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VERSION HISTORY
This Aquatic Effects Monitoring Program (AEMP) Design Plan Version 6.3 is an update to AEMP Design
Plan Version 5, which was conditionally approved by the Mackenzie Valley Land and Water Board
(MVLWB) in December 2015 and finalized in January 2016. See below for a summary of version history.
Version

Date

Notes/Revisions

Version 1

November 2013

This draft version was submitted with the Water Licence and Land Use Permit applications to
the Mackenzie Valley Land and Water Board (MVLWB). It described the preliminary design
for an Aquatics Effects Monitoring Program (AEMP) during the construction and operations
of the mine – it was a draft for discussion.

Version 2

April 2014

This draft version was submitted to the MVLWB following the Technical Sessions and the
February and March 2014 workshops on the AEMP. The plan was updated to incorporate
ongoing design review and feedback received at the Technical Sessions and workshops.

Version 3

June 2014

This version of the AEMP Design Plan was submitted to the MVLWB following the Water
Licence Hearings, and incorporated feedback received prior to and at the Hearings.

May 2015

This version of the plan was updated based on Water Licence requirements as stipulated in
Part I of Water Licence MV2005L2- 0015 (issued on September 24, 2014), review comments
to Version 3 of AEMP Design Plan provided by MVLWB (MVLWB 2014a) on December 11,
2014, and feedback received during the April 2015 AEMP workshop focussing on key
responses to the MVLWB’s review comments and AEMP action levels. The MVLWB
required that De Beers re-submit the AEMP Design Plan in accordance with the comments
made during the MVLWB’s review (MVLWB 2014a).

Version 4

August 2015

This version of the plan was updated to incorporate clarifications made as part of the
responses to the review comments to Version 4 including those highlighted by the Board in
their conditional approval letter of the AEMP dated July 23, 2015.

January 2016

Table 8.4-3 was revised as per the Board’s Decision letter, dated December 3, 2015. This
was the approved AEMP Design Plan used for the 2015 to 2019 AEMPs.

December 2019

This version incorporated recommended changes described in the 2015 to 2018 Aquatic
Effects Re-evaluation Report (De Beers 2019b), as well as updates to the project
understanding since Version 5 (e.g., updated effect predictions, summary of existing
conditions, removal of text related to construction activities). In addition, the organizational
structure was updated to meet new AEMP guidance (MVLWB and GNWT 2019). To meet
the new guidance, some new text was added (i.e., AEMP Team and Accountability,
Moderate and High Action Levels in the Response Framework, Other Relevant Regulatory
Instruments, Concordance Tables).

Version 5

Version 6

Version 6.1

May 2021

Version 6.2

September 2021

Version 6.3

February 2022

This version incorporated commitments made following Board and stakeholder review of the
2015 to 2018 Aquatic Effects Re-evaluation Report and the AEMP Design Plan Version 6,
and from the Aquatic Effects Monitoring Program (AEMP) Workshop (hosted by the Board in
November 17 to 19, 2020), including Board Directives as listed in Appendix A. In addition,
edits to the project description section were applied based on the approved 2020 Water
Licence amendment and updates to the AEMP benchmarks were made.
This version incorporates revisions in accordance with the Board Directives in the interim
submission approval letter from the Board on August 24, 2021.
This version incorporates revisions in accordance with the Board Directives related to the
2020 AEMP Response Plan for Toxicological Impairment and Enrichment; the letter from the
Board was received on January 31, 2022.
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The updated AEMP Design Plan (Version 6.3) incorporates recommendations made during the reevaluation of the 2015 to 2018 AEMP results, commitments made during the AEMP Workshop hosted by
the Board on November 17 to 19, 2020, in response to information requests on the AEMP Workshop, the
AEMP Design Plan Version 6.1, and additional response actions. Document structure was also revised to
match the template for an AEMP Design Plan, as required in Appendix 1 of the Guidelines for Aquatic
Effects Monitoring Programs (MVLWB and GNWT 2019). A high-level summary of changes made in
comparison to Version 5 is provided below.
Section in AEMP Design Plan
Version 6.3

1 – Introduction

Changes from AEMP Design Plan Version 5
Consolidation of first four sections (Section 1 – Introduction, Section 2 – Regulatory History
and Process, Section 3 – Public Engagement, Section 4 – Incorporation of Traditional
Knowledge) with additions to meet the new AEMP guidance, removal of mine activities
related to construction phase (e.g., dewatering), and concordance tables showing alignment
with the Water Licence
Similar to Section 5 – Mine Overview with the following differences:
•

2 – Project Description

•
•

Updated schedule and summary of mine activities, with reference to the most recent
Water Licence amendment (2020)
Combined and shortened summary of mine phases and water management summary
Incorporated the updated effect predictions from the 2015 to 2018 Aquatic Effects Reevaluation Report and the AEMP Workshop

3 – Description of the
Environment

New section that provides new text on environmental setting, existing conditions, and nearby
projects, as well as incorporates Section 7.2 – Study Areas and text related to environmental
components and traditional land use.

4 – Problem Formulation

Streamlined version of Section 6 – Conceptual Site Model

5 – AEMP Design

Updated version of Section 7 – Study Design with updates to sampling schedule, locations,
stations, and frequency. No changes to design approach or quality assurance/quality control
procedures, with the exception that there is no permitted operational discharge to Area 8 and
thus no SNP stations in this core lake

6 – Methods and Analysis

Updated version of Section 9 – Aquatic Effects Monitoring Program Component Details and
Section 11 – Weight of Evidence Approach; this section contains the component-specific
details of methods for sampling and data analysis with specific updates are summarized in
sub-sections titled as “Changes Relative to Design Plan Version 5”

7 – Special Studies

The same as Section 10 – Special Studies but with more details for the plume delineation
studies

8 – AEMP Response
Framework

The same as Section 8 – Aquatic Effects Monitoring Program Response Framework except
for updates to the Action Levels, which include the removal of Action Levels for water
quantity; updates to the Low Action Level for all components; newly developed Moderate and
High Action Levels for the core lakes for all components; newly revised Action Levels for Fish
Habitat and Community; and newly developed Action Levels for Lake D2/D3 for all
components
Specifically for Version 6.3, additional response actions were added to Section 8.4.1.3

9 – AEMP Reporting

The same as Section 12 – Aquatic Effects Monitoring Program Reporting with minor updates,
including removing the need to submit a response plan for a Low Action Level exceedance
as per the new AEMP guidance except when directed by the Board

10 – References

The same as Section 13 - References but updated with any new references

11 – Abbreviations and
Acronyms, Unit of Measure,
Glossary

The same as Section 14 – Acronyms and Glossary but updated with any new abbreviations,
acronyms, units, or glossary terms
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Changes from AEMP Design Plan Version 5

Appendix A – Concordance with
MVLWB Directives and
Summary of Changes

New appendix to show concordance with MVLWB Directives and summary of changes
between Version 6 and 6.1

Appendix B – Station
Coordinates by Sampling Event

New appendix to address an MVLWB Directive from the 2018 AEMP Annual Report

Appendix C – AEMP
Benchmarks

New appendix to document the selection of AEMP benchmarks and the rationale for each
selection

Note that the following appendices from Version 5 were not retained in Version 6:
•

Appendix A – Aquatic Effects Monitoring Program Workshop Meeting Agendas, Presentations, and Notes (March 2013,
February 2014, March 2014, and April 2015)

•

Appendix B – Summary of Commitments and Conditions for the Water Licence (MV2005L2-0015) for the Aquatic Effects
Monitoring Program Design Plan

•

Appendix C – Statistical Power of the Before-After Control-Impact (BACI) Models
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PLAIN LANGUAGE SUMMARY
De Beers Canada Inc. (De Beers) will conduct open pit diamond ore (kimberlite) mining, milling, and
associated activities at the Gahcho Kué Mine (Mine), located approximately 280 km northeast of
Yellowknife, in the Northwest Territories (NT).
The Aquatic Effects Monitoring Program (AEMP) described in this document is designed to monitor
potential aquatic effects of the Mine, verify and update Environmental Impact Statement (EIS) and
associated predictions, and inform management decisions made by the Mine. The content of the AEMP
Design Plan is dictated by Schedule 6, Item 1 of the Water Licence (MV2005L2-0015) originally issued on
September 24, 2014, and amended on December 14, 2018 and March 10, 2021.
A Conceptual AEMP Design Plan was submitted to the Mackenzie Valley Land and Water Board (MVLWB,
the Board) in November 2013 as a draft document for discussion. Based on feedback received from
regulators and Indigenous community representatives, a second version was submitted in April 2014.
A third version incorporated feedback and commitments made during the regulatory process including
technical sessions, AEMP working group meetings, interventions, and a public hearing. In addition,
De Beers presented information on the AEMP during community visits. The fourth version incorporated
feedback and commitments made as part of the response to the third set of MVLWB and intervener review
comments, an AEMP working group meeting held in April 2015, and changes to the Water Licence. The
fifth version was issued January 2016, and incorporated the responses made to the fourth set of comments
including those highlighted by the MVLWB in their conditional approval letter dated 23 July 2015. Version 5
encompassed the early years of the Mine (two years of construction and three years of operations),
specifically from 2015 to 2019.
Version 6 of the AEMP Design Plan was submitted to the Board in December 2019, and incorporated
recommendations made during the re-evaluation of the 2015 to 2018 AEMP results. An AEMP Workshop
was hosted by the Board in November 2020 to discuss outstanding concerns from the review of the 2015
to 2018 Aquatic Effects Re-evaluation Report, and the AEMP Design Plan Version 6 by regulators,
Indigenous parties, and other stakeholders. Based on these discussions and as directed by the Board, the
AEMP Design Plan was revised, and Version 6.2 was produced. As directed by the Board, Version 6.3 was
produced to incorporate additional response actions. The next re-evaluation of the monitoring program and
potential adjustments to the design will be considered in the 2019 to 2021 Aquatic Effects Re-evaluation
Report, to be submitted in 2022 along with the next AEMP Design Plan.

AEMP Objectives
The specific objectives of the AEMP, in reference to Part I, Item 1 of the Water Licence, are:
•

to determine short- and long-term aquatic effects of the Mine on the receiving environment
(i.e., Kennady Lake watershed, N Lake watershed, and downstream watersheds);

•

to test the predictions made in the Environmental Impact Review and other submissions to the MVLWB
regarding the impacts of the Mine on the receiving environment;

•

to evaluate whether traditional water uses in Lake N11 (outside of the initial dilution zone) and in waters
downstream of Kennady Lake are affected by the Mine’s activities throughout construction, operation,
and closure and reclamation;
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•

to assess the effectiveness of mitigation used to minimize the effects of the Mine on the receiving
environment;

•

to identify whether there is a need for additional mitigation to reduce or eliminate Mine-related effects;
and,

•

to provide an early warning system, whereby the results of aquatic monitoring are used to prevent or
avoid adverse environmental effects through a Response Framework and regular evaluation of the
AEMP.

Summary of Mine Activities
The operations phase started in October 2016, with the first operational discharge from the water
management pond (WMP) to Lake N11 and mining of the kimberlite ore bodies. The operations phase is
expected to last approximately 14 years. Key water management activities during operations include:
•

water management outside the controlled area by diverting clean surface water away from the mine
site;

•

creation of raised lakes, which are lakes whose water levels are higher than before because of
diversions from other watersheds;

•

water management inside the controlled area by directing any site runoff, mine process water, or
groundwater flowing into the open pits to the WMP;

•

periodic operational discharge to Lake N11 from the WMP; and

•

flow augmentation downstream of Area 8 to reduce the effects of lower flow from the isolation of Area 8
from the Kennady Lake watershed on the downstream aquatic environment of Area 8.

Problem Formulation
The components of the aquatic food web that could be affected by the Mine include: the small planktonic
organisms living in the open water (small plants called phytoplankton and small animals called
zooplankton); the organisms living in the sediments (small animals called benthic invertebrates, such as
snails, clams, worms, and insect larvae); and the fish.
The primary potential effects to this food web are from the releases of Mine-affected water from Kennady
Lake, and changes to water levels and flows from diversions of lakes and streams within the Kennady Lake
watershed. There are three types of possible effects: chemical changes resulting in toxicity; nutrient
enrichment resulting in more food for aquatic animals and possible reductions in oxygen levels in lake
water; and changes in stream flows or water levels.
The conceptual site model provides the basis for refining the AEMP to provide necessary information for
management to keep the water safe to drink, the fish safe to eat, and the aquatic ecosystem healthy.

Study Design
The general approach for the AEMP design is the key question approach, whereby each monitoring
component answers a number of key questions based on the results of each annual monitoring cycle.
Monitoring components include hydrology, water quality, sediment quality, plankton, benthic invertebrates,
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fish health, and fish tissue chemistry. Monitoring associated with the flow mitigation plan is also included in
the AEMP.
The AEMP will monitor each component in the “core lakes” and “reference lakes”, by making measurements
or collecting samples at several locations within each lake. Core lakes may be affected by the Mine and
include Area 8 of Kennady Lake, Lake N11, and for some components, Lake 410 and Kirk Lake. In addition
to the core lakes, a representative “raised lake”, which is a lake affected by increased water levels due to
diversions from other watersheds, will also be monitored by most components. This lake is Lake D2/D3,
which used to consist of two lakes, D2 and D3.
Reference lakes are reasonably similar, though not necessarily identical, to the core lakes in terms of
monitored components, but have no potential to be affected by the mine. By monitoring reference lakes in
addition to core lakes, De Beers can assess whether changes in the core lakes are Mine-related, or due to
natural factors that affect all lakes in the region surrounding the Mine. More than one reference lake
provides a better basis upon which to determine whether changes to the core lakes are natural or Minerelated. Two reference lakes (i.e., East Lake and Lake 3 [formerly named Reference Lake 3]) were selected
for the AEMP.
An overview of the study design is provided in the matrix below, which outlines the components that will be
monitored in the core and reference lakes, Lake D2/D3, and lakes and streams downstream of Area 8. For
this version of the AEMP Design Plan, monitoring will be done every year for hydrology, water quality,
sediment quality, plankton, benthic invertebrates, and fish habitat and community. Fish health and fish
tissue chemistry monitoring will be done every three years. For some components, monitoring will occur
several times within a year (e.g., hydrology, water quality, plankton, fish habitat and community), whereas
for other components monitoring will occur once in late summer or early fall (i.e., sediment quality, benthic
invertebrates, and fish health and fish tissue chemistry).

Lake/Stream

Hydrology

Water
Quality

Plankton

Sediment
Quality

Benthic
Invertebrates

Fish
Habitat and
Community

Fish
Health

Fish Tissue
Chemistry

Area 8

√

√

√

√

√

√

√

√

Lake N11

√

√

√

√

√

-

√

√

Lake 410

√

√

-

-

-

√

-

-

Kirk Lake

√

-

-

-

-

-

-

-

Reference Lakes

√

√

√

√

√

-

√

√

Raised Lakes – Lake
D2/D3

√

√

√

√

√

-

-

√

Downstream Lakes
and Streams

√

√

-

-

√

√

-

-

Incorporation of Traditional Knowledge
Traditional Knowledge (TK) will be incorporated into the AEMP through ongoing engagement activities with
Indigenous parties (community workshops, meetings, site visits), participation and investment in TK
gathering with Ni Hadi Xa, and annual fish tasting events.
The Ni Hadi Xa is an environmental agreement between De Beers and five Indigenous parties (Deninu Kué
First Nation, North Slave Métis Alliance, Northwest Territory Métis Nation, Tłı̨ chǫ Government, and the
Łutsel K’e Dene First Nation), signed in the fall of 2014. It provides an additional layer of oversight, over
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and above the regulatory instruments of legislation, policy, licences and permits that govern mine
operations. It is a forum for Indigenous parties to be actively engaged in monitoring and management of
the Mine, and the Mine’s interaction with the land and the environment. The Ni Hadi Xa developed a draft
TK Monitoring Framework that was completed in 2017.

AEMP Response Framework
The Response Framework provides a systematic approach for responding to the results of the AEMP.
Potential responses will be identified, with responses required if unacceptable changes or trends are
detected. The specific responses (e.g., confirming results, mitigation to reverse trends) will depend on the
type and size of effect(s) detected by the AEMP.
Significance Thresholds were developed for the Response Framework and were presented in the AEMP
Design Plan Version 5. They are the levels of change that, if exceeded, would result in significant adverse
effects to valued components of the environment such as water quality or fish (Lake Trout, Arctic Grayling,
and Northern Pike). The Significance Thresholds were selected to protect the key valued aquatic
components and their traditional uses in the vicinity of, and downstream of, the Mine site. The selection of
Significance Thresholds was based on the commitment by De Beers that traditional water uses in Lake N11
(outside of the operational discharge mixing zone) and in all waters downstream of Kennady Lake would
not be affected by mining activities throughout construction, operation, closure and reclamation. Traditional
water uses include drinking the water and harvesting and consuming fish.
Significance Thresholds are broadly organized into three categories centered on key “values” that are to
be protected, which are illustrated in the following matrix:
Value Statement
(based on traditional uses)

Associated Significance Threshold
(“no go condition”)

Water is safe to drink

Water is not drinkable (i.e., risk to human health and/or wildlife)

Fish are safe to eat

Fish are not safe for consumption (i.e., risk to human health and/or wildlife)

Ecological function is maintained

Ecological function is not maintained (i.e., inadequate food for fish; fish unable to
survive, grow, or reproduce; and/or sustained absence of a fish species)

Action Levels were developed to represent increasing levels of changes towards the Significance
Thresholds, which lead to increasing levels of actions to slow, stop, or reverse effects. Low Action Levels
were updated, and Moderate and High Action Levels were developed for all monitoring components, taking
into account the three potential types of effects: toxicological impairment, nutrient enrichment, and alteration
of physical habitat. Action Levels have been developed for the core lakes, Lake D2/D3, and the aquatic
environment downstream of Area 8. The Action Levels related to the aquatic environment downstream of
Area 8 were developed to allow an evaluation of the effectiveness of the Downstream Flow Mitigation Plan
(DFMP) during operations.

Weight of Evidence
In addition to the Response Framework, the AEMP results are also be evaluated through a weight of
evidence (WOE) process. The WOE is a systematic method used to integrate results obtained from
individual AEMP components. The WOE is used to better understand AEMP results, using a holistic
approach, draw conclusions about the type(s) of effects that may be occurring in the aquatic ecosystem,
and verify that the observed changes are a result of the Mine.
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AEMP Reporting
Reporting format and dates are specified in the Water Licence. Monitoring results will be summarized in an
AEMP annual report by May 1 of each year. Every three years, data will be analyzed from the beginning of
monitoring to identify trends, and results will be reported in an Aquatic Effects Re-evaluation Report. If,
along the way, effects on the aquatic environment are identified, for example, when a Moderate or High
Action Level is triggered based on data collected from the AEMP, an AEMP Response Plan will be
generated.
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INTRODUCTION

Background

De Beers Canada Inc. (De Beers) owns and operates the Gahcho Kué Mine (Mine), an open pit diamond
mine in the Northwest Territories (NT). The Mine is located in the North Slave Region of the NT at Kennady
Lake, approximately 140 km northwest of Łutsel K’e and 280 km northeast of Yellowknife (Map 1.1-1).
The Mine is approximately 80 km southeast of the Snap Lake Mine and is approximately 160 km southeast
of the Ekati Mine. This Aquatic Effects Monitoring Program (AEMP) Design Plan covers the operations
phase from 2021 to the date the next AEMP Design Plan is approved1.
Activities at the Mine under the period of monitoring associated with the AEMP Design Plan include:
•

operational discharge from the water management pond (WMP) to Lake N11;

•

open pit mining of the 5034, Hearne, and Tuzo kimberlite pipes;

•

quarrying;

•

operation of milling facilities and infrastructure;

•

creation of ore and low-grade ore stockpiles;

•

use of Fine and Coarse Processed Kimberlite Containment (PKC) Facilities;

•

deposition of kimberlite and waste rock to the West Mine Rock Pile and a South Mine Rock Pile;

•

operation of the winter access road;

•

operation of site facilities and infrastructure including the water supply facility, sewage treatment plant,
pipelines, incinerator, site roads, all-season airstrip and apron, power plant, electrical distribution, and
material storage, and sorting facilities;

•

use of equipment, vehicles, and machines; and

•

downstream flow mitigation to augment flows downstream of Area 8.

Further details on Mine activities are provided in the 2020 Updated Project Description (De Beers 2020a).
The current version of the AEMP Design Plan (Version 5) was submitted and approved by the MVLWB in
January 2016 (De Beers 2016a) and was applied to the early years of the Mine (i.e., two years of
construction [2015 and 2016] and first four years of operations [2017 to 2020]). This AEMP Design Plan
(Version 6.3) is completed to meet Part I, Item 4 of the Water Licence and represents an updated AEMP
Design Plan to be applied from 2021 to the date the next AEMP Design Plan is approved.

1

The next AEMP Design Plan is scheduled to be submitted to MVLWB in September 2022.
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Document Organization

This Plan complies with Schedule 6, Part I, Item 1 of the Water Licence (MVLWB 2014b), and has been
updated based on:
•

engagement with regulators, Indigenous parties, and review comments on the 2015 to 2019 AEMP
annual reports (De Beers 2016b, 2017, 2018a, 2019a, 2020a), the 2015 to 2018 Aquatic Effects
Re-evaluation Report (De Beers 2019b), the Aquatic Effects Monitoring Program Design Plan –
Version 6 (De Beers 2019c), and the Aquatic Effects Monitoring Program Design Plan – Version 6.1
(De Beers 2021a) as posted on the MVLWB public registry;

•

recommendations made in the 2015 to 2018 Aquatic Effects Re-evaluation Report as well as
commitments made as a result of the AEMP Workshop held in November 2020; and

•

required Design Plan components as specified in Appendix A of the Guidelines for Aquatic Effects
Monitoring Programs (MVLWB and GNWT 2019).

This document is organized as follows:
•

Introduction (Section 1)

•

Project Description (Section 2)

•

Description of the Environment (Section 3)

•

Problem Formulation (Section 4)

•

AEMP Design (Section 5)

•

Methods and Analysis (Section 6)

•

Special Effects Studies (Section 7)

•

AEMP Response Framework (Section 8)

•

AEMP Reporting (Section 9)

•

References (Section 10)

•

Abbreviations, Units of Measure and Glossary (Section 11)

•

Concordance with MVLWB Directives and Summary of Changes (Appendix A)

•

Station Coordinates by Sampling Event (Appendix B)

•

Rationale for AEMP Benchmark Selection (Appendix C)

1.3

Purpose, Scope and Objectives of the AEMP Design Plan

The purpose of the AEMP is to identify potential effects of the Mine on the surrounding aquatic environment
and evaluate whether aquatic ecosystems and their uses are adequately protected in areas affected by the
Mine. The overall objective of the AEMP will be to assess Mine-related effects to the aquatic ecosystem of
the Kennady Lake watershed and the Kennady Lake downstream watershed in a scientifically defensible
manner. In addition, the AEMP will provide the necessary data to inform adaptive management of potential
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aquatic effects of the Mine. The AEMP is one of a number of monitoring programs and management plans
for the Mine that employ an adaptive approach to reduce the magnitude, frequency, and extent of effects
of the Mine on the environment. The scope of the AEMP is based on the AEMP Design Plan, as represented
by this document. The overall objectives of the AEMP Design Plan are:
•

to provide a design for the AEMP that complies with Schedule 6, Part I, Item 1 of the Water Licence
(MV2005L2-0015) issued by the MVLWB in September 2014 and amended in December 2018 and
March 2021;

•

to provide an indication on how water, sediment, and biological monitoring (e.g., plankton, benthic
invertebrates, fish) will be conducted and how the results of the AEMP will be used to inform adaptive
management;

•

to provide a basis for De Beers to engage in and elicit feedback on aquatic effects monitoring from
regulatory agencies and Indigenous parties; and

•

to provide an initial framework to allow for the incorporation of Traditional Knowledge (TK) into
monitoring under the AEMP.

The specific objectives of the AEMP, in reference to Part I, Item 1 of the Water Licence, are:
•

to determine short- and long-term aquatic effects of the Mine on the receiving environment
(i.e., Kennady Lake watershed, N Lake watershed, and downstream watersheds);

•

to test the predictions made in the Environmental Impact Review and other submissions to the MVLWB
regarding the impacts of the Mine on the receiving environment;

•

to evaluate whether traditional water uses in Lake N11 (outside of the initial dilution zone) and in waters
downstream of Kennady Lake are affected by the Mine’s activities throughout construction, operation,
and closure and reclamation;

•

to assess the effectiveness of mitigation used to minimize the effects of the Mine on the receiving
environment;

•

to identify whether there is a need for additional mitigation to reduce or eliminate Mine-related effects;
and

•

to provide an early warning system, whereby the results of aquatic monitoring are used to prevent or
avoid adverse environmental effects through a response framework and regular evaluation of the
AEMP.

1.4

AEMP Team and Accountability

The De Beers Environmental and Permitting team will provide the overall management of the AEMP. This
will be accomplished with the following key personnel:
•

Environmental and Permitting Manager – will provide overall accountability for delivery of the program,
direction and support to the team, facilitate internal processes, and lead community engagement
activities.
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•

Regulatory Specialist – will manage consultants, contribute to the AEMP through review, direction, and
project management and manage the relationship with regulators.

•

SHERT (Environmental) Manager – will provide accountability for the on-site delivery of the program,
provides direction and support to the consulting team during implementation, and review drafts of
annual reports and re-designs.

•

Environmental Coordinator – will coordinate schedules, assists the consulting team in implementation,
manages compliance obligations, assists in collecting data, and provides auxiliary data to consulting
team as needed.

The environmental consulting team will design and implement the AEMP. This will be accomplished with
the following key personnel:
•

AEMP Project Manager – will provide accountability for delivery of the AEMP to the De Beers
Environment and Permitting team and will provide day-to-day management of the AEMP environmental
consulting team.

•

AEMP Technical Manager – will be responsible for technical coordination of the AEMP, internal
technical communication among AEMP Discipline Leads, and liaison between AEMP Discipline Leads
and De Beers Environment and Permitting team.

•

AEMP Discipline Leads and Senior Reviewers – responsible for the technical design and
implementation of the AEMP, technical direction of field data collection, quality assurance/quality
control (QA/QC) of collected data, reporting, and review.

1.5

Engagement

De Beers is committed to building and maintaining positive, respectful relationships with Indigenous parties.
De Beers views their relationships with Indigenous parties as critical to the overall environmental
performance and sustainability of the Mine. De Beers’ approach to engagement is set out in the Gahcho
Kué Mine Engagement Plan (De Beers 2015a), which describes how De Beers intends to foster those
relationships, ensuring that the framework for engagement is solid and acceptable to all parties. The guiding
principles of De Beers approach to engagement are respect, transparency, and trust.
De Beers is committed to incorporating TK into the monitoring of the aquatic ecosystems around the Mine,
as dictated by the AEMP Design Plan. Since the initial development of the Environmental Impact Statement
(EIS) and ensuing Environmental Impact Review (EIR), De Beers has sought input from communities on
how to include TK in the AEMP. De Beers hosted community visits, site workshops, and AEMP workshops
where inclusion of TK into the AEMP was discussed (De Beers 2013a). Furthermore, the inclusion of TK
into the AEMP will be ongoing through the AEMP annual reports, Aquatics Effects Re-evaluation Reports,
and updates to the AEMP Design Plan.
Engagement on the AEMP has been extensive and will continue through operations and closure of the
Mine (De Beers 2013a). Numerous community visits, workshops, and site visits have occurred since the
EIS was submitted in 2010. These activities were carried out with the Tłįcho Government, Yellowknives
Dene First Nation, Deninu Kué First Nation, NT Métis Nation, North Slave Métis Alliance, and Łutsel K’e
Dene First Nation. In addition, technical sessions in May 2012 and public hearings in December 2012
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associated with the EIR process provided opportunities for other public and regulatory groups to provide
input on AEMP design and implementation.
Community visits were conducted in February 2012 and May 2013. During these visits, aspects of the
AEMP such as fish tasting, sampling locations, and reference lake selection were discussed. Indigenous
community attendees shared insights on the abovementioned topics and provided perspective on their
experience with other northern mines. As well, locations for a fish tasting event were discussed.
Mine site visits occurred in August 2012. Six Indigenous parties attended and were given a tour of the
proposed project footprint and downstream watersheds. Once again, sampling locations for the AEMP,
reference lake selection, and monitoring locations were discussed, among other topics.
On March 25 and 26, 2013, an AEMP workshop was conducted in Yellowknife. The purpose of the
workshop was to bring together Indigenous Party representatives, government regulators, and De Beers to
discuss the approach being taken to develop the AEMP for the Mine. Key outcomes from the meeting
involved tying various monitoring plans together with the AEMP, understanding the seasonal flow in the
Kennady Lake watershed and subsequent fish movement, and the importance of careful monitoring of
receiving aquatic environments during dewatering.
In August 2013, another round of on-site workshops involving Indigenous parties was conducted. These
workshops largely focused on the AEMP design, and included a pilot fish tasting event, and aerial tour of
proposed reference lakes and monitoring locations.
Additional AEMP workshops were held in Yellowknife on February 10 and March 19, 2014; the latter
workshop was a commitment that De Beers made during the February 11 to 13, 2014 Water Licence and
Land Use Permit Application Technical Session. In addition, De Beers presented the AEMP at the spring
2014 community visits. An AEMP workshop was held on April 8, 2015, as per the commitment made by
De Beers after submission of responses to review comments received from the MVLWB in December 2014
(MVLWB 2014a).
Agendas, copies of the presentations, and meeting notes from the four AEMP workshops are provided in
Appendix A of the AEMP Design Plan Version 5 (De Beers 2016a). Comments and suggestions from the
Indigenous Party representatives and regulators were discussed and modifications were made to the AEMP
design to incorporate the feedback received during the workshops.
Ni Hadi Xa, a Chipewyan name meaning For Watching the Land is a legally binding environmental
agreement between De Beers and six Indigenous parties, signed in the fall of 2014. Ni Hadi Xa was first
introduced at the EIR Public Hearings in December 2012 as a forum to address Indigenous concerns
regarding the Project and as a mechanism for the inclusion of TK to better inform monitoring and
management plans (De Beers 2013a). It provides an additional layer of oversight, over and above the
regulatory instruments of legislation, policy, licences and permits that govern mine operations (De Beers
2015a). It is a forum for Indigenous parties to be actively engaged in monitoring and management of the
Mine and the Mine’s interaction with the land and the environment. The six Indigenous parties include the
Deninu Kué First Nation, the Łutsel k’e Dene First Nation, the Tłįchǫ Government, the Northwest Territory
Métis Nation, the North Slave Métis Alliance, and the Yellowknives Dene First Nation.
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It is anticipated that the TK program will have a substantive focus on the acquisition, and incorporation of
TK into the AEMP. As well, Ni Hadi Xa will form the basis for reporting on ongoing monitoring activities and
the results of the monitoring to parties. This will be in addition to the regular community visits and site
workshops, as noted in the Gahcho Kué Engagement Plan (De Beers 2015a).
The TK component will be implemented by TK monitors, with the assistance of a technical coordinator and
each of the parties. As of 2021, Ni Hadi Xa was successful in hiring all five of the positions outlined in the
Ni Hadi Xa agreement: two TK monitor, a TK administrative assistant, an on-site environmental monitor,
and a technical coordinator (Environmental Manager).
Specific examples on how De Beers incorporated TK into the AEMP are selection of monitoring locations
downstream of Kennady Lake and selection of locations and species for fish tasting. Through the various
workshops and visits, community elders and representatives provided insight on where monitoring should
be conducted, particularly in the raised lakes during dewatering and downstream watershed to ensure fish
have adequate opportunity to move among lakes. In addition, incorporating TK into reference lake selection
criteria has been discussed with Indigenous parties. Special studies may be required during the course of
the AEMP, and every effort will be made to incorporate TK into these studies.
In 2015, an appropriate site for the construction of a cabin was selected at Fletcher Lake (located
approximately 35 km north of the Mine) and construction began in 2016. This cabin is the base for the TK
monitors to host families and TK holders on the land.
Ni Hadi Xa also initiated development of a framework for TK data collection. Two TK monitors have travelled
to the land around the Mine during both the winter and the summer seasons, since 2016. In 2016, seven
trips were made by snowmobile during the winter and four trips were made during the summer. TK monitors
practiced their traditional methods of observing the land by hunting and fishing. A TK workshop held in
Łutsel K’e in 2016 to further develop the framework and a draft TK Monitoring Framework was completed
in 2017. The two main components of the draft TK Monitoring Framework are as follows:
1)

TK monitors will travel along and visit a series of established routes and locations each season to
collect environmental monitoring data.

