.1

Zinc

mg/kg

0.5

Magnesium

mg/kg

20

Metals

Notes:
TOC = total organic carbon
Results are expressed on a dry weight basis.
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4.3.4.3

AEMP DESIGN

Sediment QA/QC

Sediment quality samples are collected in triplicate at each site. The undisturbed nature of sediments in
the Ekman grab is defined by clear water overlying the sediment-water interface, and algal mats and/or
chironomid tubes on the sediment surface and will be documented by field personnel on field sheets and
with a photograph.

4.3.5

Phytoplankton

4.3.5.1

Phytoplankton Field Methods

Phytoplankton sampling occurs annually at a subset of AEMP monitoring and reference sites (Table 4.2-1),
with the exception of Fay Bay, which is sampled once every three years (i.e., next sampling to occur in
2020 and 2023; Table 4.2-3). Phytoplankton sampling is coincident with the August open-water season
physical limnology and water quality sampling. Triplicate samples are collected from each site for biomass
estimation (as chlorophyll a) and taxonomic analysis (six samples total per site). Per replicate, one 1 L and
one 250 mL phytoplankton sample is collected from 1 m below the surface, using a Teflon-lined GO-FLO,
following the same method described for open-water lake water quality sampling (Section 4.3.3.1). The
bottles used for the collection of chlorophyll a are opaque to prevent light penetration and kept cool in a
cooler with ice packs until further processing later that day at the Ekati Environment Laboratory. Lugol’s
iodine solution is added (as a preservative) to the 250 mL taxonomy samples until the sample appears
the colour of weak tea (approximately 8 to 10 drops) and samples are stored in darkness until shipped to
the laboratory for analysis.

4.3.5.2

Phytoplankton Laboratory and Taxonomic Analysis

Chlorophyll a samples are obtained by filtering the samples onto 0.45 μm nitrocellulose filters using a
vacuum-filtration apparatus at the on-site laboratory. An aliquot of the collected water (in the 1 L opaque
sample bottle) is filtered until a green or brown colour is visible on the filter (typically 300 to 500 mL).
Filters are then removed from the filtering apparatus with forceps, placed in a pre-labelled black
centrifuge tube to prevent light penetration, and kept frozen until sent to an accredited laboratory for
analysis of phytoplankton biomass (as chlorophyll a).
Taxonomy samples are sent to a qualified taxonomist for identification and enumeration. At the taxonomy
laboratory, the sample volume is measured using a graduated cylinder and the initial sample volume is
recorded. Depending on the density of the algae and detritus observed, an appropriate subsample is
taken and the subsample volume is recorded. The subsample is homogenized thoroughly and allowed to
settle in an Utermohl-type settling chamber for approximately 24 hours to allow the algae to settle to the
bottom. The settled sample is then examined and enumerated at 630× magnification using an inverted
Leica microscope. Phytoplankton are identified to the lowest practical taxon using the transect method
until at least 300 natural counting units are enumerated. For colonial algae, each colony is counted as
one natural unit and cell numbers of each unit recorded. For filamentous algae, each filament is counted
as one natural unit and the cell numbers of each filament recorded. For each sample taxa, cell counts are
reported in cells/mL.

4.3.5.3

Phytoplankton QA/QC

In addition to collecting triplicate samples at each site, the reproducibility of taxonomic identification and
enumeration is assessed on approximately 10% of the phytoplankton samples by two different taxonomists.
Enumeration and identification methods, as outlined in Section 4.3.5.2, are followed by two taxonomists
and the results are compared by calculating the relative percent difference (RPD) of the two QA/QC
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counts. The RPD is calculated for the replicated abundance estimates (Original Count and QC Count
abundance) according to:
𝑅𝑃𝐷 = 100 ∗ (

(|𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝐶𝑜𝑢𝑛𝑡 −𝑄𝐶 𝐶𝑜𝑢𝑛𝑡 𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒|)
(

𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝐶𝑜𝑢𝑛t +𝑄𝐶 𝐶𝑜𝑢𝑛𝑡 𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒
)
2

)

The similarity of taxa identified is assessed using Jaccard’s similarity index (Sj), after taxa were grouped
by genus. Jaccard’s similarity index is calculated according to:
𝑆𝑗 =

𝑗
𝑗+𝑎+𝑏

where: j is the number of taxa common to both samples, a is the number of taxa in sample A that are not
in sample B, and b is the number of taxa in sample B, but not in sample A (Chimney and Bowers 2006).
A photographic record (reference collection) of each newly identified taxa is compiled.

4.3.6

Zooplankton

4.3.6.1

Zooplankton Field Methods

Zooplankton biomass and taxonomy samples are collected annually in August (coinciding with lake water
quality and phytoplankton sampling) at a subset of AEMP monitoring and reference sites (Table 4.2-1).
Triplicate samples are collected from each site for biomass estimation and taxonomic analysis (six samples
total per site). Samples are collected using a conical, 0.3 m diameter, 118 µm mesh zooplankton net.
The net is equipped with a plastic cod-end and a calibrated GO Flowmeter (Model 2030R) to estimate the
flow through the net. The flowmeter reading is recorded prior to sampling and the net is then deployed
cod-end first. When the end of the net is approximately one to two metres from the lake bottom, it is
pulled to the surface at a consistent rate of approximately 0.5 m/s. The flowmeter reading is then
recorded again when the net reaches the surface. The net is thoroughly rinsed to wash all specimens
down into the cod-end and the complete sample is transferred to a pre-labelled 500 mL plastic sampling
jar. Zooplankton biomass samples are kept cool by storing them in a cooler with ice packs until further
processing at the Ekati Environment Laboratory. Samples for taxonomic analysis are preserved in the
field with buffered formalin to a final concentration of 5% and the jars are sealed with electrical tape to
help prevent leakage during storage and transport.

4.3.6.2

Zooplankton Laboratory and Taxonomic Analysis

Upon returning to the Ekati Environment Laboratory, zooplankton biomass samples are filtered onto
uniquely identified, pre-weighed, P8 grade filter papers using the vacuum-filtration apparatus at the
on-site laboratory. Samples are then dried at 60°C for approximately 24 hours. The dried samples are
weighed to determine the dry weight of the zooplankton.
Taxonomy samples are sent to a qualified taxonomy laboratory for identification and enumeration.
Zooplankton taxonomy samples are processed in the laboratory by rinsing the sample with 70% ethanol
into a 500 mL beaker and then weighing the sample. A 1 mL Hensen-Stempel pipette is inserted into
the sample and used to stir the sample to attain homogeneity. Care is taken to mix the sample in a
random fashion (not swirling) with the Hensen-Stempel pipette. A 1 mL subsample is collected from
the homogeneous sample during the mixing process to avoid bias (due to sinking of heavier plankton
organisms), and the subsample is then rinsed into a watch glass with 70% ethanol. Based on the
organism density of the first 1 mL of the subsample, more 1 mL aliquots are added until the target count
(between 200 and 400) of coarse zooplankton (non-rotifers) and fine zooplankton (rotifers) is present.
If the target count is exceeded in 1 mL of sample, a secondary dilution is made by transferring aliquots
from the subsample into a second beaker and further diluting the subsample. No more than 3 mL is
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identified and enumerated at one time and each dish is counted in its entirety. After the target count is
reached, a weight is taken of the sample and recorded to obtain the percent subsample analysed.
Organisms are always identified to the lowest taxonomic level possible.

4.3.6.3

Zooplankton QA/QC

In addition to collecting triplicate samples at each site, the reproducibility of results achieved when
subsampling is tested on 10% of the zooplankton samples. For each of the samples selected
(e.g., Slipper Lake, replicate 2), the sample jar along with the vials and slides used during the original
identification and enumeration are given to a second taxonomist for re-identification and re-enumeration.
Re-analysis entails the second taxonomist re-identifying and re-enumerating the selected samples using
the same methods described above. Differences in identified taxa between the two taxonomists are
calculated as a percent similarity:
𝑇

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦 = 100 − 0.5 ∗ ∑ |𝑎 − 𝑏|
𝑖=1

where: a is the percentage of individuals of a taxon in the original count, b is the percentage of the same
taxon in the QA/QC count, and T is the number of taxa identified in both counts (Whittaker and Fairbanks
1958). The percent similarity between the samples is an indication of taxonomic precision. Zooplankton
taxonomic identification practices use a measurement qualified objective (MQO) of greater or equal to
90% for percent similarity between taxonomists. If the MQO is not met, the reasons for the discrepancies
between taxonomists are discussed. If a major discrepancy is found between the two taxonomists in
terms of organism identification or enumeration, the last batch of samples that has been counted by
the taxonomist under review is recounted. A photographic record (reference collection) of each newly
identified taxa is compiled.

4.3.7

Benthos

4.3.7.1

Lake Benthos Field Methods

Triplicate benthos samples are collected annually in August from mid-depth sampling stations
(approximately 5 to 10 m depth) within a subset of AEMP lakes (Table 4.2-1) with the exception of Kodiak
Lake and lakes downstream of Leslie Lake (i.e., Moose, Nema, Slipper, S2), which are sampled every
three years (i.e., next sampled in 2020 and 2023; Table 4.2-3).
Each replicate is a composite of three pooled samples to account for spatial heterogeneity and to
minimize variability between replicate samples. Replicate samples are collected at different locations of
approximately equal water depth, GPS coordinates, and depth measurements are recorded for each
replicate sample. Lake benthos samples are collected using an Ekman grab sampler. The Ekman is
opened and then lowered into the sediment using a metred line. The depth of the water column is
recorded and then the Ekman is triggered shut using a brass messenger. The grab is retrieved to the
surface and inspected to verify that a complete sediment sample has been obtained. The sediment grab
is then carefully released into a bucket and any sediment remaining in the Ekman is rinsed into the same
bucket. Once the Ekman is cleared of all sediments, the sample is sieved using a 500 µm sieve bag or
bucket. The sieve bag or bucket is gently agitated at the lake’s surface, allowing fine sediments to pass
through. The sieved sample is transferred into a labelled 500 mL plastic sample jar. The second and third
grab samples are then collected, washed in the sieve, and transferred to the appropriate sample jar.
Finally, the complete composite sample (consisting of three grabs) is preserved with buffered formalin
to a final concentration of 10%. Samples are sealed with electrical tape to help prevent leakage and
stored in coolers until they are sent for analysis.
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Stream Benthos Field Methods

Stream benthos samples are collected over a period of approximately 30 days using Hester-Dendy
artificial substrate samplers annually in a subset of AEMP streams (Table 4.2-1), with the exception of
Kodiak-Little, Nema-Martine, and Slipper-Lac de Gras streams, which are sampled every three years
(Table 4.2-3). Arctic requested, and the Board approved, delaying the 2020 stream benthos sampling
until 2021 due to the COVID-19 pandemic. Stream benthos at Kodiak-Little, Nema-Martine, and SlipperLac de Gras streams will be sampled in 2021 and 2023.
Seven Hester-Dendy artificial substrate samplers are placed within each stream in early August and
retrieved approximately one month later. Each sampler consists of nine 7.5 × 7.5 cm plates stacked
vertically with a 0.5 cm gap between each plate. These samplers are placed upright in the stream bottom
or supported by rocks within each stream. Collected samplers are disassembled and processed by gently
scraping each of the nine plates with a scraper. Material from the upper surface of the top plate and lower
surface of the bottom plate is not collected. Collected benthos and debris are rinsed into a 106 µm sieve
using pre-filtered water. Five replicate samples are preserved for analysis from each stream by rinsing the
collected sample into labelled 500 mL plastic jars and preserving in the field with buffered formalin to a
final concentration of 10%. Samples are sealed with electrical tape to help prevent leakage and stored in
coolers until they are sent for analysis.

4.3.7.3

Benthos Taxonomic Analysis

Lake and stream benthos samples are sent to a qualified taxonomy laboratory for identification and
enumeration. Benthos taxonomy samples are processed in the laboratory by a trained sorting technician.
First the technician records the primary matrix type (i.e., inorganic, coarse organic, fine organic, vegetation,
or filamentous algae) and estimates the volume of detritus in the sample. Prior to sorting, any significant
amount of inorganic materials are removed from the sample. Each sample is then washed into a shallow
pan of water, where large organics are inspected and removed. The remaining sample is repeatedly
agitated with water and passed through a sieve until the majority of inorganics have been removed.
The removed inorganic portion of each sample is examined by multiple technicians to verify that no
invertebrates have inadvertently been removed from the sample.
The organic portion of the sample is then evenly distributed into the bottom of a Caton style tray (i.e., tray
with 2 inch grids and a 250 µm mesh bottom). Grids are randomly selected and their contents transferred
to a petri dish where the material is sorted under a dissecting microscope (minimum 10× magnification).
The benthic invertebrates are counted as they are transferred to 70% ethanol. Sorters pick and count only
benthic organisms that were alive during sampling and contain attributes required for taxonomic identification
(i.e., heads, tails, gills, etc.). Grids continue to be sorted until the target count of 300 organisms is reached.
The sorted organisms are always identified to the lowest taxonomic level possible and the number of
individuals of each taxon is counted.

4.3.7.4

Benthos QA/QC

In addition to collecting triplicate composite samples at each site, the sorting efficiency of at least 95% of the
samples are examined by having a second technician re-sort at least 20% of the sorted material, this is to
verify that at least 90% of the organisms have been removed. Estimated percent efficiency is calculated as:
𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑐𝑜𝑢𝑛𝑡
𝑆𝑜𝑟𝑡𝑖𝑛𝑔 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 = (
) ∗ 100
𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑐𝑜𝑢𝑛𝑡 + (𝑄𝐴 𝑐𝑜𝑢𝑛𝑡 ∗ 𝑄𝐴 𝑠𝑞𝑢𝑎𝑟𝑒𝑠⁄𝑄𝑇 𝑠𝑞𝑢𝑎𝑟𝑒𝑠

where: original count is the number of organisms picked by the first sorter, QA count is the number of
organisms found in the QA sort completed by the second technician, QA squares is the number of grids
sorted during the QA process, and QT squares is the total number of grids in the QA Caton tray.
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If the sorting efficiency estimate is less than 90% then the sample are re-sorted until it passes the 90%
efficacy requirement. Organisms found during the QC process are added to those found during the sort.
This is consistent with Environmental Effects Monitoring guidelines, which state that sorting efficiencies of
90% or greater are considered acceptable, while groups of samples containing greater error require
resorting (Environment Canada 2002).
In addition to sorting efficiencies, taxonomist QC is performed on approximately 10% of lake and stream
benthos samples. Taxa identified in samples are re-evaluated by a second QC taxonomist to verify
identifications. Percent similarity is calculated as per the Whittaker and Fairbanks model (1958),
described in Section 4.3.7, to compare the similarity of the original and QC datasets. If the percent
similarity is less than 100%, any discrepancies are discussed by the two taxonomists and necessary
adjustments made to the final dataset. A reference collection of identified taxa is compiled.

4.3.8

Fish

4.3.8.1

Small-bodied Fish Field Methods

Electrofishing (backpack electrofisher Smith-Root LR-24 or similar) is used to target small-bodied Slimy
Sculpin (Cottus cognatus) in accessible littoral areas at a subset of monitoring and reference lakes
(Table 4.2-1) every three years (i.e., next sampling in 2021).
Fish captured during electrofishing are identified to species and measured for total length and weight.
At each lake, up to 35 Slimy Sculpin (minimum target of 30, composed of males and females) are
sacrificed for further study. Non-target fish are released alive, unless incidental mortality occurs. The
variables collected are summarized in Table 4.3-3. During field sampling, catch results are monitored
regularly and reviewed for adherence to catch limits according to the scientific fish collection license.

Table 4.3-3: Analysed Fish Variables for Slimy Sculpin, 2020 to 2022
Analysed Variables
Metals and Nutrients (cont’d)

Biological Variables
CPUE

Gonad Weight

Beryllium

Potassium

Length

GSI

Bismuth

Rubidium

Weight

Liver Weight

Boron

Selenium

Condition

LSI

Cadmium

Sodium

Age

Diet

Calcium

Strontium

Growth rate

Parasite

Cesium

Tellurium

Sex ratio

DELT

Chromium

Thallium

Hydrocarbons

Cobalt

Tin

EROD

Copper

Titanium

Metals and Nutrients

Iron

Uranium

Aluminum

Mercury

Lead

Vanadium

Antimony

Molybdenum

Lithium

Zinc

Arsenic

Nickel

Magnesium

Zirconium

Barium

Phosphorus

Manganese

Notes: CPUE = catch per unit effort; LSI = liver somatic index; GSI = gonadosomatic index;
EROD = ethoxyresorufin-odeethylase; DELT = deformities, erosions, lesions, tumours
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Sacrificed Slimy Sculpin are placed in a 5 L cooler and brought back to the Ekati Environment Laboratory
where the fish are euthanised with a concussive blow to the head followed by cervical dislocation. Sacrificed
Slimy Sculpin are dissected and the livers immediately removed and placed in sterile pre-weighed cryovials
that are then re-weighed, flash frozen, and stored on dry ice for Ethoxyresorufin-o-deethylase (EROD;
enzymatic hydrocarbon biomarker) enzyme activity analyses. If present, parasites are removed and their
occurrence and weight recorded. The sex of each sacrificed fish is recorded and gonads weighed, if
sufficiently developed for weight to be measured. Stomachs are excised, placed in vials, and preserved in
10% formalin for taxonomic analysis of stomach contents. Otoliths are removed, placed on wax paper, and
stored in vials for age determination. The remaining fish tissues (eviscerated bodies) are individually placed
in WhirlpakTM bags and frozen for subsequent metals concentrations analyses. A modified DELT (deformities,
erosions, lesion, and tumours) assessment is performed, which involves the external assessment of livereleased Slimy Sculpin, and external and internal assessment of sacrificed Slimy Sculpin for deformities,
erosions, lesions, and tumours. The assessment is considered modified from DELT methods for largebodied fish (ERM 2019a) since the assessment of DELT characteristics (particularly erosions) is not as
precise for Slimy Sculpin due to their relatively smaller body size. Additionally, unlike for large-bodied fish
where an internal (mortalities/sacrifices only) and/or an external photo is taken of each fish, only
representative photos of observed DELTs are taken for Slimy Sculpin.

4.3.8.2

Large-bodied Fish Field Methods

Round Whitefish and Lake Trout are sampled in a subset of AEMP lakes in the Koala and King-Cujo
watersheds and in a subset of reference lakes every six years (i.e., next sampling in 2024). The sampling
frequency for large-bodied fish was modified from once every five years (from 2002 to 2012) to once
every six years following the 2012 AEMP Re-evaluation (Rescan 2012a), to reduce the impact of
sampling mortality on fish populations. At that time, non-lethal sampling of Lake Trout was also initiated
for the same purpose (Rescan 2012a and 2012b). In the Horseshoe Watershed the need to initiate
large-bodied fish sampling is determined through the AEMP Re-evaluation process, as described in the
approved Sable AEMP Design Plan, Version 1.3 (ERM 2018d). The need for large-bodied fish sampling
in the Horseshoe Watershed within the 2020 to 2022 AEMP period was considered in the 2019 AEMP
Re-evaluation and large-bodied fish sampling was deemed unnecessary during the 2020 to 2022 period.
Thus, the need to initiate large-bodied fish sampling in the Horseshoe Watershed will be evaluated and
assessed again in the next AEMP Re-evaluation in 2022.
Traditional Knowledge Holders and Community Representatives from various northern communities take
part in fish sampling. Traditional Knowledge Holders and Community Representatives contribute to
gillnetting for large-bodied fish by reviewing bathymetric maps, offering advice on locations for netting, and
by setting and pulling nets with field crews. Traditional Knowledge Holders and Community Representatives
also contribute to assessments of fish health during dissection and sample collection from captured fish,
they are also asked general questions about the health of individual fish as well as specific questions
regarding observed DELTs. All comments provided regarding fish health, and additional traditional
knowledge shared on topics besides fishing and fish health, are recorded in field datasheets.
Because no large-bodied fish sampling is planned in the 2020 to 2022 period, detailed sampling methods
for large-bodied fish are not further described in this Design Plan.