2)

TK monitors (or another Ni Hadi Xa representative) will conduct follow-up interviews with the
participants of the annual Summer Family Travel Program.

The fish tasting events serve as a key component for the incorporation of TK into the AEMP design. The
purpose of the fish tasting events is to allow local elders to provide their observations on the perceived
changes of fish health and edible quality (i.e., aesthetics, flavour, and texture) in the Kennady Lake
watershed, compared to what they are accustomed to in the region. The annual fish tasting events also
serve as a gathering where local elders and De Beers employees could qualitatively evaluate the condition
of large-bodied fish (Lake Trout) in the core lakes, and provide observations on their suitability for human
and animal consumption. The methods, results, and recommendations from the fish tasting events are
reported in the AEMP annual reports. Action Levels for fish palatability from this TK monitoring are
described in Section 8.4 of this AEMP Design Plan.
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De Beers hosted the Mine’s first formal fish tasting program in September 2016. Elders from several
communities within the NT attended the first annual fish tasting event including the Deninu Kué First Nation,
Łutsel K’e Dene First Nation, North Slave Métis Alliance, Northwest Territory Métis Nation, Tłı̨ chǫ
Government, and Yellowknives Dene First Nation. A total of eleven elders and/or community members and
six De Beers staff participated in the 2016 fish tasting event.
De Beers hosted the Mine’s second fish tasting program in September 2017. Elders from several
communities within the NT attended the second annual fish tasting event including the Deninu Kué First
Nation, Łutsel K’e Dene First Nation, North Slave Métis Alliance, Northwest Territory Métis Nation, and
Tłı̨ chǫ Government. A total of eleven elders and five De Beers staff participated in the 2017 fish tasting
event.
De Beers has since hosted the Mine’s subsequent annual fish tasting programs in partnering with Ni Hadi
Xa at the Ni Hadi Xa Monitoring Cabin. Elders from several communities within the NT attended the fish
tasting event including the Deninu Kué First Nation, Łutsel K’e Dene First Nation, North Slave Métis
Alliance, Northwest Territory Métis Nation, Tłı̨ chǫ Government, and the Yellowknives Dene First Nation.
Overall, the fish tasting events have been successful, with many fish caught and all participants expressing
positive feedback about the experience.
Since the implementation of the AEMP in 2016, De Beers continued to seek input by Indigenous people to
practices at site, and the state of the environment from their perspective. Engagement activities of this type
included many community meetings and site visits, as well as a closure workshop and a fish off-setting
consultation meeting in 2016, a mine rock amendment workshop and a technical workshop relating to
closure criteria, which are part of the Interim Closure and Reclamation Plan in 2017, and a “Books in
Homes” program and open houses in 2018. Summaries of major engagement activities are provided in
each AEMP annual report.

1.6
1.6.1

Regulatory Instruments for the AEMP
Regulatory History and Process

The Mackenzie Valley Environmental Impact Review Board (MVEIRB), established under Part 5 of the
Mackenzie Valley Resource Management Act (the Act), is responsible for initial screening, environmental
assessment, and EIR for proposed projects. Section 132 through Section 140 of the Act describes the EIR
process.
The initial application for a Land Use Permit and a Water Licence for various activities associated with the
Gahcho Kué Project (Project) was submitted to the MVLWB on November 24, 2005 (De Beers 2005). The
application was subsequently referred to the MVEIRB for Environmental Assessment by Environment
Canada on December 22, 2005. On January 4, 2006 the Review Board commenced Environmental
Assessment 0506-008, and on June 12, 2006, the Review Board ordered Environmental Impact Review
0607-001.
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An EIS was submitted to the MVEIRB on December 23, 2010 (De Beers 2010). To achieve full conformity
with the Terms of Reference for the EIS issued in October 2007 (Gahcho Kué Panel 2007), Sections 8, 9,
and 10 of the EIS (the aquatic key lines of inquiry for the EIS) were revised. The revised sections were
submitted in July 2011 (2011 EIS Update; De Beers 2011), and thereafter, the EIS achieved regulatory
conformity with the Terms of Reference. In April 2012, an EIS Supplemental Information Submission
(2012 EIS Supplement; De Beers 2012a) was provided to the MVEIRB to describe updates to the Project
design (i.e., supplemental mitigation of the Fine PKC Facility). On July 19, 2013 the Review Board released
their Report of Environmental Impact Review and Reasons for Decision for the Project (MVEIRB 2013).
On October 22, 2013, the Minister of Aboriginal Affairs and Northern Development Canada approved the
Project.

1.6.2

Water Licence

On November 28, 2013 De Beers submitted an updated Land Use Permit and Water Licence Application
package to the Board, which included an updated Project Description. On August 11, 2014 the MVLWB
issued a Type A Land Use Permit (MV2005C0032; MVLWB 2014d) and released their Recommendation
for Approval of Type A Water Licence and Reasons for Decision for the Project (MVLWB 2014b). On
September 24, 2014, the Water Licence MV2005L2-0015 (the Water Licence) for the Mine was approved
by the Minister of Environment and Natural Resources in accordance with the Mackenzie Valley Resource
Management Act and Waters Act (MVLWB 2014c) and was approved for a period of 14 years, expiring on
September 30, 2028.
In March 2018, De Beers submitted an application to the Board to amend the Water Licence, including an
updated Project Description (De Beers 2018a). The amendment was required because of a geotechnical
issue identified in the open pits, namely the presence and orientation of joint sets, which necessitated a
change to the pit designs, and the consequent extraction of up to an additional 100 million tonnes (Mt) of
mine rock over the life of the mine. Other changes to the Project included increase to the Mine footprint,
depth of Tuzo Pit, height of West Mine Rock Pile, annual quantity of freshwater withdrawn, and required
volume of aviation fuel; as well as construction of the A2 North Perimeter Berm and expansion of the West
Mine Rock Pile (De Beers 2018a). The amendment was approved on December 12, 2018 (MVLWB 2018a).
In March 2020, De Beers submitted an application to the Board to amend the Water Licence, including an
updated Project Description (De Beers 2020b). The amendment was required to accommodate essential
changes in the mine plan related to the mining of approximately 8 Mt of economically viable ore within the
5034 pit. Key changes to the Project associated with this mine plan update included a two-year extension
to the mine life, expansion of the existing Coarse PK Pile to store the additional mine rock and coarse PK,
expansion of the perimeter dykes of the Fine PKC Facility, slightly enlarged 5034 and Tuzo pits, and a
minor extension to the mine footprint for new proposed solar farm and walking trail. The amendment was
approved on March 10, 2021 (MVLWB 2021a).
One of the requirements of the Type A Water Licence is the establishment of an AEMP. In Part I and
Schedule 6, the Water Licence includes specific conditions guiding the development and scope of the
AEMP.
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Other Relevant Regulatory Instruments

Other regulatory instruments with relevance to aquatic monitoring are:
•

Fisheries and Oceans Canada (DFO) authorization;

•

Aurora Research Institute Scientific Permit;

•

Ni Hadi Xa; and

•

Metal and Diamond Mining Effluent Regulations (MDMER).

1.6.4

Concordance Tables

Specific requirements of the AEMP Design Plan are provided in Table 1.6-1, which shows concordance of
this document with Schedule 6, Part I, Item 1 of the Water Licence (MVLWB 2021a). Concordance of this
document with MVLWB Directives that are relevant to the updated AEMP Design Plan is provided in
Appendix A. The last column of each of the concordance tables indicates where these requirements are
addressed in the document.
In their letter requiring resubmission of the AEMP Design Plan Version 6, the Board provided this guidance:
"To focus the review on outstanding items on the AEMP Design Plan V6.1, the Board encourages De Beers
to clearly indicate where the revisions have been made in the AEMP Design Plan V6.1 to address the Board
directives in Table 1. Board staff will remind reviewers to comment on the revisions identified in De Beers'
concordance table when the AEMP Design Plan is distributed for review." In addition to the concordance
table provided in Appendix A, a table identifying and summarizing changes between Version 6 and
Version 6.3 is also provided in Appendix A.
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Section 1

Concordance of the AEMP Design Plan Version 6 for the Gahcho Kué Mine with the Water Licence MV2005L2-0015
Water Licence Part I, Item 1

Item 1a) To determine the short- and long-term effects of the Project on the Receiving Environment;
Item 1b) To test the predictions made in the Environmental Impact Review and in other submissions to the Board regarding the impacts of the Project on the
Receiving Environment;
Item 1c) To evaluate whether traditional Water Uses in Lake N11 (outside of the initial dilution zone) and in all Waters downstream of Kennady Lake are
affected by the Project’s activities throughout Construction, Operation, and Reclamation;
Item 1d) To assess the effectiveness of mitigation measures that are used to minimize the effects of the Project on the Receiving Environment;
Item 1e) To identify whether there is any need for additional mitigation measures to reduce or eliminate Project-related effects; and
Item 1f)

February 2022

To provide an early warning system where the results of aquatic monitoring are used to prevent or avoid adverse environmental effects through a
Response Framework and regular evaluation of the AEMP.
Water Licence Schedule 6, Part I, Item 1

Item 1a) A conceptual site model that describes the pathways of potential effects from the Project to the aquatic ecosystem and their relationships to the
ecological characteristics within the Receiving Environment. The conceptual site model will clearly define testable hypotheses for the AEMP as well
as a justification of assessment and measurement endpoints;
Item 1b) A description of the types of monitoring conducted under the AEMP:
i. Monitoring for the purpose of measuring Project-related effects on the following components of the Receiving Environment:
a. Hydrology;
b. Surface Water quality;
c. Sediment quality;
d. Lower trophic organisms including plankton and benthic invertebrates;
e. Fish habitat and community;
f. Fish health;
g. Contaminants in fish tissue;
h. The taste of fish, to be completed with the communities, due to changes in Water quality in the Kennady Lake watershed and
downstream watersheds;
i. Any other Receiving Environment components necessary to fulfill the objectives of Part I, item 1 of this Licence; and
j. Monitoring to verify or assess the Report of Environmental Impact Review 0607-001 predictions relating to the trophic and dissolved
oxygen status of surface Waters in the Kennady Lake watershed and downstream watersheds.
ii. Monitoring for the purpose of assessing the mixing and dilution of effluent in Lake N11 and Area 8 during Operations.
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Concordance of the AEMP Design Plan Version 6 for the Gahcho Kué Mine with the Water Licence MV2005L2-0015
Water Licence Part I, Item 1

Item 1c) A description of the AEMP sampling and analysis plan required to satisfy the objectives of Part I, item 1 of this Licence and incorporate the specific
monitoring activities listed in Schedule 6, item 1 (b). The sampling and analysis plan shall include:
i. A description of the area to be monitored including maps showing all sampling and reference locations as well as the overall predicted zone of
influence of the Project (i.e., predicted zone of influence of mining Operations, mineral exploration, or any other disturbance activities);
ii. The variables, sample media, monitoring protocols, and quality assurance and quality control procedures;
iii. Statistical design criteria, including a description of sampling frequencies for each parameter that ensure both accurate characterization of shortterm variability, the collection of sufficient data to establish long-term trends, and a method to conduct trend analysis;
iv. A description of procedures to analyze and interpret data collected for each component including a procedure to integrate the results of individual
monitoring components;
v. The quality assurance and quality control procedures that will ensure any future changes in monitoring protocols will be calibrated to initial
monitoring protocols and data sets so that continuity, consistency, validity, and applicability of monitoring results will be maintained. This program
shall also explicitly describe the measures that will be taken to identify and address any information deficiencies; and
vi. A description of how relevant SNP monitoring will be incorporated into the AEMP.

AEMP Design
Plan Section No.

Sections 2, 3, 4, 5,
6, 7

Item 1d) Procedures to minimize the impacts of the AEMP on fish populations and fish habitat;

Sections 5, 6

Item 1e) A description of the approaches to be used to evaluate and adjust the AEMP;

Sections 6, 9

Item 1f)

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

Sections 1, 3

Item 1g) A description of an AEMP 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 or are otherwise minimized to the extent practical. The Response
Framework shall include:
iii. Definitions, with rationale, for Significance Thresholds and tiered Action Levels applicable to the aquatic Receiving Environment of the Project;
and
iv. For each Action Level:
a. A description of the rationale including, but not limited to, a consideration of the predictions and conclusion of the Report of
Environmental Impact Review 0607-001;
b. A description of how exceedances of Action Levels will be assessed; and
c. A general description of what types of actions may be taken if an Action Level is exceeded.

Section 8

Item 1h) A description of the Annual AEMP Report format;

Section 9

Item 1i)
Item 1j)

A plain language description of the program objectives, methodology, and interpretative framework; and
When updates are made to the AEMP Design Plan, a summary will be included of changes to the AEMP design since the last approved design and
a rationale for the changes.

Source: MVLWB (2021a).
AEMP = Aquatic Effects Monitoring Program; No. = number.
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PROJECT DESCRIPTION

The Mine is situated at Kennady Lake, NT, a remote location with limited road access (Map 1.1-1). The
Mine is located about 140 km northeast of the nearest community, Łutsel K’e, 280 km northeast of
Yellowknife, NT, and 80 km northwest of Snap Lake Mine. The Mine kimberlite pipes are mainly located
under Kennady Lake (Map 2.1-1). These kimberlite pipes will be mined as open pits in an overlapping
sequence during operations (De Beers 2021b). The life of the Mine will consist of three phases: construction
(2 years), operations (13.6 years), and closure and reclamation (21+ years).

2.1

Summary of Mine Activities

Mine activities are segregated into three phases: construction, operations, and closure (Table 2.1-1). Each
phase is summarized below with a focus on water management activities relevant for the AEMP. Further
details on each phase can be found in the 2020 Updated Project Description (De Beers 2020b).
Table 2.1-1

Schedule of Mine Activities

Year(a)
Number

Date

Mine Phase

-2 to -1

2014 to 2016

Construction

-1 to 2

2016 to 2018

Operations

3 to 5
6 to 10
8 to 14

2019 to 2021
2022 to 2026
2024 to 2030

15 to 16

2031 to 2032

17 to 35+

2033 to 2051

35+
36+

2051
2052

Operations
Operations
Operations
Closure and
Reclamation
Closure and
Reclamation
Closure
Post-closure

Activities
Site infrastructure construction
Lake dewatering
Pre-stripping of 5034 pit
Processing plant commissioned in Q2 of Year -1 (2016)
Operations began by Q3 of Year -1 (October 2016)
Mining – 5034 and Hearne pits
Mining – 5034, Hearne, and Tuzo pits
Mining – 5034 and Tuzo pits
Mining – Tuzo pit
Interim Closure – Remove non-essential buildings/site infrastructure; Kennady
Lake refilling commences
Ongoing lake refilling (21+ years) and monitoring
Kennady Lake refilling complete and monitoring
Kennady Lake reconnected to Area 8 and downstream watershed

a) Years are estimates based on the current Mine plan and may change depending on future circumstances.
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Construction

Construction activities at the Mine site commenced following the approval of a Type A Land Use Permit
(MV2005C0032) in August 2014 (MVLWB 2014d) and Type A Water Licence (MV2005L2-0015) by the
MVLWB in September 2014 (MVLWB 2014c). The construction phase of the Project occurred between
2014 and 2016 (Table 2.1-1). Construction activities consisted of the building of site infrastructure, including
plant construction and equipment installation, construction of various dykes, lake dewatering, and
pre-stripping of the 5034 Pit (De Beers 2020b). Key water management activities included:
•

Establishment of the Controlled Area: A controlled area was established in Areas 1 to 7 of Kennady
Lake through the isolation of these basins of Kennady Lake by the construction of diversion dykes in
the upper headwater watersheds (i.e., dykes A1, E, F, and G) and the construction of a water-retaining
dyke (Dyke A) at the narrows separating Area 7 (CP1) and Area 8 to isolate the controlled area from
Area 8, which is the downstream lake basin and lake outlet (Map 2.1-1). The controlled area is used to
contain and manage water potentially affected by the Mine. Water collected and stored in the controlled
area is only released if it meets regulatory discharge criteria.

•

Dewatering of Kennady Lake: Areas 2 to 7 of Kennady Lake were dewatered during the Mine
Construction phase to drain the lake portion within the controlled area to the maximum extent possible
so that the ore located below the lakebed can be safely accessed for mining. Prior to the dewatering,
a Fish-Out program was conducted to remove as many fish as possible from the lake. Dewatering from
Area 7 to Area 8 occurred in two periods: December 20, 2014 to January 2, 2015 (under-ice) and May
19 to September 7, 2015. Dewatering from Area 3 and 5 to Lake N11 also occurred in two periods:
February 1 to October 5, 2015, with a short break between June 12 and July 1 for repairs to pumping
equipment, and May 20 to 31, 2015.

2.1.2

Operations

Mine operations commenced in October 2016, following initial testing of the processing plant
(Table 2.1-1). The ore bodies are being mined in sequence, beginning with 5034 followed by Hearne and
Tuzo, with periods of overlap between the ore bodies to ensure a continuous supply of kimberlite ore to the
process plant (De Beers 2020b). Key water management activities include:
•

Water Management outside the Controlled Area: Runoff from areas upstream of the controlled
boundary (i.e., water that has not been in contact with the Mine site) flows away from the controlled
area. Watersheds B, D, and E have been diverted to the adjacent N watershed, while annual flows in
the A watershed are directed via a pipeline to Area 8 (De Beers 2020b).

•

Raised Lakes: The diversion of a number of the upper watersheds with dyke construction resulted in
an increase to water levels in waterbodies upstream of the dyke (e.g., Lakes D2, D3, E1, and A1). After
completion of Dyke F construction in May 2016, water level in Lake D2 began to rise, and following the
2016 spring freshet, Lakes D2 and D3 were hydrologically joined to form a single waterbody (referred
to as Lake D2/D3). Lake water levels continued to increase through 2017 and 2018 but did not reach
the full supply level until 2019. Construction of Dyke G coffer dam downstream of Lake E1 was
completed by May 2016, raising water levels in 2017. Construction of Dyke A1 and several associated
minor berms around Lake A1 will increase water levels by up to 0.5 m (De Beers 2012a); however,
annual pumping from Lake A1 to Area 8 has maintained water levels below this threshold.
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•

Water Management inside the Controlled Area: Site runoff within the controlled area, process mine
water generated on site, and groundwater flowing into the open pits are currently pumped to the WMP.
A portion of the water in the WMP is recycled to the processing plant or used for dust suppression
within the controlled area. A number of internal dykes and berms are used to isolate various regions
within the controlled area and to allow water transfers within the controlled area as mining progresses.

•

Operational Discharge: A permanent diffuser was installed in Lake N11 in September 2016 to support
operational discharge of water from the WMP to Lake N11. Discharge from the WMP to Lake N11 is
not continuous. There were five discrete discharge periods between 2016 and 2020:
−

October 29, 2016 to January 17, 2017 (total volume of 2,794,686 m3);

−

September 4 to November 13, 2017 (total volume of 2,360,284 m3);

−

September 4 to October 3, 2018 (total volume of 582,289 m3);

−

September 1 to 25 and October 17 to December 1, 2019 (total volume of 3,111,526 m3); and

−

August 13 to November 2, 2020 (total volume of 3,332,741 m3).

One of the key objectives for water management during operations is to use the partially dewatered
areas of Kennady lake and the mined-out open pits (e.g., 5034 and Hearne) for water storage (De Beers
2020b), which will avoid the need to discharge to the aquatic receiving environment. As such, routing
of mine water within the controlled area during the operational phase is sequenced to coincide with
open pit development.
•

Flow Augmentation in Area 8: Natural flow to Area 8 has been reduced due to the isolation of Area 8
from upstream of Kennady Lake by Dyke A. In the absence of mitigation, reduction in the outflows from
Area 8 have the potential to frequently prevent Arctic Grayling spawning migrations due to natural
barriers that persist at low flows in streams between Area 8 and Lake 410, and to reduce the available
habitat area for spawning and rearing through reductions in wetted area (Golder 2012). A Downstream
Flow Mitigation Plan (DFMP; Golder 2012) using water sourced from Lake N11 was developed to
augment flows downstream of Area 8 during operations and closure to avoid potential harmful
population level effects on the Arctic Grayling population between Area 8 and Lake 410. The
augmented flows in the DFMP are timed to occur during the open water season (e.g., June to the end
of August). A permanent diffuser equipped with a heat tracer system was installed in Area 8 in
September 2018 to support the DFMP. Changes to the DFMP were made in 2019, based on
recommendations of a flow augmentation assessment (De Beers 2019d). Additional details about the
downstream flow mitigation are provided in the 2020 AEMP Annual Report (Section 2.3.2; Section 9 of
De Beers 2021b). As requested during the AEMP Design Plan update, an updated DFMP will be
submitted to the DFO in 2021.

2.1.3

Closure and Reclamation

Closure and reclamation plans for the Mine are described in the Interim Closure and Reclamation Plan
Version 4.1, which was approved by the MVLWB on June 6, 2019 (De Beers 2019e). Progressive
reclamation of some of the areas within the controlled area, such as the mine rock piles and fine and coarse
processed kimberlite (PK) storage areas (i.e., Coarse PK Pile and the Fine PKC Facility), will commence
when practicable.
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Within two years after completion of processing operations, most of the infrastructure, buildings, and
equipment will be disposed of on-site or removed off site (De Beers 2020b). The only exceptions will be
those facilities required to support site monitoring and the return of the planned reclaimed areas of Kennady
Lake to suitable fish habitat.
The progressive reclamation strategy adopted for the Mine will be extended to water management, where
portions of Kennady Lake will be isolated and brought back to pre-development water levels as quickly as
possible. Refilling of Kennady Lake to its original water level is anticipated to take approximately 21+ years
(De Beers 2020b). Natural drainage from the watershed will be augmented through supplemental pumping
from Lake N11.

2.2

Summary of Predicted Effects on the Aquatic Environment

Predicted environmental effects of the Mine and proposed mitigation were presented in the 2010 EIS
(De Beers 2010), the 2011 EIS Update (De Beers 2011), and the 2012 EIS Supplement (De Beers 2012a)
submitted to the MVEIRB). In addition, revised predictions generated from a water quality model update
were submitted to the MVLWB as part of the 2020 Water Licence Amendment application (De Beers
2020c).

2.2.1

Summary of Effects to the Aquatic Environment

Updated predictions for Mine-related effects on the aquatic environment were presented in Section 17 of
the 2015 to 2018 Aquatic Effects Re-evaluation Report (De Beers 2019b), as well as at the AEMP Workshop
in November 20202. These predictions were updated based on AEMP results to date and any other relevant
operational monitoring data, including the updated water quality modelling predictions. For each monitoring
component, the proposed changes (if any) to the effect predictions are provided for each
waterbody/watercourse in the sections that follow. These effect predictions are typically qualitative, with the
exception of quantitative water quality predictions for Area 8 and Lake N11 from the 2020 Water Licence
Amendment.

Hydrology
Slight changes to the effect predictions for hydrology during the operations phase are summarized in
Table 2.2-1 and mainly apply to Area 8, and lakes and streams downstream of Area 8, Lake N11, Lake J1,
and Lake A1.

2

Two changes to the updated Effect Predictions were discussed at the November 2020 AEMP Workshop:
1) removal of Lake A1 as a raised lake, and
2) expectation that Arctic Grayling will recolonize downstream of Area 8 during operations.
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Summary of Predicted Mine-related Changes to the Aquatic Environment for
Hydrology

Phase

Waterbody/Watercourse

Effect Predictions(a)

Area 8

Water levels in Area 8 are expected to be higher than reference
conditions due to downstream flow mitigation pumping from Lake N11
and potential pumping of water from Lake A1.
Water levels in Area 8 are expected to be lower than baseline conditions
due to the construction of the Mine controlled area.

Area 8 outlet stream (Stream K5) and L
and M streams

Water levels in Area 8 and associated outflow will be augmented by
downstream flow mitigation pumping from Lake N11. As a result, annual
water yield will be higher than reference conditions.

Lake N11

Annual water yield in Lake N11 will remain elevated relative to reference
conditions for the duration of operational discharge.
Once operational pumping ceases, the annual water yield in Lake N11 is
expected to be below reference conditions, as a result of downstream
flow mitigation pumping to Area 8.
Decreases to Lake N11 flows will be partly offset by increased flows due
to contributions from the D and E watersheds.

Other N lakes (i.e., Lake N14 and Lake
N17)

The magnitude of flows in Lake N14 and Lake N17 will be elevated
relative to baseline conditions due to the diversion of the D and E
watersheds into Lake N14.
The annual water yield in Lake N14 and Lake N17 should be similar to
reference conditions once the added watershed area from the D and E
watershed is considered.

L and M Lakes

Water levels in the L and M lakes will be a similar direction but of
diminished magnitude of the changes expected upstream at Area 8.

Lake 410

Flows at the outlet of Lake 410 are expected to be similar to reference
conditions but lower than baseline conditions due to the creation of the
Mine controlled area and resulting loss of watershed area due to closedcircuiting.

Kirk Lake

Flows at the outlet of Kirk Lake are expected to be similar to reference
conditions but lower than baseline conditions, due to the creation of the
Mine controlled area and resulting loss of watershed area due to closedcircuiting. By Kirk Lake, the decrease in flows due to losses of upstream
watershed area are not expected to be detectable.

Raised lakes - Lakes D2, D3, E1

Lake D2/D3 will overflow into Lake N14 beginning in 2019 and continue
to flow into Lake N14 seasonally thereafter.
Lake E1 will continue to flow seasonally into Lake N14.

Lake A1

Lake A1 is no longer considered a raised lake. Water will be transferred
from Lake A1 directly to Area 8 intermittently, as needed to manage
water levels in Lake A1.

Lake J1

Diversion from Lake A1 no longer occurs and therefore no Mine-related
changes in Lake J1 are predicted.

Kennady Lake Areas 2 to 7

Partly dewatered, Areas 3 and 5 function as WMP

Operations(b)
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Summary of Predicted Mine-related Changes to the Aquatic Environment for
Hydrology

Phase

Closure
(Kennady
Lake refilling
- 21+ years)

2-7

Waterbody/Watercourse

Effect Predictions(a)

Area 8

Isolated from rest of Kennady Lake; reduced flow-through and outflow
(flow mitigation plan will be implemented)

Area 8 outlet stream (Stream K5) and L
and M streams

Reduced flow-through; reduced flow at outlet (flow mitigation plan will be
implemented)

Lake N11

Water used to fill Areas 2 to 7; reduced flow-through and flow at outlet

Other N lakes

No change

L and M lakes

Reduced flow-through; reduced flow at outlet; minor decrease in water
level (flow mitigation plan will be implemented)

Lake 410

Slight decrease in flow

Kirk Lake

Negligible change

Lakes D2, D3, E1

Dykes removed, water level restored

Lake A1

Lake A1 is no longer considered a raised lake. Water will be transferred
from Lake A1 directly to Area 8 intermittently, as needed to manage
water levels in Lake A1.

Lake J1

Diversion from Lake A1 no longer occurs and therefore no Mine-related
changes in Lake J1 are predicted.

Kennady Lake Areas 2 to 7

Re-filled

Area 8 outlet stream (Stream K5) and L
and M streams

Similar to baseline

Lake N11

Similar to baseline

Other N lakes

Similar to baseline

L and M lakes

Similar to baseline

Lake 410

Similar to baseline

Kirk Lake

Similar to baseline

Lakes D2, D3, E1, A1, J1

Similar to baseline

Kennady Lake (Areas 2-8)

Re-filled; similar to baseline, but altered lake morphometry

a) Applicable to 2020 AEMP, as the proposed changes to downstream flow mitigation are expected to start in 2020.
b) Operations phase started in October 2016 and is expected to extend until 2030 (i.e., total of 14 years, with 2016 considered Year 1).
AEMP = Aquatic Effects Monitoring Program; WMP = water management pond.

Water and Sediment Quality
A high-level summary of the changes to the chemical components (water and sediment quality) of the
aquatic ecosystem were provided in the AEMP Design Plan Version 5 (Table 5.4-1 in De Beers 2016). The
majority of these effect predictions have not changed, with the exception of those for Lake J1 and Lake A1
(Table 2.2-2). Lake J1 will no longer receive diversions from Lake A1 and therefore is not expected to be
affected by the Mine. Lake A1 is no longer considered a raised lake. No change in water quality is expected
because water level in this lake is managed to maintain it within historical levels. Water quality in the Area 8
and Lake N11 receiving environments was modelled for the EIS (De Beers 2011, 2012a) and subsequently
in the 2014 model update (Golder 2014a). These water quality predictions were updated as part of the 2020
Water Licence Amendment application and are presented in Table 2.2-3.
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Summary of Predicted Mine-related Changes to the Aquatic Environment for
Water and Sediment Quality
Waterbody/ Watercourse

Effect Predictions(a)

Kennady Lake Areas 2 to 7

Not applicable; part of the controlled area within the Mine site

Area 8

Slight increases in concentrations of nutrients, TDS, and metals

Lakes/streams downstream of
Area 8

Slight increases in concentrations of nutrients, TDS, and metals

Lake N11
Other N lakes (i.e., Lake N14
and Lake N17)

Increased concentrations of nutrients, TDS, and metals for limited period (early
operations)
Potential for minor change in water and sediment quality

Lake 410

Negligible change

Kirk Lake

Negligible change

Lakes D2, D3

Water quality changes, including increased concentrations of some nutrients
and metals, are expected to continue as the amalgamated Lake D2/D3
continues to mature and develop. While some of these water quality changes
are not minor, they may not necessarily translate into adverse effects on
aquatic biota, in part due to the influence of exposure and toxicity modifying
factors on bioavailability for metal uptake by biota. Water quality will likely
remain in a transitional phase for another few years before eventual
stabilization and a gradual return over time to conditions similar to baseline.
Thus, predicted water quality changes are still expected to be temporary.

Lake E1

Potential for minor change in water and sediment quality (e.g., nutrients,
metals)

Lake A1

Lake A1 is no longer considered a raised lake. Water will be transferred from
Lake A1 directly to Area 8 intermittently, as needed to manage water levels in
Lake A1. No change in water quality is expected.

Lake J1

Diversion from Lake A1 no longer occurs and therefore no Mine-related
changes in Lake J1 are predicted.