4.3.8.3

Fish Laboratory Analysis

Aging Analysis
Otoliths are used for estimating the age of individual Slimy Sculpin. At the laboratory, otoliths are set in
epoxy and left to cure for 48 hours. The nucleus is first marked under a microscope and the otoliths
subsequently sectioned using a low speed sectioning saw, leaving the nucleus in the section. Finally,
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otoliths are permanently mounted on a microscope slide with Cytosel-60™. Otolith structures are viewed
under a microscope with transmitted light and read by an experienced aging technician. Aging structures
are rated on a confidence index. The confidence index ratings are based on qualitative (pattern clarity)
and quantitative (repeatability) characteristics of the otolith structure. The confidence index ratings are:
very good, good, fair, poor, and very poor. Ratings for qualitative characteristics (pattern clarity) represent
a range from annuli that are clear with no interpretation problems (very good) to annuli that are very
unclear presenting significant interpretation problems (very poor). Ratings for quantitative characteristics
(repeatability) represent a range from cases where the reader can always get the same age in repeated
assessments (very good) to the reader having little confidence in repeatability of age within four to
five years in repeated assessments (very poor).
Stomach Content Analysis
Stomachs are stored in formalin until dissection at the laboratory. For each stomach sample, the percent
fullness and percent digestion is recorded based on the professional judgement of the taxonomist(s).
Stomach contents are dissected out and weighed as per the following protocol summary. Intestines are
removed just anterior to the pyloric caecae and discarded, the esophagus is included with the stomach.
A longitudinal incision is made with a scalpel or scissors, carefully to avoid damage to the contents, to
reveal the food bolus. At this time stomach fullness is determined and the corresponding code for the
degree of fullness recorded. Stomach fullness is estimated by considering two factors: the degree of
distention of the stomach, and the weight of the bolus relative to the size of the fish (Table 4.3-4).
Percent digestion is also determined based on observable condition of the prey organisms before
dissection, the categories are summarized in Table 4.3-5.

Table 4.3-4: Stomach Fullness Categories
Stomach Fullness Category

Description

0

Empty

10

Trace of Prey

25

Trace to 25% full

50

25 to 50% full

75

50 to 75% full

100

100% full

Table 4.3-5: Percent Digestion Categories
Percent Digestion Category

Description

0

All material is undigested, only whole organisms visible

> 0 to 10

Trace only; few most posterior prey items are digested

25

10 to 25% digested; most posterior 25% digested and more than half of the
organisms are whole

50

25 to 50% digested; approximately half of the organisms are whole

75

50 to 75% digested, less than half of organisms are whole

100

All material is digested, no whole organisms visible
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Excess moisture is blotted from the food bolus with paper towel, avoiding excessive pressure on the food
bolus. Material that is obviously composed of parasites, stomach lining, rocks, or any other non-prey
items are removed (these items are not included in the stomach weight but are noted in the comments).
The bolus is then be dissected, working anterior to posterior, and its identifiable components weighed to
the nearest milligram.
Prey items are identified to the lowest practicable taxonomic level (i.e., species when possible). Digested
and unidentifiable materials are categorized (e.g., unidentified insect parts, digested tissue, non-food).
Each identifiable unit (taxon or category) is placed in small drops of water on a petri dish to prevent
desiccation during the identification process. If any Chironomidae are found, they are slide-mounted
for identification.
All prey categories (taxa and unidentifiable categories) are blotted and weighed to the nearest milligram of
wet weight. Once the stomach is emptied of all contents an empty wet weight is also taken to the nearest
milligram. Wet weights are converted to dry weights using conversion factors summarized in Table 4.3-6.

Table 4.3-6: Dry Weight to Wet Weight Conversion Factors for Stomach Contents
Major Group

Value

Reference

Diptera (including Chironomidae)

16.70%

Waters (1977)

Mollusca Bivalvia

10.20%

Ricciardi and Bourget (1998)

Insecta Plecoptera

23.90%

Empirical (Biological database)

Insecta Trichoptera

20.00%

Wetzel and Likens (1978)

Insecta Coleoptera

11.80%

Empirical (Biological database)

Insecta Hemiptera

20.00%

Wetzel and Likens (1978)

Crustacea Cladocera

20.20%

Ricciardi and Bourget (1998)

Crustacea Copepoda

20.20%

Ricciardi and Bourget (1998)

Crustacea Amphipoda

20.70%

Ricciardi and Bourget (1998)

Acari

30.00%

Empirical (Biological database)

Undetermined Tissue

20.00%

-

Undetermined Insecta

20.00%

-

Note:
Dash (-) indicates not applicable.

Tissue Analysis
Metals and Nutrients Analysis
Tissue metal and nutrient analyses are completed at an accredited analytical laboratory. Table 4.3-3
presents the analysed variables included in the tissue scan for total metals and nutrients (e.g., phosphorus)
for fish tissue samples (i.e., whole-body Slimy Sculpin). Target DLs are the lowest possible achieved
depending on analytical limitations (e.g., available tissue mass).
EROD Analysis
Slimy Sculpin liver samples are shipped to an analytical laboratory in dry ice and stored at -80°C prior to
analysis. Liver EROD enzyme activity is measured by a fluorescence kinetic enzyme assay adapted by
Hodson et al. (1996) from Pohl and Fouts (1980), and further modified by Fragoso et al. (1998).
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Livers are transferred to crushed ice, allowed to thaw, and diced into small pieces. A portion of each
sample is weighed, homogenized using a grinding buffer made of Hydroxyethyl piperazine ethanesulfonic
acid (HEPES; 5.206 g/L of 4-(2-hydroxyethyl)-1-piperazine ethanesulfonic acid; 11.184 g/L of KCl: pH 7.5),
and centrifuged at 9,000 G. Supernatants (S9 fractions) are recovered by aspiration with a Pasteur
pipette, flash frozen in liquid nitrogen, and stored at -80°C.
The enzyme assay assesses the rate of deethylation of ethoxyresorufin to resorufin measured with a
Spectra MAX Gemini microplate spectrofluorometer (Molecular Devices, Sunnyvale, California, United
States) at excitation and emission wavelengths of 530 and 586 nm, respectively. Each well of a 96-well
microplate is loaded with 50 μL of a HEPES ethoxyresorufin reaction buffer (50 μL of 2.2 μM
7-ethoxyresorufin in 100 mM HEPES buffer [pH 7.8]), 10 μL of resorufin standards ranging from 1.0 to
5.0 μg/mL in duplicate, triplicate samples of negative and positive external control samples (S9s from
Rainbow Trout injected with either 10 μL/g of corn oil or corn oil plus 10 μg/g beta-naphthoflavone [BNF]),
and triplicate samples of 50 μL of unknown S9 fractions, thawed on ice and mixed well. The resorufin
standards allow the conversion of fluorescence measurements to pmols of resorufin, and the negative
and positive control samples of trout S9 demonstrate that each assay is capable of distinguishing
between induced and un-induced fish.
Each plate is prepared with up to 23 unknown samples and allowed to stand in the dark at room
temperature for 10 minutes, after which the reaction is initiated by addition of 10 μL of NADPH
(nicotinamide adenine dinucleotide phosphate; 1.0 mg/mL). The plate is inserted immediately into the
spectrofluorometer at room temperature and the fluorescence of each well is recorded once per minute
for 12 minutes at excitation and emission wavelengths of 530 nm and 586 nm, respectively. The rate of
enzyme activity is calculated from slopes of fluorescence versus time (‘fluorescence units per minute’)
and converted to ‘pmols resorufin per minute’ from the resorufin standard curve unique to each plate.
Activity is normalized to total protein (pmols / mg protein / minute), which is measured in a 10 μL sample
of S9 fraction mixed with 200 μL of Bio-Rad reagent (Bio-Rad Protein Kit; Bio-Rad Laboratories,
Hercules, California, United States) and read at 600 nm with a Spectra Max Plus 384 microplate
spectrophotometer against a standard curve of bovine serum albumin (0.05-0.5 mg/mL).

4.3.8.4

Fish QA/QC

Various components of the fisheries dataset undergo QA/QC during both data collection and data
analysis.
For aging analyses, 10% of all aging samples are reassessed by a second technician. All second
readings are conducted independently from the original. If two independent reads differ, then the mean
age is recorded for the sample.
For stomach samples, taxonomist QA/QC is performed on approximately 10% of stomach samples.
Two taxonomists process samples together to verify the consistency of categorizing the contents to the
“higher level” categories (e.g., digested material, parts, etc.). All newly identified taxa are confirmed by an
additional taxonomist for consistency in identification.
For analysis of tissue metals and nutrients both duplicate samples and method equipment blanks are
processed by the laboratory. Comparison of duplicate samples is conducted to check for consistency in
results obtained by the laboratory. Method blanks provide a means to assess if metals or nutrients were
introduced during laboratory analysis of the fish tissue.
EROD QA/QC procedures are comprised of processing samples with two different sets of control tissues
– liver tissue and S9 duplicates. For the liver tissue duplicates, a second sample of the same liver is
analysed independently for approximately every 10th sample. For the S9 duplicates, a second aliquot of
the S9 homogenate is analysed for a number of samples. If the EROD specific activity duplicate values
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differ, then the mean value is taken for the sample. The EROD quality control procedure also involves
protein assay and blank calibration. For the protein assay calibration, one of the standards is repeated
and calculated with the calibration curve to check the calibration. For the blank calibration, a HEPES
buffer is run as a sample to assess if a response occurred on each plate (23 samples) for both the protein
and enzyme assay.

4.4

Data Analysis

This section outlines the data analyses conducted on the current year’s monitoring data as presented in
the Part 1 – Annual Report data appendix, the methods for evaluating mine-related effects are described
in Section 4.5.

4.4.1

Hydrology

4.4.1.1

Rating Curves

Stage is converted to streamflow estimates using an empirical stage-discharge relationship (a rating
curve). Rating curve equations are developed using standard methods outlined by the International
Organization for Standardization (ISO 2010). Flow is determined by a power function, of the form:
𝑄 = 𝐶(ℎ − 𝑎)𝑏
where: Q is the streamflow (m3/s), C and b are dimensionless coefficients, and h is the stage (water
level), in metres. Parameter a represents the stage at zero flow (m), assuming that the gauge datum is
positioned at a level below the point of zero flow.
By convention, rating curves are plotted on graphs where the dependent variable (Q) is plotted as the
x-coordinate along the abscissa and the independent variable (h) is plotted as the y-coordinate along the
ordinate (Herschy 2009). Each rating curve is constructed using the Rating Development Toolbox within
the AquariusTM software (Aquatic Informatics Inc.).
The root mean square deviate (RMS) is a statistical parameter that describes how well the values
predicted by the stage-discharge relationship fit or represent the observed data. The departure from true
values computed by this statistic combines both bias and lack of precision. RMS is a surrogate for lack of
accuracy in the rating equation model. The lower the RMS, the better the estimated values provided by
the rating equation.
The RMS that is used by the Aquarius™ software as an overall measure of uncertainty of the rating
relationship is:

𝑅𝑀𝑆 =

𝑛
√∑𝑖=1 (

𝑄𝑚 − 𝑄𝑜 2
)
𝑄
𝑛

where: n is the number of rating points used to develop the curve, Qo is the observed streamflow during
the manual measurement, and Qm is the flow calculated by the developed rating equation. In cases where
rating curves are known to be shifting (i.e. through natural or artificial processes of erosion or deposition at
the hydraulic control) lack of discharge measurements can impact the RMS.
Temporary or permanent changes in a rating curve can occur when the hydraulic control that defines the
rating relationship changes. These can occur as:


a sudden change, such as would result from a large storm event causing an instantaneous change
in the hydraulic control;
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a slow, progressive change, such as would result from gradual erosion, or deposition; or



a seasonal change, such as would occur as a result of seasonal deposition and erosion of the bed,
or seasonal growth of vegetation.

Rating curves for each station are constructed using rating measurements collected during each year of
monitoring in order to assess the overall stability of hydraulic conditions in the channel. Successive years of
rating measurements are added to each rating curve until the rating curve no longer matches the measured
rating points, at which point a new rating curve is constructed. Breakpoints are used when, for example,
cross-sectional channel geometry changes above a certain elevation (i.e., when a river overtops its banks).
Such changes alter the rating relationship, though sometimes this effect can be subtle. When a breakpoint is
used, one rating equation defines flow at low stages and one equation defines flow at high stages.

4.4.1.2

Hydrologic Variables and Flow Estimation

To generate annual hydrographs and estimate hydrologic variables such as annual runoff and runoff
coefficients, flow conditions are estimated for the periods prior to mobilization and after removal of the
hydrometric stations.
Thawing and freezing dates are estimated by analysing air temperature data collected on site. The
estimate for the local freshet period is compared to data from the nearby regional Water Survey of
Canada (WSC) station on the Yamba River below Daring Lake (10PA002). The WSC station is located
at a similar elevation, approximately 65 km west of the AEMP watersheds. Freeze-up is estimated based
on the date when air temperatures have been below zero for more than two consecutive weeks.
Logarithmic growth and geometric decay functions are used to fill the data gaps between streamflow
generated from the rating curve or manual flow measurements and the estimated dates when water
began flowing or the channel froze to its bed. Logarithmic growth best replicates the rapid rise in
streamflow as streams began flowing. In many cases, peak flow is thought to have occurred within one to
two weeks of when the streams began flowing. Geometric decay functions mimic the slow steady decline
of flow in a channel as temperatures drop, when precipitation is locked up as snowpack and the active
layer of the tundra begins to freeze.
Estimates of annual runoff are calculated from the available data and interpolated using the equation:
𝑅𝑜 =

(𝑄 ∗ 𝑡)
𝐴

where: runoff (Ro; units = mm) is calculated as streamflow (Q; units = m3/s) multiplied by time
(t; units = seconds) divided by basin area (A; units = km2). Runoff is valuable for obtaining gross
estimates of the water available from a basin. It is standardized by drainage area; thus it is a useful index
for comparing the hydrologic responses of basins of different sizes.

4.4.1.3

Staff Gauge Surveys

Once established, readings of the staff gauge should match the gauge height reading made during a
detailed water levelling survey because the staff gauge is connected into the gauge datum. The gauge
heights collected during the site visits are entered into the Aquarius Field Visit Tool, so that they will be
available during the data correction process. Raw stage time-series records generally require correction
to site visit gauge heights to ensure that when rating curves are applied to the stage record, that it is
being applied to correct stage. Simple correction requires application of an offset and Aquarius Timeseries is used to correct the data record.
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Cross Section Surveys at Station Control

The information obtained by tacheometric survey is plotted to produce a visual representation of the cross
section control. The survey information provides insight to channel and subsequent rating curve stability.
Previous plots are visually compared to the most recent survey, as are numerical comparison of the cross
sectional channel area to verify whether it is within acceptable tolerances. The cross sectional information
is then used as part of the stage-discharge relationship in Aquarius to develop the rating curve. Where
rating curve deviations are observed, variance is often the underlying cause. Where significant variation is
observed, a recommendation to conduct a follow-up hydraulic geometry survey is made to verify whether
the cross section is accurately represented to allow accurate rating curve development.

4.4.1.5

Hydraulic Geometry Surveys

The information obtained by hydraulic geometry survey is plotted to produce a detailed and accurate
cross section control representation. The updated cross sectional information is then used by Aquarius
to develop a new rating curve relationship.

4.4.2

Physical Limnology

Depth, temperature, DO (mg/L and % saturation), and specific conductivity profiles are presented at every
0.5 m for lakes less than 10 m deep and every 1 m for lakes greater than 10 m deep. DO measurements
from both ice-covered and open-water sampling periods are compared to the Canadian Council of
Ministers of the Environment (CCME) freshwater guidelines for cold-water organisms of 6.5 mg/L for
“other life stages”. The guideline of 6.5 mg/L is most applicable to the biota living in the water column in
lakes. The guideline of 9.5 mg/L for “early life stages” was established to protect salmonid larvae in redds
and is therefore more applicable to DO concentrations closest to the lake bottom (CCME 1999b).
Mean secchi depth (i.e., water transparency) is used to calculate the euphotic zone depth (EZD) at each
AEMP lake site. EZD is defined as the depth at which 1% of surface radiation occurs for the purpose of
the AEMP. This generally represents the zone in a waterbody where integrated photosynthesis equals the
integrated respiration (i.e., compensation depth). Above this depth net primary production is possible
given sufficient nutrient availability.
First, the light extinction coefficient (k’) is calculated as:
𝑘 ′ = 1.7⁄𝐷𝑠
where Ds is the mean Secchi depth (m), and 1.7 is a constant derived from empirical data and is widely
accepted for non-turbid waters (Poole and Atkins 1929).
From this, the EZD is calculated as:
𝐸𝑍𝐷 = 4.6⁄𝑘′

4.4.3

Water Quality

For data presentation, half of the DL is substituted for variable concentrations that were less than the DL.
Samples from all depth strata from a lake, including duplicates if available, are averaged to obtain an
overall site mean for each sampling period in lakes. Duplicate results, if available, in streams are
averaged to obtain an overall site mean for each sampling period.
Water quality data for evaluated water quality variables (Table 4.5-1) are compared to and presented
alongside water quality benchmarks outlined in the ARF (see Section 5.2.2).
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Sediment Quality

For data presentation, half of the DL is substituted for variable concentrations that were less than the DL.
Triplicate samples are averaged to obtain an overall site mean for each lake.
Sediment quality data for evaluated sediment quality variables (Table 4.5-1) are compared to the CCME
interim sediment quality guidelines (ISQGs) and probable effects level (PEL) guidelines (CCME 2019a),
if available.

4.4.5

Phytoplankton

Total phytoplankton density and the density of edible and non-edible phytoplankton taxa (cells/mL) are
calculated for each replicate taxonomy sample, and the means and standard error are calculated for each
lake. Edibility classifications are based on methods utilized in the Aquatic Ecology Synthesis study (ERM
2016a). In short, only phytoplankton with maximum linear dimension of less than 35 µm are considered
edible; additionally, phytoplankton morphology is also considered (e.g., colonial forms, mucilage, spines,
etc.). Taxonomic analysis includes the calculation of relative densities of taxonomic groups (community
compositions) and diversity indices for the phytoplankton community according to:
𝐺

𝑆ℎ𝑎𝑛𝑛𝑜𝑛 𝐷𝑖𝑣𝑒𝑟𝑠𝑡𝑖𝑦 𝐼𝑛𝑑𝑒𝑥 (𝐻) = − ∑
𝑖=1

𝑛𝑖
𝑛𝑖
𝑙𝑛 ( )
𝑁
𝑁
𝐺

𝑛𝑖 2
𝑆𝑖𝑚𝑝𝑠𝑜𝑛 𝑠 𝐷𝑖𝑣𝑒𝑟𝑠𝑡𝑖𝑦 𝐼𝑛𝑑𝑒𝑥 (𝐷) = 1 − ∑ ( )
𝑁
′

𝑖=1

where: ni is the number of individuals in genera i, G is the number of genera, and N is the total number of
all individuals.
All individuals are included in the density calculations, but those that are not identified to the genus level
are removed from the dataset for diversity calculations. Individuals identified to species are grouped into
genera. Edibility classification is assigned to individuals identified to the genus level, otherwise the
edibility classification is considered unknown.
Community composition is described using taxonomic divisions, an approach that is compatible with data
classification over the full monitoring record. As phytoplankton taxonomy is a continuously developing
field, taxonomic groupings are assigned to best incorporate historical and contemporary divisions:
Bacillariophyta, Chlorophyta (includes Charophyta, and Xanthophyta), Chrysophyta (includes
Ochrophyta), Cryptophyta (includes Katablepharidophyta), Cyanobacteria, Euglenophyta, Haptophyta,
and Miozoa (includes Pyrrhophyta).

4.4.6

Zooplankton

Total zooplankton biomass as dry weight is standardized to mg/m3 after calculating the volume of water
filtered using the flowmeter reading with the equation:
𝐵𝑖𝑜𝑚𝑎𝑠𝑠 (𝑚𝑔⁄𝑚3 ) =

𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑚𝑔)
𝜋 ∗ [𝑛𝑒𝑡 𝑟𝑎𝑑𝑖𝑢𝑠 (𝑚)]2 ∗ [ℎ𝑎𝑢𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒(𝑚)]

where: net radius is 0.15 m and haul distance is the flowmeter reading times the rotor constant
(26873/999999). Replicate results are averaged to obtain an overall lake mean and standard error.
Non-zooplankton (e.g., benthos) are removed from the taxonomic dataset. Total zooplankton density
(organisms/m3) is calculated for each sample from the total number of individuals and the volume of water
filtered during sampling (calculated from the flowmeter data). In addition, adult crustacean and rotifer
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zooplankton densities are also calculated for each sample. All zooplankton individuals are included in
density calculations. Replicate results are averaged to obtain an overall lake mean and standard error.
Taxonomic analysis includes the calculation of community composition and diversity indices as outlined in
Section 4.4.5. Organisms identified to the species level are grouped into genera and those that are not
identified to the genus level (e.g., nauplii, copepodites, Bdelloidea) are removed from the dataset for
diversity calculations. Replicate results are averaged to obtain an overall mean and standard error for
each lake.

4.4.7

Benthos

For lake and stream benthos, raw counts are converted to density (organisms/m2) using the surface area
of the Ekman grab (0.0225 m2) or the surface area of the Hester-Dendy sampler (0.09 m2), respectively.
All organisms are included in density calculations. In lake benthos samples, total and dipteran density are
calculated. For stream benthos total, dipteran, and EPT (Ephemeroptera, Plecoptera, and Trichoptera)
density are calculated. Replicate results are averaged to obtain an overall mean and standard error for
each sample site.
Taxonomic analysis includes the calculation of community composition and diversity indices as outlined in
Section 4.4.5. Organisms identified to the species level were grouped into genera and those that are not
identified to the genus level are removed from the dataset for diversity calculations. In lake benthos
samples, community metrics include the calculation of community composition and dipteran diversity
indices. For stream benthos, taxonomic analysis included the calculation of total community composition,
as well as diversity indices for dipteran and EPT genera. Replicate results are averaged to obtain an
overall mean and standard error for each sample site.

4.4.8

Fish

Catch per unit effort (CPUE) is an index of relative abundance that is used to compare fish populations
among different lakes. Electrofishing CPUE is calculated for each of the sampled lakes from the number
of fish captured per 100 seconds of electrofishing effort and is based on the combined seconds of
electrofishing (resulting in one catch rate per lake):
𝐶𝑃𝑈𝐸 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑖𝑠ℎ 𝑐𝑎𝑢𝑔ℎ𝑡 𝑝𝑒𝑟 𝑙𝑎𝑘𝑒 ∗ (

100
)
𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑓𝑖𝑠ℎ𝑖𝑛𝑔 𝑒𝑓𝑓𝑜𝑟𝑡 [𝑠𝑒𝑐𝑠]

Biological variables are summarized by their means, standard deviations, and standard errors, in addition
to minimum and maximum values.
Length and age frequency distribution graphs are created to visualize the distribution of these variables
for fish at each lake. These graphs are useful in determining overall general differences in fish biological
variables between and among lakes.
Weight-length linear regression models are conducted using the equation for the linear weight-length
model:
ln(𝑤𝑒𝑖𝑔ℎ𝑡) = 𝑎 + 𝑏[ln(𝑡𝑜𝑡𝑎𝑙 𝑜𝑟 𝑓𝑜𝑟𝑘 𝑙𝑒𝑛𝑔𝑡ℎ)]
where: weight is in g, total or fork length is in mm, a is the y intercept (i.e., weight at length zero), and b is
the slope of the relationship between weight and length.
Condition (K) is an index of the relative health of fish and is calculated for all fish caught for which length
and weight data have been obtained, using the following formula:
𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛 (𝐾) = 𝑤𝑒𝑖𝑔ℎ𝑡 ∗ 105 ⁄𝑡𝑜𝑡𝑎𝑙 𝑜𝑟 𝑓𝑜𝑟𝑘 𝑙𝑒𝑛𝑔𝑡ℎ3
where: weight is in g, total or fork length is in mm.
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Gonadosomatic index (GSI) and liversomatic index (LSI), additional relative measures of condition (i.e.,
fish health), are calculated for lethally-sampled Slimy Sculpin. Gonadosomatic index is only calculated for
mature fish because immature fish direct a disproportionate amount of energy towards growth before
reaching maturity. The GSI and LSI are calculated using:
𝐺𝑆𝐼 (𝑜𝑟 𝐿𝑆𝐼) = 𝑔𝑜𝑛𝑎𝑑 (𝑜𝑟 𝑙𝑖𝑣𝑒𝑟) 𝑤𝑒𝑖𝑔ℎ𝑡⁄𝑓𝑖𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡 ∗ 100
where: weights are in g.
Von Bertalanffy growth models (Ricker 1975) or linear regression models can be fit to length-at-age data
to quantify fish growth rates.
The equation for the von Bertalanffy growth model is:
𝐿𝑡 = 𝐿∞ (1 − 𝑒 −𝐾(𝑡−𝑡𝑜) )
where: Lt is the length (mm) at time t (age in years), L∞ is asymptotic length (mm; i.e., length at infinite
age), K is the growth coefficient (year -1), and t0 is the age at length zero (i.e., the x-intercept, or length at
which length would theoretically be 0).
The equation for the linear growth model is:
ln(𝑡𝑜𝑡𝑎𝑙 𝑜𝑟 𝑓𝑜𝑟𝑘 𝑙𝑒𝑛𝑔𝑡ℎ) = 𝑎 + 𝑏[ln(𝑎𝑔𝑒)]
where: length is in mm, age is in years, a is the y intercept (i.e., length at age zero), and b is the slope of
the relationship between length and age.
For Slimy Sculpin, von Bertalanffy growth model analyses by lake in previous AEMP reports (Rescan
2013) indicate that growth is best predicted using the slope of length on age, and thus the linear growth
model is used for the analysis of growth rate.
Raw stomach contents of lethally-sampled Slimy Sculpin are determined as percent of total number
of prey items by major taxa and as percent of dry weight of prey items by major taxa. High-level
classifications and taxa are standardized to best incorporate historical and contemporary grouping.
Summary concentration statistics of metals in fish tissues are performed for mercury and selenium, as
well as those metals from the following list that show increase or signs of increase (based on graphical
analyses) in fish tissues: arsenic, cadmium, chromium, and lead.
Regression on order statistics (ROS) are used following the recommendations by Helsel (2005) for metals
with values below DLs rather than substituting with a static number (such as half of the DL; i.e., the
substitution method). For datasets like the fish tissue data, which can often have very low measured
concentrations and/or a large number of censored values (i.e., values below DLs), the substitution
method has the potential to introduce bias to summary statistics. Additionally, the fish tissue datasets
often have multiple DLs for each metal, which can distort statistics when calculated by applying a fraction
of the DL in the substitution method. To avoid any substitution bias and to provide a robust estimate of
mean metal concentrations, ROS are used for calculating summary statistics for fish tissue metal
concentrations. ROS methods require at least three detected values and for the analyses of fish tissue
metal data, the limit for the proportion of censored data is set at 60%.
Summary statistics for each metal are calculated for whole body Slimy Sculpin tissues. The data for each
metal are first examined for the proportion of samples below the DL. If a site is found to have no data
below DL for a particular metal, the mean is calculated by standard methods. If a site is found to have
between 1 and 60% of data below DL for a particular metal, ROS regression is used to estimate the mean
(+/- standard error) metal concentration. ROS estimates the concentration of below DL values based on
regression of detectable values and their normal quantiles. Detectable values are combined with the new
estimated values to compute the summary statistics of the entire sample. This method is more resistant
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to any non-normality errors and reduces any transformation errors that may occur (Lopaka 2017). If more
than 60% of the data for a particular metal are below the DL, summary statistics for that metal at that site
are not calculated due to insufficient data above the DL to obtain a reasonable estimate of mean
and variance.
Tissue metals are compared to established guidelines, if available (e.g., Health Canada 2018b;
US EPA 2016).
Negative specific EROD activity values, when present, are changed to zero. Negative values are indicative
of errors in the assay, likely due to the difficulty of estimating slope at very low enzyme activities. Differences
in overall sensitivity of the method used for measuring EROD activity are common, influencing the absolute
values measured from one batch to another in the laboratory, and from one year to another. To allow
between years comparison, a measure of induction is used, which is the specific EROD activity for each
fish divided by the value of the external negative control. This corrects for disparity in absolute values
measured in the laboratory from year to year. Therefore, induction represents the fold-increase in activity
relative to the baseline represented by the negative control. Induction in fish exposed to petroleum products
can range from 1 (i.e., no induction) to about 100, with values typically around 10 to 20 (Hodson 2016).
EROD induction values are normalized and presented using a square-root transformation.

4.5

Evaluation of Effects

4.5.1

Evaluated Variables

The variables that will be evaluated in the 2020 to 2022 AEMPs are those presented in Table 4.5-1.
The evaluated variables are the subset of all analysed (e.g., water, sediment, and tissue metals) or
measured/calculated (e.g., fish length and condition) variables that are subject to statistical and/or
graphical evaluation in the Evaluation of Effects in order to determine if there are mine-related effects.
The exception is open-water season specific conductivity data, which are examined to determine whether
stratification is present in the water column that would warrant sampling at deep-depth during the openwater season. Data for variables that are analysed by the laboratory or measured in the field but not
evaluated are presented in the Annual Report appendices for the current monitoring year.
Fish sampling as part of the AEMP for the Horseshoe Watershed currently includes only small-bodied
fish. Should mine effects be detected in the Horseshoe Watershed warranting the sampling of
large-bodied fish, a targeted study will be developed to include fish variables that are relevant for further
evaluation (i.e., only those that may be influenced by observed effects). The need to include evaluated
variables for large-bodied fish will be assessed as part of the 2022 AEMP Re-evaluation and will be
included in each subsequent AEMP Re-evaluation. If required, their inclusion will be reflected in the
2023 to 2025 or subsequent AEMP Design Plans.

4.5.2

Evaluation Framework

Evaluation of the AEMP results is performed using a hierarchy of steps (Figure 4.5-1). Data will be
collected and analysed as described in this document (Sections 4.3 and 4.4). Data collected will be
evaluated for quality. Any large dataset is likely to contain some outliers or questionable records caused
by instrument failure, transcription errors, laboratory errors, etc. Thus, questionable data will be identified
and excluded prior to the Evaluation of Effects. However, all of the data collected will be presented in the
AEMP Part 1 – Annual Report appendices. The finalized dataset will be graphically and statistically
analysed to detect potential mine-related effects.
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Table 4.5-1: AEMP Evaluated Variables, 2020 to 2022
Physical Limnology

Sediment Quality

Biology

Under-ice DO and temperature
Open-water DO and temperature1
Open-water Secchi depth
Open-water specific conductivity2

Nutrients/Organics
Available phosphorus
Total nitrogen
TOC

Phytoplankton
Chlorophyll a concentration
Total phytoplankton density
Edible phytoplankton density
Non-edible phytoplankton density
Phytoplankton diversity indices
Phytoplankton community composition5

Water Quality
Physical/Ions
pH
Total alkalinity
Hardness
Chloride
Fluoride
Sulphate
TSS3
Nutrients/Organics
Total ammonia-N
Nitrite-N
Nitrate-N
Total phosphorus
TOC

Total Metals
Antimony
Arsenic
Barium
Boron
Mercury
Molybdenum
Nickel
Potassium
Selenium
Strontium
Uranium
Zinc3

Metals
Antimony
Arsenic
Barium
Boron
Mercury
Molybdenum
Nickel
Phosphorus
Potassium
Selenium
Sodium
Strontium
Uranium
Zinc4

Zooplankton
Total zooplankton biomass
Total zooplankton density
Rotifer density
Adult crustacean density
Zooplankton diversity indices
Zooplankton community composition5
Lake Benthos
Benthos density
Dipteran diversity indices
Dipteran community composition5
Stream Benthos
Benthos density
Dipteran diversity indices
Dipteran community composition5
EPT diversity indices
EPT community composition5

Small-bodied Fish
Biological
CPUE
Length
Condition (weight-length
regression)
Growth rate6
Sex ratio6
GSI6
LSI6
Diet6
EROD7
DELT assessment (modified)
Parasite prevalence
Small-bodied Fish
Evaluated Metals8
Arsenic
Cadmium
Chromium
Lead
Mercury
Selenium

Notes: TSS = total suspended solids, TOC = total organic carbon, EPT = Ephemeroptera, Plecoptera, and Trichoptera, CPUE = catch per unit effort;
GSI = gonadosomatic index; LSI = liver somatic index; EROD = ethoxyresorufin-o-deethylase; DELT = deformities, erosions, lesions and tumours
1 Reference lakes and lakes of the Koala Watershed and Lac de Gras only.
2 Specific conductivity data are examined to determine whether stratification is present that would warrant sampling at deep-depth during the open-water season.
3 Reference lakes and streams and the lakes and streams of the Horseshoe Watershed and Lower Exeter Lake only.
4 Reference lakes and lakes of the Horseshoe Watershed and Lower Exeter Lake only.
5 Community composition refers to the total and relative densities of major taxonomic groups.
6 Mortalities or sacrifices only.
7 Sacrifices only.
8 Mercury and selenium are evaluated regardless of trends in fish tissues, other listed fish tissue metals are evaluated if graphical analysis shows increase or
signs of increase in fish tissues.
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For data collected from sites in the Koala Watershed and Lac de Gras, and sites in the King-Cujo
Watershed and Lac du Sauvage, regression modelling will be used to detect any changes that might be
occurring in lakes and streams through time and also to determine whether temporal patterns differed
between monitored and reference sites. Different regression models will be applied to different variables
depending on the variable type and number of years of data that were available and, in the case of water
quality and fish tissues, the proportion of data that were greater than the DL.
For sites in the Pigeon-Fay and Upper Exeter Watershed and Horseshoe Watershed and Lower Exeter
Lake, Before-after control-impact (BACI) analysis will be used to detect changes in the aquatic
environment. The BACI analysis compares before-after trends apparent at monitored sites with that of the
reference sites to determine if the trends are parallel and thus attributable to a natural process.
If statistical analyses are not possible because assumptions or data requirements are not satisfied or
statistical analyses are not conducted in a particular monitoring year (see Section 4.5.3), variables will
be subjected to graphical analysis. In such cases, data will be examined for historical trends and
spatial gradients.
The results of statistical and graphical analyses will then be interpreted using best professional judgment.
Graphical analysis will be used to confirm and/or interpret conclusions reached by the statistical analysis.
The result is an assessment of whether change has occurred and whether the change is ‘significant’, as
defined by the statistical and/or graphical analyses.
Changes deemed significant will be assessed to determine whether they were likely to be the result of
mine activities, sampling activities, or natural variation. The identification of a change as a mine-related
effect requires the existence of plausible mechanisms that could link mine activities and change.
For example, consider a situation where hypothetical water quality variable y has increased in a lake that
is the third monitored lake downstream of a point source (e.g., the LLCF), but there has been no change
in variable y in lakes that are closer to the LLCF. The lack of a clear spatial gradient (e.g., decreasing
concentrations with increasing distance downstream of the point source) indicates that the observed
change is unlikely related to the point source and thus, would not be considered a mine-related effect.
Benchmarks and biological trends are important in interpreting the ecological significance of detected
mine-related effects.

4.5.3

Statistical Analysis

4.5.3.1

Water Quality, Sediment Quality, Plankton, and Benthos

Statistical analyses for evaluated water quality variables in the Koala Watershed and Lac de Gras and
the King-Cujo Watershed and Lac du Sauvage will be performed once every three years (i.e., next in
2020 and 2023), in other years the Evaluation of Effects will be conducted using graphical analyses
(see Section 4.5.4). In years where statistical analyses are not conducted, conclusions drawn based on
the most recent graphical and statistical analyses will also be considered when determining the presence
or absence of a mine-related effect. For variables where specific challenges have been identified with
determining mine-related effects (e.g., total phosphorus), statistical analysis could be conducted annually
if necessary, to determine the presence of an increasing trend or mine-related effect. The need for annual
statistical analysis would be determined on a case-by-case basis based on professional judgement and
if conducted, statistical results would be reported in the annual AEMP. For total phosphorus, statistical
analysis will be conducted every year in cases where the L1 condition is met (Section 5.2.3.1) such that
the results will inform the assessment of the L2 condition. Statistical analyses for sediment quality,
plankton, and benthos in the Koala Watershed and Lac de Gras and the King-Cujo Watershed and
Lac du Sauvage will be conducted during each sampling year.
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The datasets for the Koala Watershed and Lac de Gras and the King-Cujo Watershed and Lac du
Sauvage will be analysed using regression models to compare data from each of the monitored lakes to
reference lakes over time for water quality, sediment quality, plankton, and benthos variables. If a large
number of data are below DLs for a given variable at any monitoring location, the data for that variable at
that monitoring location will be excluded from the regression analyses. Either linear mixed effects (LME)
or Tobit regression analyses will be fit to the data, depending on the fraction of samples that are below
DLs, and hypothesis tests will be performed to evaluate differences in the level of each variable in the
monitored and reference lakes and streams. For water quality, three separate analyses will be performed:
ice-covered season lakes, open-water season lakes, and streams.
A BACI approach will be used to detect change in the Pigeon-Fay and Upper Exeter Watershed and the
Horseshoe Watershed and Lower Exeter Lake because this approach is more suitable to new monitoring
programs where there are fewer sampling points through time. The Evaluation of Effects for the PigeonFay and Upper Exeter Watershed will be conducted once every three years and the Evaluation of Effects
for the Horseshoe Watershed and Lower Exeter Lake will occur annually. Hypothesis tests on a BACI
interaction term (class:period) will be used to identify significant differences. The BACI interaction term
will be tested for a significantly different before-after period effect at the monitored sites compared to the
reference sites and used to indicate a potential mine-related effect. For water quality, three separate
analyses will be performed: ice-covered season lakes, open-water season lakes, and streams.
Detailed methods will be provided in the annual AEMP Part 2 – Statistical Report.