Operations(b)

Closure
(Kennady
Lake refilling
- 21+ years)

2-8

Kennady Lake Areas 2 to 7

Not applicable; part of the controlled area within the Mine site

Area 8

Slight increases in concentrations of nutrients, TDS, and metals

Lakes/streams downstream of
Area 8

Slight increases in concentrations of nutrients, TDS, and metals

Lake N11

Negligible change

Other N lakes

Negligible change

Lake 410

Negligible change

Kirk Lake

Negligible change

Lakes D2, D3, E1

Similar to baseline, after a brief transition period immediately after dyke
removal

Lakes A1, J1

Similar to baseline
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Summary of Predicted Mine-related Changes to the Aquatic Environment for
Water and Sediment Quality
Waterbody/ Watercourse

Post-closure

February 2022

Effect Predictions(a)

Kennady Lake (Areas 2-8)

Increased concentrations of nutrients, TDS, and metals

Lakes/streams downstream of
Area 8

Increased concentrations of nutrients, TDS, and metals

Lake N11

Similar to baseline

Other N lakes

Similar to baseline

Lake 410

Slightly increased concentrations of nutrients and some metals

Kirk Lake

Negligible change

Lakes D2, D3, E1, A1, J1

Similar to baseline

a) To be applied to 2020 AEMP onwards.
b) Operations phase started in October 2016 and is expected to extend until 2030 (i.e., total of 14 years).
AEMP = Aquatic Effects Monitoring Program; TDS = total dissolved solids.

Table 2.2-3

Updated Maximum Projected Water Quality Parameter Concentrations in Area 8
and Lake N11 during Operational Discharge

Parameter
Conventional Parameters
Total dissolved solids, calculated(c)
Major Ions
Calcium
Chloride
Fluoride
Magnesium
Potassium
Sodium
Sulphate
Nutrients and Biological Indicators
Nitrate
Total ammonia
Total phosphorus
Total Metals
Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium
Cobalt
Copper
Iron
Lead
Manganese
Mercury

Units

Area 8(a)

Lake N11(b)

mg/L

139

353

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

34
81
0.12
8.9
5.3
23
14

65
161
0.23
15
8.1
43
35

mg-N/L
mg-N/L
mg-P/L

4.0
0.43
0.019

9.8
1.1
0.014

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

0.039
0.00021
0.00031
0.045
0.000051
0.18
0.000016
0.00032
0.00029
0.0015
0.12
0.0001
0.026
0.0000086

0.065
0.00039
0.00038
0.1
0.00013
0.45
0.000031
0.00051
0.00068
0.002
0.11
0.00018
0.055
0.000011
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Updated Maximum Projected Water Quality Parameter Concentrations in Area 8
and Lake N11 during Operational Discharge

Parameter
Molybdenum
Nickel
Selenium
Silver
Strontium
Thallium
Uranium
Vanadium
Zinc

2-10

Units

Area 8(a)

Lake N11(b)

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

0.00067
0.0027
0.000083
0.00001
0.3
0.000013
0.00013
0.00054
0.0038

0.0017
0.0061
0.00015
0.000013
0.74
0.000027
0.00034
0.0011
0.0061

Source: Environmental Screening Assessment (De Beers 2020c).
a) Maximum projected water quality parameter concentrations in Area 8 (Table 5-3 in the Water Quality Model Report; De Beers
2020f).
b) Maximum projected water quality parameter concentrations in the South Basin of Lake N11 during operational discharge (Table 5-2
in the Water Quality Model Report; De Beers 2020f).
mg-N/L = milligrams nitrogen per litre; mg-P/L = milligrams phosphorus per litre; TDS = total dissolved solids.

Lower Trophic Organisms (Plankton and Benthic Invertebrates)
The effect predictions for plankton and benthic invertebrates have not changed for operations, closure, or
post-closure, except for the removal of Lake A1 as a raised lake. The effect predictions for lower trophic
organisms that will be used in results interpretation in the AEMP annual reports during operations are
provided in Table 2.2-4.
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Summary of Predicted Mine-related Changes during Operations to the Aquatic
Environment for Plankton and Benthic Invertebrate Communities
Waterbody/ Watercourse

Effect Predictions(a)

Kennady Lake Areas 2 to 7

Not applicable; part of the controlled area within the Mine site

Area 8

No change in trophic status of Area 8
Slight increase in nutrient concentrations and corresponding increase in productvity
of plankton and benthic communities, without notable changes in community
composition
Negligible effects on aquatic health, including benthic invertebrates and plankton
due to changes in major ions and metal concentrations in Area 8

Reduction in available habitat for benthic invertebrates within the streams
Minor reduction in current velocity, but not enough to impact benthic invertebrate
Area 8 outlet stream (Stream communities
K5) and L and M streams
Overall decrease in benthic invertebrate biomass within the streams
Largest changes predicted to occur in streams K5 and L3, with diminishing effects
downstream
L and M lakes

Effects in L and M watersheds similar to those described for upstream waterbodies;
any changes are expected to be reduced with distance downstream

Lake N11

No change in trophic status of Lake N11
Increase in nutrient concentrations and corresponding increase in productvity of
plankton and benthic communities, without notable changes in community
composition
Negligible effects on aquatic health, including benthic invertebrates and plankton,
due to changes major ion and metal concentrations in Lake N11

Lake 410

Effects in Lake 410 similar to those described for Kennady Lake

Raised lakes - Lakes D2,
D3, E1

Increase in available habitat area and biomass of plankton and invertebrates
following a period of adjustment to rising water levels
Reduced benthic invertebrate biomass in deeper areas
No adverse effects on production of plankton and benthic communities
Negligible effects on aquatic health due to changes in water quality
Increase in nutrient concentrations and corresponding increase in lower trophic
organism abundance and biomass

Lake A1

Lake A1 is no longer considered a raised lake. Water will be transferred from Lake
A1 directly to Area 8 intermittently, as needed to manage water levels in Lake A1.
As no change in water or sediment quality is expected, no changes on lower trophic
organisms are expected.

Operations(b)

a) Applicable to 2020 AEMP, as the proposed changes to the downstream flow mitigation are expected to start in 2020.
b) Operations phase started in October 2016 and is expected to extend until 2030 (i.e., total of 14 years).
AEMP = Aquatic Effects Monitoring Program.

Fish Habitat and Community
Updated effect predictions for fish habitat and community during the operations phase are summarized in
Table 2.2-5. The main update is to the predictions for fish communities in Area 8 and downstream. The EIS
predicted that the fish-out and dewatering of Kennady Lake would affect the fish community during mine
construction, operations, and closure. Once Kennady Lake was refilled and reconnected to the downstream
environment in post-closure, the fish community would return to Kennady Lake. Until post-closure, the
isolation of Area 8 from the upstream watershed would reduce downstream flows and create additional
barriers to fish movement downstream of Area 8. Mitigation was applied through the DFMP to improve
passage for spring spawning migrations between Area 8 and Lake 410. Predicted losses were approved
under a Fisheries Act authorization received June 30, 2014.
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The EIS assumed that with the application of the DFMP, the Arctic Grayling population in Area 8 and
downstream lakes and streams would be sustained during operations after the fish-out of Kennady Lake.
However, AEMP monitoring has confirmed the lack of a self-sustaining population. It is likely that the timing
and sequence of multiple stressors related to Mine construction (including the fish-out), initial operations,
and potentially seasonal environmental conditions have cumulatively contributed to the decline of Arctic
Grayling in the KLM watershed since 2014 (De Beers 2018b, 2019f, 2020d, 2021c). A key factor in this
decline was the relatively small population of Arctic Grayling that occupied the KLM watershed before the
fish-out. Even under baseline conditions, this demographic characteristic underlies the vulnerability of the
population to decline over time without a reliable and consistent source of new immigrants from other
locations (Vélez-Espino and Koops 2012).
The identified stressors for the Arctic Grayling population are as follows:
•

A reduction in the availability of overwintering and foraging habitat resulting from the isolation of
Kennady Lake (above Area 8) for the construction of the Mine.

•

The removal of a large proportion of the Arctic Grayling population from Kennady Lake in 2014 and
2015 as part of the fish-out. Phase I of the Kennady Lake Lue T’e Halye (Fish-Out) program was
completed in 2014, prior to dewatering of Kennady Lake in 2015, and removed 89 Arctic Grayling
weighing 25.9 kg in total from Area 2 to 7 (De Beers 2015b). Phase II of the fish-out program was
completed in 2015 and removed an additional 38 Arctic Grayling weighing 16.3 kg in total (De Beers
2015b).

•

Naturally occurring high water temperatures in 2014, which may have reduced recruitment of youngof-year to the remnant population in Area 8 and the immediate downstream watershed
(De Beers 2018b).

•

High water temperatures and low flow conditions in 2016, which had the potential to cause additional
mortalities to the already reduced population by increasing metabolic stress and restricting movement
to refuge or overwintering habitats (De Beers 2018b).

•

The persistence of populations of Northern Pike within the KLM watershed, a resilient top predator to
environmental change (Skov and Nilsson 2018; Cathcart et al. 2019), may be preventing a recovery of
Arctic Grayling while most of Kennady Lake habitats are isolated for mining.

While the potential for habitat in Area 8 and downstream to support Arctic Grayling remains, the monitoring
to date suggests that Arctic Grayling will not return during operations. As discussed at the AEMP Workshop,
De Beers will provide a conceptual mitigation plan for the recovery of Arctic Grayling for the post-closure
period, comparing a plausible recovery scenario under natural recolonization processes to a scenario of
assisted recovery (e.g., translocation mitigation). The outcome of the evaluation will provide rationale for
further planning for the recovery of Arctic Grayling following closure of the Mine.
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Summary of Predicted Mine-related Changes during Operations to the Aquatic
Environment for Fish Habitat and Community
Waterbody/ Watercourse

Updated Effect Predictions(a)

Kennady Lake Areas 2 to 7

Loss of fish habitat because part of the controlled area is within the Mine site;
fish community removed through Fish-Out program and fish access barred

Area 8

Fish Habitat:
Slight increase predicted in productivity of plankton and benthic invertebrate
communities
Decreased lake habitat area
Fish Community:
Arctic Grayling recolonization is now considered unlikely during operations, even
with the provision of updated DFMP as per the flow augmentation assessment;
however, habitat for Arctic Grayling is being maintained with the DFMP
Other fish populations, including Slimy Sculpin and Northern Pike, are expected
to be maintained
No change in effect predictions for toxicological impairment or nutrient
enrichment

Lakes/streams downstream of
Area 8

Fish Habitat:
No predicted change in productivity of benthic invertebrate communities
Increase in the frequency of fish barriers preventing spring spawning migrations
of Arctic grayling
Fish Community:
Arctic Grayling recolonization is now considered unlikely during operations, even
with the provision of updated DFMP as per the flow augmentation assessment.
Other fish populations, including Slimy Sculpin and Northern Pike, are expected
to be maintained
No change in effect predictions for toxicological impairment or nutrient
enrichment

Lake N11

Fish Habitat:
Increased productivity predicted at all trophic levels
Fish Community:
Increased growth and production predicted in the large-bodied fish species due
to nutrient enrichment
Negligible effects on the fish community predicted due to toxicological
impairment or physical habitat alteration

Other N lakes (i.e., Lake N14
and Lake N17)

Fish Habitat:
Increased lake habitat area
Fish Community:
Negligible effects on the fish community

Operations(b)

Lake 410

Negligible predicted effects to fish habitat or fish community

Kirk Lake

Negligible predicted effects to fish habitat or fish community

Raised lakes - Lakes D2, D3,
E1

Fish Habitat:
Increased lake habitat area
Fish Community:
Negligible effects on the fish community

Lake A1

Lake A1 is no longer considered a raised lake. As no changes in water levels or
water or sediment quality are expected, no changes on fish habitat or
community are expected.

a) Applicable to 2020 AEMP, as the proposed changes to the downstream flow mitigation are expected to start in 2020.
b) Operations phase started in October 2016 and is expected to extend until 2030 (i.e., total of 14 years).
AEMP = Aquatic Effects Monitoring Program; DFMP = Downstream Flow Mitigation Plan.
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Fish Health and Fish Tissue Chemistry
The EIS assessed the potential for modelled water quality in Kennady Lake after refilling, and in Lake N11
and Lake 410 during construction, operations, and closure, to cause chronic toxicity to aquatic life through
direct waterborne exposure and indirectly through body burdens in fish. Modelled concentrations were
below toxicity thresholds, supporting the prediction of negligible effects on aquatic health. Since the updated
maximum projected concentrations of water quality parameters in Area 8 and Lake N11 during operations
are expected to remain below site-specific water quality objectives (SSWQOs), which were developed to
be protective of aquatic life, changes to water quality are still predicted to have negligible toxicological
effects on aquatic health in Area 8, Lake N11, and downstream waterbodies (e.g., Lake 410 and Kirk Lake)
(Table 2.2-6). The fish health and fish tissue chemistry components in the AEMP assess these effect
predictions, by monitoring changes in fish survival (i.e., age), energy use (i.e., growth and reproduction),
energy storage (i.e., condition), and metal tissue concentrations in sentinel fish species.
The EIS predicted an increase in nutrient concentrations in Area 8 and Lake N11 during operations, which
is expected to increase productivity at all trophic levels. Increased biomass of phytoplankton, zooplankton,
and benthic invertebrates can increase the food base for fish, and potentially result in increased growth and
production in the fish community. This may manifest as increased energy storage and utilization by fish.
However, the trophic status of the lakes is expected to remain the same, and no adverse effects on fish
health are expected (Table 2.2-6).
The EIS predicted minor changes in water and sediment quality in the raised lakes, which can include
increased mercury concentrations. As described in Information Request responses during the EIR process,
although the possibility for increased mercury methylation exists from raising water level in the diversion
[raised] lakes, it is not expected to increase concentrations in fish tissue enough to impair the health of the
fish, or wildlife that may eat these fish (De Beers 2014a).
Table 2.2-6
Phase

Summary of Predicted Mine-related Changes during Operations to the Aquatic
Environment for Fish Health and Fish Tissue Chemistry
Waterbody/Watercourse
Kennady Lake Areas 2 to 7

Effect Predictions(a)

Not applicable; part of the controlled area within the Mine site
Negligible effects to aquatic health as measured by changes to
Area 8
fish health endpoints and fish tissue metal concentrations
Negligible effects to aquatic health as measured by changes to
Lakes/streams downstream of Area 8
fish health endpoints and fish tissue metal concentrations
Negligible effects to aquatic health as measured by changes to
Lake N11
fish health endpoints and fish tissue metal concentrations
Negligible effects to aquatic health as measured by changes to
Other N lakes (i.e., Lake N14 and Lake N17)
fish health endpoints and fish tissue metal concentrations
Operations(b)
Negligible effects to aquatic health as measured by changes to
Lake 410
fish health endpoints and fish tissue concentrations
Negligible effects to aquatic health as measured by changes to
Kirk Lake
fish health endpoints and fish tissue metal concentrations
Negligible effects to aquatic health as measured by changes to
fish health endpoints and fish tissue metal concentrations
Raised lakes - Lakes D2, D3, E1
Mercury concentrations in fish tissue are expected to increase
temporarily during the water quality stabilization period, but is not
expected to impair the health of the fish.
Lake A1
Not applicable; Lake A1 is no longer considered a raised lake.
a) Applicable to 2020 AEMP, as the proposed changes to the downstream flow mitigation is expected to start in 2020.
b) Operations phase started in October 2016 and is expected to extend until 2030 (i.e., total of 14 years).
AEMP = Aquatic Effects Monitoring Program.
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Summary of Predicted Residual Effects

The residual impact classification of projected impacts to water quality and fish was performed based on
two time periods (De Beers 2010):
•

Mine initiation to 100 years later; and

•

after 100 years from Mine initiation.

The impact classification for the first time period was based primarily on the dewatering and subsequent
loss of the aquatic ecosystem in Kennady Lake during mining operations. A moderate magnitude effect
was predicted regarding the suitability of water within the Kennady Lake watershed to support a viable and
self-sustaining aquatic ecosystem. However, this classification was not extended to downstream lakes
(L and M Lakes, Lake N11, and Lake 410) where magnitude of effects was rated as negligible to minor.
The second time period is focused on future, steady-state conditions. The key concern for this period is
increased concentrations of phosphorus in Kennady Lake and downstream. After applying supplemental
mitigation, which incorporates the most recent results from ongoing and additional geochemical testing, the
long-term maximum steady-state total phosphorus (TP) concentration is predicted to remain in the
oligotrophic range (i.e., less than 0.0109 mg/L). As a result, the long-term residual effects on aquatic life
due to changes to water quality are predicted to be negligible for Kennady Lake and downstream lakes.
Although the trophic status of Kennady Lake and downstream lakes was predicted to remain the same, a
slightly increased phosphorus concentration over the long-term would result in increased overall biological
productivity compared to the nutrient-limited pre-development conditions. It is expected that the water within
the Kennady Lake watershed and downstream watershed will support a viable and self-sustaining aquatic
ecosystem, with the post-closure level of productivity being somewhat higher than pre-development
conditions. There are both positive and negative effects to aquatic life from the increased productivity during
the second time period. The increased nutrients will be reflected in increased biomass of lower trophic
communities, which may also increase the growth and production of fish. However, there may be small
changes to under-ice dissolved oxygen (DO) levels in Kennady Lake and downstream lakes at post-closure
compared to pre-development conditions. Projected impacts on the suitability of water within the Kennady
Lake watershed and downstream lakes to support a viable and self-sustaining aquatic ecosystem were
rated as negative in direction, but negligible in magnitude.
Self-sustaining populations of the three highly-valued fish species (i.e., Arctic Grayling [Thymallus arcticus],
Lake Trout [Salvelinus namaycush], and Northern Pike [Esox Lucius]) are expected to re-establish in the
refilled Kennady Lake. Projected impacts on the abundance of Arctic Grayling for the second time period
are rated as neutral to positive in direction and negligible in magnitude, as a result of the increased
planktonic and benthic food base (meaning that 100 years after mine initiation, Arctic Grayling will have
returned to the refilled Kennady Lake in numbers similar to pre-Mine conditions; i.e., no measurable change
to the abundance of Arctic grayling in Kennady Lake, relative to existing conditions). For lake Trout, the
projected impacts are rated as negative in direction and negligible. Lake Trout will also benefit from the
increased productivity within the refilled lake due to the increased food base (lower trophic levels and forage
fish base). The refilled Kennady Lake will remain oligotrophic and thus, overwintering habitat conditions are
expected to be suitable for Lake Trout; however, there may be small reductions in under-ice DO levels
compared to baseline and Lake Trout are more sensitive to lower overwintering DO levels. Lake Trout may
not return in the same numbers to Kennady Lake, due to overwintering habitat limitations, and because
conditions may be more favourable to other predatory fish species, such as Northern Pike and Burbot.
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For Northern Pike, the projected impacts during the second time period are neutral to positive in direction
and negligible.
In the EIS (De Beers 2010), the projected impacts on the suitability of water within the Kennady Lake
watershed to support a viable and self-sustaining aquatic ecosystem, and on the abundance of Arctic
Grayling, Lake Trout, and Northern Pike are determined to be not environmentally significant for both time
periods. This conclusion was also supported by the information supplied in the EIS Update and the EIS
Supplement (De Beers 2011, 2012a).
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DESCRIPTION OF THE ENVIRONMENT

3.1
3.1.1

Environmental Setting
Physical Setting

The Mine is situated north of the north-eastern arm of Great Slave Lake in the NT at Longitude 63° 26’
North and Latitude 109° 12’ West, and is about 140 km northeast of the nearest community, Łutsel K’e, and
280 km northeast of Yellowknife (Map 1.1-1).
The Mine is located in the watershed of Kennady Lake, a small headwater lake within the Lockhart River
system. Kennady Lake discharges to the north, via a series of small lakes, into Kirk Lake and then into
Aylmer Lake located on the mainstem of the Lockhart River. The Lockhart River then drains southeast from
Aylmer Lake through Clinton Colden and Artillery lakes into the East Arm of Great Slave Lake. The Kennady
Lake watershed is 37 km2 and comprises 0.14% of the 27,500 km2 Lockhart River watershed.
Kennady Lake is a small (8.15 km2) oligotrophic lake located in the sub-Arctic tundra, north of the treeline,
and near the southern limit of continuous permafrost. Topography around Kennady Lake is characterized
by low relief with occasional rocky ridges. Muskeg is the dominant vegetation, but willow shrubs (i.e., Salix
spp.) exist in riparian areas and black spruce (i.e., Picea spp.) is found in valley depressions where wind
exposure is reduced.
There are also numerous small (less than 0.2 km2), shallow (less than 3 m) lakes within the Kennady Lake
watershed. Most of these lakes are non-fish-bearing and are connected to Kennady Lake only during the
spring freshet.
The Project is accessed in the winter by a 120 km Winter Access Road that extends from the
Tibbitt-to-Contwoyto Winter Road at MacKay Lake to Kennady Lake. The Winter Access Road to Kennady
Lake crosses Reid, Munn, Margaret, and Murdock lakes, and several smaller lakes and streams.
The Winter Access Road typically operates for less than 70 days each year between November and March
(De Beers 2002). The Project will also be accessed by air.

3.1.2

Climate

The Project is located in a sub-Arctic climate, characterized by long, cold winters and short, cool summers.
Temperatures typically fall to below freezing by early October and remain so until mid- to late May. Monthly
mean temperatures persist below -20°C from December through March, with daily means occasionally
reaching below -40°C. The warmest month is July, with a mean temperature of about 12°C. Measured
mean annual precipitation in the region is approximately 270 mm with about half falling as snow during the
October to May winter period.
Two meteorological monitoring stations at the Mine site collect air temperature, rainfall, wind speed,
predominant wind direction, net solar radiation over water, and solar radiation. One monitoring station is
located at a high point of land on the east side of the Mine (Hill Station), and a second lake hydrometeorological station is located north shoreline of Area 8 of Kennady Lake (Lake Station). Meteorological
data at the Mine are collected and reported annually within the Supporting Environmental Data Section of
the AEMP annual reports. The rate of dust deposition and air quality are reported annually in the Annual
Air Quality reports.
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Study Areas
Predicted Zone of Influence

The predicted zone of influence of the Mine within the Kennady Lake watershed, and downstream and
adjacent watersheds, includes the location of mining operations and locations of other Mine-related
activities that may cause a disturbance. The predicted zone of influence during the phases applicable to
this AEMP (i.e., from Mine operation activities) includes the Mine footprint, the Kennady Lake watershed,
the N Lakes watershed (particularly Lake N11 and its downstream environment), the L and M lakes, Lake
410, and the winter access road to the Mine (Map 3.2-1). The EIS predicted negligible changes to the
aquatic environment in Kirk Lake, which is downstream of Lake 410 (De Beers 2010, 2011). Therefore,
during Mine operations, the predicted zone of influence of the Mine is not expected to extend to Kirk Lake.

3.2.2

Kennady Lake and Downstream Local Study Areas

Two specific study areas were delineated in the 2010 EIS (De Beers 2010) and 2011 EIS Update (De Beers
2011): the Kennady Lake Study Area (KLSA) and the Downstream Local Study Area (DLSA).
The KLSA includes Kennady Lake along with its headwater lakes and stream inlets, Stream K5 (the outlet
stream of Kennady Lake), and riparian zones located in the Kennady Lake watershed (Map 3.2-1).
The KLSA includes an 8.15 km2 area of Kennady Lake, as well as 32.5 km2 in watershed area including
sub-watersheds A, B, D, E, F, G, H, I, and J. The downstream limit of the KLSA is the Kennady Lake outflow
from Area 8 (Stream K5). Lobes within Kennady Lake have been partially or completely dewatered to allow
mine pit development on the lakebed and will remain isolated for the remainder of operations and during
closure, until Kennady Lake has been refilled, and water quality in the refilled lake is acceptable to allow
reconnection to Area 8.
The DLSA has been defined to assess the immediate direct and indirect effects of the Mine on downstream
lakes and streams, and associated aquatic and semi-aquatic life (Gahcho Kué Panel 2007). It is a 739 km2
area that extends from the outlet of Stream K5 from Area 8 of Kennady Lake downstream to the outlet of
Kirk Lake, including associated watersheds (Map 3.2-1). The drainage from the adjacent N watershed joins
the natural drainage from Kennady Lake at Lake 410. The combined drainage then flows out of Lake 410
through the P watershed to Kirk Lake, and then to Aylmer Lake.
For the AEMP, the core lakes to be monitored are Area 8 of Kennady Lake, Lake N11, Lake 410, and Kirk
Lake (Map 3.2-1). Once Kennady Lake is refilled after closure, it will be added to the core lake list
(i.e., sampling will no longer be limited to Area 8). The raised lakes are represented by Lake D2/D3.

3.2.3

Reference Lakes

The two reference lakes selected for the AEMP are East Lake and Lake 3 (Map 3.2-2). These lakes were
selected because of their general similarity to the core lakes in terms of hydrology, water and sediment
quality, and lower trophic communities, and their proximity to Kennady Lake (De Beers 2016).
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Existing Conditions

Environmental conditions have changed since baseline as a result of construction and early operations.
These changes include:
•

dykes and diversion infrastructure in place per the Mine development plan;

•

isolation of Area 8 from the rest of Kennady Lake;

•

operational discharge to Lake N11, which has increased concentrations of some water quality
parameters, particularly nitrate;

•

downstream flow mitigation to Area 8 from Lake N11, designed to reduce impact of low flow on streams
downstream of Area 8; and

•

increased water levels in raised lakes (i.e., D2/D3, E1).

Four upper tributary watersheds (i.e., A, B, D, and E watersheds) have been diverted so that runoff from
areas outside of the controlled area (i.e., water that has not been in contact with the Mine site) flows away
from the controlled area rather than into it. Watersheds B, D, and E have been diverted to the adjacent N
watershed, and annual flows in the A watershed (Lake A1) are directed as needed via a pipeline to Area 8
to maintain water levels in Lake A1 (De Beers 2020b). Site runoff within the controlled area, process
minewater generated on site, and groundwater flowing into the open pits is pumped or directed to the WMP,
where a portion of the water is recycled to the processing plant or used for dust suppression.
Dewatering of Kennady Lake to Area 8 ceased in September 2015; no additional dewatering to Area 8 is
planned. Isolation of the controlled area reduced the drainage area and flow magnitude at the outlet of
Kennady Lake (Area 8), decreased flows to Area 8 and downstream, and increased flows in the
N-watershed, relative to baseline. The decrease in flows expected at the Area 8 outlet and farther
downstream has been augmented first by dewatering discharges in 2015, pumping from Lake A1 (via Lake
J1 in 2016 and as needed directly from Lake A1 in other years), and then by downstream flow mitigation
pumping since 2017. The temporal extent of the effects of the creation of the controlled area is expected to
persist through operations and into the closure period (when refilling of Kennady Lake occurs).
Outflow from Area 8 and downstream flows will be more regulated from 2019 onwards than previously, with
the proposed changes to the downstream flow mitigation, which will result in pumping water into Area 8 just
after ice-off and maintaining higher flow rates and water levels downstream of Area 8 into the end of August.
The channel at the outlet of Area 8 is naturally suited to convey the flows targeted in the DFMP. As well, if
natural climatic conditions result in flood flows, pumping will not be required and will be curtailed at that
time.
During operations, water is pumped periodically from the WMP directly to Lake N11, when water quality in
the WMP meets discharge criteria, and to maintain peak flows through Lake N11 that are similar to baseline.
The water level in Lake D2/D3 reached its full supply level in 2019. Now at its full capacity, the surface area
of Lake D2/D3 is 103 ha, meaning approximately 53 ha of tundra have been inundated (or 51% of the lake
surface area being represented by flooded tundra). The past flooding of the riparian habitat and tundra
vegetation has resulted in increased nutrient and metal concentrations in the lake, and reduced DO levels
over winter, particularly in the shallow regions of the lakes (i.e., primarily represented by Basin D2).
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Climate conditions have varied from median precipitation years during baseline collection. For example,
drier than normal conditions occurred during operations between 2016 and 2018.

3.4

Environmental Components

Monitoring components considered as part of the AEMP are:
•

Hydrology – measures stream flows and water levels, which serve as supporting data for biological
components (e.g., physical aquatic habitat data).

•

Water quality – monitors physico-chemical parameters throughout the water column and chemical
parameters at discrete depths.

•

Sediment quality – monitors physical and chemistry parameters in lake bottom sediment.

•

Plankton – monitors phytoplankton and zooplankton biomass and community structure, as well as
nutrient concentrations in depth-integrated samples.

•

Benthic invertebrates – monitors biological effects of Mine-related hydrological changes, and potential
changes in water and sediment quality on the benthic invertebrate community.

•

Fish (i.e., fish habitat and community, fish health, and fish tissue chemistry) – evaluates the
effects of the changes in downstream flows on the downstream fish populations (primarily Arctic
Grayling, Slimy Sculpin, and Northern Pike); evaluates the short-term and long-term effects of the Mine
on fish health and fish tissue chemistry.

De Beers also completes ongoing monitoring of:
•

Meteorology, air quality, dustfall and passive gases, with results reported annually in the Annual Air
Quality Report.

•

Vegetation and soil, with results reported annually in the Vegetation and Soil Monitoring Program
Annual Report.

•

Wildlife and wildlife habitat, with results reported annually in the Annual Wildlife Report.

3.5

Traditional Land Use

Traditional uses in the area include traditional water uses and traditional land uses. Traditional water uses
include drinking the water and harvesting and consuming the fish. Traditional land uses include hunting and
gathering, particularly for caribou.
Traditional land uses are monitored under the wildlife, vegetation, and soil and air quality monitoring
programs, and traditional water uses are monitored as part of the AEMP.
The selection of Significance Thresholds for AEMP were based on the commitment by De Beers that
traditional water uses in Lake N11 (outside of the mixing zone) and in all waters downstream of Kennady
Lake should not be affected by mining activities throughout construction, operation, and reclamation.
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Nearby Projects

The Diavik Diamond Mine, Ekati Diamond Mine, and De Beers’ Snap Lake Mine are all nearby projects
within the NT (Map 1-1.1); however, none of the projects are within the Kennady Lake or downstream
watersheds where the Gahcho Kué Mine is located. The Diavik Diamond Mine is located on Lac de Gras
and the Ekati Diamond Mine is located on Lac du Sauvage and Lac de Gras, both of which are located in
the Coppermine River watershed, while the Snap Lake Mine is located within the Snap Lake watershed.
The Diavik Diamond Mine began commercial production in 2003 and underground mining commenced in
March 2010 with closure planned for 2025. The Ekati Diamond Mine began production in October 1998.
Production since 1998 at the Ekati Diamond Mine has focused on six open pits and three underground
operations. The Snap Lake Mine opened in 2008 and in December 2015 the mine moved into care and
maintenance and it is currently preparing for closure. Currently, these operations do not affect the aquatic
receiving environment around Mine, nor are they affected by the Mine.
The Kennady North Project is located 8 km north of the Gahcho Kué Mine. It has been the focus of
numerous exploration programs since 1992 by a variety of operations. It consists of 16 mineral leases and
58 mineral claims totalling 61,000 ha.
De Beers is committed to work with other operators to understand the potential for effects on the aquatic
environment downstream of the Mine (i.e., along the drainage pathway from Area 8 to Lake 410). If any
potential for effects is identified, the effects will be considered in future updates of the overall sampling
design, as appropriate.
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PROBLEM FORMULATION
Introduction

This section illustrates potential interactions of stressors associated with Mine activities, receptors within
the environment near the Mine, and exposure pathways that link the two. These potential linkages between
the Mine and the environment are the foundation of the impact hypotheses to be tested by the AEMP and
drive the selection of assessment and measurement endpoints (Section 4.6).
The conceptual site model, the stressors, pathways, and receptors were identified based on information
from the following documents:
•

2010 EIS (De Beers 2010);

•

2011 EIS Update (De Beers 2011);

•

2012 EIS Supplement (De Beers 2012a); and

•

Water Licence Application.

4.2

Aquatic Ecosystem

For lake environments, the base of the food-web is comprised of phytoplankton in the water column and
periphyton (primary producers) on shoreline rocks, which use nutrients and light to produce carbon for
growth, and provide food to benthic invertebrates and zooplankton (primary consumers) (Figure 4.2-1). Fish
(secondary consumers) feed on zooplankton and benthic invertebrates, and larger predatory fish (tertiary
consumers) feed on smaller fish. For the stream environment, periphyton and benthic invertebrates play a
larger role in the flowing water ecosystem of the streams. Wildlife use water and biota in lakes and streams
as drinking water and as a food source. Potential effects to wildlife are monitored under the Wildlife Effects
Monitoring Program (De Beers 2014b), and are not considered herein.
Further details on the aquatic ecosystem associated with the Mine area can be found in the baseline
synthesis study prepared to support the AEMP (Golder 2014b).
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Diagram Showing Components of the Aquatic Environment
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Mine-related Stressors

The primary exposure routes for receptors in the Kennady Lake watershed and downstream watershed are
the releases of Mine-affected water from Kennady Lake and the alteration of water levels and flows with
isolation and diversion of surface waters within the Kennady Lake watershed. The following Mine activities
and components are the primary sources of stress to aquatic organisms:
•

The Mine footprint results in a direct loss of habitat over the Mine life.

•

Isolation and diversion of upper Kennady Lake watersheds result primarily in changes to water levels
and flows, and secondarily in changes to water quality (e.g., nutrients and mercury leached from flooded
lands).

•

Dewatering and refilling primarily result in changes in water levels and flows in Kennady Lake and
downstream watersheds.

•

Operational discharge and refilling activities alter water quality (e.g., nutrients, metals, and total
dissolved solids [TDS] and major ions) in downstream watersheds and the refilled Kennady Lake.

•

Mine pit development and production of Mine waste alter water quality, including TDS from deep
groundwater in pits; nutrients (e.g., phosphorus, nitrogen, and silica) and metals leached from PK in
the Coarse PK Pile and Fine PKC Facility; and metals leached from mine rock.

•

Site water management (e.g., WMP) results in altered concentrations of nutrients, metals, and TDS,
mainly during closure and reclamation, but also during the early stages of operations (i.e., pumping to
Lake N11).

•

Air emissions result in changes to air quality, particularly increased dust deposition.

These sources of stress were assessed as having potential residual effects on valued components on the
aquatic ecosystem, such as water quality and fish, in the EIS and subsequent documents (De Beers 2010,
2011, 2012a). Two categories of stressors were identified as: 1) chemical stressors (nutrients, metals, and
TDS), and 2) physical stressors (alteration of aquatic habitat).
The primary Mine-related source of nutrients is anticipated to be the PK, which will be stored in a Coarse
PK Pile and a Fine PKC Facility, the latter of which may receive nutrients from other Mine-related sources
(e.g., treated domestic wastewater, explosive residue) and contribute elevated levels of phosphorus and
nitrogen to waterbodies. Nutrients may be transported from the PK through seepage and/or runoff over the
life of the Mine to the WMP, and during closure and post-closure to Kennady Lake. The PK is also expected
to be a source of silica, a minor nutrient important to the growth of some types of phytoplankton
(i.e., diatoms).
Prior to operations, it was expected that dewatering of Kennady Lake to Lake N11 and Area 8 may result
in the transfer of nutrients to these receiving waterbodies (e.g., in association with suspended sediments).
Waterbodies may also experience an increase in nutrient concentrations in response to releases from the
WMP during operations (e.g., Lake N11 in the early stages of the Mine) and reduced flow of water outside
the controlled area of the Mine (e.g., Area 8 and outlet, and L and M lakes), as well as with the post-closure
reconnection of Kennady Lake to the surrounding environment.
Concentrations of metals also may increase due to alterations to water flows. In addition, metals may
originate from waste rock pile seepage and drainage, and open pit groundwater within the controlled area,
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and be released to waterbodies outside the controlled area through Mine-related (e.g., WMP to Lake N11)
and unanticipated discharges (e.g., dyke seepage), as well as with the post-closure reconnection of
Kennady Lake to the surrounding environment. Mine-related air emissions (e.g., processing plant, vehicle
exhaust) may also release metals to the environment through wet and dry deposition.
Groundwater contributions from open pits are the primary source of potential increases in TDS. Deep
groundwater that drains into the open pits during mining contains a naturally high concentration of TDS,
including major ions (e.g., chloride, calcium). Water from the open pits will be used as process water and
will be pumped to the WMP. Pumping of water from the WMP to Lake N11 and refilling of Kennady Lake at
the end of closure will result in increased TDS in the lake and the downstream watershed.
Water levels in Lake N11 and flows downstream of the Lake N11 outlet are expected to increase during
construction and associated Mine-related releases during early operations. Higher water levels (flooding)
are expected in waterbodies upstream of diversion features (e.g., D, E, and A watershed lakes). Water
levels and flow-through are expected to decrease downstream of the Mine (e.g., Area 8 and L and M lakes)
during construction and operations, and will be restored in post-closure (once Kennady Lake has been
refilled and reconnected to downstream waterbodies).

4.4

Pathways

The pathways by which Mine-related sources and stressors may influence the aquatic ecosystem are both
direct and indirect. Direct pathways involve a direct influence on a receptor, for example, direct toxicity to
fish as a result of elevated concentration of an ion or a metal. Indirect pathways often include several levels
of receptors; for example, discharge of Mine-affected water may result in an increase in nutrient
concentration and primary productivity, which in turn may reduce DO and the capacity of a waterbody to
support aquatic life (e.g., invertebrates and fish).
The key exposure pathways relevant to the AEMP in the Kennady Lake watershed and downstream
watersheds are as follows:
•

direct contact of aquatic organisms with TDS and associated ions and metals;

•

reduction in the quality of aquatic habitat through eutrophication associated with increased nutrient
concentrations; and

•

alteration of the quantity and quality of habitat with changes to water levels and flows.

Further details how these exposure pathways can lead to effects on the aquatic environment are provided
in De Beers (2016a).

4.5

Impact Hypotheses

The impact hypotheses consider the key pathways of exposure of the aquatic environment to Mine-related
stressors (Section 4.4); the following three impact hypotheses are tested in the AEMP:
•

Toxicological Impairment Hypothesis: Toxicity to aquatic organisms could occur due to the releases of
substances of toxicological concern (e.g., metals, TDS).

•

Nutrient Enrichment Hypothesis: Eutrophication could occur due to the releases of nutrients (primarily
phosphorus and nitrogen, and, for some species, silica, and TDS).
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Physical Habitat Alteration Hypothesis: Alteration to physical habitat (aquatic habitat) could cause
changes to aquatic organisms through modifications to water levels and flows outside the controlled
area.

These hypotheses are evaluated using information generated through monitoring of measurement
endpoints (Section 4.6) and using a weight of evidence (WOE) integration approach (Section 6.10).

4.6

Assessment and Measurement Endpoints

The terms "assessment endpoint" and "measurement endpoint" are commonly applied in environmental
assessments and monitoring programs and provide concise statements of what environmental issues are
being examined in a particular assessment or monitoring program.
Assessment endpoints are defined as formal narrative expressions of the actual environmental values to
be protected (Suter 1993; Suter et al. 2000). Considerations in the selection of assessment endpoints
include ecological relevance, policy goals, future land use, societal values, susceptibility to substances of
potential concern, and the ability to define the endpoint in operational terms. At a minimum, assessment
endpoints include an ecological component and a property (attribute) of that ecological component to be
evaluated. Assessment endpoints are the ultimate properties of the Valued Components (VCs) that should
be protected or developed for use by future human generations.
Measurement endpoints are quantifiable (i.e., measurable) expressions of the aquatic environment that
influence the assessment endpoints. They are measures of the potential for adverse ecological effects, and
may include measures of exposure (e.g., comparison of chemistry to environmental quality guidelines), as
well as measures of effects (e.g., biomass, community, toxicity relative to reference condition). The United
States Environmental Protection Agency (USEPA 1998) provides guidance on selection of appropriate
measurement endpoints, including:
•

the relationship between measurement and assessment endpoints must be clearly described and
scientifically based;

•

statistical power and sample size should be considered;

•

site-specific species, and community and habitat characteristics should be considered;

•

the sensitivity to the stressors and the ability to detect change should be evaluated; and

•

close correspondence between measurement endpoints and assessment endpoints is desired.

4.6.1

Endpoints in the Environmental Impact Statement

In the EIS and subsequent documents (De Beers 2010, 2011, 2012a), assessment endpoints and
measurement endpoints were used to guide the assessment. Based on issue scoping for the Project with
community members, federal and territorial regulators, and other stakeholders, water quality and fish were
identified as being the most important components (i.e., valued components, or VCs) for the key lines of
inquiry relating to Kennady Lake and downstream watersheds.
The effects analyses in the EIS were completed with a focus on measurement endpoints. They were
organized around specific effects statements that summarize the elements of the aquatic environment
under investigation, and the results of the analyses were used to evaluate projected impacts to the
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associated assessment endpoints. The overall significance of Mine impacts on the VC was predicted by
linking residual changes in measurement endpoints to impacts on the associated assessment endpoint.
For example, for water quality, the assessment endpoint is the suitability of water quality to support a viable
aquatic ecosystem, and the relevant measurement endpoints include predicted concentrations of nutrients
(e.g., nitrogen and phosphorus concentrations), ionic constituents (e.g., dissolved salts, such as calcium
and chloride), and metals (e.g., copper and iron) in Kennady Lake over time.
For fish, the assessment endpoint is the sustainability of fish populations such that there will be continued
opportunities for traditional and non-traditional use by people. Lake Trout, Northern Pike, and Arctic
Grayling were selected as the three valued fish species, as they were considered to be important to people
and perceived to have value, and were representative of the fish that could be potentially affected as a
result of Project activities. Their selection was based on their value to Indigenous communities, their
abundance and dominance in Kennady Lake and adjacent watersheds, and the ecological niche they
represent (i.e., life history, habitat requirements, food source).
A summary of the aquatic assessment and measurement endpoints considered in the EIS for the Kennady
Lake aquatic ecosystem is provided in Table 4.6 1.
Table 4.6-1

Endpoints for Valued Components Identified for Water Quality and Fish

Valued Components
• Water quality
• Fish (Lake Trout,
Arctic Grayling, and
Northern Pike)

Key Biophysical
Components
• permafrost
• hydrogeology and
groundwater
• surface water
quantity
• surface water
quality
• sediment quality
• aquatic health
• fish habitat

Assessment Endpoints

Measurement Endpoints

• suitability of water
quality to support a
viable aquatic
ecosystem
• abundance and
persistence of
desired population(s)
of Lake Trout
• abundance and
persistence of
desired population(s)
of Northern Pike
• abundance and
persistence of
desired population(s)
of Arctic Grayling

• permafrost depth and distribution, location and
size of taliks near waterbodies and
watercourses
• groundwater level and flow rate, groundwater
quantity and quality
• surface topography, drainage boundaries, and
waterbodies (e.g., streams, lakes, and
drainages), stream flow rates, and spatial and
temporal distribution of surface water, shoreline
and channel morphology
• physical characteristics of water (e.g., pH,
conductivity, turbidity), concentrations of major
ions, nutrients, total and dissolved metals and
trace organic compounds in water
• physical and chemical properties of sediment
• physical aquatic habitat characteristics, habitat
quantity and quality
• plankton community structure and composition
• benthic invertebrate community structure and
composition
• fish habitat availability and use
• fish numbers, movement, and behaviour; fish
survival and reproduction; fish reproductive
condition and health
• access to fish and wildlife
• human health
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Endpoints Selected for the AEMP

Assessment endpoints continue to be the properties of the VCs that should be protected or developed for
use by future human generations, and measurement endpoints are the quantifiable (i.e., measurable)
expressions of the aquatic environment that influence the assessment endpoints.
The assessment and measurement endpoints used in the impact assessment were further developed
through consideration of regulatory and Indigenous Party feedback during the EIR process. Table 4.6-2
lists the assessment and measurement endpoints for the AEMP. The table lists the aquatic components
that form the VCs of water quality and fish, and the associated assessment and measurement endpoints
for each of these components. The assessment endpoints are based on maintaining existing aquatic
ecosystems, as well as the recovery of a functioning aquatic ecosystem in the refilled and reconnected
Kennady Lake at post-closure. The assessment endpoints are also based on maintenance of traditional
uses of the aquatic environment, including drinking water quality by humans and wildlife, and fish health.
Measurement endpoints are the specific characteristics and variables (i.e., indicators of exposure to
mine-related stressors or potential ecological change) that will be measured and analyzed by the AEMP to
monitor for changes in the environment. Supporting lines of evidence provide additional information for
evaluating each of the measurement endpoints.
The AEMP is designed such that the changes in measurement endpoints (i.e., indicators of exposure to
mine-related stressors or indicators of potential ecological changes via field biological responses) will be
used to monitor for changes in the environment, and thus effects on traditional use. For example, changes
in the fish community are monitored directly and indirectly through various components of the AEMP,
including (1) fish habitat and fish community monitoring (direct); (2) fish health (direct); (3) fish tissue
(direct); (4) fish tasting (direct); (5) hydrology (indirect); (6) water quality (indirect); (7) sediment quality
(indirect); and (8) lower trophic communities, including plankton and benthic invertebrates (indirect).
The AEMP design considers the measurement endpoints listed in Table 4.6-2 to evaluate whether changes
have occurred in the receiving environment (which incorporate effects on traditional water uses including
drinking water quality and fish abundance). Should any endpoint indicate that fish food (i.e., lower trophic
organism levels) or fish habitat (i.e., water quality, sediment quality) have changed by a magnitude or in a
direction that could negatively impact fish communities (including abundance), additional monitoring would
be initiated that would assess the fish community directly at that time. For example, this could include the
implementation of a fish population monitoring program such as the Broad-scale Fish Community
Monitoring (BSM; Sandstrom et al. 2009) program3.
Furthermore, the fish health and fish tissue components of the AEMP directly assess fish health in
small-bodied fish species. Ninespine Stickleback were selected as the sentinel species for the AEMP
following results of the 2015 and 2016 AEMP annual reports (De Beers 2017). If changes in fish survival
(i.e., age), energy use (i.e., growth and reproduction), or energy storage (i.e., condition) are documented
and confirmed to be consistent over time, and consistent with changes observed in either fish tissue
chemistry or other supporting field biological responses (e.g., lower trophic communities), then the
implementation of a fish population monitoring program would be considered as a response action.

3

A BSM program is not included as part of this AEMP design, because of the potential for excessive fish mortality (Section 6.7).
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Assessment and Measurement Endpoints Associated with the Aquatic Effects Monitoring Program

Assessment Endpoints

Water that is safe to drink and fish that
are good to eat

Aquatic resources (e.g., lower trophic
organisms, fish) that are characteristic of
an oligotrophic aquatic ecosystem

Key Assessment Attributes
• water quality in Area 8, the N lakes, and downstream lakes that
does not pose a risk to aquatic life, wildlife, and/or humans
• water quality in the restored Kennady lake that does not pose a
risk to aquatic life, wildlife, and/or humans
• maintenance of sediment chemistry in Area 8, the N lakes, and
downstream lakes that does not pose a risk to the benthic
invertebrate community
• maintenance of sediment chemistry in in the restored Kennady
Lake(a) that does not pose a risk to the benthic invertebrate
community
• maintenance of fish health
• maintenance of fish quality for consumption (palatability)
• lack of diseases or deformities in fish attributable to Mine
discharge
• fish tissue quality that does not pose a risk to predatory fish
• recovery of healthy fish populations in Kennady lake
• recovery of fish populations in Kennady lake after closure that are
available for consumption
• maintenance of surface water flows and levels to support aquatic
ecosystems
• maintenance of a phytoplankton community quality in Area 8, the
N lakes, and downstream lakes characteristic of an oligotrophic
lake
• maintenance of a zooplankton community quality in Area 8, the N
lakes, and downstream lakes characteristic of an oligotrophic lake
• maintenance of a benthic invertebrate community quality in Area
8, the N lakes, and downstream lakes characteristic of an
oligotrophic lake
• recovery of plankton communities in Kennady lake
• recovery of benthic invertebrate community in Kennady lake
• maintenance of fish community and fish habitat in Area 8, the N
lakes, and downstream lakes characteristic of an oligotrophic lake
• recovery of fish habitat in Kennady lake
• recovery of fish populations in Kennady lake

Aquatic Component

Measurement Endpoints

Supporting Lines of Evidence

• In situ water quality measurements (e.g., DO, pH, conductivity,
temperature, Secchi depth, turbidity)
• Concentrations of water quality parameters, such as TSS, TDS,
metals, nutrients (e.g., ammonia, nitrite, nitrate, TKN and TP) in:
o dewatering and licenced discharges; and
o surface water

• Concentrations of modifying water quality parameters (e.g., pH,
hardness)
• Concentrations of other water quality parameters
• Chlorophyll a concentrations

Sediment quality

• Concentrations of sediment quality parameters, such as metals, and
nutrients in:
o surficial sediments

• Water chemistry

Fish health and tissue chemistry

• Small-bodied fish abnormalities (e.g., wounds, tumours, parasites, fin
fraying, gill parasites or lesions)
• Small-bodied fish tissue chemistry (i.e., metals)
• Small-bodied fish condition
• Palatability testing (Lake Trout)

•
•
•
•
•

• Water flows and stream velocities
• Stream channel integrity

• Water Management Plan - annual water balance reporting
• Climate data
• Snowpack depth

Water quality

Hydrology

Lower trophic organisms

Fish habitat and community

Water chemistry
Sediment chemistry
Zooplankton community and benthic invertebrate community
Sentinel species abundance (catch per unit effort)
Species relative abundance (catch per unit effort)

•
•
•
•
•
•
•
•
•
•
•
•

Concentrations of chlorophyll a, nutrients
Phytoplankton species composition
Phytoplankton abundance and biomass
Rate of colonization/recovery of phytoplankton community
Zooplankton species composition
Zooplankton abundance and biomass
Rate of colonization/recovery of zooplankton community
Total benthic invertebrate density and biomass
Benthic invertebrate community richness
Benthic invertebrate community composition
Benthic invertebrate community diversity
Rate of colonization/recovery of benthic invertebrate community

•
•
•
•
•

Water chemistry
Clarity
Chlorophyll a concentrations
Sediment chemistry
Rate of colonization/recovery of phytoplankton and zooplankton
communities

•
•
•
•

Habitat quality and quantity
Fish presence and habitat use
Small-bodied fish presence and relative abundance
Rate of colonization/recovery of fish community

•
•
•
•
•

Flows and water levels
Water column profile measurements
Water and sediment chemistry
Zooplankton community and benthic invertebrate community
Small-bodied fish health and tissue chemistry

a) This table includes closure conditions; however, the AEMP design is limited to presenting monitoring for operations.
DO = dissolved oxygen; TDS = total dissolved solids; TSS = total suspended solids; TKN = total Kjeldahl nitrogen; TP = total phosphorus.
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AEMP DESIGN

Introduction

This AEMP Design Plan describes monitoring for the next few years of the operations phase, from 2021.
Throughout the Mine life, there will be opportunities to re-evaluate and adjust the study design at
appropriate intervals, as required by the Water Licence and in accordance with the AEMP Response
Framework.
This section is organized according to the following sub-sections, which together provide the details of the
AEMP study design and methods to evaluate the effects of the Mine on the aquatic environment:
•

Design Approach (Section 5.2);

•

Sampling Schedule (Section 5.3);

•

Sampling Locations and Frequency (Section 5.4); and

•

QA/QC (Section 5.5).

AEMP monitoring component details, including field and laboratory methods, data analysis and
interpretation, and component specific QA/QC can be found in Section 6.

5.2

Design Approach

This section provides an overview of the planned monitoring under the AEMP by component, with an
emphasis on the operations phase of the Mine. The monitoring components to be sampled in each
waterbody/watercourse (i.e., core lakes, reference lakes, raised lakes, and downstream lakes and streams)
are identified in Table 5.2-1 and sampling locations are shown on Map 5.2-1.
The core lakes are Area 8 of Kennady Lake, Lake N11, Lake 410 and Kirk Lake (Table 5.2-1). Two
reference lakes were identified for inclusion in the AEMP: East Lake and Lake 3 (Table 5.2-1). The raised
lakes are represented by Lake D2/D3; in addition, Lake E1 is also monitored for hydrology.
Other lakes include lakes N14 and N17, and a subset of the L and M lakes and streams. These waterbodies
will be subject to altered hydrology, and will therefore be initially limited to hydrological monitoring, but also
water quality in the subset of the K, L and M lakes and water quality, benthic invertebrate and fish habitat
and community sampling in a subset of the K, L, and M streams.
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Overview of Planned Aquatic Effects Monitoring Program Monitoring during Operations

Waterbody/
Watercourse

Predicted Change in Hydrology

Predicted Change in Water
Quality

Hydrology

Water Quality

Plankton

Sediment Quality

Benthic Invertebrates

Fish Habitat and
Community

Fish Health

Fish Tissue
Chemistry

Core Lakes
Area 8

isolated from the rest of Kennady Lake;
reduced flow-through and outflow (flow
mitigation plan will be implemented)

slight increases in concentrations
of nutrients, TDS, and metals

Y (AEMP and SNP)

Y (AEMP and SNP)

Y

Y (AEMP and SNP)

Y

Y (AEMP and DFM)

Y

Y

Lake N11

increased flow-through; increased flow at
outlet; slight increase in water level

increased concentrations of
nutrients, TDS, and metals for
limited period in early operations

Y (AEMP and SNP)

Y (AEMP and SNP)

Y

Y (AEMP and SNP)

Y

N

Y

Y

Lake 410

slight increase in flow

negligible change

Yb

Y

N

N

N

Y (AEMP and DFM –
inlet (Stream M1) and
outlet (Stream P8 only)

N

N

Kirk Lake

negligible change

negligible change

Y

N

N

N

N

N

N

N

East Lake

None

none

Y

Y

Y

Y

Y

N

Y

Y

Lake 3

None

none

Y

Y

Y

Y

Y

N

Y

Y

Lake D2/D3(a)

increased water level

minor changes in water and
sediment quality

Y

Y

Y

Y

Y

N

N

Y

Lake E1

increased water level

potential for minor changes in
water and sediment quality

Y

N

N

N

N

N

N

N

slight increases in concentrations
of nutrients, TDS, and metals

Y (Lakes L1a, M2, M4)

Y (Lake M4)

N

N

N

Y (AEMP and DFM)

N

N

slight increases in concentrations
of nutrients, TDS, and metals

Y (Stream K5)

Y (Streams L2, K5, L3,
M2 and M4)

N

N

Y (Streams L2, K5, L3,
M2 and M4)

Y (AEMP and DFM)

N

N

Y (Lakes N14, N17,
and N1)

N

N

N

N

N

N

N

N (SNP only)

N (SNP only)

N

N

N

N

N

N

Reference Lakes

Raised Lakes

Downstream Lakes and Streams
L and M lakes

reduced flow-through; reduced flow at
outlet; minor decrease in water level (flow
mitigation plan will be implemented)

reduced flow-through; reduced flow at
Area 8 outlet Stream K5,
outlet (flow mitigation plan will be
and L and M streams
implemented)
Other Lakes and Streams
Other N lakes

increased flow-through; increased flow at
outlet particularly in Lake N14

potential for minor changes in
water and sediment quality

Kennady Lake Areas 2
to 7

Part of controlled area

Not applicable

a) Lake D2/D3 is considered representative of operationally raised lakes; Lake E1 was not selected for sampling, with the exception of hydrology.
b) A large boulder field at the outlet of Lake 410 makes discharge measurements there impractical, so the outlet of Lake P8a is monitored as a discharge surrogate for Lake 410.
Y = yes; AEMP = Aquatic Effects Monitoring Program; DFM = Downstream Flow Mitigation; SNP = Surveillance Network Program; N = no; TDS = total dissolved solids; WMP = water management pond.
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Monitoring is not planned for each component in each waterbody, because:
•

effects are expected to be negligible or non-detectable in some waterbodies (e.g., Kirk Lake);

•

monitoring will be done upstream of some waterbodies and the requirement to monitor them will depend
on results for the upstream waterbodies; additional monitoring may be triggered as part of the AEMP
Response Framework (Section 8);

•

monitoring will be done under another program (i.e., Kennady Lake Areas 2 to 7 and diffuser areas in
Lake N11 will be monitored by the Surveillance Network Program (SNP) in accordance with the Water
Licence [MV2005L2-0015]); or

•

monitoring one or two of a number of similarly affected waterbodies is deemed sufficient (e.g., water
level changes due to flooding).

The specifics of the AEMP design are expected to change over the life of the Mine (e.g., frequency of
sampling and components sampled), as dictated by changes in potential effects resulting from Mine activity.
The choice of core lakes (i.e., Area 8 of Kennady Lake, Lake N11, Lake 410, and Kirk Lake) for the AEMP
is appropriate for the intent of the AEMP. Lake N11 received direct dewatering discharge from Area 3 of
Kennady Lake during construction, and will receive operational discharge from the same region of Kennady
Lake (the WMP), periodically during operations. Changes to water quality were projected in Lake N11 as a
result of the operational discharge, but these changes were predicted to remain well below the AEMP
benchmarks and therefore are not expected to result in adverse environmental effects. The next
downstream core lake is Lake 410, which is approximately 4 km downstream of Lake N11; Lake 410 is also
appropriate as a core lake, because it will receive inflow from the Kennady Lake watershed (i.e., Area 8).
In the EIS, water quality changes in Lake 410 were predicted to be small and to remain within the range of
natural variability (i.e., normal range), and at the outlet, to represent the downstream limit of measurable
changes to water quality.
Frequency and seasonality of sampling varies by component and Project phase. During a monitoring year,
water quality will be sampled in the open water and ice-cover conditions, and plankton (phytoplankton and
zooplankton), sediment, benthic invertebrates, fish habitat, and fish community surveys will be carried out
during open-water conditions; fish health and tissue sampling will occur once every three years.
Initially, and during periods of rapid change in water quantity and quality (e.g., dewatering and WMP
pumping in early operations), the monitoring cycle will be annual, but may be reduced during periods of
stable water quality and flows (e.g., after cessation of operational discharge from the WMP). When a
reduction in sampling frequency is warranted, an application for approval from MVLWB for such a change
will be made per the Water Licence requirements prior to implementation.
Changes to the design approach will continue to be evaluated in the Aquatic Effects Re-evaluation Reports.
As stated in Part I, Item 4 of the Water Licence, the next Aquatic Effects Re-evaluation Report is to be
submitted in 2022, and every three years thereafter. The Aquatic Effects Re-evaluation Report will, among
other tasks, provide recommendations with rationale for proposed changes to the AEMP Design Plan, if
required. A revised AEMP Design Plan will be submitted thereafter.
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The study design selected for the AEMP is a hybrid design incorporating elements of a gradient design and
a before-after control-impact (BACI) design. This choice is based on the complex nature of the Project and
its predicted aquatic effects in space and time. At some point, the analytical approach is likely to change to
comparisons of trends between core lakes and reference lakes, as more After years accumulate over time.
De Beers will evaluate whether a shift to trend analysis is appropriate in the next Aquatic Effects Reevaluation report.
Although Kirk Lake represents the downstream limit of the AEMP study area, only hydrometric monitoring
is planned in this core lake (via a fixed Water Survey of Canada [WSC] flow gauging station) unless
upstream monitoring indicates a potential unforeseen effect on water quality. A suggested response for
such an occurrence would be to initiate biological monitoring in this lake (and likely others), through the
AEMP Response Framework (Section 8). Additionally, Kirk Lake has been identified by Indigenous parties
as a potential location for fish tasting events, which will serve as a key component to the incorporation of
TK into the AEMP design.
Hydrology and water quality will be monitored in Lake 410; no monitoring of sediment quality, plankton,
benthic invertebrates, and fish health is planned in this lake unless the hydrology and/or water quality
monitoring in upstream areas indicates a potential unforeseen effect. It is anticipated that additional
baseline data for biological components may need to be collected in this lake and potentially other lakes
and streams downstream of Area 8 during the years preceding the breaching of Dyke A.
The remaining two core lakes (Area 8 and Lake N11), and two reference lakes (East Lake and Lake 3), will
be monitored by each AEMP component (i.e., hydrology, water quality, sediment quality, plankton, benthic
invertebrates, and fish health and fish tissue chemistry) using consistent sampling frequency and methods.
Data will be evaluated by statistical comparisons of the exposure lakes (Area 8, Lake N11) to the reference
lakes and baseline data using a BACI design, and temporal patterns will be assessed. Frequency of
monitoring will be adjusted according to the Mine schedule (i.e., to take into account the Project phases).
For example, monitoring will be annual for water quality and lower trophic levels during years when water
quality is expected to change and/or effects are observed, but will be reduced when data indicate stable
conditions, when change is expected to be limited, or effects are no longer observed.
To minimize the mortality to large-bodied fish from sampling conducted for the AEMP, the fish components
will focus mainly on small-bodied fish sampling. This approach has been used effectively for other AEMPs
and Environmental Effects Monitoring (EEM) programs in the north (e.g., Snap Lake, Diavik, Con, and Giant
mines), and conforms to guidance for metal mining environmental effect monitoring (Environment Canada
2012a). More details on the small-bodied fish sampling are provided in Sections 6.7 and 6.8.
Lake D2/D3 is considered representative of the operationally diverted lakes, and will be monitored for
hydrology, water quality, plankton, sediment quality, benthic invertebrates, and fish tissue chemistry. Lakes
D2 and D3 formed a single waterbody following the diversion of the D watershed by Dyke F in 2016. Full
supply level was reached in spring 2019, when overflow to Lake N14 occurred. Of the operationally diverted
lakes, this combined lake has the largest depth change (estimated at 2.8 m) and surface area change
(i.e., an approximate increase of 52 ha, which is approximately double the existing combined surface area
of Lakes D2 and D3). In comparison, Lake E1 is smaller, and was predicted to have smaller depth changes
(approximately 0.8 m) and surface area changes (i.e., an approximate increase of 6.7 ha), and reached the
maximum raised levels within a year of diversion. Based on these factors, AEMP monitoring of the raised
lakes was limited to Lakes D2 and D3, because changes to aquatic components are expected to be more

De Beers Canada Inc.

Gahcho Kué Mine
AEMP Design Plan Version 6.3
AEMP Design

5-6

February 2022
Section 5

pronounced in this lake. For water quality, a response action to a Low Action Level trigger may consist of
initiating monitoring in one or more of the other raised lakes or in downstream lakes (i.e., Lake N14).
Downstream waterbodies other than the core lakes, reference lakes, and raised lakes will be monitored
primarily to evaluate effects of flow changes on hydrology, water quality, and benthic invertebrates (a
component of fish habitat). Monitoring of downstream streams for fish habitat and community will also occur
as part of the flow mitigation plan.
Future updates to the AEMP study design may consider additional monitoring of plankton, benthic
invertebrates and sediment in downstream streams and lakes. It will be necessary to collect this information
before closure to develop sufficient baseline data before Dyke A is breached. Additional monitoring of
downstream waterbodies will occur to evaluate potential effects of water quality changes (i.e., nutrient
concentrations, under-ice DO) following closure. Post-closure monitoring in these waterbodies will likely be
done using a gradient approach, which will allow estimation of the downstream spatial extent of
Mine-related effects on the aquatic environment.