4.5.3.2

Fish

A hierarchical approach will be used when analyzing the fish data collected in the Koala and King-Cujo
Watersheds. In general, three hypotheses will be progressively tested:
1. Do individual lakes show evidence of change over time (i.e., is there a temporal trend within lakes)?
2. Do temporal trends differ among lakes (i.e., are monitored lakes different from reference lakes)?
3. Is there a spatial relationship to differences among lakes (i.e., is the distance to mining activity
associated with any variation in fish variables)?
Each evaluated variable will be classified as either Type 1 (continuous variables), Type 2 (variables
measured using the relationship between two underlying variables), Type 3 (count variables), or Type 4
(variables analysed qualitatively). The three progressive hypotheses will be tested for each variable of
Type 1, Type 2, and Type 3 using statistical methods appropriate for the variable type. Statistical methods
are not feasible for Type 4 variables, which are analysed qualitatively. LME or Tobit regression models
will be used to test the first two hypotheses for Type 1 and Type 2 variables depending on the fraction
of samples below the DL. Generalized linear mixed effects models (GLMM) will be used to test the first
two hypotheses for Type 3 variables.
A BACI approach will be used to detect change in the Horseshoe Watershed because this approach
is more suitable to new monitoring programs where there are fewer sampling points through time.
Hypothesis tests on a BACI interaction term (class:period) will be used to identify significant differences.
The BACI interaction term will be tested for a significantly different before-after period effect at the
monitored compared to reference sites and was used to indicate a potential mine-related effect.
The six evaluated fish tissue metals are Type 1 variables. The three hypotheses listed above will be
tested using the stated statistical methods for both selenium and mercury. The other evaluated fish tissue
metals (i.e., arsenic, cadmium, chromium, and lead) will first be subjected to graphical analyses to screen
for increasing trends or signs of increasing trends within monitored lakes. Graphical analyses will
specifically consider whether data from the current year appear greater than all of the data collected in
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baseline years, if data collected in recent years appear to show an increasing trend, or if trends appear to
be increasing relative to reference lakes. Should an increase or signs of an increase be identified through
graphical analyses, hypothesis tests by statistical methods will be completed. If no increase or signs of an
increase are identified through graphical analyses for these four fish tissue metals, hypothesis tests by
statistical analyses will not be completed. This approach provides a means for all six evaluated fish tissue
metals to trigger a response through the Response Framework.
Detailed methods will be provided in the annual AEMP Part 2 – Statistical Report.

4.5.4

Graphical Analysis

All evaluated variables will be subjected to graphical analyses including the examination of spatial and
temporal trends. Even though rigorous statistics will be performed on many datasets, it is imperative that
statistics are never used in isolation. An available dataset should also be visualized for compatibility and
interpretation of statistical results. For example, a statistically significant difference may be found between
the trend in chloride concentrations in Leslie Lake and the trend in chloride concentrations in reference
lakes; however, visual analysis of the trends are required to determine whether the trend in Leslie Lake is
an increase or a decrease or perhaps, if the difference is related to a stable trend in Leslie Lake but an
increase or decrease in one or more reference lakes.
Additionally, some variables have characteristics that inhibit statistical analyses using the above framework:


DO, temperature, and Secchi depth, which are not replicated;



Diversity indices, which are the products of data manipulation (such data manipulation may result in
abnormal data characteristics, including non-normal distributions).

Consequently, these variables are subject to graphical analyses only. For these variables, an effect is
determined if data from the current year appear to differ from all of the data collected in baseline years
and from trends in reference lakes. For example, if values at a Koala Watershed monitored site in 2020
appear different from those in 1996 but not from 1994, no mine-related effect will be concluded. However,
if values from 2020 appeared different from all of the values prior to 1998, it would likely be concluded
that mine activities may have affected the variable in question unless similar trends were observed in the
reference lakes. In addition, data collected in recent years will be examined for evidence of an increasing
(or decreasing) trend, the presence of which would lend support to the conclusion that mine activities may
have affected the variable in question.
For Secchi depths, estimates of measurement variability from field trials indicate that observer error could
introduce as much as 0.5 m variability, which is taken into consideration during the Evaluation of Effects.
Plankton and benthos community composition (total and relative densities of major taxonomic groups)
will also be graphically but not statistically evaluated using the decision criteria as described above for
diversity indices.

4.5.5

Best Professional Judgement

Best professional judgement will be used in the evaluation of all parameters and variables. Statistical
results will be examined in context with graphical analyses by qualified scientists who have first-hand
knowledge of the aquatic ecosystems present in the Ekati Diamond Mine mineral lease area.

4.5.6

Benchmarks and Guidelines

As part of the Evaluation Framework, benchmarks and guidelines are important in the interpretation of the
ecological significance of mine-related effects. Water quality and biological data are compared to water
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quality benchmarks and benchmarks for biological variables (i.e., normal ranges for plankton and benthos
variables) established within the ARF (see Section 5.2.2 and 5.3.2). Sediment quality data are compared
to available CCME sediment quality guidelines (CCME 2019a). In cases where an increase in an
evaluated sediment quality variable is identified for a variable for which no CCME guideline exists, data
are discussed, to the extent possible, in terms of potential ecological implications, based on available
literature. No numerical benchmarks are assigned to fish variables but fish tissue metals are compared to
established guidelines, if available (e.g., Health Canada 2018b, US EPA 2016).
Site means are generally compared to benchmarks and guidelines for water quality, sediment quality, and
biological variables. For water quality, in cases where the depth-averaged concentration is lower than the
water quality benchmark, deep-depth water quality data are compared to water quality benchmarks
separately to fulfill a commitment made in response to stakeholder comments on the ARF that were
based on the concern that benchmarks could be exceeded at depth if stratification was present in the
water column. For fish, tissue metal concentrations for individual fish and site mean concentrations are
compared to guidelines to allow evaluation of both the proportion of samples that exceed a guideline as
well as population mean relative to the guideline.
For the AEMP, DO concentrations at discrete depths are compared to the CCME guideline for the
protection of aquatic life, non-early life stages of 6.5 mg/L (CCME 1999b) because volume-weighted
averaging of DO concentrations is not part of the AEMP Evaluation of Effects methods; within the ARF,
whole-lake volume-weighted mean DO concentrations are calculated and compared to the benchmark
to determine Action Level exceedances.

www.erm.com

Version: 7.1

Project No.: 0587934

Client: Arctic Canadian Diamond Company Ltd.

December 2021

Page 4-42

EKATI DIAMOND MINE
2020 to 2022 Aquatic Effects Monitoring Program Design Plan

5.

AQUATIC RESPONSE FRAMEWORK

5.1

Objectives of the Aquatic Response Framework

AQUATIC RESPONSE FRAMEWORK

The ARF links the results of the AEMP to the actions necessary to ensure that mine-related effects on
the Receiving Environment remain within an acceptable range, as required by the Water Licence
(W2012L2-0001).
The overarching objective of the Ekati Diamond Mine ARF is to provide a tool for the protection of the uses
of the aquatic Receiving Environment. Uses of the aquatic Receiving Environment include use by people
and wildlife for drinking water and fishing, and use by fish and other aquatic life that live in the receiving
waterbodies. This approach is commonly referred to as the “use protection approach” and is consistent
with the approach under which the 1995 Environmental Impact Statement (EIS) was approved. The ARF
is one component of a suite of monitoring and reporting tools that are designed to provide environmental
protection using the use protection approach at the Ekati Diamond Mine (see BHP Billiton 2012).
Specifically, the ARF provides an early-warning system with defined Action Levels that are initiated within
an adequate timeframe to prevent the occurrence of significant adverse environmental effects. This is
accomplished by:


Defining appropriate benchmarks and Action Levels such that mine-related effects will be
investigated, and if necessary, mitigated, prior to any significant environmental effect occurring
(Sections 5.2, 5.3, and 5.4);



Defining appropriate Significance Thresholds (i.e., the level of environmental change which,
if reached, would result in a significant adverse effect; Section 5.5);



Clearly defining the process by which mine-related effects will be assessed against defined Action
Levels (Sections 5.2, 5.3, and 5.4);



Clearly defining the procedure for reporting exceedances of Action Levels to the Board, and defining
the process by which the ARF itself will be reviewed and amended (Sections 6.2 and 6.3);



Identifying the types of mitigation actions that may be implemented if Action Levels are exceeded
(Section 5.6); and



Defining the procedures for submitting Response Plans to the Board and outlining the type of
information that will be included in Response Plans (Section 6.4).

5.2

Water Quality

This section describes the water quality variables selected for inclusion in the ARF, the applicable
benchmarks, and a description of approved Action Levels. The Significance Threshold for water quality is
described in Section 5.5 and the reporting process for the ARF is described in Sections 6.3 and 6.4.

5.2.1

Water Quality Variables

The selection of water quality variables to be included within the ARF largely follows the methods
presented in the initial draft of BHP Billiton’s Review of Protection Measures for the Aquatic Receiving
Environment at the Ekati Mine (BHP Billiton 2012) presented to the Board as part of the application for
renewal of Water Licence W2009L2-0001; however, it also includes predictions made in the 1995 EIS
(BHP and Dia Met 1995) and 2000 Environmental Assessment (EA; BHP and Dia Met 2000), AEMP
monitoring results up to and including 2018 (ERM 2019a), relevant changes incorporated into
W2012L2-0001 (e.g., changes to the effluent quality criteria [EQC]), new information gleaned through
the analysis in the 2019 AEMP Re-evaluation, and current water quality modelling results (ERM 2017a).
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Because the 2019 Environmental Impact Report (EIR; Dominion 2020) assessment of environmental
risks for water relied largely on the results of the AEMP, the key risks for water identified in the EIR are
incorporated indirectly into the selection of water quality variables for the ARF, through the direct
incorporation of the AEMP results and water quality predictions.
The selection process was developed using the list of variables monitored or analysed as part of the
AEMP. This list also encompasses variables that have a current EQC at SNP stations 1616-30, 1616-43,
and 0008-Sa3 enforced in Water Licence W2012L2-0001. In total, 50 variables or tests routinely
conducted on the water of the Receiving Environment, in the containment facilities prior to and/or during
release of water to the Receiving Environment, or at both locations, were considered.
Table 5.2-1 provides a summary of the decision steps followed for excluding or including each variable,
flowing from left to right. If a variable is marked with a check () in either of the first two columns (reasons
for exclusion), then it was automatically excluded from the ARF variables list. If a variable received a
check in any of the next five columns (reasons for inclusion) or was marked as having an unclear trend
(*), then it was included in the ARF unless otherwise described, as below for total petroleum
hydrocarbons (TPH). Because only one reason to include or exclude a variable was required, once a
check was received in one column no further assessment of the variable was completed and the variable
was included or excluded from the list of ARF variables, as appropriate. Dashes (-) were added to the
remaining columns to indicate that the variable was not assessed further.
As per BHP Billiton (2012; Section 3, Data Review), variables were excluded from the ARF if they
represent numerical indicators of water quality and are not constituents of the water themselves (i.e., total
alkalinity, hardness, ion balance, and specific conductivity), or because the variable is adequately and
appropriately represented by another variable that is carried forward into the ARF (i.e., total dissolved
solids [TDS], bicarbonate, orthophosphate, total Kjeldahl nitrogen [TKN], TOC, turbidity, calcium,
magnesium, and sodium; Table 5.2-1). If a variable was not excluded because it was a numerical
indicator rather than a constituent of water or was represented by another variable but there was also
no reason to include the variable, the variable was excluded. Specific rationale for variables excluded
because they were deemed to be adequately represented by another variable is provided below:


TDS, bicarbonate, calcium, magnesium, and sodium: several key individual constituents of TDS are
analyzed in place of TDS and several other of its constituents. TDS at the Ekati Diamond Mine is
made up of key ions including: bicarbonate, calcium, chloride, magnesium, nitrate, potassium,
sodium, and sulphate. For the ARF, key constituents of TDS are assessed as a measure of
addressing the site-specific risks, these include chloride, nitrate, potassium, and sulphate, these four
ions and sodium are considered representative of TDS, bicarbonate, calcium, and magnesium (BHP
Billiton 2012). Sodium is the cation paired with chloride and other anions such as sulphate in toxicity
testing. Thus, regardless of being known to be of low risk of aquatic toxicity, sodium is inherently
included in the testing and development of benchmarks.



Orthophosphate is represented by the inclusion of total phosphorus, which has an established
benchmark making its inclusion more appropriate.



TKN is represented by the inclusion of total ammonia-N, which has an established toxicity benchmark
making its inclusion more appropriate.



TOC is represented by DO because the risk that is represented by TOC is oxygen deficiency in
the water.



Turbidity is represented by TSS because it is an alternate measure of the risk represented by TSS.
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Based on these initial screening criteria, a total of 36 water quality variables remain for potential inclusion
within the ARF (this is similar to the Pool 2, Parameters for Review, as defined in BHP Billiton 2012;
Table 5.2-1).
The last step in determining which variables are relevant for assessment within the ARF is to include any
of the remaining variables that met any of the four criteria below:
1.

Variable was predicted to be affected by the mine in the 1995 EIS or 2000 EA;

2.

Variable has a current EQC at either 1616-30, 1616-43, or 0008-Sa3 in WL2012L2-0001;

3.

Variable currently exhibits an increasing trend (or other potential mine-related trend) in the Receiving
Environment based on the results of the 2018 AEMP. An increasing trend was deemed present based
on the AEMP Evaluation of Effects or through visual examination of historical data presented in
Appendix A of Part 1 – Evaluation of Effects (ERM 2019a), for variables which were not evaluated and
subjected to statistical tests; and

4.

Variable is predicted to reach its maximum concentration or the maximum percentage of its
benchmark in the future in any AEMP lake downstream of the LLCF based on the most recent water
quality model results (ERM 2017a).

If any one or more of the above criteria were met, then the variable was included in the ARF. One exception
to the aforementioned criteria was the exclusion of TPH. TPH met the criteria for inclusion because it has
a current EQC but was excluded from the ARF because concentrations measured in effluent at the Ekati
Diamond Mine are generally below analytical detection and show no clear trends. Additionally, there are
no Canadian water quality guidelines for TPH and guidelines for individual components of TPH vary
widely making the development of a site-specific benchmark impractical.
Based on the criteria for inclusion and exclusion described above, the final list of the 27 ARF water quality
variables includes:


pH;



TSS;



DO;



Ions: chloride, fluoride, sulphate;



Nutrients: total ammonia-N, nitrate-N, nitrite-N, total phosphorus;



Total metals: aluminum, antimony, arsenic, barium, boron, cadmium, chromium, copper, lead,
molybdenum, nickel, potassium, selenium, strontium, uranium, vanadium, and zinc.

All variables listed in Table 5.2-1 will be assessed for inclusion within the ARF annually in the AEMP,
within the ARF appendix to the AEMP Part 1 – Annual Report (see also Section 6.1). The assessment
process will involve repeating the water quality variable selection process described above using up to
date information. For example, if a mine-related effect for an evaluated water quality variable is concluded
for the first time in the current year’s AEMP, or if a potential mine effect is identified through graphical
analysis of historical data for a non-evaluated variable, the variable will be added to the revised ARF
variable list unless the aforementioned rationale for exclusion apply (Figure 5.2-1). The annual update to
the variable list will also consider new water quality prediction information, if available (e.g., an update to
the Koala Watershed water quality prediction model has been published within the AEMP reporting year;
Figure 5.2-1).
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Table 5.2-1: Selection of ARF Water Quality Variables
Variable

Reasons for Exclusion

Reasons for Inclusion

Numerical
 Represented
Indicator Rather
by Other
than a Constituent
Variable
of Water

 Predicted  Predicted  Current
to Increase
to Increase
EQC1
in 1995 EIS
in 2000 EA

 Current
Minerelated
Effect2

 Maximum
Predicted
to Occur
in Future3

ARF
Variable

Total alkalinity



-

-

-

-

-

-

No

Bicarbonate

-



-

-

-

-

-

No

Carbonate

-



-

-

-

-

-

No

Hydroxide

-



-

-

-

-

-

No

Hardness



-

-

-

-

-

-

No

Ion balance



-

-

-

-

-

-

No

Specific conductivity



-

-

-

-

-

-

No

TDS (calculated)

-



-

-

-

-

-

No

Turbidity

-



-

-

-

-

-

No

TKN

-



-

-

-

-

-

No

Orthophosphate

-



-

-

-

-

-

No

TOC

-



-

-

-

-

-

No

Total beryllium

-

-

-

-

-

-

-

No

Total calcium

-



-

-

-

-

-

No

Total cobalt

-

-

-

-

-

-

-

No

Total iron

-

-

-

-

-

-

-

No

Total magnesium

-



-

-

-

-

-

No

Total manganese

-

-

-

-

-

-

-

No

Total mercury

-

-

-

-

-

-

-

No

Total silicon

-

-

-

-

-

-

-

No

Total silver

-

-

-

-

-

-

-

No

Total sodium

-



-

-

-

-

-

No
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Reasons for Exclusion

Reasons for Inclusion

Numerical
 Represented
Indicator Rather
by Other
than a Constituent
Variable
of Water

 Predicted  Predicted  Current
to Increase
to Increase
EQC1
in 1995 EIS
in 2000 EA

 Current
Minerelated
Effect2

 Maximum
Predicted
to Occur
in Future3

ARF
Variable

TPH

-

-

-

-



-

-

No

DO

-

-

-

-

-

*

-

Yes

pH

-

-

-

-



-

-

Yes

Chloride

-

-

-

-



-

-

Yes

Fluoride

-

-

-

-

-



-

Yes

Sulphate

-

-

-

-



-

-

Yes

TSS

-

-



-

-

-

-

Yes

Total ammonia-N

-

-

-



-

-

-

Yes

Nitrate-N

-

-

-



-

-

-

Yes

Nitrite-N

-

-

-



-

-

-

Yes

Total phosphorus

-

-

-



-

-

-

Yes

Total aluminum

-

-



-

-

-

-

Yes

Total antimony

-

-

-

-



-

-

Yes

Total arsenic

-

-

-

-



-

-

Yes

Total barium

-

-

-

-

-



-

Yes

Total boron

-

-

-

-

-



-

Yes

Total cadmium

-

-

-

-



-

-

Yes

Total chromium

-

-

-

-



-

-

Yes

Total copper

-

-

-

-



-

-

Yes

Total lead

-

-

-

-



-

-

Yes

Total molybdenum

-

-

-

-

-



-

Yes

Total nickel

-

-



-

-

-

-

Yes

Total potassium

-

-

-

-



-

-

Yes
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Reasons for Exclusion

Reasons for Inclusion

Numerical
 Represented
Indicator Rather
by Other
than a Constituent
Variable
of Water

 Predicted  Predicted  Current
to Increase
to Increase
EQC1
in 1995 EIS
in 2000 EA

 Current
Minerelated
Effect2

 Maximum
Predicted
to Occur
in Future3

ARF
Variable

Total selenium

-

-

-

-



-

-

Yes

Total strontium

-

-

-

-



-

-

Yes

Total uranium

-

-

-

-

-



Total vanadium

-

-

-

-

-

-



Yes

Total zinc

-

-

-

-



-

-

Yes

Yes

Notes:
EIS = Environmental Impact Statement, TDS = total dissolved solids, TKN = total Kjeldahl nitrogen, TOC = total organic carbon, TPH = total petroleum
hydrocarbons, DO = dissolved oxygen, TSS = total suspended solids
1 EQC in W2012L2-0001 at 1616-30 and/or 1616-43 and/or 0008-Sa3.
2 Based on 2018 AEMP regression results or graphical analysis of historical data.
3 Based on Koala Watershed water quality model results presented in Table 6.1-1 of ERM (2017a) for lakes downstream of the LLCF (Leslie, Moose, Nema, or Slipper).
Maximums predicted for 2020 and beyond are considered ‘future maximums’.
* Unclear whether there is a mine-related effect.
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Water
Quality
Monitoring
Variables
Numerical indicator
rather than a constituent
of water
Represented by
another variable

Reason
s to

s

lude
Inc
to

Mine related effects
for new variables are
detected in the current
AEMP or AEMP Re-evaluation

Maximum predicted to
occur in future for new
variable in an update to
water quality modelling

e
ud

Rea
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n

Revised
Response
Framework
Variable List*

Ex
cl

Exclude from
Current Response
Framework
Variable List

Predicted to increase
in the 1995 EIS
Predicted to increase
in the 2000 EA
Current effluent quality
criterion in W2012L2-0001
at 1616-30, 1616-43,
and/or 0008-Sa3

Add to Current
Response
Framework
Variable List

27 water quality variables: pH,
TSS, DO, chloride, fluoride,
sulphate, total ammonia-N, nitrate-N,
nitrite-N, total phosphorus, aluminum,
antimony, arsenic, barium, boron, cadmium,
chromium, copper, lead, molybdenum,
nickel, potassium, selenium, strontium,
uranium, vanadium, and zinc

Maximum predicted
based to occur in future
based on current Koala
Watershed water quality
model results
(ERM 2017a)

Current mine related effects
based on the results of the
2018 AEMP statistical
analyses or graphical
analysis of historical
data (ERM 2019a)

* To be provided annually in the AEMP report.