5.3

Sampling Schedule

During the sampling period represented by this AEMP Design Plan (i.e., 2022 to 2024), monitoring will be
annual for most components (i.e., hydrology, water quality, plankton, sediment quality, benthic
invertebrates, fish habitat and community) and every three years for fish health and fish tissue chemistry.
Fish health and fish tissue chemistry surveys were conducted in Area 8, Lake N11 and the reference lakes
in 2018 (De Beers 2019a). The next fish survey in these lakes is scheduled for 2021. Fish tissue chemistry
was measured in Lake D2/D3 in 2019; therefore, the next survey is scheduled for 2022. The anticipated
sampling schedule for the next five years is presented in Table 5.3-1.
Table 5.3-1

Sampling Schedule – 2020 to 2025
Component

Hydrology

2020

2021

2022

2023

2024

2025

√

√

√

√

√

√

Water quality

√

√

√

√

√

√

Plankton

√

√

√

√

√

√

Sediment quality and benthic invertebrates

√

√

√

√

√

√

Fish habitat and community

√

√

√

√

√

√

Fish health

x

√ - core and
reference lakes

x

x

√ - core and
reference lakes

x

Fish tissue chemistry

x

√ - core and
reference lakes

√ - Lake
D2/D3

x

√ - core and
reference lakes

√ - Lake
D2/D3

√ = monitoring planned; x = no monitoring planned for this component in this year.

5.4

Sampling Locations, Stations, and Frequency

This section provides details on the sampling locations stations and frequency for each environmental
component.
Changes in monitoring frequency may occur within the AEMP design period. For example, an increase in
monitoring frequency for a component or specific parameter may be warranted by monitoring results
obtained during the AEMP, potentially as a result of an Action Level trigger or a special study outcome.
Additionally, a decrease in monitoring frequency for a component or specific parameter may be warranted

De Beers Canada Inc.

Gahcho Kué Mine
AEMP Design Plan Version 6.3
AEMP Design

5-7

February 2022
Section 5

by monitoring results obtained during the AEMP that show a return to baseline or pre-operational conditions,
or stability. Recommended changes to monitoring frequency will be discussed with full rationale in the
AEMP response plans or other applications to MVLWB and will be subject to approval by the MVLWB.

5.4.1

Hydrology

The hydrology component will measure stream flows and water levels, which will serve as supporting data
for biological components (e.g., physical aquatic habitat data) and for verifying hydrological predictions
made in the EIS.
The AEMP design for hydrology and its rationale are as follows:
•

Core lakes (Area 8, Lake N11, and Lake 410, and Kirk Lake) – will be monitored as the main indicator
of potential downstream effects. The outlet of Lake P8a should be retained as a surrogate discharge
measurement location for Lake 410.

•

Raised lakes (Lake D2 and D3, and Lake E1) – will be monitored as part of the primary diversion routes.

•

Immediate downstream lakes (N watershed including Lake N14, Lake N17, and Lake N1) – will be
monitored as an indicator of potential downstream effects.

•

Immediate downstream lakes (L and M watersheds including Lake L1a, Lake M4, and Lake M2) – will
be monitored to provide support for other components, including water quality and fish habitat.

•

The reference lakes (East Lake and Reference Lake 3) will be monitored to provide hydrological context
(e.g., regional context and trends) for the entire hydrology program.

Table 5.4-1 summarizes monitoring for the hydrology component (surface water quantity) of the AEMP, and
applicable SNP information to be used by the hydrology component.
Frequency of monitoring will be mostly annual, and continuous during operational discharge. Monitoring
equipment will be installed each year before the beginning of freshet and will be removed at the end of the
open-water season, unless monitoring through the ice-covered period is required.
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Aquatic Effects Monitoring Program Design – Hydrology
Rationale

Timing

Frequency

Area 8

monitor water levels during operations

continuous icecover and openwater(a)

annual, periodic manual measurements
during site visits

Lake N11, SNP 01

monitor discharge from the water
management pond during operations(b)

continuous
open-water;
periodic ice cover

periodic manual measurements during site
visits

Lake N11, SNP 01

monitor water levels during operations

continuous icecover and openwater(a)

annual, manual measurements completed
twice during operational discharges (two
weeks prior to discharge, and on final day
of discharge)

Lake N1

monitor water levels during operations

continuous
open-water(a)

annual

Lake N14

monitor water levels during operations

continuous
open-water(a)

annual

Lake N17

monitor water levels during operations

continuous
open-water(a)

annual

Lake D2/D3

monitor water levels during operations

continuous
open-water(a)

annual

Lake E1

monitor water levels during operations

continuous
open-water(a)

annual

Lake L1

monitor water levels during operations

continuous
open-water(a)

annual

Lake M4

monitor water levels during operations

continuous
open-water(a)

annual

Lake M2

monitor water levels during operations

continuous
open-water(a)

annual

Lake 410

monitor water levels during operations

continuous
open-water(a,b)

annual

Kirk Lake

monitor water levels during operations

continuous
open-water(a)

annual

East Lake

reference lake; monitor water level and
discharge

continuous
open-water(a)

annual

Lake 3

reference lake; monitor water level and
discharge

continuous
open-water(b)

annual

Kennady Lake and
Adjacent
Watersheds

snowcourse survey

1 early spring

annual

Kennady Lake
area

met station data – tipping bucket rain
gauge

continuous

annual

a) Continuous flow monitoring at lake outlets under open-water conditions will be accomplished by applying stage-discharge rating
curves to water level data and calibrated based on periodic water level and discharge measurements completed during field visits;
real-time continuous flow monitoring under ice-covered conditions is not possible, but estimates will be prepared based on water level
data and periodic discharge measurements.
b) Actual discharge volumes and rates are monitored by De Beers under the SNP and provided for use in the AEMP.
c) A large boulder field at the outlet of Lake 410 makes discharge measurements there impractical, so the outlet of Lake P8a is
monitored as a surrogate discharge measurement location for Lake 410.

During operations, Area 8 will be isolated from the rest of Kennady Lake by Dyke A, resulting in decreased
flow-through; however, supplemental water will be pumped from Lake N11 (and possibly Lake A1) to Area 8
to mitigate the flow reduction and to support fish access downstream of Area 8. In addition, water meeting
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applicable water quality criteria for discharge to Lake N11 will be pumped from the WMP directly to Lake
N11 intermittently during operations. Therefore, water level and flow-through are expected to increase at
Lake N11. Slight decreases in water level and flow-through are expected at Area 8 but the decreases will
be partly offset by pumping under the Downstream Flow Mitigation Plan from Lake N11 to Area 8 that will
propagate through the M watershed. Lake 410 will receive inflows from Lake N11 and Area 8, and the
changes to the M watershed flows will be partially offset by changes in N watershed flows.
Selected lakes will be monitored continuously using pressure transducers and data loggers during the
open-water period for small watersheds and continuously through the open-water and ice-covered periods,
where warranted, due to winter dewatering discharges. During scheduled field visits, water surface
elevations will be surveyed and tied into permanent, geodetic benchmarks, and discharge will be measured
at lake outlets. Periodic monitoring of selected lakes will consist of only water surface elevation surveys
and lake outlet discharge measurements, during scheduled field visits.
Single measurements of water level and discharge are seldom useful, as these must be considered in the
context of the annual hydrograph and longer-term natural variability. Sites with periodic monitoring,
particularly those for which limited baseline data are available, will not provide a complete understanding
of seasonal conditions of flow and water level. For this reason, the hydrology component will also include
annual spring snowcourse surveys and operation of a rain gauge (as part of the weather station) at the
Mine site. These, along with regional data from Environment and Climate Change Canada, will provide
additional hydrological context for interpreting AEMP data.

5.4.2

Water Quality

The water quality component will monitor physico-chemical parameters throughout the water column and
chemical parameters at discrete depths at multiple locations within the core and reference lakes and Lake
D2/D3, and at multiple locations along a gradient in lakes and streams downstream of Area 8. Monitoring
will occur throughout the open-water season and once during the ice-cover season. Table 5.4-2
summarizes monitoring for the water quality component of the AEMP.
During operations, Area 8 will be isolated from the rest of Kennady Lake by Dyke A. However, water will be
pumped to Area 8 from Lake N11 for the DFMP. Water will be pumped from the WMP directly to Lake N11
intermittently during operations if water quality meets discharge criteria. Therefore, water level, flow-through
and concentrations of nutrients, TDS, and metals are expected to increase in Lake N11 and potentially
Area 8. Lake 410 will receive inflows from both Lake N11 and Area 8.
For the AEMP, water quality data will be collected from Area 8, Lake N11, Lake 410, Lake D2/D3, East
Lake, Lake 3, and Lake M4. Monitoring stations are either located throughout the lake in the small lakes
(e.g., those consisting of a single basin) or throughout the target basin (e.g., near the diffuser or inflow from
upstream) in the larger, multi-basin lakes.
One sampling event will occur during late winter and three sampling events will occur during the open-water
season in the core and reference lakes, at five stations in all lakes except Lake M4. Lake M4 (representative
of the L and M watershed lakes, which is located between Kennady Lake and Lake 410) will be sampled
once during the winter and once during the open-water season at one deep-water location.
A sample size of five water quality stations per lake was selected based on guidelines in Environment
Canada’s Metal Mining Technical Guidance for Environmental Effects Monitoring (Environment Canada
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2012a). This sample size provides sufficient power to detect a two standard deviation effect size in a
standard control-impact study design with an alpha and beta equal to 0.1.
At each of the lake stations, a vertical profile of physico-chemical water quality data (i.e., DO, pH, water
temperature, and specific conductivity) will be collected, including a profile in the deepest region of the lake.
Water samples will be collected at each station from mid-depth, unless specific conductivity and DO
gradients are observed (with or without an associated thermocline) in the water column profile, in which
case samples will be collected from above and below the chemocline4/oxycline.
During the first few years of the AEMP, monitoring stations in the lakes were standardized by water depth,
when possible, to allow a consistent sampling design across most AEMP components, some of which
require a similar depth at all stations (e.g., benthic invertebrates). Station locations were selected in the
field considering the following criteria:
•

co-location with benthic invertebrate community, sediment quality and plankton samples where
practical;

•

of similar depth and substrate to other stations; and

•

similar to baseline or previously established sample locations, where possible.

No changes to the locations of AEMP monitoring stations are proposed for this AEMP Design Plan update.
The SNP collects water quality data at the end-of-pipe and at edge-of-mixing-zone stations in Lake N11
(stations SNP-01, SNP-02, and SNP-20), in accordance with the Water Licence (MV2005L2-0015), which
will be integrated into the AEMP data analyses.
One water quality sampling event is also planned for the open-water period in the Area 8 outlet stream
(Stream K5) and in streams L2, L3, M2, and M4, to support the benthic invertebrate component. Grab
samples will be collected at each stream station. As these streams are typically frozen to the substrate in
winter, no winter water quality sampling is planned.
Water quality monitoring frequency will be annual. Sampling frequency may be reduced to once in the openwater season or once every three years if data indicate stable conditions or a return to baseline or preoperational water quality conditions following cessation of operational discharge to Lake N11. If a change
in sampling frequency is proposed, approval from MVLWB will be obtained per Water Licence requirements.
Regardless, sampling frequency will be evaluated in the next Aquatic Effects Re-evaluation Report.

4

Denoted by specific conductivity.
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Aquatic Effects Monitoring Program Design – Water Quality

Waterbody/Watercourse

Rationale

Timing

Sampling Depth

Sample Type

Number of Samples
per Station(d)

Number of Stations

Frequency
As required by the Water
Licence during discharge
from the water management
pond

Lake N11 SNP stations(a)

Water Licence Compliance Monitoring: to document the quality of water being discharged from
the WMP and concentrations at the edge of the mixing zone

Periodic
open-water

One or more depths (e.g., top,
middle, bottom)

vertical water column profile
and grab sample

1

1 (end-of-pipe)
3 (edge-of-mixing zone)

Lake N11

Monitor changes in water quality during operations; supporting data for plankton, benthic
invertebrate and fish monitoring components

1 ice-cover
3 open-water

mid-depth or above and below
chemocline/oxycline(b)

vertical water column profile
and grab sample

1

5

annual

Area 8

Monitor changes in water quality during operations; supporting data for plankton, benthic
invertebrate and fish monitoring components

1 ice-cover
3 open-water

mid-depth or above and below
chemocline/oxycline(b)

vertical water column profile
and grab sample

1

5

annual

Lake 410

Verify prediction of negligible change; early indicator of potential downstream effects

1 ice-cover
3 open-water

mid-depth or above and below
chemocline/oxycline(b)

vertical water column profile
and grab sample

1

5

annual

East Lake

Reference lake

1 ice-cover
3 open-water

mid-depth or above and below
chemocline/oxycline(b)

vertical water column profile
and grab sample

1

5

annual

Lake 3

Reference lake

1 ice-cover
3 open-water

mid-depth or above and below
chemocline/oxycline(b)

vertical water column profile
and grab sample

1

5

annual

Lake D2/D3(c)

Monitor potential increase in TSS, mercury and nutrient concentrations from flooding of
surrounding land; supporting data for plankton, benthic invertebrate and fish monitoring
components

1 ice-cover
3 open-water

mid-depth or above and below
chemocline/oxycline(b)

vertical water column profile
and grab sample

1

5

annual

Area 8 outlet stream (Stream K5)
and Streams L2, L3, M2 and M4

Slight changes in concentrations of nutrients, TDS and metals in operations

1 open-water

20 cm below the surface

grab sample

1

5

annual

Subset of L and M lakes
(i.e., Lake M4)

Slight changes in concentrations of nutrients, TDS and metals in operations

1 ice-cover
1 open-water

mid-depth or above and below
chemocline/oxycline(b)

vertical water column profile
and grab sample

1

1

annual

a) At the end-of-pipe and at the edge-of-mixing-zone stations as established in the Water Licence. This table describes the SNP water samples that will be included in the AEMP analysis. The Water Licence (MV2005L2-0015) describes additional SNP sampling that is required.
b) Samples will be collected from mid-depth, unless specific conductivity and DO gradients are observed (with or without an associated thermocline) in the water column profile, in which case samples will be collected from above and below the chemocline/oxycline.
c) Lake D2/D3 is considered representative of operationally raised lakes; Lake E1 was not selected for sampling.
d) At lake stations, two samples may be collected if a chemocline/oxycline is present (i.e., above and below the chemocline/oxycline).
SNP = Surveillance Network Program; TSS = total suspended solids; TDS = total dissolved solids; DO = dissolved oxygen.
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Plankton

The plankton component will monitor phytoplankton and zooplankton biomass and community structure, as
well as nutrient concentrations. During operations, plankton monitoring will focus on two of the core lakes
(Area 8 and Lake N11), two reference lakes (East Lake and Lake 3), and Lake D2/D3. Table 5.4-3
summarizes monitoring for the plankton component of the AEMP.
Downstream lakes will not be monitored for plankton initially, as effects on water quality and plankton are
expected to be either negligible, or localized to Area 8 and Lake N11. If monitoring in Lake N11 indicates
an effect on water quality on plankton that may extend downstream to Lake 410, plankton sampling will be
initiated in Lake N1. Similarly, if monitoring in Area 8 indicates an effect that may extend downstream to
Lake 410, plankton sampling will be initiated in the L and M lakes. Decisions regarding the spatial extent of
monitoring will be made as part of the annual data evaluation process and within the AEMP Response
Framework (e.g., triggering an Action Level in Lake N11 may result in a response to expand plankton
monitoring downstream to Lake N1).
It is expected that plankton will be monitored in downstream lakes post-closure, when nutrient
concentrations are predicted to increase in lakes downstream of the reconnected Kennady Lake.
Depending on monitoring results during the years preceding closure, additional up-to-date baseline data
may be collected in downstream lakes before closure, to allow a sensitive evaluation of effects after closure.
Plankton monitoring will be annual, consisting of three open-water sampling events. Sampling frequency
may be reduced to once in the open-water season or once every three years, if data indicate stable
conditions or slow changes in water quality following cessation of operational discharge to Lake N11. If a
change in sampling frequency is proposed, approval from MVLWB will be obtained per Water Licence
requirements. Regardless, the sampling frequency will be evaluated in the next Aquatic Effects
Re-evaluation Report.
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Aquatic Effects Monitoring Program Design – Plankton

Rationale

Timing

Sampling Depth

Sample Type

Number of
Samples per
Station

Number of
Stations

Frequency

Area 8

Monitor effects of potential
changes in water quality during
operations

3 open-water

euphotic zone
(phytoplankton)
full-depth (zooplankton)

composite (phytoplankton)
single haul (zooplankton)

1

5

annual

Lake N11

Monitor effects of potential
changes in water quality during
operations

3 open-water

euphotic zone
(phytoplankton)
full-depth (zooplankton)

composite (phytoplankton)
single haul (zooplankton)

1

5

annual

East Lake

Reference lake

3 open-water

euphotic zone
(phytoplankton)
full-depth (zooplankton)

composite (phytoplankton)
single haul (zooplankton)

1

5

annual

Lake 3

Reference lake

3 open-water

euphotic zone
(phytoplankton)
full-depth (zooplankton)

composite (phytoplankton)
single haul (zooplankton)

1

5

Annual

Lake D2/D3(a)

Monitor potential effect of
increase in nutrient
concentrations from flooding of
surrounding land

3 open-water

euphotic zone
(phytoplankton)
full-depth (zooplankton)

composite (phytoplankton)
single haul (zooplankton)

1

5

Annual

a) Lake D2/D3 is considered representative of operationally raised lakes; Lake E1 was not selected for sampling.
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Sediment Quality and Benthic Invertebrates

Sediment quality and benthic invertebrate community sampling are discussed together, because sampling
will occur at the same time at the same stations. Sediment quality will primarily serve as an indicator of
benthic invertebrate exposure to contaminants and habitat quality. Table 5.4-4 summarizes monitoring for
the sediment quality and benthic invertebrate components of the AEMP.
Sediment quality and benthic invertebrate community monitoring will focus on two of the core lakes (Area 8
and Lake N11), two reference lakes (East Lake and Lake 3), and Lake D2/D3. Sediment in downstream
lakes will not be monitored initially, unless monitoring in Area 8 indicates an effect that may extend
downstream. Sediment sampling at the edge of the mixing zone for the SNP will also occur in Lake N11
(Station SNP-01), as required by the Water Licence (MV2005L2-0015).
Benthic invertebrate communities will be monitored in streams in the KLM watersheds, downstream of
Kennady Lake (i.e., Streams K5, L2, L3, M2, M4), to support the DFMP. Sediment sampling is not planned
in these streams, because sediment accumulation is not expected at the stream sampling stations.
Monitoring frequency will be annual. Sampling frequency may be reduced to once every three years, if data
indicate stable conditions, or gradual reversal of changes in water quality following cessation of operational
discharge to Lake N11. If a change in sampling frequency is proposed, approval from MVLWB will be
obtained per Water Licence requirements. Sampling frequency will be evaluated in the next Aquatic Effects
Re-evaluation Report.
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Aquatic Effects Monitoring Program Design – Sediment Quality and Benthic Invertebrates

Waterbody/
Watercourse

Rationale
monitor effects of potential
changes in water quality duing
operations

Area 8

Sampling
Depth

Timing
1 open-water

4 to 8 m

Number of Samples per
Station(a)

Number of
Stations

Ekman grab

1 composite benthic invertebrates
1 composite sediment

5

annual

Ekman grab
(top 5-cm)

1 composite sediment

3

annual

Ekman grab
(top 1-cm)

1 composite sediment

3

annual

Sample Type

Frequency

monitor sediment quality near
the point of discharge into Lake
N11

1 open-water

Lake N11

monitor effects of potential
changes in water quality duing
operations

1 open-water

4 to 8 m

Ekman grab

1 composite benthic invertebrates
1 composite sediment

5

annual

East Lake

reference lake for the core
lakes

1 open-water

4 to 8 m

Ekman grab

1 composite benthic invertebrates
1 composite sediment

5

annual

Lake 3

reference lake for the core
lakes

1 open-water

4 to 8 m

Ekman grab

1 composite benthic invertebrates
1 composite sediment

5

annual

Lake D2/D3(c)

monitor effect of increased
water level

1 open-water

Approximately
3 to 4 m(d)

Ekman grab

1 composite benthic invertebrates
1 composite sediment

5

annual

Area 8 outlet stream
(Stream K5) and Streams
L2, L3, M2 and M4

to support operational flow
mitigation plan (no sediment
sampling)

1 open-water

n/a

5

annual

Lake N11 SNP stations

(b)

4 to 8 m

Surber sampler 5 benthic invertebrates

a) Each composite sample will consist of multiple Ekman grab samples collected from each station, as described in Sections 6.3.3 and 6.5.3.
b) Edge-of-mixing-zone stations: SNP-01a, SNP-01b, and SNP-01c for Lake N11.
c) Lake D2/D3 is considered representative of operationally raised lakes; Lake E1 was not selected for sampling.
d) Sampling depth is contingent upon water depths in Lake D2/D3. Depths in 2019 were in the range of 3 to 4 metres.
n/a = not applicable; SNP = Surveillance Network Program.
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Fish

The AEMP includes monitoring of fish habitat and community, fish health, and fish tissue chemistry. The
selection of fish endpoints and species to be included in monitoring, as well as the lakes and streams to be
incorporated in the AEMP, are dependent on Mine phase. Table 5.4-5 summarizes monitoring under the
fish component of the AEMP.

5.4.5.1

Fish Habitat and Community

Fish habitat in the core lakes, lakes and streams downstream of Area 8, and Lake D2/D3 will be monitored
through the physical and biological monitoring aspects of the program that have been previously described
(i.e., as the hydrology, water and sediment quality, and lower trophic levels form the basis for fish habitat).
If the results of these monitoring components indicate a potential unforeseen effect, then additional fish
habitat monitoring may be implemented in these waterbodies as part of the monitoring Response
Framework.
It is expected that, in post-closure, additional studies will be developed and implemented to evaluate the
fish use of in-lake offsetting (i.e., habitat compensation) measures in Kennady Lake, and to assess habitat
conditions in the refilled lake. Reporting associated with offsetting monitoring will be presented separately
from the AEMP.
The rest of the sampling design of the fish habitat and community component is based on the results of the
2015 to 2018 AEMP fish habitat and community monitoring. The primary concern identified during
dewatering to Area 8 is that augmented downstream flows may result in Arctic Grayling fry being flushed
downstream. The increased flows downstream of Area 8 were expected to persist through one open-water
season. During operations, flows downstream of Area 8 may be reduced as a result of the isolation of the
upper Kennady Lake watershed. Reduction in flows downstream of Area 8 have the potential to prevent
Arctic Grayling spawning migration due to natural barriers that persist at low flows, and to reduce the
available habitat area for spawning and rearing through reductions in wetted area (Golder 2012). Therefore,
the DFMP was developed for the mine to augment flows downstream of Area 8 to avoid potential harmful
population level effects on the fish community during operations (Golder 2012).
The AEMP monitoring to date has indicated that fish habitat has remained similar to baseline conditions in
both the N watershed downstream of Lake N11 and in the KLM watersheds downstream of Area 8. Fish
habitats have also remained within the predicted conditions established in the EIS, with little to no evidence
of deterioration or loss. While flows have been of sufficient magnitude to allow for fish passage, the duration
that passage was possible each year has been abbreviated during the 2015 to 2018 AEMPs. As a result of
no changes to fish habitats within the N watershed, the fish community has also likely remained similar to
baseline conditions and within the predicted conditions established in the EIS. However, the fish community
downstream of Area 8 in the KLM watersheds has changed from baseline and from conditions predicted in
the EIS.
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Aquatic Effects Monitoring Program Design – Fish Component

Waterbody/Watercourse

Rationale

Type of Survey

Timing

Number of Samples per
Station

Sample Type

Number of Stations

Frequency

Area 8

Determine if there are changes in small bodied fish health
and fish tissue quality due to isolation

small-bodied fish health survey and fish
tissue chemistry

late summer/fall

fish health, fish tissue

FH: 30M, 30F, 20J from SBF
FT: 0.5 g composite from SBF

whole lake

once every 3 years

Lake N11

Determine if there are changes in small-bodied fish health
and fish tissue quality due to minor increases in TDS,
metals or nutrients from operational discharge from the
WMP

small-bodied fish health survey and fish
tissue chemistry

late summer/fall

fish health, fish tissue

FH: 30M, 30F, 20J from SBF
FT: 0.5 g composite from SBF

whole lake

once every 3 years

Area 8 to the outlet of Lake
410

Validate and monitor flow mitigation plan, fish habitat and
fish community during operations

seasonal adult and fry presence/absence,
fish passage and movement surveys, fish
habitat and density surveys

spring (at ice-out)/summer/fall

fish fences (spring), visual
surveys, underwater video
surveys, angling, backpack
electrofishing

n/a

streams and lakes between and
including Area 8 and Lake 410
(inlet at Stream M1 and outlet at
Stream P8 only)

annually

East Lake

Reference lake

small-bodied fish health survey and fish
tissue chemistry

late summer/fall

fish health, fish tissue

FH: 30M, 30F, 20J from SBF
FT: 0.5 g composite from SBF

whole lake

once every 3 years

Lake 3

Reference lake

small-bodied fish health survey and fish
tissue chemistry

late summer/fall

fish health, fish tissue

FH: 30M, 30F, 20J from SBF
FT: 0.5 g composite from SBF

whole lake

once every 3 years

Lake D2/D3(a)

Determine if potential changes in water/sediment quality
change fish tissue chemistry/quality

fish tissue chemistry

late summer/fall

fish tissue

FT: dermal plugs from LBF

whole lakes

once every 3 ys

a) Lake D2/D3 is considered representative of operationally raised lake; Lake E1 was not selected for sampling.
TDS = total dissolved solids; WMP = water management pond; SBF = small-bodied fish; LBF = large-bodied fish; FH = fish health; FT = fish tissue chemistry; M = male; F = female; A = adult; J = juvenile; n/a = not applicable.
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In 2017 and 2018, Arctic Grayling numbers declined downstream of Area 8, with only one unconfirmed
observation of an Arctic Grayling young-of-year (YOY) in 2017 and no observed Arctic Grayling in 2018.
This was not consistent with EIS predictions that an Arctic Grayling population would be sustained in and
downstream of Area 8. Although Arctic Grayling have generally remained absent during recent AEMPs,
suitable physical habitat was available and access to spawning habitats was observed. Apart from Arctic
Grayling, multiple fish species representing all life stages have been present in the downstream KLM
streams. The lack of observed Arctic Grayling downstream of Area 8 is likely due to a combination of events
that have occurred since 2014, some Mine-related and some natural (De Beers 2019b). The timing of each
stressor was likely such that one perturbation potentially influenced and exacerbated the other.
During operations, changes to downstream flow mitigation will be implemented to enhance flow in the KLM
watersheds with the intent to facilitate recolonization of Arctic Grayling from Lake 410. These changes will
allow for extended fish passage between Area 8 and Lake 410.
To evaluate whether Arctic Grayling return to the KLM watersheds during the operations phase, fish habitat
and community surveys will continue on an annual frequency for the remainder of operations, with the
frequency being reassessed and altered as necessary through operation and closure. This will include the
monitoring of other species (specifically Northern Pike and Slimy Sculpin [Pungitius pungitius]). Fish
community sampling will also include fish fences, underwater video surveys, angling, and backpack
electrofishing. Multipass electrofishing will be incorporated to assess temporal trends in Slimy Sculpin
density. Spawning surveys will be consistently scheduled within the same time frame each year, after iceout on the streams downstream of Area 8. The timing of ice-out is typically at the beginning of June;
however, it may occur sooner or later depending on annual variability in weather conditions.
Due to the extensive mortality of large-bodied fish that may be incurred during fish population surveys, no
large-bodied fish sampling is planned in the core lakes, or Lake D2/D3, beyond that required for the fish
tissue component described below. Fish sampling in small lakes, such as those in the study area, can have
adverse effects on fish populations, especially on large-bodied fish populations, which are most effectively
sampled with gill nets and likely have a small population size due to the small lake size. For example, shortterm (less than 48 hour) mortality for Lake Trout from gill netting has been reported between 35% and 40%
(Gallinat et al. 1997; Rosenthal et al. 2012). Other research has attempted to reduce mortality using
modified methods, including short-term sets and smaller mesh, but these efforts were thought to produce
inaccurate estimates and still resulted in 8% mortality (Giroux 2002). Lower trophic, water quality, and fish
habitat surveys provide an acceptable framework for monitoring large-bodied fish habitat, and small-bodied
fish monitoring provides early warning of potential effects on large-bodied fish.
It has been recommended that a standardized netting program (e.g., the Ontario Ministry of Natural
Resources [OMNR] 2009 Broad-scale Fish Community Monitoring [BSM] protocol [Sandstrom et al. 2009])
be conducted for population surveys as part of the AEMP. The BSM is a very intensive netting program that
specifies numbers and depth placement of large- and small-mesh gill nets to target a broad range of fish
sizes. The BSM was designed by the OMNR for sampling lakes in Ontario that are accessible and where
the fish population is generally understood. In remote Northern lakes, such as those in the Mine area, the
fish populations and structures are not as well understood; as a result, intense fishing pressure has the
potential to negatively affect the populations of large-bodied species (e.g., Lake Trout) in the lakes,
potentially causing a dramatic decline in the population and/or changing community dynamics.
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The AEMP is designed in part to monitor large-bodied fish in the AEMP study area; however, intensive
netting programs would likely cause more harm than Mine-related effects. To maximize use of available
data, catch data from fish sampling for the fish health/tissue programs (e.g., catch-per-unit effort, relative
abundance) will be compiled and presented.
It is expected that fish surveys will be implemented during post-closure to track the re-colonization of
Kennady Lake. The details of these studies will be developed as part of closure planning.

5.4.5.2

Fish Health and Fish Tissue

The fish health and fish tissue chemistry program will focus on small-bodied fish. Small-bodied fish are
often abundant, resilient to harvesting pressure, with population performance typically reflecting local
conditions due to their limited mobility and small home ranges. These species are also relatively short-lived
and show changes in survival, energy storage, and energy use earlier (and are considered, therefore, more
sensitive as a monitoring species) than longer lived large-bodied species, such as Lake Trout
(Munkittrick 1992). The AEMP uses small-bodied fish as sentinels for large-bodied species, to both increase
the sensitivity of environmental monitoring and minimize sampling-related mortality on large-bodied
species. If effects are observed in small-bodied species, an assessment of large-bodied fish health would
be considered during subsequent monitoring.
The fish health survey will be conducted in two core lakes (i.e., Area 8 and Lake N11), and two reference
lakes (i.e., East Lake and Lake 3). Sampling will target one small-bodied sentinel species, Ninespine
Stickleback, using minnow traps, fyke nets, hoop nets, seining, backpack electrofishing, and boat
electrofishing. The results of targeted sampling for small-bodied fish in the study lakes in 2015 and 2016
determined that Ninespine Stickleback was the only small-bodied fish species captured in each of the lakes
in sufficient numbers to support AEMP sampling.
The small-bodied fish health and fish tissue chemistry program will be conducted on a three-year cycle,
with the next program planned for the open-water period in 2021. The sampling frequency is consistent
with other AEMPs (e.g., Snap Lake, Ekati), as well as guidance for metal and diamond mines under the
MDMER (Environment Canada 2012a). Timing of the fish health survey will target Ninespine Stickleback
in late summer or early fall when they are accessible and undergoing gonadal development. Two surveys,
a population and a lethal survey, will be completed. The population survey will include fish sampled using
both lethal and non-lethal methods. The lethal survey will target male, female, and juvenile fish for an
external and internal health assessment. The carcasses of fish sampled during the lethal survey will be
submitted for metal analysis as a part of the fish tissue chemistry survey.
To minimize mortality of large-bodied fish, a large-bodied fish tissue program is not currently planned for
the core lakes. If the results of the small-bodied fish monitoring program indicate a potential unforeseen
effect on tissue chemistry, a formal large-bodied fish tissue program will be proposed.
In addition to fish tissue sampling in the core and reference lakes using small-bodied fish (i.e., Ninespine
Stickleback), dermal plugs will be collected from Northern Pike in Lake D2/D3, to monitor the influence of
flooding on mercury concentrations in fish tissue. Tissue sampling in Lake D2/D3 will occur at a frequency
of every three years, with the next program planned for the open-water period in 2022.
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Quality Assurance and Quality Control

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

field programs (e.g., staff training, procedures and responsibilities; standard operating procedures);

•

sample and data collection (e.g., equipment calibration and cleaning; avoidance of cross contamination;
QC sample collection);

•

documentation (e.g., field logs, labelling; chain of custody);

•

sample handling and shipping;

•

sample and data analysis (e.g., equipment calibration and cleaning; avoidance of cross contamination;
laboratory QC, such as duplicates and equipment blanks, and analytical spikes);

•

assessment of data quality and decision rules for acceptance/rejection;

•

data entry, manipulations, and analyses; and

•

report preparation.

To prevent possible sampling errors, a master list of coordinates was developed for each aquatic monitoring
component for the four field sampling events (i.e., ice-cover [April/May], open-water [late June/July, August,
and September]). These coordinates are provided in Appendix B and will be used to update work
instructions provided to the field crews. In addition, the coordinate lists will be double-checked during review
of work instructions and during each pre-field program meeting conducted between the project
management team, the component leads, and the field crew.
Section 6 provides AEMP component details and includes a description of QA/QC procedures for each
major AEMP component.
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METHODS AND ANALYSIS

6.1
6.1.1

Hydrology
Objectives and Scope

The key objectives of the hydrology (surface water quantity) component of the AEMP are as follows:
•

to evaluate if there are any measurable short- and long-term changes to surface water quantity
(i.e., water volume and flows) in core lakes as a result of the Mine;

•

to evaluate the accuracy of the predictions made in the EIS with respect to surface water quantity;

•

to provide water quantity data to evaluate the cumulative effects that may occur due to the presence of
multiple development projects in the same area;

•

to provide the data necessary to inform adaptive management to reduce or eliminate Mine-related
effects; and

•

to recommend any necessary and appropriate changes to the water quantity component of the AEMP
for future years.

The design for the water quantity component is based around the requirement to evaluate potential changes
to water quantity in the receiving waterbodies (i.e., Area 8 and Lake N11) and downstream, and the
inclusion of two reference lakes into the program. As there will be effects on water quantity from the raising
of lake levels in the diversion watersheds, the AEMP has also incorporated water quantity sampling in a
subset of these waterbodies.

6.1.2

Changes Relative to Design Plan Version 5

Changes to the AEMP Design Plan and location of the rationale for the changes are outlined in Table 6.1-1.
With respect to Lake M1, AEMP Design Plan Version 5 stated that a subset of lakes located downstream
of Area 8 and Lake N11 would be monitored during construction to identify potential triggers during
dewatering. The selection of lakes was adjusted during AEMP sampling, as appropriate, to be
representative of the flow paths and spatial distribution of sampling locations, and to meet the objectives of
the AEMP. A hydrometric station was deployed at Lake M1 in 2013 and 2015. When a permanent station
was installed by De Beers to prepare for the 2016 monitoring, the decision was made to relocate it upstream
to Lake M2, as shallow shoreline conditions at the Lake M1 outlet meant that it would not be possible to
install a pressure transducer below the depth of winter ice. The small surface area of Lake M1 relative to
upstream Lake M2 meant that discharges would be similar at the two locations. Therefore, for the AEMP
Design Plan Version 6.1, Lake M1 was not included as a study location in the Hydrology component.
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Changes to the Hydrology Component of the AEMP Design Plan Relative to
Version 5

Category

Section No. for Full Rationale in the 2015 to
2018 Aquatic Effects Re-evaluation Report

Change

Sampling Locations

Discontinue hydrology sampling at Lake J1

Section 5.3

Sampling Locations

Formally remove Lake M1 from design plan

Section 5.3

Sampling Locations

Add Lake E1 to the hydrology sampling program

Section 5.3

AEMP = Aquatic Effects Monitoring Program; No. = number.

6.1.3
6.1.3.1

Methods
Sampling Locations and Frequency

Water quantity monitoring will include continuous hydrometric monitoring, periodic flow and water level
measurements, meteorological data, and late-winter snow-pack measurements.
Water quantity data will be collected for the following watersheds:
•

core lakes: Area 8, Lake N11, Lake 410, and Kirk Lake;

•

raised lakes: Lake D2/D3 and E1;

•

immediate downstream lakes: Lake N14, Lake N17, and Lake L1;

•

other downstream lakes: Lake N1, Lake M4, Lake M2, and Lake P8a; and

•

reference lakes: East Lake and Lake 3.

Depending on sampling area, stations will generally be monitored continuously during the open-water
season and periodically during the ice-covered season, or periodically up to four times per year. The icecovered season is defined as November to May of the following year (e.g., November 2020 to May 2021).
The open-water season is defined as June to October (e.g., June 2020 to October 2020). Delineation of
seasons is consistent with other AEMP surveys in the NT (e.g., Snap Lake Mine).

6.1.3.2

Field Measurements

Water pressure measurements will be used to monitor water depth. Water pressure will be recorded every
15 minutes at each station, during its period of operation, by a Solinst Levelogger5 integrated pressure
transducer and data logger, or equivalent, which will be installed during the initial site visit in the spring.
Each Levelogger will be deployed upstream of the hydrological control point of the lake outlet, on a rock or
other firm substrate, at a depth of 0.5 to 2.0 m. Water pressure will be converted to depth by compensating

5

Sensor accuracy for the Solinst Levelogger “Edge”, type M5, Model 3001, is ±0.05% of full scale (5.0 m). Accuracy is rounded
from 2.5 to 3 mm in specifications. Sensor accuracy for the Solinst Levelogger “Edge”, type M2, Model 3001, is ±0.05% of full
scale (2.0 m), or 1 mm.
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Levelogger data files with barometric pressure records, for the same period, from the Solinst Barologgers6,
or equivalent, installed near the Area 8 and Kirk Lake outlets and one on the Mine site at the Environment
Lab.
At Area 8 and Lakes L1a, M4, M2, N11, N1, and 410, water depth may also be recorded by water level
transducers as part of other monitoring programs. If these data are available, they may be considered in
the AEMP data analysis.
Water levels will be surveyed manually, using optical level surveys referenced to a geodetic benchmark,
during each scheduled field visit. Benchmarks have been surveyed using high-precision global positioning
system (GPS) survey instruments to provide geodetic elevations. During each manual survey, pressure
transducer readings will be recorded to determine the transducer elevation. A staff gauge may be installed
seasonally at gauging locations to provide an additional, redundant source of data.
During each monitoring station visit, a levelling survey will be conducted to measure the water surface
elevation (WSE) at each lake outlet against a local benchmark. This enables the preparation of a WSE time
series from Levelogger or SNP water level data for the period of operation of each station. The elevation of
the hydrological control point (also known as zero-flow elevation or stage datum) at each station has been
measured against the benchmark in previous years to enable the conversion of WSE to stage. Benchmarks
at most stations were upgraded between 2016 and 2019 from paint or ink marks to expansion bolts in
bedrock or well-anchored boulders.
Manual discharge measurements, following the WSC standard described by Terzi et al. (1994), will be
taken according to the need for additional data points for the open-water rating curves (OWRCs). Velocity
and depth measurements used for discharge calculation will be collected using a Sontek Flowtracker
Handheld Acoustic Doppler Velocimeter (ADV)7, or equivalent, with a top-setting wading rod. If conditions
are not conducive to wading across the stream, a Sontek M9 Acoustic Doppler Current Profiler, or
equivalent, will be used to measure discharge. A winter discharge measurement will be performed at the
Kirk Lake outlet.
Automated cameras will be installed at the outlets of Area 8, Lake M4, Lake P8a, and reference Lake 3.
The cameras will be installed in early April and removed in late June. While active, the cameras will take
photographs hourly between 07:00 and 19:00 to monitor ice conditions during the freshet period.

6.1.3.3

Data Analysis and Interpretation

Analyses and interpretation of water quantity data focus on answering the following five key questions:
•

Are changes in water flow and water level due to the Mine comparable to changes predicted in the
EIS?

•

How do water quantity parameters at the Mine compare to regional data (e.g., such as annual
precipitation data from regional [Environment and Climate Change Canada] monitoring stations) in the
hydrological context?

6

Sensor accuracy for the Solinst “Barologger” is ±0.05 kPa (kilopascals).

7

Sensor accuracy for the Sontek FlowTracker Handheld ADV is ±1% of measured velocity, ±0.5 cm/s.
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•

How do water quantity parameters at the Mine compare to applicable thresholds?

•

Are there temporal trends in water quantity parameters?

•

Are stream bank and shoreline erosion rates consistent with those predicted in the EIS?

Discharges and Runoff
Total runoff during the period of hydrometric station operation at each lake outlet will be calculated from a
discharge time series. Each discharge time series is calculated from the WSE time series and derived stage
using an OWRC. The OWRCs used were developed from field measurements over several years,
beginning as early as 2004. Measurements of stage and discharge from the current year, when unaffected
by ice and snow in the outlets, will contribute to the development of the OWRCs. No OWRC will be
developed for the Lake D3 outlet, as this lake is one of the raised lakes; its outlet is temporarily obstructed
due to the impoundment of Lake D2 by Dyke F for the period of Mine operations and the watershed will
revert back to Kennady Lake in post-closure.
Discharge during periods of outlet snowmelt and ice degradation prior to the date of instrumentation, will
be estimated for each outlet based on aerial reconnaissance and photographs including those collected by
automated cameras. Discharge following the autumn retrieval of non-permanent water level instrumentation
will be estimated using the daily mean air temperature record, empirically derived recession constants, and
the expected number of days required for ice to aggrade to a depth equal to the final measured outlet stage
using the freezing degree day model by Lebedev (1938), from the National Snow and Ice Data Center
(NSIDC 2016).

Comparison of Water Quantity Parameters to Regional Data
Annual water yields provide the best indicator of whether a specific waterbody is subject to “wet”, “dry”, or
“normal” conditions. Characterizing these conditions will provide essential context to water quality and fish
habitat assessments. Annual water yields at continuously monitored stations will be compared not only to
model predictions, as noted above, but the following comparisons will be made to better establish a regional
context:
•

Annual rainfall and snow course survey data from the Mine will be examined to estimate the amount of
precipitation available for runoff and to estimate annual runoff coefficients.

•

Annual rainfall and snow course survey data from the Mine will be compared to long-term regional data
sets, as presented in the EIS, to characterize the hydrological context.

•

Annual precipitation data from regional (Environment and Climate Change Canada) monitoring stations
will be compared to long-term regional data sets, as presented in the EIS, to characterize the
hydrological context.

Annual water yield data from regional (Environment and Climate Change Canada) hydrological monitoring
stations will also be compared to long-term regional data to provide a regional hydrological context. These
regional data will also be compared to the annual data sets collected as part of the AEMP. However,
differences between watersheds spread over a large geographical area, with different terrain types and
proportions of water surface area, make these a less valuable indicator.
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Temporal Patterns

To assess temporal trends in water quantity in the lakes, the following will be conducted:
•

comparing maximum discharges/water surface elevations with EIS predictions;

•

comparing mean monthly discharges/water surface elevations with EIS predictions;

•

comparing annual water yields with EIS predictions;

•

visually evaluating temporal plots for selected hydrological indicators to identify increasing trends; and

•

comparing observed temporal trends with model predictions for key parameters.

Comparisons will be made to the baseline and construction/operations (as appropriate) cases. For example,
the water yield at a specific location may be identified to be equal to 140% of the baseline median value or
to the baseline 1:10 year wet value, as well as equal to 95% of the predicted construction phase median
value or to the predicted construction phase 1:5 year dry value. The potential to exceed AEMP benchmarks,
EIS predictions, or updated model results will be assessed for indicators with apparent increasing trends
(for high flows/water surface elevations) or decreasing trends (for low flows/water surface elevations) in
these waterbodies.
Where patterns exist, the potential for Mine-related causes will be qualitatively assessed.

6.1.4

Quality Assurance and Quality Control

The QA/QC procedures govern all aspects of the AEMP including field methods, data management and
analysis, and reporting. Field QA/QC procedures pertain to the maintenance and operation of equipment
and instrumentation, and field survey methods. Office QA/QC procedures include validation of field
measurements and analysis results and will be complemented by automatic procedures implemented in
the Aquarius software platform that will be used to analyze and archive the collected hydrologic data.
The QA/QC procedures that have been implemented for the baseline and pre-AEMP monitoring programs
have been effective for assessing anomalous field data, field data precision, and accuracy associated with
the environmental data collected. Results from the QA/QC assessments are used to make adjustments,
when necessary, to the program to improve data quality.

6.1.4.1

Quality Assurance

Field staff training and field operation procedures provide known, acceptable, and defensible quality. To
this end, the following measures will be implemented:
•

Field staff will be trained to be proficient in standardized procedures, data recording, and equipment
operations applicable to field measurements. Specific work instructions outlining each field task will be
provided to the field crew.

•

Detailed field notes will be recorded in waterproof field books or on pre-printed waterproof field data
sheets in pencil. Data sheets will be checked at the end of each field day for completeness and
accuracy.
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•

Operation of continuous data loggers will be verified prior to installation. Data will be regularly
downloaded to reduce the risk of complete data loss in case of instrument malfunction or damage to
the monitoring station. Digital data downloads will be archived prior to analysis to preserve original data
sets.

•

Field survey and velocity meter equipment will be maintained regularly. The results of the calibration
and any required maintenance will be recorded in the field data sheets or notebooks.

•

Water level surveys will rely on redundant measurements including leveling surveys, transducer
readings and, if applicable, staff gauges.

•

Rainfall data will be measured by the weather station installed on site and the maintenance and the
calibration of its instruments, including the rain gauge, will be part of the weather station maintenance
program.

•

Aerial drone operators will be trained and proficient in the use of the equipment and will follow standard
procedures to ensure data quality.

The office data management system provides an organized and consistent system of data control and
analysis. This management system includes procedures for managing field data entry data validation.
These procedures involve:
•

Field data will be entered into the AEMP database and independently checked by a second person to
avoid transcription errors associated with manual data.

•

Digital data will be checked for gross errors or missing data in recorded series after each download and
at the end of the field program.

•

The analysis and archiving of the collected water quantity data will be done using the Aquarius platform,
which is the standard software used by WSC to manage and analyze the hydrological data.

•

Field survey stage and discharge data will be compared to previously established stage-discharge
rating curves to identify anomalous or erroneous measurements. If identified, field data will be reexamined and if necessary, invalidated.

•

Results of analyses will be reviewed by staff not involved in the analyses. Experienced, qualified
professional staff will review all data, analyses, results and reports.

6.1.4.2

Quality Control

Quality control is a specific aspect of QA that refers to the internal techniques used to measure and assess
data quality. The QC samples are used to detect and reduce systematic and random errors that may occur
during field sampling and data analysis procedures.
The QC procedure will include samples for each field program will consist of the following:
•

Manual discharge and water level measurements at each station will be checked against previously
established stage-discharge rating curves to ensure that measurements are consistent with the
historical record. Any variations must be explained by physical changes to the lake outlet geometry, or
the data may be invalidated.
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•

Step changes in water levels that cannot be explained by the expected rainfall or snowmelt-runoff
response will be identified and must be explained by physical changes to the transducer positioning, or
the data may be invalidated.

•

Hydrological indicators for each station, including annual water yields, flood peak discharges and low
flows will be compared to other AEMP stations and regional stations to identify anomalies, while
considering the effects of the Mine. Variations that cannot be explained by Mine operations,
meteorological and/or hydrological phenomena may invalidate the data.

•

Aerial drone surveys will include surveys of known benchmarks to validate geodetic survey data.

Invalidated data will be retained in the AEMP database, but will be flagged to indicate that the sample is
considered contaminated or the results are designated as not correct due to an internal review of the data.

6.2
6.2.1

Water Quality
Objectives and Scope

The key objectives of the surface water quality component of the AEMP are as follows:
•

to evaluate short- and long-term changes to surface water quality in lakes as a result of the Mine;

•

to evaluate the accuracy of the predictions made in the EIS and other submissions to the MVLWB
regarding effects on surface water quality;

•

to evaluate whether traditional water uses in Lake N11 (outside of the mixing zone) and in waters
downstream of Kennady Lake are affected by the Mine’s activities throughout construction, operation,
and closure and reclamation;

•

to assess the efficacy of impact mitigation strategies proposed in the mine plan to minimize the water
quality effects of the Mine;

•

to provide the data necessary to inform adaptive management to reduce or eliminate Mine-related
effects; and

•

to recommend any necessary and appropriate changes to the water quality component of the AEMP
for future years.

6.2.2

Changes Relative to Design Plan Version 5

Changes to the AEMP Design Plan and locations of the rationales for the changes are outlined in
Table 6.2-1.
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Changes to the Water Quality Component of the AEMP Design Plan Relative to
Version 5

Change

Section No. for Full
Rationale in the 2015 to
2018 Aquatic Effects
Re-evaluation Report

Analytical Suite

Analyze DOC in water collected from the AEMP lakes and streams

Section 7.3.1

Analytical Suite

Analyze dissolved metals in all samples collected from Lake D2/D3

Section 7.3.1

Analytical Suite

Revise list of nutrient parameters but, as agreed in a response to ECCC’s
recommendation, retain total Kjeldahl nitrogen in the analytical suite and only
Section 7.3.1
collect discrete samples at all stations (i.e., do not collect depth-integrated
samples)

Analytical Suite

Remove hexavalent chromium, tellurium, and tin from analytical suite for
AEMP stations to be consistent with the SNP analytical suite

n/a

Sampling Design

Clarify that field programs will be scheduled to occur at similar times each
year and provide target sampling dates

n/a

Sampling Design

Discontinue sampling in Lake L2 and reduce the number of stations in Lake
M4 to one

Section 7.3.2

Sampling Design

Align stream sampling stations and timing of sampling with the benthic
invertebrate component

Section 7.3.3

Sampling Design

Clarify sample collection methods with respect to sample depth when
different chemistry is anticipated due to chemoclines and oxyclines, with or
without a thermocline

n/a(a)

Sampling Design

Revise and provide flexibility in sampling equipment, specifically with respect
to Kemmerer samplers and type of auger. The Teflon Kemmerer may be
used for additional parameters; however, the PVC Kemmerer should not be n/a
used for metals samples. An electric ice auger may be used in place of a
gasoline powered auger during the ice-covered season.

Sampling Design

Revise water sampling method, specifically allowing sample bottles to be
filled directly from the Kemmerer sampler, or using a laboratory-grade
container to temporarily store water until it can be subsampled and
processed (e.g., filtered) at the field laboratory.

n/a

Data Analysis

Re-organize and clarify methods, particularly with respect to data analysis
and interpretation, to match those used in the 2018 AEMP Annual Report

n/a

Data Analysis

Remove references to SNP stations in Area 8; these have been removed
from the 2020 Water Licence because there is no planned operational
discharge to Area 8 in the future

n/a

Data Analysis

Revise methods related to comparisons of SNP and AEMP data to EQC,
SSWQO, and AEMP benchmarks

n/a(b)

Data Analysis

Revise AEMP benchmarks by adopting SSWQOs, recently derived water
quality guidelines or chronic effects benchmarks that are relevant to
evaluating toxicological impairment to aquatic life

n/a(b)

Data Analysis

Focus the interpretation of nutrient chemistry on toxicologically-relevant
parameters (i.e., ammonia, nitrate, and nitrite) with respect to the
Toxicological Impairment Hypothesis, and allow the Plankton component to
provide a more detailed interpretation of assessing nutrient enrichment (i.e.,
total phosphorus, dissolved phosphorus, soluble reactive phosphorus,
soluble reactive silica, total nitrogen, total Kjeldahl nitrogen) with respect to
the Nutrient Enrichment Hypothesis

Section 7.3.1

Data Analysis

Add 2015 and 2016 water quality data from Lake N11 to the “pre-impact”
dataset and 2015 Area 8 water quality data

Section 7.4.1 and Appendix 7B

Data Analysis

Adopt revised BACI analysis approach for water quality analysis

Section 7.4.2 and Appendix 7B

Data Analysis

Clarify that utility of the BACI and potential to use trend analysis will be
evaluated in the next Aquatic Effects Re-evaluation report

n/a(c)
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Changes to the Water Quality Component of the AEMP Design Plan Relative to
Version 5

Category

Change

Section No. for Full
Rationale in the 2015 to
2018 Aquatic Effects
Re-evaluation Report

Data Analysis

Revise the current approach for managing non-detect values, including
clarifying the pre-treatment of censored data with respect to the exclusion of Section 7.4.3 and Appendix 7B
high non-detect data from normal range calculations and BACI analysis(c)

Data Analysis

Clarify how lake-wide mean/median concentrations are calculated

n/a(c)

Data Analysis

Adopt revised normal range calculation method for the baseline normal
range and adopt a new regional normal range

Section 7.4.4 and Appendix 7B

Data Analysis

Add that lake-wide mean/median concentrations will be compared to annual
water quality predictions to support Action Level assessment

n/a(c)

a) When a lake is not mixed throughout the water column, there is a potential for different chemistry in each of the layers. Though
typically a thermocline is used, a thermocline does not always indicate different chemistry; therefore, the use of chemoclines and
oxyclines have been added to clarify when to sample at multiple depths.
b) The recent 2020 Water Licence amendment has EQC for Lake N11, but not for Area 8, because operational discharge to Area 8 is
not permitted in the Water Licence. Accordingly, the Reasons for Decision identified what updated SSWQOs were approved for Lake
N11. The use of ambient hardness was not accepted for the metal SSWQOs. However, consideration of ambient conditions is
necessary for assessment of the potential for toxicological impairment; therefore, the AEMP benchmarks were revised to incorporate
this consideration.
c) Commitment made by De Beers in response to AEMP Workshop Information Request.
AEMP = Aquatic Effects Monitoring Program; DOC = dissolved organic carbon; PVC = polyvinyl chloride; SNP = Surveillance
Network Program; EQC = effluent quality criteria; SSWQO = site-specific water quality objectives; BACI = before-after controlimpact; n/a = not applicable; No. = number.

6.2.3
6.2.3.1

Methods
Sampling Locations and Frequency

Water quality data will be collected from three of the core lakes (Area 8, Lake N11, and Lake 410), two
reference lakes (East Lake and Lake 3), Lake D2/D3, and a subset of the L and M watershed lakes (i.e.,
Lake M4). Five streams will also be sampled concurrently with the benthic invertebrate component: Area 8
outlet stream (Stream K5), L streams (L2 and L3) and M streams (M2 and M4). Five stations will be sampled
in each core lake, reference lake, raised lake. One station will be sampled in Lake M4.
Depending on sampling area and site conditions at the scheduled time of sampling, AEMP stations will be
monitored up to four times per year: once during the ice-cover season (April or May), and three times during
the open-water season (e.g., July, August, and September) (Table 6.2-2). The ice-covered season is
defined as October to May of the following year (e.g., October 2020 to May 2021). The open-water season
is defined as June to September (e.g., June 2020 to September 2021). For safety reasons, sampling will
not typically occur during break-up (June) and freeze-up (i.e., October and November). Field programs will
be scheduled to occur at similar times each year, with some flexibility to account for site logistics. Target
sampling dates will be end of June/beginning of July (“July” sampling month), end of July/beginning of
August (“August” sampling month), and end of August/beginning of September (“September” sampling
month). These target sampling dates apply to all components.
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In addition, the SNP will perform water quality analyses periodically at the end-of-pipe and edge-of-mixingzone locations in Lake N11, during times of operational discharge. A list of the SNP data that will be included
in the AEMP data analysis is included in Table 6.2-2.
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Summary of Water Quality Parameters, Stations, and Sampling Frequency – AEMP and SNP

Parameter Categories

Parameter

Core Lakes(a)

Reference Lakes

Lake D2/D3

L and M Lakes (i.e., Lake
M4)

Downstream Stream
Stations (i.e., Streams K5,
L2, L3, M2 and M4)

AEMP
Field
Measurements/Profiles

Field pH; specific conductivity; dissolved oxygen; temperature

April/May, July, August, September

April/May, July, August,
September

April/May, July, August,
September

April/May, August

September

Physical parameters

Total suspended solids; turbidity; pH; conductivity

April/May, July, August, September

April/May, July, August,
September

April/May, July, August,
September

April/May, August

September

Major Ions

Total dissolved solids (calculated and measured); bicarbonate, calcium, chloride,
fluoride, hardness, magnesium, potassium, sodium, sulphate, total alkalinity

April/May, July, August, September

April/May, July, August,
September

April/May, July, August,
September

April/May, August

September

Nutrients

Total organic carbon, dissolved organic carbon, total ammonia (as N), nitrate (as N),
nitrite (as N), total nitrogen, total Kjeldhal nitrogen, orthophosphate-dissolved (as P),
total dissolved phosphorus, total phosphorus; soluble reactive silica

April/May, July, August, September

April/May, July, August,
September

April/May, July, August,
September

April/May, August

September

Metals(b)

Aluminum, antimony, arsenic, barium, beryllium, bismuth, boron, cadmium, cesium,
chromium, cobalt, copper, iron, lead, lithium, manganese, mercury, molybdenum,
nickel, rubidium, selenium, silver, strontium, thallium, titanium, uranium, vanadium,
zinc, zirconium

April/May, July, August, September

April/May, July, August,
September

April/May, July, August,
September

April/May, August

September

Biological

Microcystin-LR

April/May, July, August, September

April/May, July, August,
September

April/May, July, August,
September

April/May, August

n/a

Other parameters

Methylmercury

Lake N11 only: April/May, July, August, September

n/a

April/May, July, August,
September

n/a

n/a

Field pH; specific conductivity; dissolved oxygen; temperature

End-of-pipe stations: before and at the end of discharge, weekly
during discharge from water management pond
n/a
Edge-of-mixing-zone stations: weekly during discharge from
water management pond

n/a

n/a

n/a

Physical parameters

Total suspended solids; turbidity; pH; specific conductivity

End-of-pipe stations: before and at the end of discharge, weekly
during discharge from water management pond
n/a
Edge-of-mixing-zone stations: weekly during discharge from
water management pond

n/a

n/a

n/a

Major Ions

Total dissolved solids; bicarbonate, calcium, carbonate, chloride, fluoride, hardness,
hydroxide, magnesium, potassium, reactive silica (as SiO2); sodium, sulphate, total
alkalinity

End-of-pipe stations: before and at the end of discharge, weekly
during discharge from water management pond
n/a
Edge-of-mixing-zone stations: weekly during discharge from
water management pond

n/a

n/a

n/a

Nutrients

Total and dissolved phosphorus; total organic carbon; orthophosphate (as P);
dissolved organic phosphorus; total and dissolved inorganic phosphorus; total
ammonia (as N); nitrate (as N); nitrite (as N); nitrate/nitrite (as N); total Kjeldahl
nitrogen, biochemical oxygen demand (BOD5)

End-of-pipe stations: before and at the end of discharge, weekly
during discharge from water management pond
n/a
Edge-of-mixing-zone stations: weekly during discharge from
water management pond

n/a

n/a

n/a

Metals

Aluminum, antimony, arsenic, barium, beryllium, bismuth, boron, cadmium, cesium,
chromium, cobalt, copper, iron, lead, lithium, manganese, mercury, molybdenum,
nickel, rubidium, selenium, silver, strontium, thallium, titanium, uranium, vanadium,
zinc

End-of-pipe stations: before and at the end of discharge, weekly
during discharge from water management pond
n/a
Edge-of-mixing-zone stations: weekly during discharge from
water management pond

n/a

n/a

n/a

Microbiological

Escherichia coli; total and fecal coliforms

End-of-pipe stations: before and at the end of discharge, weekly
n/a
during discharge from water management pond

n/a

n/a

n/a

Organics

Benzene, ethylbenzene, toluene, xylene (BTEX)
Total petroleum hydrocarbons (TPH)

End-of-pipe stations: before and at the end of discharge (BTEX
and TPH), weekly during discharge from water management
pond (BTEX only)
Edge-of-mixing-zone stations: weekly during discharge from
water management pond

n/a

n/a

n/a

SNP(c)
Field
Measurements/Profiles

(b)

De Beers Canada Inc.

n/a

Gahcho Kué Mine
AEMP Design Plan Version 6.3
Methods and Analysis
Table 6.2-2

February 2022
Section 6

Summary of Water Quality Parameters, Stations, and Sampling Frequency – AEMP and SNP

Parameter Categories
Toxicity
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Parameter
Invertebrates (Daphnia magna and Ceriodaphnia dubia);
Algae (Pseudokirchneriella subcapitata);
Rainbow trout (Oncorhynchus mykiss) and fathead minnow (Pimephales promelas)

Core Lakes(a)
End-of-pipe stations: twice – at the beginning of the discharge
period, and on final day of the discharge period

Reference Lakes
n/a

Lake D2/D3
n/a

L and M Lakes (i.e., Lake
M4)
n/a

Downstream Stream
Stations (i.e., Streams K5,
L2, L3, M2 and M4)
n/a

Note: AEMP field programs will be scheduled to occur at similar times each year, but some flexibility is needed to account for site logistics. The ice-cover program will be completed in either April or May (not both), depending on logistical requirements and ice conditions. Target sampling dates during the
open-water season will be end of June/beginning of July (“July” sampling month), end of July/beginning of August (“August” sampling month), and end of August/beginning of September (“September” sampling month).
a) Water quality will be monitored in the following core lakes: Area 8, Lake N11, and Lake 410.
b) With the exception of Lake D2/D3, samples will be analyzed for total metals; dissolved metals samples will be archived and only analyzed if a total metal is above an AEMP benchmark (AEMP) or established threshold (SNP).
c) SNP water quality data are collected outside of the AEMP but will be included in AEMP data analysis. End-of-pipe stations are SNP-02 (in-line monitoring from water management pond to Lake N11) and SNP-20 (intake point in water management pond). Edge-of-mixing-zone stations are SNP-01a, SNP01b, and SNP-01c (Lake N11).
AEMP = Aquatic Effects Monitoring Program; P = phosphorus; N = nitrogen; SNP = Surveillance Network Program; SiO2 = silicon dioxide; n/a = not applicable; BOD5 = biochemical oxygen demand (5 day); BTEX = benzene, toluene, ethylbenzene, xylene; TPH = total petroleum hydrocarbons.
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Supporting Field Measurements

Physico-chemical water column field measurements of DO, pH, water temperature, and specific
conductivity will be collected at each of the AEMP stations in each of the core, reference, and raised lakes,
and in Lake M4. Field measurements will also be collected at a deep-water station in each lake. These
measurements will be collected at a minimum of 1 m intervals using a YSI 650 Multi-parameter Display
System (or equivalent) water quality meter with a YSI 600 Quick Sample multi-parameter water quality
probe (or equivalent). A cable of sufficient length for use in the core and reference lakes (e.g., 30 m) will be
used with the YSI meter for depth profiles. Station number, Universal Transverse Mercator (UTM)
coordinates, date, time of collection, and weather will also be recorded at each station. Physico-chemical
field measurements will also be collected at stream stations during open-water conditions, from
approximately 0.2 m below the surface.
Other field data to be collected include ice thickness during ice-covered conditions, and Secchi depth during
open water conditions. Ice thickness will be measured at each station using an ice-thickness gauge before
sampling, and Secchi depths will be measured using a 20 cm diameter Secchi disk, consistent with the
method described in Wetzel (2001).