Figure 5.2-1: Schematic of the Selection and Revision of the ARF Water Quality
Variables List
www.erm.com

Project No.: 0211136-0074

Client: Arctic Canadian Diamond Company Ltd.

Graphics: EKA-19ERM-050d

EKATI DIAMOND MINE
2020 to 2022 Aquatic Effects Monitoring Program Design Plan

5.2.2

AQUATIC RESPONSE FRAMEWORK

Water Quality Benchmarks

Benchmarks for the 27 water quality variables assessed in the ARF are defined in Table 5.2‑2. Water
quality benchmarks for the Ekati Diamond Mine are typically designed for the protection of freshwater
aquatic life, which is generally the most sensitive of the identified water uses in the Ekati Diamond Mine
area. They include site-specific water quality objectives (SSWQO), federal guidelines (CCME), provincial
guidelines, or when appropriate, values from published literature. Arctic has adopted these potential
sources in that stated order of preference. Human and wildlife use of water for drinking are protected
through Canadian drinking water guidelines (Health Canada 2019c) and CCME guidelines for livestock
watering (CCME 2019b). Benchmarks identified for the Ekati Diamond Mine for the protection of aquatic
life are more stringent than Canadian drinking water guidelines and CCME guidelines for livestock
watering for all ARF variables, with the exception of six variables: fluoride, nitrate-N, and total metals
including antimony, lead, molybdenum, and strontium. For all variables the most conservative of the
three guidelines (i.e., guideline for the protection of aquatic life, Canadian drinking water guideline, or
CCME guideline for livestock watering) have been adopted as the water quality benchmark to protect all
water uses downstream of the Ekati Diamond Mine (Table 5.2-2).

Table 5.2-2: Summary of Long-term Water Quality Benchmarks for the Ekati Diamond Mine
ARF Variable

Benchmark (mg/L)*

Source

6.5 – 9.0

CCREM 1987

TSS

Increase of 5 mg/L from background

CCME 1999c

DO‡

6.5

CCME 1999b

Chloride

[116.63*ln(hardness)]-204.09 for hardness greater than 10 mg/L
but less than or equal to 160 mg/L

Elphick, Bergh,
and Bailey 2011

Fluoride

1.5

Health Canada
2010

Sulphate

e(0.9116[ln(hardness)]+1.712) for hardness less than or equal to 160 mg/L

Rescan 2012f

0.019 (un-ionized), total ammonia-N is temperature and pH dependent

CCME 2010

Nitrate-N

e(0.9518[ln(hardness)]-2.032 for hardness less than or equal to 95 mg/L,
at hardness greater than 95 mg/L the Canadian drinking water MAC of
10 mg/L applies

Rescan 2012d,
Health Canada
2013

Nitrite-N

0.06

CCREM 1987

lake specific, lower of 0.01 or baseline + 50%

CCME 2004

Total aluminum

0.1

CCREM 1987

Total antimony

0.006

Health Canada
1999

Total arsenic

0.005

CCME 2001

Total barium

1

Haywood and
Drinnan 1983

Total boron

1.5

CCME 2009

Total cadmium

10(0.83[log10(hardness)]-2.46)/1000, minimum of 0.00004 mg/L
applicable to hardness 0-16 mg/L, maximum of 0.00037 mg/L applicable
to hardness greater than 280 mg/L

CCME 2014

Total chromium

0.0089 (III), 0.001 (VI)

CCME 1999a

pH

Total ammonia-N

Total phosphorus
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Benchmark (mg/L)*

Source

0.2*e(0.8545[ln(hardness)]-1.465)/1000, minimum 0.002 mg/L applicable
to hardness 0-82 mg/L, maximum of 0.004 mg/L applicable to hardness
greater than 180 mg/L

CCREM 1987

minimum of 0.001 mg/L applicable to hardness 0-60 mg/L,
e(1.273[ln(hardness)]-4.705)/1000 for hardness 61 to 142.6 mg/L,
at hardness greater than 142.6 mg/L the Canadian drinking water MAC
of 0.005 mg/L applies

CCREM 1987,
Health Canada
2019a

0.5

CCREM 1987

e(0.76[ln(hardness)]+1.06)/1000 where hardness is > 60 to ≤ 180 mg/L,
0.025 mg/L where hardness 0-60 mg/L, and 0.15 mg/L at hardness
greater than 180 mg/L

CCREM 1987

Total potassium

64 for lakes downstream of the LLCF, 41 for other lakes

ERM 2016c,
Rescan 2012e

Total selenium

0.0015

US EPA 2016

Total strontium

7.0

Health Canada
2019b

Total uranium

0.015

CCME 2011

Total vanadium

0.03

Rescan 2012g

exp(0.947[ln(hardness]-0.815[pH] + 0.398[ln(DOC)] + 4.625)/1000
valid between hardness 23.4 and 399 mg/L, pH 6.5 and 8.13 and
DOC 0.3 to 22.9 mg/L.

CCME 2018

Total copper

Total lead

Total molybdenum
Total nickel

Dissolved

zinc1

Notes:
TSS = total suspended solids, DO = dissolved oxygen, DOC = dissolved organic carbon, MAC = maximum
acceptable concentration
* Unit mg/L applies to all variables with the exception of pH.
‡ Or 90% of baseline concentrations where baseline concentrations are less than 110% of the CCME guideline.
1 Use 0.74*TOC unless DOC measurement is available.

A water quality concentration below a benchmark is considered to be a negligible risk to the environment.
However, a water quality concentration above a benchmark is not necessarily indicative of an
environmental effect, and instead may indicate that further study is necessary. For example, an SSWQO
is often developed if risk is evident through comparing observed or predicted water quality data to generic
(e.g., Canadian) guidelines. A SSWQO is based on sensitivities of species, or surrogates for those
species, present at the mine site. Water quality benchmarks are expected to evolve over time based on
new and relevant science.
For fluoride, total antimony, and total strontium, the Canadian drinking water guidelines maximum
allowable concentrations (MACs) of 1.5 mg/L, 0.006 mg/L, and 7 mg/L, respectively (Health Canada
2010, 1999, 2019b), are lower than the concentrations considered to be protective of aquatic life at
the Ekati Diamond Mine (1.94 mg/L, 0.02 mg/L, and 10.7 mg/L, respectively; ERM 2018b).
For nitrate-N and total lead, the Canadian drinking water guideline MACs of 10 mg/L and 0.005 mg/L,
respectively (Health Canada 2013, 2019a) are equal to or lower than the SSWQO for the protection
of aquatic life for nitrate-N and the CCME guideline for the protection of aquatic life for lead at water
hardness greater than 95 mg/L and 142.6 mg/L, respectively.
For total molybdenum the CCME guideline for livestock watering (0.5 mg/L; CCREM 1987) is lower
than the concentration considered to be protective of aquatic life at the Ekati Diamond Mine (19 mg/L;
ERM 2018b).
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The benchmark for total ammonia-N is specific to the unionized form and is equal to 0.0156 mg/L
(CCME 2010). Because the ionization of ammonia varies as a function of pH and temperature
(ionization increases with decreasing pH and temperature), Table 5.2-3 is used to convert the
benchmark to total ammonia-N.

Table 5.2-3: Total Ammonia-N Values as a Function of pH and Temperature
Temperature
(°C)

pH
6.0

6.5

7.0

7.5

8.0

8.5

9.0

10.0

0

190

60

19

6.0

1.9

0.62

0.21

0.035

5

126

40

13

4.0

1.3

0.41

0.14

0.028

10

84

27

8.5

2.7

0.86

0.28

0.10

0.024

15

57

18

5.7

1.8

0.59

0.20

0.073

0.021

20

39

13

4.0

1.3

0.41

0.14

0.055

0.020

25

28

8.7

2.8

0.89

0.29

0.10

0.044

0.018

30

19

6.2

2.0

0.63

0.21

0.077

0.035

0.017

Notes:
Total ammonia units are mg/L.
The values presented are equivalent to a unionized ammonia concentration of 0.0156 mg N/L.
Values outside of the shaded area should be used with caution owing to a lack of toxicity data to accurately
determine toxic effects at the extreme of these ranges (CCME 2010).

The benchmark for total phosphorus was established using the Canadian Guidance Framework for the
Management of Phosphorus in Freshwater Systems (Environment Canada 2004). Based on the guidance
framework, the upper trigger range value or the mean baseline + 50% for the open-water season are
considered benchmarks for the management of phosphorus at AEMP lakes (Table 5.2-4).

Table 5.2-4: Total Phosphorus Benchmark Concentrations, AEMP Lakes
Lake

Benchmark Value
(mg/L)

Lake

Benchmark Value
(mg/L)

Nanuq

0.0025

Cujo

0.01

Counts

0.01

Fay Bay

0.01

Vulture

0.0043

Upper Exeter

0.0055

Northeast

0.0073

Ulu

0.0099

Horseshoe

0.0090

Grizzly

0.01

Kodiak

0.0180

HWL2

0.0065

Leslie

0.0096

Ross

0.0074

Moose

0.0077

Logan

0.0059

Nema

0.0091

Lower Exeter

0.0039

Slipper

0.01

Lac du Sauvage
(LdS1 and LdS2)

0.0069

Lac de Gras
(S2, S3, S5, S6)
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Water Quality Action Levels

Three Action Levels are defined in the ARF for water quality: low, medium, and high. The Action Levels
are designed to provide adequate time for appropriate response actions to be developed and
implemented before a significant adverse environmental effect occurs.
Spatially, Action Levels are triggered based on near-field water quality concentrations. Near-field sites
are those closest downstream of mine Discharge. This is consistent with the Board’s draft Response
Framework guidance document, which states that for a chain of small lakes the near-field area is often
the lake that receives the Discharge (WLWB 2010). Kodiak Lake and Fay Bay are also considered
near-field for the purposes of the ARF, under unique rationale (Table 5.2-5).

Table 5.2-5: Rationale for Near-field ARF Lake Sites
Watershed

Lake

Rationale

Leslie Lake;
Moose Lake

The first 2 lakes downstream of the LLCF, because of the
placement of the AEMP stations the observed water quality
for these two lakes is typically similar

Kodiak Lake

Historical mine influences, first lake downstream of PDC

King-Cujo Watershed

Cujo Lake

The first lake downstream of the KPSF

Pigeon-Fay and Upper
Exeter Watershed

Fay Bay

The first lake downstream of the PSD

Horseshoe Watershed

Horseshoe Lake

The first lake downstream of the TRSP

Koala Watershed

For water quality variables, only low Action Levels are predefined for all ARF variables. Medium and high
Action Levels are defined in Response Plans if the low Action Level is exceeded. In some cases, setting
of a medium and/or high Action Level may be deferred if sufficient rationale is provided (e.g., additional
research is required). Medium and high Action Levels may be generic (encompass all water quality
variables) or based on variable-specific considerations. The potential need for variable-specific Action
Levels may depend on the rate at which the different variables are increasing, whether a variable is
predicted to exceed its benchmark, and/or the ecological significance of increased concentrations. Low
Action Levels for water quality variables are defined in Section 5.2.3.1. Medium and high Action Levels for
water quality variables that have been approved by the Board to date are included in Section 5.2.3.2.

5.2.3.1

Low Action Levels

A low Action Level for an ARF water quality variable (with the exception of DO) is exceeded when the
following conditions are met:
L1. The average measured monthly concentration of the water quality variable at any near-field
AEMP sampling location is greater than 50% of the water quality benchmark (Table 5.2-2); and
L2. The variable shows an increasing trend relative to historical observations in the same month for
which condition (1) is met.
When determining whether the low Action Level has been exceeded, the average monthly concentration
refers to the April and August sampling months for lakes. The number of replicates collected each month
is defined according to the current AEMP Design Plan (Section 4).
The mean of replicate samples collected at each near-field AEMP station will be compared to 50% of the
benchmark value. Fifty percent of the benchmark value is considered a conservative threshold for the low
Action Level given that a water quality concentration below 100% of the benchmark value is considered to
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have a negligible risk to the environment. For hardness-dependent benchmarks, the benchmark is initially
calculated using the hardness in the water sample, then divided by two to determine 50% of the
benchmark. For nitrate and lead, 50% of the lower of the hardness dependent SSWQO or drinking water
benchmark will be used when determining whether a low Action Level has been exceeded. Because pH
is on the log scale, 50% of the benchmark range of 6.5 to 9 is calculated as half of the hydroxide ion
concentration (OH-) for a pH of 9.0, which is equivalent to a pH value of 8.7. The 50% of benchmark is
only compared to Action Levels for pH 9 and not pH 6.5 because lakes in the Ekati Diamond Mine area
are known to naturally have low pH and the trend in the Receiving Environment is towards increased pH
as opposed to more acidic conditions. For total ammonia-N, the monthly average pH and surface water
temperatures are used to determine the appropriate benchmark value. Because the CCME guideline for
total ammonia-N is set for every five degree difference in temperature and 0.5 unit difference in pH, the
final benchmark is determined by rounding up (to the next 5 degree temperature mark or 0.5 pH unit).
For total phosphorus, the benchmark is lake specific (lower of 0.01 mg/L or baseline plus 50%) because
benchmarks set at 0.01 mg/L for some lakes are already more conservative than benchmarks set at
baseline plus 50% for other lakes (allow for a smaller degree of change). Therefore, for total phosphorus,
50% of the benchmark will only be calculated for those lakes that have benchmarks set at baseline plus
50%. Fifty percent of those benchmarks will be calculated as baseline plus 25%.
When determining whether low Action Level condition two (2) is met, an increasing trend may be
determined either through graphical analysis and best professional judgement of historical and current
AEMP data, or based on AEMP regression methodologies if appropriate data are available. The data
examined for an increasing trend will include all AEMP data collected within the month of interest at
the near-field AEMP station in question. For example, if the condition one (1) is met for an observed
concentration of a water quality variable in April then historical observations made only in April will be
examined in determining if condition two (2) is met.
The two conditions that define whether a low Action Level for water quality will be exceeded work in
concert to identify an early warning indicator of change relative to baseline concentrations at near-field
sites (condition L2) that could lead to effects on drinking water quality or toxicity to aquatic biological
communities (condition L1). Because reference lake data have not been incorporated into the Action
Levels for water quality, it is conceivable that a low Action Level could be exceeded for reasons unrelated
to the mine (e.g., the changes observed in the monitored lake could also be evident in the reference lakes
as a result of regional atmospheric deposition of a pollutant over time). If this scenario were to occur,
a Response Plan would be developed that would include support of the conclusion of no mine-related
effect. In this case further management action beyond continued monitoring and reporting, and the
definition of medium and high Action Levels would not be required.
For DO, the low Action Level applies to under-ice DO only. The low Action Level is set for the under-ice
season as opposed to open-water season concentrations because under-ice concentrations often
represent the worst-case scenario. DO concentrations are generally lowest during the winter because ice
cover restricts oxygen diffusion into the water column from the atmosphere, and because of aerobic
microbial activity in the sediment. The amount of sunlight penetrating into the water column is also limited
by snow and ice cover, thus restricting phytoplankton growth and the production of DO by photosynthesis.
With respect to under-ice DO, the CCME guideline of 6.5 mg/L is considered the appropriate benchmark
at the Ekati Diamond Mine for a number of reasons. First, DO concentrations are naturally depleted
under-ice in Arctic lakes and the available baseline data as well as data for the reference lakes indicate
that setting an Action Level using the guideline of 9.5 mg/L would often result in exceedances in both
reference and near-field lakes based on natural conditions. Second, the guideline of 6.5 mg/L is more
applicable to the biota living in the water column under-ice in lakes. The guideline of 9.5 mg/L is the
“early life stage” guideline, which was established to protect salmonid larvae in redds (CCME 1999b) and
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is therefore more applicable to DO concentrations at the lake bottom. CCME (1999b) also acknowledges
that DO concentrations can naturally fluctuate below the guideline and states that in cases where DO is
naturally less than 110% of the guideline, “the minimum acceptable concentrations is 90% of the natural
concentrations”.
Therefore, a low Action Level for under-ice DO concentrations is exceeded when either of the following
conditions is met:
L1. The average under-ice DO concentration at any near-field AEMP lake is less than 6.5 mg/L and
at least 10% less than observed during any baseline year; or
L2. The average under-ice DO concentration at any near-field AEMP lake is less than 90% of
the average under-ice DO concentration observed during any baseline year for lakes where the
baseline average under-ice DO concentration in any year is less than 7.15 mg/L (110% of
the 6.5 mg/L guideline).
The average under-ice DO concentrations referred to in conditions L1 and L2 are calculated as a
whole-lake volume-weighted average. Whole-lake volume-weighted average DO concentrations are
calculated using observed DO data obtained from AEMP under-ice DO and temperature profiles along
with the depth-volume curves for each lake obtained by applying GIS techniques to the bathymetric data.
The measured DO concentrations are weighted by the volume of water within each 1 m-depth strata of
the lake to obtain the average volume-weighted whole lake DO concentration. If multiple DO
measurements are collected within a 1 m-depth stratum, the average for each 1 m-depth stratum is
calculated and used to obtain the whole-lake volume-weighted average.

5.2.3.2

Medium and High Action Levels

Medium and high Action Levels for water quality variables that have been approved by the Board to date
are presented in Table 5.2-6.

Table 5.2-6: Approved Medium and High Action Levels for Water Quality Variables
Variable

Medium Action Level Conditions

Chloride

High Action Level Conditions

Source

1. The low Action Level is met; and

1. The low Action Level is met; and

2. The average measured chloride
concentration at any near-field AEMP
sampling location is greater than 70%
of the water quality benchmark.

2. The average measured chloride
concentration at any near-field
AEMP sampling location is greater
than 100% of the water quality
benchmark.

Potassium

1. The average measured potassium
concentration at any near-field
AEMP sampling location is greater
than 70% of the water quality
benchmark.

1. The average measured potassium
concentration at any near-field
AEMP sampling location is greater
than 90% of the water quality
benchmark.

ERM 2017d,
WLWB 2018a

Nitrate-N
and Nitrite-N

1. The low Action Level is met; and

1. Both the low action and medium
Action Levels are met; and

ERM 2017b,
WLWB 2018a

2. The average measured
concentration of nitrate-N or nitrite-N
at any near-field AEMP sampling
location is greater than 70% of the
water quality benchmark.

2. The average measured
concentration of nitrate-N or
nitrite-N at any near-field AEMP
sampling location is greater than
100% of the water quality
benchmark.
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Medium Action Level Conditions

Total
phosphorus

High Action Level Conditions

Source

1. The low Action Level is met; and

1. The medium Action Level is met;
and

2. The low Action Level was met at the
same near-field location(s) in three
consecutive sampling periods; or

2. The average concentration of
total phosphorus at any near-field
location is greater than 100% of
the total phosphorus benchmark
in three consecutive open-water
seasons based on additional
monitoring.

ERM 2018c,
WLWB 2018b,
WLWB 2019a

3. The low Action Level was met at the
same near-field location(s) in three
consecutive open-water sampling
periods.
Total
selenium

Under-ice
DO*

AQUATIC RESPONSE FRAMEWORK

1. The low Action Level is met; and

1. Both the low action and medium
Action Levels are met; and

2. The average measured selenium
concentration at any near-field
AEMP sampling location is greater
than 70% of the water quality
benchmark.

2. The average measured selenium
concentration at any near-field
AEMP sampling location is
greater than 100% of the water
quality benchmark.

1. The whole-lake volume-weighted
average DO concentration for the
near-field AEMP lake is less than the
low Action Level Condition L1 or L2
for three consecutive years; and

1. The low Action Level conditions
(1) or (2) are met, the medium
Action Level conditions (M1) and
(M2) are met; and

2. The volume-weighted average DO
concentration in the upper two-thirds
of the water column for the near-field
AEMP lake is less than 5 mg/L for
Group 1 lakes or 4 mg/L for Group 2
lakes in any of the three years that
Condition M1 is met.

2. The volume-weighted DO
concentration in the upper half of
the near-field AEMP lake is less
than 4 mg/L for Group 1 lakes or
3 mg/L for Group 2 lakes.

ERM 2017e,
WLWB 2018a

ERM 2017f,
WLWB 2018b

Notes: DO = dissolved oxygen
* Group 1 near-field lakes = Kodiak, Leslie, and Moose; Group 2 near-field lakes = Cujo and Fay Bay

5.3

Plankton and Benthos

This section describes the plankton and benthos variables selected for inclusion in the ARF, the
applicable benchmarks, and description of approved Action Levels. The Significance Threshold for
plankton and benthos is described in Section 5.5 and the reporting process for the ARF is described
in Sections 6.3 and 6.4.

5.3.1

Plankton and Benthos Variables

The selection of phytoplankton, zooplankton, and benthos variables to be included within the ARF follows
a similar method as for water quality variables in that it considers predictions made in the 1995 EIS and
2000 EA (BHP and Dia Met 1995 and 2000), and AEMP monitoring results up to and including 2018
(ERM 2019a), and information from the analysis completed as part of the 2019 AEMP Re-evaluation.
The selection process was developed using the full list of biological variables monitored in lakes and
streams as part of the AEMP. Biological variables were divided into two distinct groups, the “general” and
the “community” to distinguish between the benchmarks and Action Levels that are set in Sections 5.3.2
and 5.3.3 (Table 5.3-1; Figure 5.3-1). General biological variables are those that were considered
appropriate for high level measures of change in biological communities (i.e., biomass and total density)
and are calculated on an annual basis as part of the AEMP. General variables are assigned numerical
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benchmarks for the purposes of the ARF. Community variables (i.e., community composition and
diversity) are also calculated on an annual basis in the AEMP but are considered more complex and;
therefore, numerical benchmarks were not assigned to these variables. Changes in community
composition in the AEMP are assessed through analysis of diversity indices and also through the
examination of total and relative densities of major taxonomic groups. Diversity indices are complex
because they are calculations that consider both species richness and species abundance, and the same
diversity value may represent very different community compositions. Changes in the total or relative
densities of major taxonomic groups can vary in their ecological significance for a variety of reasons such
as the importance of the group as a food resource for fish or other invertebrates, or the known tolerance
of the group to disturbance.

Table 5.3-1: Selection of ARF Plankton and Benthos Variables
Biological Variable

Variable
Group

Reasons for Inclusion
Predicted  Predicted 
to Change
to Change
in
in
1995 EIS
2000 EA

Current
Minerelated
Effect?1



Included as High
Level Measure
of Change for
Each Biological
Community

ARF
Variable

Phytoplankton
Biomass
(as chlorophyll a)

General

-

2

-

-

Yes

Density

General

-

-

-



Yes

Community

-

-



-

Yes

Biomass

General

-

-

-



Yes

Density

General

-

-

-



Yes

-

Yes

Diversity/Community
Composition
Zooplankton

Diversity/Community
Composition

Community

-

-



General

-

-



-

Yes

3

Lake Benthos
Density
Dipteran Diversity/
Community
Composition

Community

-

-

-

-

Yes

General

-

-

-



Yes

Dipteran Diversity/
Community
Composition

Community

-

-

-

-

No

EPT Diversity/
Community
Composition

Community

-

-

-

-

No

Stream Benthos
Density

Notes:
EPT = Ephemeroptera, Plecoptera, Trichoptera
1
Based on conclusions from 2018 AEMP (ERM 2019a).
2
Slightly elevated phytoplankton biomass was predicted to be possible but unlikely in Fay Bay downstream of the PSD.
3
The 2015 AEMP identified a mine-related effect for dipteran community composition but subsequent analyses in the 2016
AEMP and 2015 and 2019 AEMP Re-evaluations suggest that the changes are unlikely related to mine activities. Given the
previously identified mine-related effect for lake benthos dipteran diversity/community composition and the existing
Response Plan, this variable is retained as an ARF variable.
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Monitored Biological
Variables - General and
Community Plankton
and Benthos Metrics

Predicted to increase
in the 1995 EIS

Predicted to increase
in the 2000 EA

lude
Inc
to

Mine related effects in stream
benthos community variables
are detected as part of the
annual AEMP or AEMP
Re-evaluation

Rea
so
n

s

Revised
Response
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* To be provided annually in the AEMP report.

Figure 5.3-1: Schematic of the Selection and Revision of the ARF Plankton
and Benthos Variable List
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Table 5.3-1 provides a summary of the decision steps followed for excluding or including each variable,
flowing from left to right for plankton and benthos variables. If a variable is marked with a check () in any
of the four reasons for inclusion columns, then it was included in the ARF. Once a check was received in
one column no further assessment of the variable was completed and the variable was included in the list
of ARF plankton and benthos variables, as appropriate. Dashes (-) were added to the remaining columns
to indicate that the variable was not further assessed.
Therefore, the ARF plankton and benthos variables list includes:




General:
-

Phytoplankton biomass (as chlorophyll a);

-

Phytoplankton density;

-

Zooplankton biomass;

-

Zooplankton density;

-

Lake benthos density; and

-

Stream benthos density.

Community:
-

Phytoplankton diversity/community composition;

-

Zooplankton diversity/community composition; and

-

Lake benthos diversity/community composition.

Stream benthos community variables will be assessed for inclusion within the ARF annually in the AEMP
Report. The results of the assessment will be reported within the ARF Reporting chapter of the AEMP
Summary Report (also see Section 6.1). The assessment process will involve repeating the selection
process described above using the most recent information. For example, if a mine-related effect for
stream benthos EPT community composition is concluded for the first time in the current year’s AEMP,
the variable will be added to the revised ARF variable list (Figure 5.3-1).

5.3.2

Plankton and Benthos Benchmarks

A method for deriving numerical benchmarks was developed for phytoplankton, zooplankton, and benthos
general variables including biomass and total density. Community variables such as community
composition and diversity of phytoplankton, zooplankton, and benthos were deemed to be too complex
for numerical benchmarks and thus no benchmarks are provided for these variables. The method for
developing numerical benchmarks is described below.
Phytoplankton, zooplankton, and benthos biomass and total density benchmarks are developed by
identifying reasonable normal ranges based on reference and baseline conditions. The benchmarks are
based on modelled distributions of baseline and reference lake or stream observations and the probability
of observations occurring within the lower and upper extremes of these modelled distributions. A p value
of 0.05 for both the upper and lower quantiles of the best fit distribution is used to calculate the
benchmark for each variable (e.g., phytoplankton density or zooplankton biomass).
Benchmarks are set as a range, meaning that if an observation (e.g., average 2020 phytoplankton density)
is less than the lower benchmark or greater than the upper benchmark, the benchmark is exceeded.
The data used to fit to the distributions includes:


Reference lake or stream observations for Nanuq Lake and Outflow Stream, Counts Lake and
Outflow Stream, Vulture Lake and Vulture-Polar Stream, and Northeast Lake and Outflow Stream;
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Baseline observations for Kodiak Lake and Kodiak-Little Stream, Leslie Lake, Moose Lake and
Moose-Nero Stream, Nema Lake and Nema-Martine Stream, Slipper Lake and Slipper-Lac de Gras
Stream, and sites S2 and S3 in Lac de Gras;



Baseline observations for Cujo Lake and Outflow Stream and site LdS1 in Lac du Sauvage;



Baseline observations for Fay Bay and Upper Exeter Lake; and



Baseline observations for Ulu Lake, Horseshoe Lake and Outflow Stream, HWL2 Lake and Outflow
Stream, Ross Lake and Outflow Stream, Logan Lake and Outflow Stream, and Lower Exeter Lake.

Kodiak Lake and Kodiak-Little data were only included if collected prior to 1997 because of the history of
effects in the lake related to Sewage input into Kodiak Lake, which began in 1997. For the reference
sites, data from the most recent three years are not included because observations from the three most
recent years are considered when determining whether an Action Level is exceeded for a biological
variable (see Section 5.3.3). Therefore, the data from these years cannot also be included in the dataset
used to determine the benchmark. This is important because if the recent observations from both a
reference site and a monitored site are consistently below or above the lower or upper quantiles defined
as the benchmark, then the variable may not be changing because of mine activities (e.g., the variable
may be changing due to a broad climatic pattern affecting all sites similarly) and it may not be appropriate
for an Action Level to be exceeded. Baseline data from Fay Bay, Upper Exeter Lake, and Ulu Lake are
only included for phytoplankton because the AEMP for these lakes does not include zooplankton or
benthos monitoring.
The distribution of observed (empirical) data for each variable are plotted and compared to several
common theoretical distributions (e.g., weibull, normal, lognormal, etc.) to determine which best described
the observed data. A comparison of the fit of the theoretical distributions to the observed data is
conducted visually using goodness of fit plots (e.g., Figure 5.3-2) and summary statistics such as the
Akaike information criterion and Bayesian information criterion (also known as Schwarz criterion; AIC and
BIC). The AIC and BIC are measures of the quality of the statistical model for the given data and provide
a means for model selection. The best fitting distribution for each variable is chosen based on best
professional judgement of goodness of fit and a comparison of AIC and BIC values among the candidate
distributions. Figure 5.3-2 shows an example of the goodness of fit plots. The distribution of empirical
data is presented as bars in the top left panel and the weibull distribution is represented by the curved
line. In the other three panels, the distribution of the empirical data is represented by the circles; the
closer the circles fit to the solid lines, the better the fit of the observed data to the theoretical distribution.
In this example, the phytoplankton biomass data fit very closely to the weibull distribution and the weibull
distribution was chosen as the best fit model.
Once the best fitting distribution is selected, the quantiles at (p = 0.05) are calculated for the upper and
lower tails. The calculated quantiles at p = 0.05 represent a 1 in 20 probability that an observation
(e.g., 2020 phytoplankton biomass in Leslie Lake) is less than the benchmark by chance alone, or a 1 in 20
chance that an observation is greater than the benchmark by chance alone. These quantiles represent the
upper and lower ends of the range for the benchmark for each biological variable being assessed.
In the same way that water quality benchmarks may be updated based on new science, the biological
benchmarks should also be periodically updated to incorporate baseline data for new development areas
and more recent reference data. For the ARF, biological benchmarks will be updated every three years in
conjunction with the AEMP Re-evaluation unless earlier updates are deemed necessary to incorporate
other developments. The biological benchmarks were updated for the purposes of this report; for
reference lakes, data collected through 2017 were included (Table 5.3-2).
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Figure 5.3-2: Example of Empirical and Theoretical
Distribution Fit, Phytoplankton Biomass
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Table 5.3-2: Biological Variable Benchmarks
Biological Variable

Units

Lower Benchmark
(p = 0.05)

Upper Benchmark
(p = 0.05)

Chlorophyll a

µg/L

0.05

1.29

cells/mL

117

5,300

Total phytoplankton density
Zooplankton biomass

mg

dwt/m3

17

246

Total zooplankton density

organisms/m3

4,529

125,518

Lake benthos density

organisms/m2

85

15,642

Stream benthos density

organisms/m2

268

12,673

Note:
dwt = dry weight

5.3.3

Plankton and Benthos Action Levels

Similar to water quality variables, three Action Levels are defined in the ARF for phytoplankton, zooplankton,
and benthos variables: low, medium and high. For biological variables, only low Action Levels have been
predefined for all ARF variables. Medium and high Action Levels are developed as part of the Response
Plan once the low Action Level is exceeded. As described for water quality, setting of medium and/or high
Action Levels may be deferred if clear and appropriate rationale is provided (e.g., additional research is
required). Medium and high Action Levels may be generic (encompass all biological variables) or based
on variable specific considerations.
Spatially, Action Levels are triggered based on biological variables at near-field sites as defined in
Table 5.2-4 for water quality variables. For stream benthos, the outflow stream of each near-field lake
identified in Table 5.2-4 is considered the near-field site, these include:


Moose-Nero and Kodiak-Little streams in the Koala Watershed;



Cujo Outflow in the King-Cujo Watershed; and



Horseshoe Outflow in the Horseshoe Watershed.

Action Levels for general and community phytoplankton, zooplankton, and benthos variables are
described below.

5.3.3.1

Low Action Levels

General Biological Variables (Biomass and Total Density)
A low Action Level for phytoplankton, zooplankton, or benthos biomass or total density variables is
exceeded when the following conditions are met:
L1. Based on AEMP methods for determining mine-related effects for phytoplankton, zooplankton,
and benthos biomass or total density, a statistically significant difference from a slope of zero or
reference conditions in at least two reference lakes, or a statistically significant BACI interaction
is concluded for a near-field site; and
L2. Using the biological benchmarks based on upper and lower quantiles (p = 0.05) of the fitted
distributions, the average of the biological variable being assessed is less than the lower
benchmark or greater than the upper benchmark for the current AEMP year and the previous
two years at any near-field site.
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When determining whether a low Action Level for phytoplankton, zooplankton, or benthos biomass or
total density variable is exceeded the AEMP methods referenced in condition one (1) above refer to the
regression and BACI methods outlined in Section 4.5.3 and presented in greater detail in the annual
AEMP Report (e.g., see Part 3 – Statistical Report of ERM 2019a).
Where possible, the slope for each monitored site is compared to the combined slope of the reference
sites or the slope of each reference site individually to assist in distinguishing natural variation from
potential mine-related effects. If reference data cannot be included in the model then the trends at the
monitored sites are compared to a slope of zero. A significant difference between the trend observed at
a monitored site and the combined reference sites, two or more reference sites, or a slope of zero is
considered indicative of a potential mine-related effect. In BACI analysis, potential mine-related effects
are identified as significant interactions that are referred to as BACI interaction terms. A significant BACI
interaction term indicates a significant difference in a variable at one location from the ‘before’ (baseline
years) to the ‘after’ (post-baseline) period when compared with another location. If the change from
‘before’ to ‘after’ periods is the same for a reference site compared to a monitored site, then BACI
analysis will not detect a significant interaction. However, if a change is detected from the ‘before’ to
‘after’ periods that is different in a reference site compared to a monitored site, then BACI analysis will
detect a significant interaction. The second condition, condition (2) for exceeding a low Action Level for
general biological variables is added due to the inherent variability in biological data. For example, it is
difficult to conclude that a one-time difference from reference conditions is indicative of a mine-related
effect as opposed to natural variation whereas a sustained difference from reference and baseline
conditions is stronger evidence that a mine-related effect may be occurring.
Community Biological Variables (Community Composition and Diversity)
A low Action Level for phytoplankton, zooplankton, or benthos community composition or diversity
variables is exceeded when the following conditions are met:
L1. Based on AEMP methods for determining mine-related effects for phytoplankton, zooplankton,
and benthos diversity and community composition (i.e., graphical analysis and best professional
judgement), a mine-related effect is detected or suspected at a near-field site; and
L2. The mine-related effect detected or suspected in condition one (1) is based on three years of
data including the current AEMP year and the previous two years at any near-field site.
Graphical analysis and best professional judgement are the primary methods used to determine whether
there are mine-related effects on the diversity and community composition of plankton and benthos
communities in the AEMP. Essentially, data for the current year must appear different from all baseline
data to be considered a mine-related effect or a potential effect. If similar trends are observed in
reference and monitored sites then any changes are concluded to be a result of external factors or natural
variation rather than mine-related effects.
Any data abnormalities or trends of less than three years will continue to be discussed in the AEMP
Report and/or AEMP Re-evaluation and, if appropriate, management actions may be initiated prior to
exceeding the low Action Level.
If the cause of the exceedance of a biological Action Level is known and can be linked to a variable for
which a Response Plan already exists, the Response Plan for the biological variable may simply refer to
an existing Response Plan where actions are being undertaken that are appropriate to address the
current biological exceedance. It is also possible that an existing Response Plan may be amended or
revised to reflect the biological Action Level exceedance.
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Medium and High Action Levels

Medium and high Action Levels for biotic variables that have been approved by the Board to date are
presented in Table 5.3-3.

Table 5.3-3: Approved Medium and High Action Levels for Phytoplankton, Zooplankton,
and Benthos Variables
Variable
Plankton and
benthos
community
composition

Medium Action Level Conditions

High Action Level Conditions

Source

1. The low Action Level for phytoplankton,
zooplankton, or lake benthos
community composition is met.

1. The medium Action Level is met.

ERM 2017c,
WLWB 2017

2. Based on AEMP methods for
determining mine effects in edible
phytoplankton density, adult crustacean
zooplankton density, or dipteran density
(i.e., statistical analysis, graphical
analysis and best professional
judgement), a mine-related decline is
detected in a near-field lake.

2. The mean edible phytoplankton
density, adult crustacean
zooplankton density, or benthos
dipteran density for the current
AEMP year and the previous two
years is less than the lower
range of observed baseline data
in a near-field lake site.

3. The mean edible phytoplankton density,
adult crustacean zooplankton density,
or dipteran benthos density for the
current AEMP year is less than the
lower range of observed baseline data
in a near-field lake site.

5.4

Fish

This section describes the fish variables selected for inclusion in the ARF, the applicable benchmarks,
and description of approved Action Levels. The Significance Threshold for fish is described in Section 5.5
and the reporting process for the ARF is described in Sections 6.3 and 6.4.