6.2.3.3

Sample Collection and Analyses

Water will be sampled according to standard water quality methods (Environment Canada 1983, 2012a;
APHA 2012). These methods represent accepted procedures for collecting water samples, conducting field
measurements, recording field notes, calibrating instruments, and maintaining QA/QC functions.
Water from specific sampling depths will be collected using a Teflon Kemmerer sampler for metals samples
and a polyvinyl chloride (PVC) or Teflon Kemmerer sampler for all other samples. During the ice-covered
season, an ice auger will be used to drill a hole in the ice, and then the Kemmerer sampler will be lowered
through the hole into the water column to the target depth to collect water samples. Water from the
Kemmerer sampler will either be poured directly into individual laboratory-supplied sample bottles or into
larger laboratory-grade sampling container until processing (e.g., sub-sampling and filtration).
At all lake stations, discrete samples will be collected from mid-depth, unless specific conductivity and DO
gradients are observed (with or without an associated thermocline), in which case samples will be collected
from above and below the chemocline/oxycline (i.e., two discrete samples at that station). A thermocline,
chemocline, and/or oxycline is not expected at the AEMP stations based on previous AEMP monitoring. As
study lakes are not particularly deep, thermoclines are typically not present and rarely coincide with
chemocline or oxyclines; however, field crew will check for the presence of a chemocline/oxycline when the
vertical profiles are measured8, and will bring extra bottle sets to collect two samples from the water column
if necessary. This is consistent with Environment Canada’s (2012a) Metal Mining Technical Guidance for
Environmental Effects Monitoring.

8

A chemocline or oxycline exists if the two conditions are met:
1) There is a distinct upper and lower water layer present, wherein the dissolved oxygen or specific conductivity is constant
throughout the layer, and;
2) There is at least a 20% difference in dissolved oxygen concentrations or specific conductivity values between the upper (up to 3
m effective depth) and lower water layers.
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Near-surface grab samples will be collected at stream stations during open-water conditions, from
approximately 0.2 m below the surface.
In both the open-water and ice-covered seasons, five samples will be collected per lake to be submitted for
analysis for the core and reference lakes and Lake D2/D3, one sample will be collected from Lake M4, and
one sample will be collected from each stream station (Table 5.4-2). Duplicate and blank (i.e., travel and
field) samples will be collected during each sampling period for QC purposes, representing 10% of nutrient
samples.
Upon returning to De Beers field laboratory at the end of each field day, samples will be filtered and/or
preserved, as required. Filtering includes samples collected for dissolved organic carbon and dissolved
metals analyses. These samples will be filtered using a Geo-pump filter unit, laboratory grade silicon tubing,
and 0.45 micrometre (µm) Waterra filters, which are certified high capacity in-line groundwater sampling
capsules. Preservatives, supplied by the laboratory to which the samples are being sent, will be added to
samples, as required, following standard protocols for specific parameters (APHA 2012). Nitrile gloves will
be worn while collecting samples, rinsing and filling sample containers, and filtering and preserving
samples. Samples will be stored and shipped in coolers containing ice packs.

6.2.3.4

Laboratory Methods

The water quality parameters, applicable sampling stations, and monitoring frequency of different
parameter groups are summarized in Table 6.2-2. The target parameter list, along with the desired
analytical methods/instrumentation, and target detection limits (DLs), is provided in Table 6.2-3.
Most water samples will be submitted to ALS Canada Ltd. (ALS). Samples will be shipped to ALS in
Yellowknife, NT, in coolers on ice. Samples will then be shipped by ALS from Yellowknife to the appropriate
ALS laboratory in Vancouver, Edmonton, Saskatoon, or as determined by the analytical laboratory,
depending on analytical methods required for each analyte.
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Parameter List for Analyses of AEMP Water Quality Samples

Units

Target
Detection
Limit

Field pH

unitless

n/a

YSI water quality meter (or equivalent)

Specific Conductivity

µS/cm

n/a

YSI water quality meter (or equivalent)

mg/L

n/a

YSI water quality meter (or equivalent)

°C

n/a

YSI water quality meter (or equivalent)

Specific Conductivity

µS/cm

2.0

APHA 2510 Automatic Conductivity

pH

Parameter

Analytical Method;
Instrumentation

Physico-chemical Field Measurements

Dissolved Oxygen
Water Temperature
Physical Parameters

unitless

0.1

APHA 4500 H - pH Value

Total Suspended Solids

mg/L

1.0

APHA 2540 D

Turbidity

NTU

0.1

APHA 2130 Turbidity

Total Dissolved Solids (calculated and measured)

mg/L

1 (calculated)
10 (measured)

Alkalinity (total as CaCO3)

mg/L

1.0

EPA 310.2 OR APHA 2320

Bicarbonate

mg/L

1.0

EPA 310.2 OR APHA 2320

Calcium

mg/L

0.03

EPA SW-846 6010B

Chloride

mg/L

0.1

EPA 300.1 (mod)

Fluoride

mg/L

0.02

EPA 300.1 (mod)

Hardness (as CaCO3)

mg/L

0.5

APHA 2340B

Magnesium

mg/L

0.03

EPA SW-846 6010B

Potassium

mg/L

0.05

EPA SW-846 6010B

Sodium

mg/L

0.02

EPA SW-846 6010B

Sulphate

mg/L

0.2

APHA 4110 B

Ammonia

mg/L

0.005

Nitrate, as N

mg/L

0.003

EPA 300.1 (mod)

Nitrite, as N

mg/L

0.001

EPA 300.1 (mod)

Total Organic Carbon

mg/L

0.5

APHA 5310 B - Instrumental

Dissolved Organic Carbon

mg/L

0.5

APHA 5310 B - Instrumental

Total Nitrogen

mg/L

0.03

APHA 4500-P (J) / NEMI 5735 or calculated as the sum of TKN and Nitrate+Nitrite

Total Kjeldahl Nitrogen (TKN)

mg/L

0.05

APHA 4500-NORG D

Orthophosphate-dissolved, as P

mg/L

0.001

APHA 4500-P

Total Dissolved Phosphorus, as P

mg/L

0.001

APHA 4500-P

Total Phosphorus, as P

mg/L

0.001

APHA 4500-P

Soluble Reactive Silica (as SiO2)

mg/L

0.01

APHA 4500-SiO2 E

Major Ions
APHA 1030 E - Checking Correctness of Analyses
APHA 2540 C - Gravimetric

Nutrients and Carbon Parameters
APHA 4500 NH3-NITROGEN (AMMONIA)

Total Metals, Metalloids, and Non-Metals
Aluminum

mg/L

0.0002

EPA 200.8; HR-ICP/MS

Antimony

mg/L

0.000005

EPA 200.8; HR-ICP/MS

Arsenic

mg/L

0.00002

EPA 200.8; HR-ICP/MS

Barium

mg/L

0.00002

EPA 200.8; HR-ICP/MS

Beryllium

mg/L

0.000002

EPA 200.8; HR-ICP/MS

Bismuth

mg/L

0.000001

EPA 200.8; HR-ICP/MS

Boron

mg/L

0.005

EPA 200.8; HR-ICP/MS

Cadmium

mg/L

0.000005

EPA 200.8; HR-ICP/MS

Cesium

mg/L

0.000005

EPA 200.8; HR-ICP/MS

Chromium

mg/L

0.00005

EPA 200.8; HR-ICP/MS

Cobalt

mg/L

0.000005

EPA 200.8; HR-ICP/MS

Copper

mg/L

0.00005

EPA 200.8; HR-ICP/MS

Iron

mg/L

0.001

Lead

mg/L

0.000005

EPA 200.8; HR-ICP/MS

Lithium

mg/L

0.0002

EPA 200.8; HR-ICP/MS

Manganese

mg/L

0.000005

EPA 200.8; HR-ICP/MS

Mercury (ultra-low)

µg/L

0.00050

EPA 1631 REV. E

Methyl Mercury, as Hg

µg/L

0.000050

EPA 1630

Molybdenum

mg/L

0.00001

EPA 200.8; HR-ICP/MS

Nickel

mg/L

0.00005

EPA 200.8; HR-ICP/MS

Rubidium

mg/L

0.000005

EPA 200.8; HR-ICP/MS

Selenium

mg/L

0.00004

EPA 200.8; HR-ICP/MS

Silver

mg/L

0.000005

EPA 200.8; HR-ICP/MS

Strontium

mg/L

0.00002

EPA 200.8; HR-ICP/MS

Thallium

mg/L

0.000001

EPA 200.8; HR-ICP/MS

Thorium

mg/L

0.000005

EPA 200.8; HR-ICP/MS

Titanium

mg/L

0.00005

EPA 200.8; HR-ICP/MS

Uranium

mg/L

0.000001

EPA 200.8; HR-ICP/MS

Vanadium

mg/L

0.00001

EPA 200.8; HR-ICP/MS

Zinc

mg/L

0.0001

EPA 200.8; HR-ICP/MS

Zirconium

mg/L

0.00001

EPA 200.8; HR-ICP/MS

µg/L

0.2

EPA SW-846 6010B; HR-ICP/MS

Biological
Microcystin-LR

ELISA: Envirologix Quantiplate Kit catalog EP022

µS/cm = microsiemens per centimetre; ALS = ALS Canada Ltd.; APHA = American Public Health Association; NTU = nephelometric turbidity units; CaCO3 = calcium carbonate; EPA =
Environmental Protection Agency; SiO2 = silicon dioxide; HR-ICP/MS = high resolution inductively coupled plasma mass spectrometry; Hg = mercury; µg/L = micrograms per litre;
ELISA = enzyme-linked immunosorbent assay; n/a = not applicable.
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Data Analysis and Interpretation

Analysis and interpretation of water quality data will largely focus on answering the following five key
questions:
•

Are concentrations or loads of key water quality parameters in discharges to receiving waterbodies
consistent with EIS predictions and below Water Licence limits (i.e., effluent quality criteria [EQCs])?

•

Are concentrations of key water quality parameters in receiving waterbodies below AEMP benchmarks?

•

Which water quality parameters are increasing over time in receiving waterbodies and nearby
waterbodies, and how do concentrations of these parameters compare to AEMP benchmarks,
concentrations in reference lakes, and EIS predictions?

•

Are spatial and seasonal patterns in water quality in the core lakes consistent with EIS predictions?

•

Is water in Lake N11 and Area 8 safe to drink?

In addition to answering these key questions, water quality data collected in the raised lake D2/D3 will also
be analyzed and interpreted to inform the assessment of the Action Level framework developed for this
lake in Section 8.4.3.

Operational Discharge to Lake N11
During operations, discharges to Lake N11 from the WMP (as measured at end-of-pipe SNP [SNP-02]) will
be compared to EIS predictions and EQC (Table 6.2-4). Water quality at the edge-of-mixing-zone SNP
stations (SNP-01)9 will be compared to SSWQOs (Table 6.2-5) as approved by the MVLWB (MVLWB
2021a). Further details on development of the SSWQOs can be found in the Effluent Quality Criteria Report
(De Beers 2020e) and in MVLWB’s Reasons for Decision with respect to the 2020 Water Licence
amendment (see MVLWB 2021b for a description of the final water quality objectives by the Board for Lake
N11). If there are any future updates to the EQC or SSWQO by MVLWB, then the updated EQCs or
SSWQOs will be used.
Table 6.2-4

Water Licence (MV2005L2-0015) Limits (Effluent Quality Criteria) for Discharges
to Lake N11 (SNP-02) during Operations
Parameter

Total Suspended Solids

Maximum Grab Concentration
(mg/L)

15

25

Between 6.0 and 9.0

Between 6.0 and 9.0

Chloride

425

640

Sulphate

100

155

Fluoride

1.5

3.0

Nitrate as N

26

50

Ammonia as N

6

10

0.022

0.03

pH

Total Phosphorus

9

Maximum Average Concentration
(mg/L)

The edge-of-mixing-zone stations are approximately 200 m from the diffuser for Lake N11.
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Water Licence (MV2005L2-0015) Limits (Effluent Quality Criteria) for Discharges
to Lake N11 (SNP-02) during Operations
Maximum Average Concentration
(mg/L)

Maximum Grab Concentration
(mg/L)

Total Aluminum

0.23

0.35

Total Cadmium

0.00008

0.00016

Total Chromium

0.002

0.004

Total Cobalt

0.0025

0.005

Total Copper

0.0045

0.008

0.6

1.0

Parameter

Total Iron
Total Manganese

0.2

0.4

Total Zinc

0.02

0.04

-

5

Total Petroleum Hydrocarbons

Source: Part G Item 30 of the amended Water Licence (MV2005L2-0015) issued for the Mine on March 10, 2021 (MVLWB 2021a).
- = no data available.

Table 6.2-5

Site-specific Water Quality Objectives for Lake N11 (SNP-01) during Operations

Parameter

Units

Range of Hardness
(as CaCO3 in mg/L)

Site-specific Water Quality Objective

Conventional Parameters
pH

unitless

n/a

Between 6.0 and 9.0

Total Dissolved Solids
(calculated)

mg/L

n/a

500

Total Suspended Solids

mg/L

n/a

6.2

<10

43.7

mg/L

≥10 and ≤160

79.02 𝑥𝑥 ln(ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎)−138.28

Major Ions
Chloride

>160
Fluoride

mg/L

n/a

Potassium

mg/L

n/a

Sulphate

mg/L

10 to 160

263

1.19
41

(a)

Nutrients
<27
Nitrate as N

mg/L

≥27 and <160
≥160

𝑒𝑒

(0.9116𝑥𝑥ln(ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎)+1.712)

2.93

𝑒𝑒(0.9518𝑥𝑥ln(ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎)−2.032)
16.42

Total Ammonia as N

mg/L

n/a

2.4 to 9(b)

Total Phosphorus as P

mg/L

n/a

0.0109(c)

Aluminum (Total)

µg/L

Baseline hardness = 9

81.3(d)

Antimony (Total)

µg/L

n/a

6

Arsenic (Total)

µg/L

n/a

5

Barium (Total)

µg/L

n/a

1,000

Metals
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Site-specific Water Quality Objectives for Lake N11 (SNP-01) during Operations
Units

Range of Hardness
(as CaCO3 in mg/L)

Site-specific Water Quality Objective

Beryllium (Total)

µg/L

n/a

4

Boron (Total)

µg/L

n/a

1,500

Cadmium (Total)

µg/L

Baseline hardness = 9

0.04

Parameter
Conventional Parameters

Chromium (Total)

µg/L

n/a

5

Cobalt (Total)

µg/L

Baseline hardness = 9

0.78(e)

Copper (Total)

µg/L

Baseline hardness = 9

2

Lead (Total)

µg/L

Baseline hardness = 9

1

Iron (Total)

µg/L

n/a

300

Manganese (Total)

µg/L

n/a

120

Mercury (Total)

µg/L

n/a

0.026

Molybdenum (Total)

µg/L

n/a

73

Nickel (Total)

µg/L

Baseline hardness = 9

25

Selenium (Total)

µg/L

n/a

1

Silver (Total)

µg/L

n/a

0.25

Strontium (Total)

µg/L

n/a

7,000

Thallium (Total)

µg/L

n/a

0.8

Uranium (Total)

µg/L

n/a

15

Vanadium (Total)

µg/L

n/a

120

Zinc (Total and Dissolved)

µg/L

Baseline hardness = 9

6.9(f)

Source: For pH, chloride, fluoride, sulphate, nitrate, total ammonia, aluminum, chromium, manganese, mercury, strontium, vanadium,
zinc = Appendix 1, Section 3.2.1 of the Reasons for Decision for the 2020 Water Licence Amendment (MVLWB 2021b); for all other
parameters = MVLWB (2014b, 2018b).
a) In their Reasons for Decision, the Board asked De Beers to provide the range of hardness concentrations over which the equation
is valid. Rescan (2012) included chronic toxicity data from studies that tested hardness values ranging from 10 to 320 mg/L as CaCO3.
However, they indicated that the equation should not be used for hardness values greater than 160 mg/L as CaCO3. A lower bound
hardness was not provided. For the SSWQO, it is assumed that the lower bound of the calibration range is 10 mg/L as CaCO3. At 10
mg/L as CaCO3, the sulphate SSWQO is 45.2 mg/L.
b) The water temperature and pH-dependent total ammonia SSWQO was calculated at a pH of 7.3, the upper end of the measured
range in Lake N11, represented by the mean plus two standard deviations and a range of water temperatures from 0.5°C to 17.4°C.
c) The SSWQO for total phosphorus only applies to annual average open-water monitoring data (MVLWB 2021b).
d) The SSWQO for total aluminum is hardness, pH and DOC-dependent. The value shown is based on a hardness of 10 mg/L as
CaCO3 (lower bound of the calibration range), pH of 6.5, and DOC of 2 mg/L.
e) The SSWQO for total cobalt is hardness-dependent. The value shown is based on a hardness of 52 mg/L as CaCO3, which is the
lower bound of the calibration range.
f) The SSWQO for dissolved zinc is hardness, pH, and DOC-dependent. The value shown is based on a hardness of 23.4 mg/L as
CaCO3 (lower bound of calibration range), pH of 7.3, and DOC of 2 mg/L.
n/a = not applicable; - = no data available; SSWQO = site-specific water quality objective; DOC = dissolved organic carbon.
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Comparison to Aquatic Effects Monitoring Program Benchmarks
Water quality from lakes and streams will be compared to AEMP benchmarks; these benchmarks and the
rationale for their selection are provided in Appendix C. These AEMP benchmarks are based on SSWQOs
approved for the Mine, federal water quality guidelines for the protection of aquatic life (e.g., Canadian
Council of Ministers of the Environment [CCME] water quality guidelines for the protection of aquatic life
[CWQG-PAL; CCME 1999] or federal environmental quality guidelines [FEQG] from Environment and
Climate Change Canada [ECCC])) or the Canadian Drinking Water Guidelines (CDWQG; Health Canada
2020). Precedence was given to guidelines or objectives relevant to the protection of aquatic life. In the
Reasons for Decision for the 2020 Water Licence amendment, the use of ambient hardness was not
accepted for the metal SSWQOs. However, consideration of ambient conditions is necessary for
assessment of the potential for toxicological impairment of aquatic life; therefore, the AEMP benchmarks
were revised to incorporate this consideration. Comparison of lake-wide mean/median concentrations to
AEMP benchmarks will support the response framework and the response to key questions in the AEMP
annual reports.
Instances where concentrations are above AEMP benchmarks will be identified and qualitatively assessed
for potential Mine-related causes. If results are above AEMP benchmarks, an attempt will be made to
determine the relevance of the elevated results to aquatic biota. Where appropriate, this will involve
comparison to baseline, predicted concentrations, or consideration of the information on which the AEMP
benchmark was developed.
Exceedances of AEMP benchmarks in the exposure areas do not necessarily implicate the mine as the
causal factor of the exceedance. Additional data are required to rule out natural background exceedances,
hydrological events, or potentially other factors causing the exceedances. In addition, the potential for the
Mine to cause an exceedance also needs to be confirmed by evaluating discharge water quality, to
demonstrate that the constituents exceeding guidelines are present in the discharge at sufficient
concentrations to cause measured exceedances.
Inputs other than Mine-related discharges to the receiving environment (e.g., uncontrolled runoff, seepage,
and overland spills) may also affect surface water quality, but, to a much lesser extent than discharges.
The core lakes are outside the controlled area, so the potential for Mine-related inputs from these sources
is considered low. Trends in runoff and groundwater quality and quantity and information on spills within
the controlled area will be provided in the annual Water Licence report. Where relevant, data from these
sources, as well as the SNP data, will be summarized or referenced in the Supporting Environmental Data
section of the AEMP (see Section 6.9 for details) and discussed as part of the water quality assessment.

Comparison to Drinking Water Quality Guidelines
Water quality data collected for the AEMP in the core lakes, raised lake D2/D3, downstream lakes and
streams, and reference lakes will be compared to the CDWQG (Health Canada 2020). Specifically, healthbased drinking water guidelines (i.e., maximum acceptable concentrations) will be applied to the maximum
seasonal concentration documented at individual stations in these lakes and streams. Aesthetic objectives
and operational guidance values are not to be included in the AEMP screening because they are not healthbased guidelines and so are not considered relevant to an assessment to meet AEMP objectives.
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For the Core Lakes Area 8 and Lake N11, the results will be used to address the key question ‘Is water in
Lake N11 and Area 8 safe to drink?’ and to provide input to the AEMP response frameworks developed for
these lakes. For the other lakes and streams, drinking water guideline comparisons in the AEMP are
undertaken to monitor water quality with respect to the potential for drinking water use.

Summary Statistics
Summary statistics including the median, minimum, maximum, sample size, percentage of values below
analytical DLs, and percentage of values above AEMP benchmarks or CDWQG will be reported by season
(open-water and ice-covered) for all parameters.
In analytical chemistry, the detection limit is the lowest concentration of a parameter that can be accurately
quantified. Values below the detection limit are only partially known, occurring between the detection limit
and zero. In the environmental literature, values occurring below the detection limit are referred to as either
non-detect or censored values. Managing datasets with non-detect values can be challenging, with
implications for calculating descriptive statistics and hypothesis testing. Numerous methods have been
developed to manage these limitations, ranging in complexity from relatively simple substitution approaches
to more elaborate methods based on survival analysis and extrapolation (Helsel 2010). The suitability of
various approaches depends on sample sizes and detection frequency (i.e., the percent of values above
the detection limit) and there are currently no general procedures that are applicable in all cases (USEPA
2000).
Non-detect values will be dealt with as per guidance from the USEPA (2006), which states that data
management approach is informed by the degree of censoring in the dataset:
•

When the frequency of non-detect values is relatively small (i.e., ≤15%), substitution with one half of
the detection limit will be used, and the revised dataset may then be used to calculate descriptive
statistics and conduct hypothesis testing.

•

When the frequency of non-detect values is moderate (i.e., 15% to 50%), a variety of approaches may
be considered to evaluate non-detect data, including substitution, transformation techniques, such as
trimming, winsorizing, Cohen’s method, and Aitchison’s method (USEPA 2000), or advanced methods
based on extrapolating the distribution of measured values to the censored region (Helsel 1990, 2012).
The revised dataset may then be used to calculate descriptive statistics and conduct hypothesis testing.
There are no general procedures that are applicable in all cases, and the methods used will need to
consider the sample size, frequency of non-detects, and distribution of data above the detection limit.
For parameters with moderate of non-detect values, the approach used will be described in the AEMP
annual report.

•

When the frequency of non-detect values is large (i.e., ≥50%), it is not appropriate to calculate
descriptive statistics or conduct hypothesis testing; therefore, summary statistics for these parameters
will be limited to the minimum and maximum.
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Comparison to Normal Range
Whole-lake mean concentrations will be compared to the normal range to assess whether on average,
concentrations fall outside of the range of natural variability. When calculating means or medians, the
arithmetic mean is used when the year’s data are shown to be normally distributed based on the
Shapiro-Wilk test (P<0.05). If normality can be achieved by applying a log-transformation to the data, a
geometric mean will be used to estimate the lake mean. In cases where normality cannot be achieved by
applying a transformation to the data, the median will be used to provide an estimate of central tendency.
The measure of central tendency selected for each parameter will be reported.
Normal ranges were developed based on methods used for calculating prediction intervals outlined in
Barrett et al. (2015). Prediction intervals are a method of predictive inference used to estimate a range of
expected future observations based on a reference dataset. Prediction intervals differ from percentiles in
that percentiles are used to define a proportion of data in a sample (e.g., 50% of sample data falls below
the 50th percentile), whereas prediction intervals are used to predict a range of expected observations.
The approach outlined in Barrett et al. (2015) was revised so that the sample size of the exposure mean
(i.e., 𝑚𝑚) was not considered (Appendix 7B in De Beers 2019b provides a description of the calculation
method). Normal ranges would instead be calculated using the following revised formula in Equation 1:
Revised Calculation Method
Where:

𝑦𝑦� ± 𝑡𝑡𝑎𝑎/2,𝑛𝑛−1 𝑆𝑆�1 +

1

𝑛𝑛

[Equation 1]

𝑦𝑦� represents the upper or lower bound

𝑡𝑡𝑎𝑎/2,𝑛𝑛−1 is the ( 1 − 𝑎𝑎/2 ) fractal of a 𝑡𝑡-distribution with 𝑛𝑛 − 1 degrees of freedom

𝑠𝑠 is the standard distribution of the data, and 𝑛𝑛 is the sample size of the reference dataset.

The normal range calculation also uses the Box-Cox power transformation when data do not meet the
assumption of normality, and uses the mean of multiple iterations when non-parametric methods are used
(De Beers 2019b).
The data included in the estimation of the lake-specific baseline normal range will be the baseline data for
the given waterbody as well as pre-impact data collected in the AEMP in 2015 and 2016 (for Lake N11)
and 2015 (for Area 8). Regional normal ranges will be also developed for all components as a method of
examining environmental conditions in the core lakes within a regional context. The regional normal ranges
represent an escalation in spatial scale from the lake-specific to the regional level; however, corresponding
increases to the breadth of the regional normal range when compared to lake-specific baseline normal
ranges, may not necessarily be evident for all parameters and components. Whether the increase in spatial
scale corresponds with wider regional ranges in comparison to baseline ranges will be parameter- and
component-specific. These regional normal ranges for all components will be similar to those already in
use for the fish health and fish tissue components, incorporating baseline and pre-impact data from the
core lakes, as well as data collected from reference lakes throughout the AEMP. As a consequence,
regional normal ranges will be recalculated during future re-evaluations of the AEMP design plan to
incorporate relevant data from the reference lakes and account for long-term environmental processes,
such as climate change. Monitoring components that occur every three years (e.g., fish health and fish
tissue), will continue to update regional normal ranges as part of the AEMP annual report during their
respective monitoring years. If it is determined that changing conditions within the reference lakes
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necessitate for frequent updates, regional normal ranges may be updated on more frequent basis for some
components (e.g., annually). The regional normal ranges will be incorporated into the Action Level
assessment to identify significant departures in environmental conditions, in consideration of local spatial
and temporal variation.
Censored data will be screened to exclude high non-detect data prior to statistical analyses and normal
range calculations. Specifically, non-detect values with detection limits that exceed the highest measured
concentration in the dataset will be excluded.

Temporal Patterns
To assess temporal trends in water quality in the sampled core lakes (i.e., Area 8, Lake N11, and Lake 410)
and other relevant waterbodies (i.e., Lake D2/D3, Lake M4, and streams), the following will be conducted:
•

compare lake-wide mean/median concentrations with EIS predictions;

•

visually evaluate temporal patterns in time series plots for selected parameters to identify increasing
trends;

•

when applicable, compare observed temporal patterns with model predictions for key parameters; and

•

review vertical profiles of DO concentrations from different areas in the waterbodies over time.

When sufficient data become available, increasing trends in water quality will be examined using the
Seasonal Kendall test for select parameters at select stations. Trend analyses will initially focus on
parameters predicted to change in the EIS, specifically the COPCs, but may potentially include TDS and
nutrients, and DO. Some metals that are not COPCs are also predicted to increase over time; trend analysis
will be added as appropriate for parameters that show visually discernable trends. The potential to exceed
AEMP benchmarks (when applicable), EIS predictions, or updated model results will be assessed for
parameters with apparent increasing concentration trends (or decreasing concentration trends as for DO)
in these waterbodies. It is anticipated that a temporal trend analysis will be undertaken during the next
Aquatic Effects re-evaluation at which time sufficient data will be available.

Spatial and Seasonal Patterns
Qualitative assessments of horizontal, vertical, and seasonal patterns in water quality will be completed for
field parameters, TDS, major ions, nutrients, and metals, where appropriate. Where patterns exist, the
potential for Mine-related causes will be qualitatively assessed based on concentrations measured in Mine
effluent.
Statistically significant differences between each core lake and the reference lakes were observed for some
water quality parameters measured during baseline studies (Golder 2014b). A BACI design (Underwood
1992) was therefore selected to assess effects of the Mine on water quality. This design can be used to
assess effects at one exposure area compared to multiple reference areas, and does not require reference
lakes to have identical characteristics (Underwood 1994). The influence of seasonality in the concentrations
of water quality parameters will be taken into account by conducting statistical analyses separately for the
open-water and ice-covered seasons. The data included in the Before period for the BACI analysis will
include baseline data for the given waterbody as well as pre-impact data collected in the AEMP in 2015
and 2016 (for Lake N11) and 2015 (for Area 8).
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The recommended approach to the BACI analysis uses the mixed model framework, which has been used
extensively for BACI analysis (Schwarz 2015). Within this framework, the main questions of interest are
comparing the changes between Before and After periods in the Impact and Control lakes. Both
Before/After and Control/Impact, as well as their interaction, are treated as fixed, categorical effects. In
contrast, individual lakes are represented as random effects; i.e., specific Control lakes are treated not as
individual lakes of interest, but as representatives of a larger population of lakes not affected by the Mine
impact. Similarly, when years are treated as categorical variables, the Year variable is represented as a
random, categorical variable, and the years are interpreted as a random sample of years from Before and
After the impact occurrence.
Within the re-evaluated statistical approach to BACI analysis, two modelling approaches are proposed.
When the temporal trend of the examined variable is linear (within the Before and the After periods) in all
lakes in the model (i.e., the Impact lake of interest and both Control lakes), the variable can be analyzed
using a broken-stick model. The categorical BACI design does not adequately capture monotonic increases
in concentrations over time (Schwarz 2015). In these cases, the broken stick model would provide a more
sensitive measure of BACI effect. To decrease subjectivity around the choice of model (i.e., in which cases
to use the broken stick model), both models will be run for each variable, and Akaike’s Information Criterion
corrected (AICc) for small sample size will be used to select the better-fitting model, where model with the
lowest AICc will be considered as the best supported by the data. It is expected that the broken stick model
will be better-fitting in cases when the response variable displays a linear trend over time, while the
categorical BACI model will be better fitting in other cases.
Further description of the BACI statistical approach, including testing for assumptions of residual normality
and homogeneity of variances and data transformation, model structure and equations to calculate effect
size, are provided in Appendix 7B of the 2015 to 2018 Aquatic Effects Re-evaluation Report (De Beers
2019b). Future evaluations of the utility of BACI contrasts and appropriateness of trend analysis will be
completed in the next Aquatic Effects Re-evaluation report.
Based on consultation with Dr. Carl Schwartz, an Accredited Professional Statistician, for parameters with
a large proportion of non-detect values (>50%), De Beers recommends omitting these parameters from the
BACI analysis, as they cannot be incorporated into a Gaussian model without violating statistical
assumptions. The use of a logistic BACI model (using binary detected / not detected data) would result in
very low power. Parameters with a large proportion of non-detect values (>50%) will continue to be
compared to relevant AEMP benchmarks and normal ranges, in addition to qualitative comparisons among
areas and years. These methods are expected to be sufficient for identifying potential increases in the
concentrations of these parameters over time.
To assess changes in water quality in Lake D2/D3 relative to baseline conditions, analysis of variance
(ANOVA) will be used. In the analysis, the independent variables will be main effects of year (as a discrete
variable) and station (as a discrete variable).
Changes in water quality downstream of Area 8 will be evaluated by a visual examination of data collected
in the L and M watershed lakes and streams.
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Comparison to EIS Predictions
Lake-wide mean/median concentrations in Area 8 and Lake N11 will be compared to annual predicted
concentration (based on currently approved water quality model predictions) to meet the needs of the Action
Level assessment. As appropriate, the results for other lakes and streams will be compared qualitatively to
the updated effects predictions (Section 2.2.1).