5.4.1

Fish Variables

The selection of fish variables to be included within the ARF includes an assessment of predictions made
in the 1995 EIS and 2000 EA (BHP and Dia Met 1995 and 2000), AEMP monitoring results up to and
including 2018 (ERM 2019a), and the 2019 AEMP Re-evaluation. Because the 2019 EIR (Dominion
2020) assessment of environmental risks for fish relied largely on the results of the AEMP, the key risks
for fish identified in the EIR are incorporated indirectly into the selection of fish variables for the ARF
through the direct incorporation of the AEMP results. The selection of fish variables to be included in the
ARF also incorporates specific recommendations and Directives from the Board on the various versions
of the Fish Response Plan (WLWB 2018c and WLWB 2019b).
Fish habitat was identified during the initial EA process as a Valued Ecosystem Component (VEC) and is
assessed as part of the water quality variables (including DO), as well as through the assessment of
plankton and benthos, which represent food availability.
The selection process for ARF fish variables was developed using the full list of variables monitored as
part of the 2018 AEMP (the last year in which both large-bodied fish [Lake Trout and Round Whitefish]
and small-bodied fish [Slimy Sculpin] were monitored). Table 5.4-1 and Figure 5.4-1 provide a summary
of the decision steps followed for including each variable, flowing from left to right. If a variable was
marked with a check () in any of the columns then it was included in the ARF, unless it was excluded
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under a unique rationale as explained below for catch per unit effort (CPUE). Because only one reason to
include a variable was required, once a check was received in one column no further assessment of the
variable was completed and the variable was included in the list of ARF variables. Dashes (-) were added
to the remaining columns to indicate that the variable was not further assessed.

Table 5.4-1: Selection of ARF Fish Variables
AEMP Fish Variable



Predicted
to Change
in
1995 EIS2

CPUE

LKTR, RDWH, SLSC



-

-

No3

Length

LKTR, RDWH, SLSC

-

-



Yes

Weight

LKTR, RDWH, SLSC

-

-



Yes

Condition

LKTR, RDWH, SLSC

-

-



Yes

Age

LKTR, RDWH, SLSC

-

-



Yes

Growth in length

LKTR, RDWH, SLSC

-

-



Yes

Maturity

RDWH

-

-



Yes

Sex ratio

RDWH, SLSC

-

-



Yes

RDWH

-

-



Yes

GSI

RDWH, SLSC

-

-



Yes

LSI

RDWH, SLSC

-

-



Yes

Diet

RDWH, SLSC

-

-



Yes

LKTR, RDWH, SLSC

-

-



Yes4

RDWH

-

-



Yes

RDWH, SLSC



-

-

Yes

LKTR, RDWH, SLSC

-

-



Yes

RDWH, SLSC

-

-



Yes

Number of eggs

Tissue metal
concentrations
Palatability
(chlorinated phenols)1
Hydrocarbon
exposure (EROD)
DELT
Parasitism

Predicted
to Change
in
2000 EA2

 Included as Measure
of Change in Fish
Health, Community
or Edibility

Species

ARF
Variable

Notes:
AEMP = Aquatic Effects Monitoring Program; CPUE = catch per unit effort; Condition = weight-length regression; GSI =
gonadosomatic index; LSI = liver somatic index; EROD = ethoxyresorufin-O-deethylase; DELT = deformities, erosions,
lesions, tumours; LKTR = Lake Trout; RDWH = Round Whitefish; SLSC = Slimy Sculpin
1
Related to human consumption concerns including palatability.
2
Effects specific to Slimy Sculpin were not anticipated as part of the EIS and EA.
3
Changes in CPUE have been detected historically for Lake Trout, likely as a result of sampling mortality.
4
The fish tissue metals that are assessed against Action Levels will be those evaluated as part of the AEMP. The list of
evaluated variables for fish tissue in the AEMP is defined in Section 4.5.1.

CPUE is excluded from the variables assessed in the ARF because predicted and historical effects are
thought to be related to sampling mortality as opposed to effects directly related to mine operations.
Additionally, steps have already been taken to reduce the number of large-bodied fish sacrificed for
AEMP sampling (e.g., non-lethal Lake Trout sampling and decreasing sampling frequency of large-bodied
fish to every six years).
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Figure 5.4-1: Schematic of the Selection and Revision
of the ARF Fish Variable List
www.erm.com

Project No.: 0211136-0074

Client: Arctic Canadian Diamond Company Ltd.

Graphics: EKA-19ERM-050f

EKATI DIAMOND MINE
2020 to 2022 Aquatic Effects Monitoring Program Design Plan

AQUATIC RESPONSE FRAMEWORK

Thus, the variables for inclusion in the list of ARF fish variables are:


Length, weight, condition, age, growth in length, maturity, sex ratio, number of eggs, GSI, LSI, diet,
palatability (chlorinated phenols), hydrocarbon exposure (EROD activity), DELT, and parasitism; and



Concentration of evaluated metals in the muscle and liver tissues of Round Whitefish, in the muscle
tissue of Lake Trout, and in the whole body tissue of Slimy Sculpin.

The species to which each variable applies is identified in Table 5.4-1. Some variables are not monitored
for Lake Trout and/or Slimy Sculpin due to the non-lethal sampling methods or other sampling/monitoring
constraints.
The fish tissue metals assessed against Action Levels under the ARF in 2020 to 2022 are the evaluated
metals for fish tissues as part of the AEMP (see Section 4.5.1) and may include:


Metals with federal fish tissue monitoring guidance (i.e., Metal and Diamond Mining Effluent
Regulations; Government of Canada 2018): mercury and selenium;



Metals considered as adulterating substances in food by Health Canada that are relevant to
consumption of wild fish (Health Canada 2018b): arsenic and lead; and/or



Metals that pose risks to fish or consumers of fish that are defined by tissue concentrations or for
which advisories and consumption guidelines are proposed by a regulatory agency: arsenic,
cadmium, chromium, lead, mercury, and selenium (Health Canada 2018a and b; OMOE 2017;
US EPA 2000, 2016).

Fish tissue metals variables for inclusion as ARF fish variables will be assessed in the AEMP in fish
sampling years, within the ARF appendix to the annual AEMP Part 1 – Annual Report (see also
Section 6.1). Inclusion in the ARF will be based on if a metal is an evaluated fish tissue metal in the
AEMP. Mercury and selenium will be evaluated in 2020 to 2022 and thus will be evaluated against Action
Levels under the ARF. These variables are recommended for evaluation based on federal fish tissue
monitoring guidance (i.e., MDMER; Government of Canada 2018), and based on guidelines for the
protection of fish or consumers of fish (e.g., US EPA 2016; US FDA 2019; Health Canada 2018a).
Mercury and selenium have also shown signs of increase in fish tissues and are included in the
Fish Response Plan Version 2.0 (ERM 2019b). The other metals listed above (i.e., arsenic, cadmium,
chromium, and lead) will be graphically analysed prior to being included in the AEMP Evaluation of
Effects and only variables that are increasing or show signs of increase in fish tissues will be evaluated
as part of the AEMP and assessed against Action Levels under the ARF.

5.4.2

Fish Benchmarks

Fish variables are not assigned numerical benchmarks. If applicable, when the low Action Level has been
exceeded (see Section 5.4.3) guidelines based on fish health or fish tissue consumption (by humans or
wildlife) for fish muscle and/or liver; or existing federal, provincial, or other guidelines are used in the
development of medium and high Actions Levels and may be used as benchmarks for the Ekati
Diamond Mine.

5.4.3

Fish Action Levels

Similar to water quality, plankton, and benthos, three Action Levels are defined in the ARF for fish
variables: low, medium, and high. For fish variables, only low Action Levels have been predefined for all
ARF variables. Medium and high Action Levels are developed as part of the Response Plan once the low
Action Level is exceeded. As described for water quality, plankton, and benthos, setting of medium and/or
high Action Levels may be deferred if clear and appropriate rationale is provided (e.g., additional research
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is required). Medium and high Action Levels may be generic (encompass all fish variables) or based on
variable specific considerations. Medium and high Action Levels are developed for ARF fish variables for
large-bodied fish species sampled as part of the AEMP (i.e., Lake Trout and Round Whitefish) but are not
developed for Slimy Sculpin ARF variables.
Spatially, Action Levels are triggered based on fish variables at near-field sites as defined in Table 5.2-4
for water quality variables.

5.4.3.1

Low Action Levels

The low Action Level for fish variables is exceeded when one or both of the following conditions are met:
L1. Based on AEMP methods for determining mine effects in monitored Slimy Sculpin,
a mine-related effect is concluded for a near-field lake for an ARF fish variable.
L2. Based on AEMP methods for determining mine effects in monitored large-bodied fish,
a mine-related effect is concluded for a near-field lake for an ARF fish variable.
As outlined in Section 4.5.3.2, AEMP methods for detecting a mine-related effect on fish variables is
completed by progressively testing three hypotheses:
1.

Do individual lakes show evidence of change over time (i.e., is there a temporal trend within lakes)?

2.

Do temporal trends differ among lakes (i.e., are monitored lakes different from reference lakes)?

3.

Is there a spatial relationship to differences among lakes (i.e., is the distance to mining activity
associated with any variation in fish variables)?

Given conditions L1 and L2, a low Action Level for fish is exceeded upon conclusion of a mine effect for
either Slimy Sculpin every three years, and/or for large-bodied fish species every six years. If a low Action
Level for a fish variable is exceeded, a Response Plan will be developed for the appropriate fish species
and/or variable. If the cause of the exceedance is known and can be linked to a variable for which a
Response Plan already exists, the Response Plan for the fish variable may simply refer to an existing
Response Plan where actions are being undertaken that are appropriate to address the current fish
variable exceedance. It is also possible that an existing Response Plan may be amended or revised to
reflect the new fish Action Level exceedance.
The response to the low Action Level trigger are established for ARF fish variables, depending on the low
Action Level condition that was met (i.e., L1 or L2). Based on the role of Slimy Sculpin as a sentinel
species for effects in large-bodied fish, if the L1 condition was met (i.e., the mine-effect was detected in a
Slimy Sculpin variable), actions in response to the low Action Level trigger will be proposed, but medium
and high Action Levels will not be developed. If the L2 condition was met (i.e., the mine-effect was
detected in a large-bodied fish species variable), actions in response to the low Action Level trigger,
including the development of medium and high Action Levels, will be proposed.
The approach of evaluating Slimy Sculpin against the low Action Level for ARF fish variables allows low
level response actions to be considered as frequently as every three years and implemented as soon as
a mine-related effect is concluded in any fish species. In this context, proposing responses to low Action
Level exceedances for ARF Slimy Sculpin variables is in line with the role of Slimy Sculpin as an indicator
species that allows less intrusive sampling programs for large-bodied fish and that triggers initial
response actions to prevent Action Levels from being exceeded in large-bodied fish and the Significance
Threshold from being reached. If, despite initial actions proposed in response to a low Action Level trigger
in Slimy Sculpin, a low Action Level trigger occurs for a large-bodied fish species for the same or another
ARF fish variable in the Koala or King-Cujo Watersheds, medium and high Action Levels for large-bodied
fish will still be developed within an adequate timeframe to prevent the Significance Threshold from being
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reached. In the Horseshoe Watershed, the recommended response to a L1 low Action Level trigger in
Slimy Sculpin may include the initiation of large-bodied fish sampling. The need to initiate large-bodied
fish sampling in the Horseshoe Watershed would be evaluated as part of a response plan to the L1 low
Action Level trigger in addition to the existing requirement to evaluate it every three years as part of the
AEMP Re-evaluation. In this way, large-bodied fish sampling in the Horseshoe Watershed will be initiated
within an adequate timeframe to set appropriate medium and high Action Levels and prevent the
Significance Threshold from being reached.

5.4.3.2

Medium and High Action Levels

Medium and high Action Levels for large-bodied fish variables that have been approved or established by
the Board to date are presented in Table 5.4-2.

Table 5.4-2: Medium and High Action Levels for Fish Variables
Variable
Selenium
(medium and high
Action Levels
established by
the Board)

Mercury
(approved
medium and high
Action Levels)

Medium Action Level Conditions

High Action Level Conditions

Source

1. Based on AEMP methods for
measuring tissue metal
concentrations in large-bodied
fish, mean selenium fish tissue
concentrations of a sampled fish
species in a near-field lake
exceed 50% of the US EPA
Recommended Freshwater
Selenium Ambient Chronic Water
Quality Criterion for the
Protection of Aquatic Life
(i.e., 11.3 mg/kg dwt; US EPA
2016).

1. Based on AEMP methods for
measuring tissue metal
concentrations in large-bodied fish,
mean selenium fish tissue
concentrations of a sampled fish
species in a near-field lake exceed
the US EPA Recommended
Freshwater Selenium Ambient
Chronic Water Quality Criterion for
the Protection of Aquatic Life (i.e.,
11.3 mg/kg dwt; US EPA 2016).

ERM 2019b

1. Based on AEMP methods for
measuring tissue metal
concentrations in large-bodied
fish, mean mercury fish tissue
concentration in the portion of fish
consumed (i.e., muscle) of a
sampled fish species in a nearfield lake exceed 70% of a sitespecific human consumption
screening value (mg/kg wwt of
methylmercury) at a site-specific
consumption rate (kg/day).

1. Based on AEMP methods for
measuring tissue metal
concentrations in large-bodied fish,
mean mercury fish tissue
concentration in the portion of fish
consumed (i.e., muscle) of a
sampled fish species in a near-field
lake exceed a site-specific human
consumption screening value
(mg/kg wwt of methylmercury) at
a site-specific consumption rate
(kg/day).

2. Mean selenium fish tissue
concentration in the portion of fish
consumed (i.e., muscle and/or egg
tissues) in large-bodied fish
sampled in a near-field lake as
part of the AEMP exceeds a sitespecific human consumption
screening value (mg/kg dwt of
selenium) at a site-specific
consumption rate (kg/day).
ERM 2019b

Notes:
AEMP = Aquatic Effects Monitoring Program; US EPA = United States Environmental Protection Agency
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Significance Thresholds

5.5.1

Background

The Board’s draft Response Framework guidance document indicates that an ARF should be linked with
the EA for the project (e.g., the Ekati Diamond Mine) because the EA documents the magnitude of
environmental change that is considered significantly adverse and therefore unacceptable. However, the
Board also acknowledges that in some cases the EA process does not provide a clear definition of
significant adverse effects for a project and states that in this case any ambiguity in the definition of
significance that remains after the EA must be resolved through the regulatory process (i.e., in the ARF;
WLWB 2010).
The 1995 EIS for the Ekati Diamond Mine broadly defined negligible, minor, moderate, and major impact
significance ratings for residual effects for physical (e.g., water quality) and biological (e.g., fish)
components (BHP and Dia Met 1995). Residual effects for water quality and fish related VECs were
predicted to be negligible to minor, and, based on the project’s approval, were deemed acceptable.
Thus, for the purpose of the ARF, a Significance Threshold for the aquatic Receiving Environment could
be considered analogous to the definition of a major residual effect in the 1995 EIS. However, the 1995
EIS ratings for an impact significance of ‘major’ for residual effects for physical and biological variables
were linked to large geographical areas (i.e., South Arctic Ecozone) and time scales of several
generations or decades that are not necessarily appropriate for the purposes of the ARF. Therefore,
an alternative approach to defining Significance Thresholds for the Ekati Diamond Mine ARF is
provided below.
The environmental protection measures at the Ekati Diamond Mine are focused on protection of the
uses of the Receiving Environment, which is in alignment with the Board’s Water and Effluent Quality
Management Policy (MVLWB 2011). The historical, current, and future uses of the aquatic environment
around the Ekati Diamond Mine include drinking and fishing by people and wildlife, and a living
environment for fish and other aquatic life in most of the waterbodies. Therefore, definitions of
Significance Thresholds related to these uses were derived for the purposes of the ARF
(see Section 5.5.2).
Benchmarks and EQC were also designed to be protective of the Receiving Environment and are being
used to manage the day-to-day operations of the mine. Benchmarks and EQCs are based on much
smaller levels of environmental change and, more importantly, are well below Significance Thresholds.
By setting Action Levels well in advance of when benchmarks may be reached (e.g., a low Action Level
for water quality is 50% of the benchmark), the Action Levels function as an early-warning system to
provide protection of the uses of the aquatic Receiving Environment at the Ekati Diamond Mine. The EQC
and ARF are only two of many tools that provide environmental protection at the Ekati Diamond Mine
(e.g., BHP Billiton 2012).

5.5.2

Thresholds

Water Licence W2012L2-0001 defines a Significance Threshold ‘as a level of environmental change in
any monitored variable which, if reached, would result in a significant adverse effect.’ Narrative
Significance Thresholds that are linked to the use protection approach and each component of the ARF
(i.e., water quality, plankton and benthos, and fish) are presented below. The Significance Thresholds
also relate to the VECs identified for the aquatic environment in the 1995 EIS and 2000 EA for the Ekati
Diamond Mine and to the key risks for the aquatic environment identified in the 2019 EIR (Dominion
2020). The three Significance Thresholds identified for the purposes of the Ekati Diamond Mine ARF are
defined in Table 5.5-1.
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Table 5.5-1: Significance Thresholds
ARF Component

Significance Threshold

Water Quality

The water of the Koala, King-Cujo, Pigeon-Fay and Upper Exeter, or Horseshoe watershed
is unsafe to drink for wildlife and/or humans.

Plankton and
Benthos

The plankton and/or benthos communities of the Koala, King-Cujo, Pigeon-Fay and Upper
Exeter, or Horseshoe watershed have changed in such a way that sufficient food for fish is
no longer available.

Fish

A large-bodied fish species (i.e., Lake Trout or Round Whitefish) of the Koala, King-Cujo,
Pigeon-Fay and Upper Exeter, or Horseshoe watershed is unsafe to eat; or is unable to
survive, grow, or reproduce, or is permanently lost from a watershed.

The Significance Thresholds defined in Table 5.5-1 are linked on a spatial scale to the watersheds in
which there are current mine activities. The Significance Thresholds apply to waterbodies that are
examined for mine-related effects in the AEMP. This means downstream waterbodies or select
waterbodies in the immediate vicinity of the mine, not waterbodies that have been Dewatered or are
approved for Dewatering or waterbodies designated for use by the mine (e.g., the LLCF, KPSF,
Desperation Sump, or TRSP). The Significance Thresholds are applied at the Koala, King-Cujo,
Pigeon-Fay and Upper Exeter, or Horseshoe watershed scales (as opposed to lake specific watershed
scales). For example, within the Koala Watershed several lakes (e.g., Leslie, Moose, Nema, and Slipper)
are monitored and the Significance Threshold applies to these lakes collectively rather than individually
(i.e., the threshold would not be exceeded on a lake by lake basis). Lac de Gras, Lac du Sauvage, and
Lower Exeter Lake are not included for three reasons. First, the Significance Thresholds at the defined
spatial scale are more conservative than would be the case if these lakes were included. The Significance
Thresholds can therefore be considered protective against significant adverse effects related to the Ekati
Diamond Mine in these larger and further downstream waterbodies. Second, the Ekati Diamond Mine
AEMP does not monitor or evaluate the potential for whole-lake mine-related effects in Lac de Gras,
Lac du Sauvage, or Lower Exeter Lake and the existing monitoring information does not indicate the need
to do so. Third, because there is a potential for cumulative effects in Lac de Gras, Arctic cannot tie
its Significance Thresholds for the ARF to this waterbody since it does not have control over the level of
impact that may be present due to other influences.
Further information explaining each Significance Threshold and the way it may be reached is provided in
the following sections (5.5.2.1 to 5.5.2.3). If necessary, the detailed mechanisms by which it may be
determined whether a Significance Threshold has been reached or is likely to be reached will be outlined
within a Response Plan to be submitted to the Board for approval. These methods would be determined
within a Response Plan following exceedance of a medium or high Action Level.

5.5.2.1

Water Quality

The water of the Koala, King-Cujo, Pigeon-Fay and Upper Exeter, or Horseshoe watershed is unsafe to
drink for wildlife and/or humans.
The determination that the water of any of the four AEMP watersheds (Koala, King-Cujo, Pigeon-Fay and
Upper Exeter, or Horseshoe) is unsafe to drink for humans is conducted through comparisons to
Canadian drinking water guidelines (Health Canada 2019c). Only health related guidelines (i.e., maximum
acceptable concentration; MAC) are considered in the determination of water that is unsafe to drink for
humans. Aesthetic and operational guidelines are not incorporated. Aesthetic quality guidelines address
variables that may affect “consumer acceptance” of drinking water, such as taste, odour, and colour and
are not related to water quality toxicity. Operational guidelines are set for variables that may affect
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processes at a water treatment plant or in the drinking water distribution system and are therefore also
not relevant to the ARF.
In the case of wildlife, CCME guidelines for livestock watering are typically used as surrogate benchmarks
in the absence of any drinking water guidelines for wildlife developed for Canada or the Northwest
Territories (CCME 2019b). These guidelines will be reviewed, as necessary, to confirm applicability to
species present in the Ekati Diamond Mine area. Review of drinking water guidelines for wildlife may be
undertaken as part of the response actions associated with a water quality Response Plan if concentrations
are predicted to reach CCME guidelines. Under-ice water cannot be accessed by wildlife, thus, under-ice
water quality are not considered when assessing risks to wildlife as they relate to drinking water.
Although the Action Levels for water quality (Section 5.2.3) rely in part on comparison to benchmarks for
both freshwater aquatic life and drinking water guidelines, the Significance Threshold for water quality
considers drinking water quality for humans and wildlife because the effects of changing water quality on
the aquatic biological community are captured within the Significance Thresholds for plankton, benthos,
and fish where the biological responses to potential water quality stressors are assessed.

5.5.2.2

Plankton and Benthos

The plankton and/or benthos communities of the Koala, King-Cujo, Pigeon-Fay and Upper Exeter,
or Horseshoe watershed have changed in such a way that sufficient food for fish is no longer available.
Arctic defines “sufficient food for fish is no longer available” as a change in the community composition,
density or biomass of the planktonic or benthic assemblages that results in negative effects to the
survival, growth, or reproduction of a large-bodied AEMP fish species (Lake Trout or Round Whitefish).
Thus, biological changes indicative of a lack of sufficient food for fish may include a substantive decline in
phytoplankton biomass or density and a resultant decline in zooplankton biomass or density, a persistent
absence of plankton that are edible to fish, or a substantive decline in density or a persistent absence of
benthic organisms known to be important prey for fish.
The examples above purposely relate to fish species and measurement endpoints regularly assessed in
the AEMP because these are the data readily available to make the determination whether a Significance
Threshold has been met. However, additional studies may be undertaken, and alternative endpoints
assessed, if valuable in the determination of whether a Significance Threshold may be met. When
considering effects of changes in plankton community composition on fish survival, growth, or
reproduction, changes in nutritional value will be incorporated as appropriate.

5.5.2.3

Fish

A large-bodied fish species (i.e., Lake Trout or Round Whitefish) of the Koala, King-Cujo, Pigeon-Fay and
Upper Exeter, or Horseshoe watershed is unsafe to eat; or is unable to survive, grow, or reproduce, or is
permanently lost from a watershed.
The fish Significance Threshold is specific to large-bodied fish because of their important role at the top of
the food web, their value as a source of food to humans and wildlife, their recreational value, and their
cultural value. The Significance Threshold for fish is specific to the large-bodied fish species assessed
regularly (i.e., every six years) in the current AEMP. Lake Trout and Round Whitefish are common among
AEMP lakes and are the large-bodied species for which background data are available. Of these species,
Lake Trout is generally the most sensitive, as it is normally an inhabitant of clear, clean, cold, and
well-oxygenated water (BHP and Dia Met 1995). Because Lake Trout are also long-lived top predators,
they may accumulate contaminants in their tissues at a greater rate than fish at lower trophic levels, with
long-term exposure to chronic levels of contaminants reducing their growth, fertility, and longevity. Fish
species most commonly captured during lake gillnetting studies at the mine site include Lake Trout and
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Round Whitefish, further supporting their use as the two main large-bodied fish species monitored for the
AEMP and those associated with the Significance Threshold for fish. The Significance Threshold for fish
is reached when either species (not necessarily both) becomes unsafe to eat; or is unable to survive,
grow, or reproduce, or is permanently lost from a watershed.
Large-bodied fish are not currently monitored as part of the AEMP for the Pigeon-Fay and Upper Exeter
or Horseshoe watersheds. However, monitoring of large-bodied fish may be added to the AEMP for these
watershed if deemed necessary through the AEMP Re-evaluation process if mine-related effects in water,
sediment, or lower trophic levels are identified and suggest the potential for mine-related effects in
large-bodied fish species.
A safe or unsafe fish consumption designation related to humans can be determined through the direct
monitoring of metal concentrations in fish tissues compared tissue advisories and consumption guidelines
proposed by regulatory agencies (e.g., Health Canada, US EPA). The safety of fish consumption by
wildlife may be examined by conducting literature searches to determine safe consumption levels based
existing guidelines or on data for surrogate species present in the literature, if possible.
Metrics assessing survival, growth, reproduction, and presence/absence of Lake Trout and Round
Whitefish are assessed as part of the AEMP, thus these data are readily available to make the
determination whether a Significance Threshold has been met. However, additional studies may be
undertaken, and alternative endpoints assessed, if valuable in the determination of whether a
Significance Threshold may be met.

5.6

Potential Management Response Actions

This section outlines potential management response actions that may be appropriate if an Action Level
is exceeded; however, the potential actions described herein are not an all-inclusive list. The list is
designed to show the types of actions that may be appropriate depending on the Action Level exceeded
(low, medium, or high) and the level of environmental risk. Management actions to be completed in
response to the exceedance of an Action Level will be defined on a case by case basis depending on
the water quality variable or biological variable for which an Action Level has been exceeded and the
implications of exceeding the Action Level.
The primary response action associated with triggering any Action Level will be the submission of the
Response Plan to the Board for approval. As described in Section 6.4, each Response Plan will be
written to satisfy the requirements of Schedule 8, Item 4 of W2012L2-0001; each Response Plan will
outline the methods used to determine that the Action Level was exceeded; and provide a description of
the variable, its relation to the Significance Thresholds, the ecological implications of the Action Level
exceedance, the likely cause of the Action Level exceedance, and the planned actions to address the
exceedance including justification and timelines. Other information will be included as necessary.
Examples of possible planned actions are described below.

5.6.1

Low Level Actions

A specific response action associated with triggering a low Action Level will be to set medium and high
Action Levels. In some cases, setting the medium and/or high Action Levels may be deferred if specific
and appropriate rationale is provided (e.g., additional research is required). Additional management
response actions upon exceeding a low Action Level will be largely investigative. Other actions that may
be appropriate when exceeding a low Action Level may include but are not limited to:


An investigation to verify the source(s) of observed change;



An estimation of whether a water quality variable is expected to exceed its benchmark, and when;
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The planning or initiation of an issue-specific information collection program or study to define the
magnitude, spatial extent and reversibility of the effect;



A review of the water quality benchmark or development or update of an SSWQO as new and
relevant science becomes available; or



The identification of possible mitigation options.

5.6.2

Medium and High Level Actions

Management response actions upon exceeding a medium or high Action Level may involve greater
intervention and may be based on options identified during investigations when the low Action Level was
exceeded. Other actions that may be appropriate when exceeding a medium or high Action Level may
include but are not limited to:


An investigation to verify the source(s) of change measured;



A more in-depth investigation of mitigation options, which may include experimentation or small-scale
tests;



The initiation of an issue-specific information collection program, ecological risk assessment, or a
study to define the magnitude, spatial extent and reversibility of the effect;



A review of the water quality benchmark or development or update of an SSWQO as new and
relevant science becomes available;



Selecting, planning for, and implementing a mitigation option such as modification of management
plans (e.g., wastewater and Processed Kimberlite management plan), modification of water
management practices (e.g., pumping rates and timing), or design and construction of mitigation
structures or facilities; or



An assessment of the effectiveness of implemented mitigation options as part of the Response Plans
for the specific variable in question.
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6.

AEMP REPORTING

6.1

Annual AEMP Report

AEMP REPORTING

The AEMP Report will be submitted annually on or before March 31 each year as required by Water
Licence W2012L2-0001 Part J, Condition 6. The report will include information related to data collected in
the preceding calendar year. The AEMP Report will be comprised of two volumes: Part 1 – Annual Report
and Part 2 – Statistical Report. The content of each report volume is described briefly below.


Part 1 – Annual Report: the Annual Report will provide a description of the methods used to assess
change in the aquatic environment and provide the results of the Evaluation of Effects. An executive
summary will summarize the Evaluation of Effects. A data appendix will be provided that will include
the current year AEMP monitoring data presented in tabular form and a summary of the current year
meteorology data. Any deviations from the approved field, laboratory, or data analysis methods
presented in the AEMP Design Plan will be documented. Reporting under the ARF will also be
provided as an appendix to Part 1 – Annual Report. Similar to past years, the ARF appendix will
provide a summary of Action Level exceedances for the current year, a summary of any pre-existing
Action Level exceedances and Response Plans, and an assessment of whether additional water or
biological variables should be included in the ARF.



Part 2 – Statistical Report: the Statistical Report will include the detailed statistical methods as well
as outputs of the statistical Evaluation of Effects for each AEMP watershed.

In addition, the annual AEMP data will be provided to the Board in an excel workbook and HTML figures
will be provided to complement the time-series figures (Evaluation of Effects figures) presented in the
Annual Report. The HTML figures allow for manipulation of the data to increase readability. For example,
data for different sites can be toggled on and off. A plain language summary of the results of the AEMP
will continue to be provided annually in the Water Licence W2012L2-0001 Annual Report.

6.2

AEMP Re-evaluation

The next AEMP Re-evaluation report will be submitted on or before December 15, 2022 or as otherwise
directed by the Board, as required by Water Licence W2012L2-0001 Part J, Condition 5.
The report will focus on information related to the data collected in the three preceding calendar years
(2019 to 2021). As required by the Water Licence, the report will include a comparison of mine-related
effects on the Receiving Environment to EA predictions and will provide updated effects predictions.
Supporting evidence for proposed changes to the AEMP Design Plan, including any changes to the ARF,
will be provided.

6.3

Notification of Action Level Exceedances

AEMP data will be assessed against approved Action Levels and notification of any exceedances will be
provided to the Board according to Water Licence requirements. Part J, Condition 9(a) of Water Licence
W2012L2-0001 states that “if any Action Level defined in the approved Response Framework is
exceeded, the Licensee shall notify the Board within 60 days of when the exceedance is detected”.
Action Level exceedances for water quality may only be detected based on final laboratory results.
Following receipt and analysis of the final water quality data for each April and August AEMP sampling
period, Arctic will submit a notification letter to the Board indicating whether or not any water quality
Action Levels have been exceeded. Action Level exceedances for total phosphorus will be reported on
with the AEMP Report, due March 31 annually, rather than following receipt of the analytical results for
the open-water and under-ice seasons because of the known potential for natural exceedances of the
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water quality benchmark and potential challenges interpreting trends in total phosphorus based on
graphical analysis alone.
The analysis of biological data (collected only once in August) has a lengthy turnaround time (e.g., counting
and identifying the phytoplankton, zooplankton, and benthic taxa or conducting aging analyses for fish)
and some of the biological Action Levels require comparison to the Evaluation of Effects results, thus
assessment against Action Levels for biological variables will be provided with the Annual Report, on
March 31 each year.

6.4

Response Plans

If an Action Level is exceeded for any ARF variable a Response Plan will be submitted to the Board
for approval according to Water Licence requirements. Part J, Condition 9(b) of Water Licence
W2012L2-0001 states that “if any Action Level defined in the approved Response Framework is
exceeded, the Licensee shall, within 90 days of when the exceedance is detected, submit a Response
Plan that satisfies the requirements of Schedule 8, Condition 4 to the Board for approval.”
Response Plans will be submitted on an individual variable basis, unless there is good rationale to group
variables into a single Response Plan (e.g., they are related or have a common source). Each Response
Plan will be written to satisfy the requirements of Schedule 8, Condition 4 of W2012L2-0001, which states:
“The AEMP Response Plan referred to in Part J, Condition 9(b) shall contain the following
information for each parameter that has exceeded an Action Level:
a. A description of the parameter, its relation to Significance Thresholds, and the ecological
implication of the Action Level exceedance;
b. A summary of how the Action Level exceedance was determined and confirmed;
c. A description of likely causes of the Action Level exceedance and potential mitigation options if
appropriate;
d. A description of actions to be taken by the Licensee in response to the Action Level exceedance
including:
i.

a justification of the selected action which may include a cost/benefit analysis;

ii.

a description of timelines to implement the proposed actions;

iii.

a projection of the environmental response to the planned actions, if appropriate;

iv. a monitoring plan for tracking the response to the actions, if appropriate; and
v.

a schedule to report on the effectiveness of actions and to revise the AEMP Response Plan
as required.

e. For hydrology-related parameters at the Narrows, a description of how the Action Levels
proposed will ensure water levels at the Narrows are maintained such that the Jay Development
does not adversely affect fish passage and the continuation of traditional use of the area as an open
water source; and
f. Any other information that is necessary to assess the response to an Action Level exceedance or
that has been requested by the Board.”
Response Plans may also include recommended methods or rationale for determining how the proposed
actions in the Response Plan may be considered complete and/or the obligations under the Response
Plan have been fulfilled indicating that a Response Plan is no longer required. Rationale may include
specific rationale for achieving the completion of individual actions within a Response Plan and/or
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rationale for determining when a Response Plan is no longer required (e.g., because the variable is no
longer exceeding an Action Level).
The Board has previously acknowledged that if a Response Plan has already been developed for a
particular variable an update to the Response Plan may not be required upon each instance of the same
Action Level exceedance. In such circumstances the Board has indicated that Arctic may submit rationale
indicating why no change to the Response Plan is required at that time (WLWB 2017). Therefore, where
appropriate, Arctic may justify that an existing Response Plan is appropriate to address a new Action
Level exceedance and will not be required to update the Response Plan.

www.erm.com

Version: 7.1

Project No.: 0587934

Client: Arctic Canadian Diamond Company Ltd.

December 2021

Page 6-3

EKATI DIAMOND MINE
2020 to 2022 Aquatic Effects Monitoring Program Design Plan

7.

FUTURE AEMP DESIGN PLAN CHANGES AS A RESULT OF
THE JAY DEVELOPMENT

FUTURE AEMP DESIGN PLAN CHANGES AS A RESULT OF
THE JAY DEVELOPMENT

This section documents changes to the main Ekati Diamond Mine AEMP that would occur as a result of
the Jay Development, as proposed in the 2019 AEMP Re-evaluation. The proposed Jay AEMP Design
Plan is described in a separate document (Dominion 2019).
The approved mine plan for the Jay Development included the Construction of a containment dike around
the Jay kimberlite pipe in Lac du Sauvage and dewatering within the diked area. Flows downstream of
the KPSF would naturally flow from Cujo Lake through the King-Cujo Watershed into the diked area of
Lac du Sauvage, and thus would be diverted prior to reaching Lac du Sauvage. Flows would be diverted
from the Christine Lake Outflow south of the diked area into the main basin of Lac du Sauvage via a
diversion channel (Figure 7-1). The Sub-Basin B diversion channel would intercept flow from two streams,
Stream B0 downstream of Christine Lake, and Stream Ac35, a small ephemeral stream downstream of
Lake Ac35, and direct it, together with surface runoff, south of the Jay Project site into the main basin of
Lac du Sauvage.
If flows downstream of Christine Lake were diverted through the Sub-Basin B Diversion Channel, AEMP
sampling for water quality would take place at SNP station Jay-0016, which would be located in the SubBasin B Diversion Channel prior to entering Lac du Sauvage. Data collected from select near-field Jay
AEMP stations in Lac du Sauvage would also be included in the evaluation of potential effects from the
Misery site, including KPSF Discharge (the flow path to Lac du Sauvage is shown in Figure 7-1, Dominion
2019). The Jay AEMP stations that would be included are those closest to the outlet of the Sub-Basin B
Diversion Channel. During the Jay Project Construction phase, sites NF4 and NF5 would be included and
during the Jay Project Operations phases site NF4 would be included (NF5 was not planned to be
sampled during Operations as part of the Jay AEMP Design; Dominion 2019). Cujo Lake and Cujo
Outflow Stream as well as Christine-Lac du Sauvage Stream stations would not be affected by the Jay
Development, as the Sub-basin B Diversion Channel is downstream of these monitoring stations. Thus,
following the connection of the Sub-Basin B Diversion Channel to Lac du Sauvage, the main Ekati
Diamond Mine AEMP would assess the potential for mine-related effects from the Misery site, including
Discharge from the KPSF to the downstream Receiving Environment though monitoring at two to three
lake stations and three stream stations (Figure 7-1):


Station NF4 or Stations NF4 and NF5 in Lac du Sauvage;



Cujo Lake and Cujo Outflow Stream;



Christine-Lac du Sauvage Stream; and



Station Jay-0016 in Sub-Basin B Diversion Channel.

Christine Lake was also planned to be monitored as part of the Jay AEMP Design. Jay AEMP stations
that are located further afield could be added through future AEMP Re-evaluations if mine-related effects
associated with KPSF Discharge were observed in Lac du Sauvage. In the Board’s Decision on the 2019
AEMP Re-evaluation (WLWB 2021a), the Board noted that it is possible that changes to the specific
locations of proposed Jay AEMP stations may occur during the course of future project implementation.
The Board will be notified if proposed monitoring locations (Station Jay-0016 in Sub-Basin B Diversion
Channel, and Station NF4 or Stations NF4 and NF5 in Lac du Sauvage) change as part of the approval
process for the Jay AEMP.
Water quality monitoring would be conducted at Jay-0016 according to the sampling frequency,
replication, and field methods used for other AEMP stream sites. Data collected from sites NF4 and NF5
in Lac du Sauvage would be collected as part of the Jay Project AEMP according to the sampling
frequency, replication, and methods described in the Jay AEMP Design Plan, Version 1.1 (Dominion
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FUTURE AEMP DESIGN PLAN CHANGES AS A RESULT OF
THE JAY DEVELOPMENT

2019). According to the Jay AEMP Design, physical limnology, water quality, and chlorophyll a would be
sampled at sites NF4 and NF5 annually, while phytoplankton taxonomy, zooplankton, sediment quality,
and benthic invertebrates would be sampled every three years. Fish health and tissue chemistry
monitoring in Lac du Sauvage is not a component of the current AEMP; thus, fish health and tissue
monitoring that would be conducted in Lac du Sauvage as part of the Jay AEMP would not be considered
in the Evaluation of Effects for the Misery site, but would be considered for the Evaluation of Effects for
the Jay AEMP.
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8.

BASELINE DATA COLLECTION

BASELINE DATA COLLECTION

Ursula Lake has been proposed as the source lake for refilling Sable Pit after mining in the pit has ceased.
According to the current mine plan Sable mining will end around 2022 with flooding starting in 2027. The
2019 AEMP Re-evaluation identified that baseline hydrology data for Ursula Lake/Outflow are needed to
support Sable Pit refilling and that data collection should begin at least three years prior to the start of pit
refilling (i.e., according to the current mine plan no later than 2024). Therefore, data collection at this site
has been included in the AEMP Design Plan for 2020 to 2022 but may begin during the next AEMP
period (2023 to 2025).
Monitoring and data analysis methods will be the same as those outlined in Sections 4.3.1 and 4.4.1.
The automated station may be set up in the lake or the outflow stream; all other monitoring will occur in
the outflow stream (Figure 8-1).
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