6.2.4

Quality Assurance and Quality Control

The QA/QC procedures govern all aspects of the AEMP including field methods, laboratory analysis, data
management and analysis, and reporting. Field QA/QC procedures pertain to the maintenance and
operation of equipment and instrumentation, sampling methods, sample handling, and shipping. Laboratory
QA/QC procedures incorporate protocols developed by analytical laboratories. Office QA/QC procedures
include validation of field measurements and analytical results provided by analytical laboratories.
The QA/QC procedures that have been implemented for past AEMPs have been effective for assessing
potential sample contamination, field precision, and accuracy associated with the data collected. Results
from the QC assessments will be used to make adjustments, when necessary, to the program to improve
data quality.

6.2.4.1

Quality Assurance

Field staff training and field operation procedures provide known, acceptable, and defensible quality. To
this end, the following measures will be implemented:
•

Field staff will be trained to be proficient in standardized procedures, data recording, and equipment
operations applicable to field sampling. Specific work instructions outlining each field task will be
provided to the field crew.

•

Bottle labels will be used with clearly coded station location names that refer to lake (or stream), station,
sampling depth, and sampling event.

•

Detailed field notes will be recorded in waterproof field books and on pre-printed waterproof field data
sheets in pencil. Data sheets and sample labels will be checked at the end of each field day for
completeness and accuracy.

•

Samples will be labelled, preserved, and shipped according to standard protocols provided by
laboratories and De Beers Environmental Management System procedures. Each sample will be given
a name and unique sample control identification number. Project-specific chain-of-custody forms will
be used to track the shipment and analyses of samples.

•

Field multi-meter, sampling, and filtration equipment will be maintained regularly. The results of the
calibration and any required maintenance will be recorded in the field data sheets or notebooks.

•

Winkler titrations will be completed, as appropriate, on samples collected from the field to verify that
the DO probe of the multi-meter was functioning properly. DO measurements obtained by the multimeter and Winkler titration will be recorded in field data sheets or notebooks. In addition, a three-step
Winkler titration is recommended if notable variability is observed between the first two Winkler titration
results.
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Water samples will be submitted only to laboratories accredited by the Canadian Association for Laboratory
Accreditation (CALA). Project-specific chain-of-custody forms will be used to track the shipment and
analyses of samples. The analytical laboratories will be instructed that they should not proceed with any
analyses of samples that are not accompanied by both chain-of-custody and analysis request forms.
The office data management system provides an organized and consistent system of data control and
analysis. This management system includes procedures for tracking collected samples, data entry, and
data validation within the AEMP database. These procedures involve:
•

Laboratory data will be transferred electronically into the Gahcho Kué Mine AEMP database to avoid
transcription errors associated with manual data entry. The laboratory analytical method for each
parameter will be entered into the database along with the analytical results.

•

Qualifiers, or alphabetical codes, will be assigned by the laboratory to results that identify a potential
issue with a result. In particular, the laboratory will be questioned if a parameter is frequently assigned
a qualifier code. A list of qualifiers is available upon request.

•

DLs will be specified for all chemical analyses for the AEMP and SNP, and will be included in the
database. The requested DLs and DLs provided by each laboratory for individual samples will be
compared. If laboratory DLs are higher than requested DLs, the laboratory will be notified and requested
to provide an explanation for the change in DLs. If possible, a parameter will be re analyzed at the
required DLs. If re-analysis is not possible, the results will be evaluated on a case-by-case basis to
determine whether they are suitable for the assessment.

•

Laboratory hold times, derived from American Public Health Association (APHA 2012), are the
recommended maximum periods between sample collection and analysis. Hold times that are longer
than the laboratory recommended hold times will be reviewed for patterns, reasons for longer hold
times, and the significance of not meeting the recommended hold times. If the recommended hold times
are not met because of field or shipping procedures, these procedures will be reviewed and revised so
that future field programs, to the extent possible, will meet recommended hold times for these
parameters.

•

The units reported by the laboratory will be compared against the expected units, as coded into the
database, for each parameter and matrix type. Where laboratory units are inconsistent with expected
units, the results will be confirmed with the laboratory and the units will be corrected in the database.
If corrections are necessary, hard copies of the results will be re-issued by the laboratory.

•

Approximately 5% of hard copies of the laboratory results will be compared to the data entered into the
database. Incorrect data will be re-checked and re-entered.

Excel worksheets will be kept with the data collected for the above six steps, which include results from
each step and a corresponding quality assurance file (i.e., 10% data check, performed by a secondary data
reviewer). Once all identified data quality issues are resolved, the data will be uploaded to the AEMP
database, and the data marked as valid.
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Quality Control

Quality control is a specific aspect of QA that refers to the internal techniques used to measure and assess
data quality, and corrective actions applied if data quality objectives are not met. The QC samples are used
to detect and reduce systematic and random errors that may occur during field sampling and laboratory
procedures. The QC samples will represent at least 10% of the total number of samples to be analyzed for
each category of blank samples and duplicate samples based on Environment Canada’s recommendations
(Environment Canada 1983, 2012a).
The QC samples for each field program will consist of the following:
•

Duplicate samples, prepared from a separate sample collected from the same location as the original
sample. Duplicate samples will be prepared, labelled, and preserved individually and then submitted to
the appropriate analytical laboratories along with the original sample. These samples will be used to
measure variability in water quality at the sampling station.

•

Equipment blanks, prepared in the water processing facility by filling bottles with laboratory de-ionized
water (DI) used to rinse the sampling equipment, including the Kemmerer samplers. Equipment blanks
will be used to detect potential sample contamination due to the equipment.

•

Field blanks, prepared in the field during each sampling event by filling sample bottles using DI provided
by the laboratory. These blanks will be exposed to the atmosphere for as long as it took to fill a normal
sample bottle with a field water sample. Field blanks will be preserved at site, following the same
method as the water samples. Field blanks are used to detect potential sample contamination during
collection, handling, shipping, and analyses.

•

Travel blanks, sample bottles pre-filled with DI and sealed by the laboratory. These bottles remain
sealed at all times during the sampling program, and accompany the sample bottles at all times.
They are used to detect sample contamination during shipping, storage, and analyses.

All QC samples will be collected in the same manner as water samples, conforming to standard sampling
methods. The QC samples will be labelled with unique sample control numbers so they cannot be identified
as QC samples by the laboratory. A of summary of QC procedures completed for the field programs will be
provided as relevant for the AEMP; any identified errors will be reported and discussed in the AEMP.
Detailed finding of the QC results will be available for review upon request.

Assessment Criteria
Blank Validation
The results from equipment, field, and travel blanks to be collected during the field program will be used to
evaluate the AEMP water quality data. The validation method using blanks is based on methods
recommended by the British Columbia Ministry of Environment (BCMOE 1998). A modified version of this
method will be adopted for evaluating the AEMP water quality data, using a process consistent with that
presented in De Beers (2012b).
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Duplicate Samples
The relative percent difference (RPD) is the absolute difference between two values divided by the average
of the two values. The results of the duplicate samples are considered acceptable when the RPD between
the two results is 20% or less and the results are greater than five times above the DLs. The use of five
times the DLs is based on accepted practices (USEPA 1994, 2007; BCMOE 2009) and recommendations
from ALS staff, who state that a greater degree of uncertainty exists in results within five times the DLs
(Crowther 2011, pers. comm.).
Within-site variability and field sampling precision of duplicate sample results will be rated as:
•

low and high, respectively, if less than 10% of the parameters included in the duplicate sample analysis
are notably different from one another;

•

moderate, if 10 to 30% of the parameters included in the duplicate sample analysis are notably different
from one another; or

•

high and low, respectively, if more than 30% of the parameters included in the duplicate sample analysis
are notably different from one another.

Comparison of Total and Dissolved Concentrations
Corresponding dissolved and total concentrations will be compared for each parameter (when both are
measured) to determine whether the dissolved values are greater than the corresponding total values. The
RPD between the dissolved and total metal concentrations will be calculated when the dissolved
concentration is five times above the DL and the dissolved concentration is reported to be higher than the
total concentration. If the RPD between the dissolved and total concentration is less than 30%, then the
result will be accepted as valid. When the RPD is greater than 30%, the laboratory will be contacted to
confirm the result. If the results are confirmed by the laboratory, the data will be further reviewed for other
causes. If no other cause is identified, then the data will be considered valid for total, but the dissolved
values will be qualified as having a dissolved to total RPD outside of the acceptable range.

Data Validation
Validation of data will be completed using a two-step process. The first step will be a visual review of the
data on a parameter basis using scatterplots to identify outliers from the overall dataset for that parameter.
Data from the database will be exported, appropriately grouped, and plotted. Unusually high or low data
values will be selected for further investigation.
The second step of the process will involve data validation of the selected outlying data. The selected data
will be invalidated on a case-by-case basis, considering the following test conditions:
•

if the result of a duplicate sample is not within the expected concentration in the lake or stream sampled;

•

if unusually high or low results are inconsistent with the specific conductivity measurement in the same
sample, in cases when a parameter is correlated with specific conductivity;

•

if the concentration of a parameter is high in a lake station far from the diffuser and average lake
concentrations measured are less than 10 times the unusual result; and

•

if the parameter has a high degree of contamination in the blank samples and average lake
concentrations measured are less than 10 times the unusual result.
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Invalidated data will be retained in the database, but a flag of “X” will be appended to the data, indicating
that the sample is considered contaminated, or the results are designated as not correct due to an internal
review of the data.

Data Analysis
Data will be transferred electronically from the database to software packages used for data analyses to
avoid transcription errors. Data analyses will be checked for accuracy and realistic results. Where
appropriate, data will be plotted to visually confirm statistically significant results detected by spatial and
temporal comparisons to baseline data. Data or statistical results observed to be inconsistent with expected
concentrations or results will be investigated further. Tables containing both summary data and statistical
results will be reviewed and values will be verified by a second person.
Potential outliers will be assessed by visual inspection of boxplots and scatterplots of the data, and by
comparison to lake average concentrations within the sampling event, and the method detection limits.
Data will be corrected if values are identified as data entry errors. If the data in question is not the result of
data entry errors, the data is greater than 10 times the lake average for the specific sampling event, and is
greater than five times of the detection limit, it is considered a potential outlier. To verify the validity of the
data, the lab will re-analyze the sample in question. If the result of re-analysis confirms the presence of
outlier(s) and an outlier is removed from a data set, then two analyses will be reported: one with the outlier(s)
and one excluding the outlier(s). This will enable an assessment of the influence of the outliers on the
results of the analysis.

6.3
6.3.1

Sediment Quality
Objectives and Scope

The overall objective of the sediment quality component of the AEMP is to evaluate whether sediment
quality in the core lakes remains acceptable such that a healthy benthic invertebrate community is
maintained. The specific objectives of the sediment quality monitoring component are as follows:
•

to characterize and interpret bottom sediment quality in Lake N11 (including sediment data collected
as part of the SNP monitoring at SNP-01 in accordance with the Water Licence [MV2005L2-0015]), two
reference lakes (East Lake and Lake 3), and Lake D2/D3;

•

to verify predictions made in the EIS and other submissions to the MVLWB regarding effects on lake
bottom sediment quality;

•

to collect supporting data for the benthic invertebrate component of the AEMP;

•

to provide the data necessary to inform adaptive management to reduce or eliminate Mine-related
effects; and

•

to recommend necessary and appropriate changes to the sediment quality component of the AEMP for
future years.

6.3.2

Changes Relative to Design Plan Version 5

Changes to the AEMP Design Plan and location of the rationale for the changes are outlined in Table 6.3-1.
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Changes to the Sediment Quality Component of the AEMP Design Plan Relative to
Version 5

Change

Section No. for Full Rationale in the 2015
to 2018 Aquatic Effects Re-evaluation
Report

Sampling Design

Discontinue the 1-cm core samples in favour of 1-cm grab
samples for the SNP sampling at the edge-of-mixing zone

Section 8.3.1

Sampling Design

Clarify that field programs will be scheduled to occur at similar
times each year and provide the target sampling dates

n/a

Laboratory
Analysis

Revise TOC analytical method to match current practice

n/a(a)

Laboratory
Analysis

Revise particle size distribution analytical method to match
current practice

n/a(b)

Laboratory
Analysis

Adjust DLs to match those currently available

n/a(c)

Data Analysis

Re-organize and clarify data analysis and interpretation methods
n/a
to match those used in the 2018 AEMP Annual Report

Data Analysis

Clarify how the top 1-cm and top 5-cm data from the edge-ofmixing-zone SNP stations will be assessed as directed by Board n/a
Directive cc (Appendix A)

Data Analysis

Add 2015 and 2016 sediment data from Lake N11 to the “preimpact” dataset and 2015 Area 8 sediment data

Section 7.4.1 and Appendix 7B

Data Analysis

Clarify how lake-wide mean/median concentrations are
calculated

n/a(d)

Data Analysis

Adopt revised BACI analysis approach for sediment analysis

Section 7.4.2 and Appendix 7B

Data Analysis

Clarify that utility of the BACI and potential to use trend analysis
n/a(d)
will be evaluated in the next Aquatic Effects Re-evaluation report

Data Analysis

Adopt revised normal range calculation method for the baseline
normal range and adopt a new regional normal range

Section 7.4.4 and Appendix 7B

Data Analysis

Revise the current approach for managing non-detect values,
including clarifying the pre-treatment of censored data with
respect to the exclusion of high non-detect data from normal
range calculations and BACI analysis(d)

Section 7.4.3 and Appendix 7B

Data Analysis

Include percent fines or TOC as covariates in the BACI model for
sediment quality, or normalize the sediment quality data before
Section 8.4.2
BACI analysis

a) Rationale is provided in the 2018 AEMP Annual Report (Section 6.2.5 of De Beers 2019c). Prior to the 2017 sediment sampling
program, ALS updated the analytical method for TOC analysis (De Beers 2019c). Instead of analyzing TOC by a gravimetric method
with a DL of 0.1% dw, TOC is now calculated as the difference between total carbon and total inorganic carbon, with an improved DL
of 0.05% dw).
b) Rationale is provided in the 2018 AEMP Annual Report (Section 6.2.5 of De Beers 2019c). The 2015 to 2018 AEMP sediment
samples were analyzed according to the micro-pipette with pre-treatment with hydrochloric acid to remove carbonates, then hydrogen
peroxide to remove organic matter. This yields a slightly different particle size classification than the combination of pipette, dry and
wet sieving techniques.
c) Rationale is provided in the 2018 AEMP Annual Report (Section 6B.2.2.3 of De Beers 2019c). Detection limits were adjusted to
match those currently available. The change will not influence data analysis and interpretation.
d) Commitment made by De Beers in response to the November 2020 AEMP Workshop Information Requests.
AEMP = Aquatic Effects Monitoring Program; TOC = total organic carbon; BACI = before-after control-impact; DL = detection limit;
% dw = percent dry weight; No. = number; n/a = not applicable.
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Methods
Sampling Locations and Frequency

To support the benthic invertebrate community monitoring program, sediment quality data will be collected
concurrently from two of the core lakes (i.e., Area 8 and Lake N11), two reference lakes (East Lake and
Lake 3), and Lake D2/D3 (Table 7.5-4).

6.3.3.2

Field Sampling

Sediment samples will be collected during late summer/early fall (i.e., September10) at the same time and
locations as benthic invertebrate community samples. Station locations will be identified using a hand-held
GPS unit as UTM coordinates, in conjunction with topographical maps showing station locations.
The following supporting environmental information will be recorded at the time of sediment sample
collection:
•

sampling date and time;

•

weather conditions, such as air temperature, and wind velocity and direction;

•

the GPS coordinates recorded as UTM for each station;

•

water depth; and

•

physico-chemical field measurements of water temperature, DO, pH, and specific conductivity; in lakes,
measured as vertical profiles at 1 m intervals using a multi-meter.

Given the relative heterogeneity in surface sediments and a practical need for sufficient sample volume, it
is standard practice to collect a composite of three sediment grab samples. At each lake station, three
sediment grabs will be collected using a 15 cm x 15 cm x 15 cm Ekman grab that samples an area of
0.023 m². The grab will be thoroughly rinsed with lake water before sampling. After a sediment grab sample
has been collected, as much overlying water as possible will be drained off without disturbing the sediment
surface. If the surface of the retrieved sediment sample is disturbed, either during the initial sample
collection or during the draining of overlying water, the sample will be discarded and another grab sample
collected.
The top 5-cm of sediment will be removed from each of the three grabs using a clean stainless steel spoon
and placed into a clean plastic container. Once this portion of sediment has been removed from all three
grabs, the sediments will be mixed until homogeneous in colour and texture to generate one composite
sediment sample for each station. The homogenized sediment will be transferred to sample containers: two
250-mL pre-cleaned wide mouth glass jars for nutrients, carbon content, and total metals; and a Ziploc
freezer bag for particle size, for each station. The samples will be packed in coolers with ice packs following
collection, and kept cold until they are delivered to the analytical laboratory.

10

AEMP field programs will be scheduled to occur at similar times each year, with some flexibility to account for site logistics. Target
sampling dates for the sediment quality/benthic invertebrate community survey are end of August/beginning of September
(“September” sampling month).
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Field duplicate samples will be collected at the stations in Area 8 and Lake N11 that are closest to the
diffuser, using separately collected sets of grab samples to sample the top 5-cm of sediment.
Sampling the top 5-cm in samples will capture sediment relevant to evaluating benthic invertebrate habitat
and exposure to sediment constituents. This is consistent with supporting data collected for benthos
components of other monitoring programs (e.g., Snap Lake; De Beers 2013b).
Per the Water Licence, sediment sampling will be conducted at the edge-of-mixing-zone SNP stations in
Lake N11 (i.e., SNP-01a, SNP-01b, and SNP-01c) in the fall during years of operational discharge. Samples
of the top 5-cm will be collected by grab sampler. It is understood that lakes in the area are characterized
as being low depositional environments and, from a sediment chemistry perspective, targeting the top
1-cm may be most appropriate for understanding or detecting temporal changes to the surface sediment
chemistry. Therefore, the top 1-cm of the sediment will also be collected at these stations to provide early
warning data for potential changes in sediment chemistry.
In northern lakes, specifically in depositional regions of the lakes, a sediment corer is the preferred sampling
tool to collect the top 1-cm sediment layer samples from the lakebed. However, core sampling at the
operational SNP stations in Lake N11 has been unsuccessful (in 2018 and 2019) due to the presence of a
thin lakebed sediment layer over hard substrates such as rock, cobble, and gravel at these sampling
locations, which limited the successful collection and retrieval of sediment cores. Grab sampling at these
locations, however, has consistently been more successful than the core samplers in these lakebed
conditions, because surface sediment thickness at the SNP stations in Lake N11 is generally sufficient to
support grab. Therefore, the top 1-cm of grab samples will be collected at the edge-of-mixing-zone SNP
stations in Lake N11.

6.3.3.3

Laboratory Methods

Composite sediment samples will be stored at 4°C and shipped on ice to ALS in Yellowknife, NT. Samples
will then be shipped by ALS to the appropriate ALS laboratory in Edmonton or Saskatoon, depending on
the analytical method required for each sediment quality parameter. The target parameter list, along with
analytical methods/instrumentation, and target DLs, is provided in Table 6.3-2.
Table 6.3-2

Parameter List for Laboratory Analyses of Sediment Quality Samples
Parameter

Units

Analytical Method /
Instrumentation

Target Detection Limit

%

Gravimetric

0.1

Physical Parameters
Moisture
Sand (2.0 mm to 0.05 mm)

% dw

Silt (0.05 to 0.002 mm)

% dw

Micro-pipette method
Micro-pipette(a)

1.0

Clay (<0.002 mm)

% dw

Micro-pipette(a)

1.0

Total organic carbon

% dw

Calculation(b)

0.05

Total Kjeldahl nitrogen

% dw

Distillation-titration

0.02

Total nitrogen

% dw

Combustion

0.02

mg/kg dw

ICP-MS

50

(a)

1.0

Nutrients

Total Metals, Metalloids, and Non-Metals
Aluminum
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Parameter List for Laboratory Analyses of Sediment Quality Samples
Units

Analytical Method /
Instrumentation

Target Detection Limit

Antimony

mg/kg dw

ICP-MS

0.10

Arsenic

mg/kg dw

ICP-MS

0.10

Barium

mg/kg dw

ICP-MS

0.50

Beryllium

mg/kg dw

ICP-MS

0.20

Bismuth

mg/kg dw

ICP-MS

0.2

Boron

mg/kg dw

ICP-MS

2.0

Cadmium

mg/kg dw

ICP-MS

0.10

Calcium

mg/kg dw

ICP-MS

100

Cesium

mg/kg dw

ICP-MS

0.10

Chromium

mg/kg dw

ICP-MS

0.2

Cobalt

mg/kg dw

ICP-MS

0.10

Copper

mg/kg dw

ICP-MS

0.50

Parameter

Iron

mg/kg dw

ICP-MS

200

Lead

mg/kg dw

ICP-MS

0.50

Lithium

mg/kg dw

ICP-MS

1.0

Magnesium

mg/kg dw

ICP-MS

20

Manganese

mg/kg dw

ICP-MS

1.0

Mercury

mg/kg dw

CVAAS

0.050

Molybdenum

mg/kg dw

ICP-MS

0.10

Nickel

mg/kg dw

ICP-MS

0.50

Phosphorus

mg/kg dw

ICP-MS

100

Potassium

mg/kg dw

ICP-MS

50

Rubidium

mg/kg dw

ICP-MS

1.0

Selenium

mg/kg dw

ICP-MS

0.1

Silver

mg/kg dw

ICP-MS

0.2

Sodium

mg/kg dw

ICP-MS

100

Strontium

mg/kg dw

ICP-MS

1.0

Tellurium

mg/kg dw

ICP-MS

0.10

Thallium

mg/kg dw

ICP-MS

0.2

Tin

mg/kg dw

ICP-MS

2.0

Titanium

mg/kg dw

ICP-MS

1.0

Uranium

mg/kg dw

ICP-MS

0.050

Vanadium

mg/kg dw

ICP-MS

0.20

Zinc

mg/kg dw

ICP-MS

5.0

Zirconium

mg/kg dw

ICP-MS

1.0

a) Particle size distribution (sand, silt, clay) is determined by the micro-pipette method (SSIR-51 Method 3.2.1.2.2), which includes
pre-treatment of the dry sediment sample with hydrochloric acid to remove carbonates, and then with hydrogen peroxide to remove
organic matter. The silt fraction is determined by calculation from the clay and sand fraction.
b) TOC is calculated as the difference between total carbon determined by combustion and thermal conductivity detection (Nelson
and Sommers 1996) and total inorganic carbon is determined by pH standard curve method (Loeppert and Suarez 1996).
mm = millimetre; % dw = percent dry weight; mg/kg dw = milligrams per kilogram dry weight; ICP-MS = inductively coupled plasma
mass spectrometry; TOC = total organic carbon.
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Data Analysis and Interpretation

Analysis and interpretation of sediment quality data will focus on answering the following three key
questions:
•

Are concentrations of sediment quality parameters in receiving waterbodies above or below sediment
quality guidelines (SQGs)?

•

Are there differences in sediment quality in the core lakes relative to reference lakes, and beyond those
predicted by the EIS?

•

Are concentrations of sediment quality parameters increasing over time?

Summary Statistics
Sediment quality data will be summarized in terms of the whole-lake mean, median, minimum, maximum,
and standard deviation (SD) for each parameter. When calculating means or medians, the arithmetic mean
is used when the year’s data are shown to be normally distributed based on the Shapiro-Wilk test (P<0.05).
If normality can be achieved by applying a log-transformation to the data, a geometric mean will be used to
estimate the lake mean. In cases where normality cannot be achieved by applying a transformation to the
data, the median will be used to provide an estimate of central tendency. The measure of central tendency
selected for each parameter will be reported.
Censored data will be screened to exclude high non-detect data prior to calculation of summary statistics,
statistical analyses, and normal range calculations. Specifically, non-detect values with detection limits that
exceed the highest measured concentration in the dataset will be excluded.

Comparison to Sediment Quality Guidelines
Sediment quality data will be compared to interim sediment quality guidelines (ISQGs) and probable effect
levels (PELs) developed by the CCME (1999). The ISQG is the concentration of a substance below which
an adverse effect on aquatic life is unlikely, and the PEL is the concentration of a substance above which
adverse effects are expected to occur frequently, but not always.
In practice, the application of generic numeric guidelines has yielded a high percentage of false positives
(Chapman and Mann 1999). The observation of a sediment concentration above the PEL value for a given
parameter should not be interpreted as an indication that actual ecological harm has occurred or will occur,
but rather that this is a possibility.

Comparison to Normal Range
Sediment quality data in the core lakes (i.e., Lake N11 and Area 8) will be compared to normal ranges. The
average sediment concentration at the station closest to the diffuser will be compared to the normal range
calculated for individual stations; this comparison is necessary for the Action Level assessment
(Section 8.4). Lake-wide mean/median concentration will be compared to the baseline normal range
calculated as described in the water quality component (i.e., Section 6.2.3.5). As necessary for the Action
Level assessment, lake-wide mean/median concentration will also be compared to the regional normal
range. The regional normal ranges represent an escalation in spatial scale; and not necessarily magnitude
when compared to baseline normal ranges. The addition of regional normal ranges for sediment parameters
provides a method of examining environmental conditions in the core lakes within a regional context
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(Section 6.2.3.5). Regional normal ranges will be recalculated during future Aquatic Effects re-evaluations
to incorporate relevant data from the reference lakes, and account for long-term environmental processes
such as climate change. If it is determined that changing conditions within the reference lakes necessitate
more frequent updates, regional normal ranges may be updated on a more frequent basis for some
components (e.g., annually).

Spatial and Temporal Patterns
Sediment quality data will be examined for within-lake spatial trends, to detect potential small-scale trends
that may result from local precipitation/deposition of material from discharged waters. Within-lake spatial
trends in water quality will be considered in the interpretation of the sediment results. As stated above,
concentrations at individual stations in the core lakes will be compared to the normal range to assess
whether they fall outside of the range of natural variability.
Significant differences in sediment quality parameters were observed between each core lake and the
reference lakes during baseline collections (Golder 2014b). Spatial differences between core lakes and
reference lakes for each parameter will be assessed using a BACI model, as outlined for the water quality
data analysis (Section 6.2.3.5). Future evaluations of the utility of BACI contrasts and appropriateness of
trend analysis will be completed in the next Aquatic Effects Re-evaluation report.
Sediment quality parameters in Lake D2/D3 and the L and M watershed lakes and streams will be analyzed
using the same methods as described for the water quality data (Section 6.2.3.5).
When sufficient temporal data have been collected, temporal trends in sediment quality will be examined
for key parameters using the Mann-Kendall test. It is anticipated that a temporal trend analysis will be
undertaken during the next Aquatic Effects re-evaluation at which time sufficient data will be available.

Comparison of 1-cm and 5-cm Samples
To evaluate if there have been changes to sediment quality due to the effluent discharge, the concentrations
in the top 1-cm (i.e., most recently deposited sediments) will be compared to those in the top 5-cm
(i.e., sediments deposited before the project) as collected from the edge-of-mixing-zone SNP stations. If
the concentrations are different (i.e., higher concentrations are consistently observed in the top 1-cm layer),
then this would be one line of evidence that effluent discharge is changing sediment chemistry. Other lines
of evidence would then be evaluated, including elevated concentrations in effluent, increasing trends in
concentrations in the top 1-cm from previous years, and spatial trends in the AEMP dataset including
comparison to the normal range.
The methods for comparing the top 1-cm and top 5-cm sediment chemistry collected at the SNP edge-ofmixing-zone stations will be the same as those followed in the previous AEMP Annual Reports; the relative
percent difference will be calculated and differences of more than 30% will be noted. This criterion is based
on a 30% difference generally being considered representative of the limit of variation between laboratory
duplicates for sediment samples. Concentrations will also be compared to SQGs.

6.3.4

Quality Assurance and Quality Control

The QA/QC procedures govern all aspects of the AEMP, including field methods, laboratory analyses, data
management and reporting. The QA/QC procedures for the sediment quality component cover field
sampling, laboratory analyses, and data management.
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Field Quality Assurance/Quality Control Procedures

Specific work instructions outlining each field task will be provided to field personnel. Detailed field notes
will be recorded in pencil in waterproof field books and on pre-printed waterproof field data sheets. Data
sheets and sample labels will be checked at the end of each field day to confirm completeness and
accuracy. Samples will be labelled and shipped according to standard protocols provided by the laboratory
and De Beers. Each sediment sample will be identified by its station location and a unique sample control
number.
Project-specific chain-of-custody forms will be used to track the shipment and analyses of samples. ALS
will be instructed that they should not proceed with any analyses of samples that are not accompanied by
both chain-of-custody and analysis request forms.

6.3.4.2

Laboratory Quality Assurance/Quality Control Procedures

Laboratories that conduct sediment quality analyses have internal QA/QC procedures. Sediment samples
will be submitted to an accredited analytical laboratory where rigorous QA/QC procedures are in place.
Internal laboratory QC samples that will be included with analysis of the sediment quality samples consist
of method blanks, laboratory duplicates, and certified or other reference materials, to allow for assessment
of analytical precision and accuracy. Results from these QC samples will be reviewed to evaluate whether
QC criteria were met, and if not, whether data quality is affected.

6.3.4.3

Office Quality Assurance/Quality Control Procedures

Office QA/QC requirements involve procedures to validate data and results of data analyses; these
procedures are described below.

Data Validation
Data received from the analytical laboratory will be transferred electronically into the AEMP database to
avoid transcription errors associated with manual data entry. The laboratory analytical method for each
parameter will be entered into the database along with the analytical results.
After data are entered into the database, a multi-step procedure will be followed to validate the sample
results. The purpose of data validation is to identify results that may not be valid, and to validate data
collection, handling, and analysis procedures, so that any identified problems can be corrected. This
consists of checking DLs, concentration units, data qualifiers, and sample holding times, checking for data
completeness, and reviewing results of field and laboratory QC analyses.

Data Analysis
Data will be transferred electronically from the database to software packages used for data analyses to
avoid transcription errors. Data analyses will be checked for accuracy and realistic results. Where
appropriate, data will be plotted to visually confirm statistically significant results detected by spatial and
temporal comparisons to baseline data. Data or statistical results observed to be inconsistent with expected
concentrations or results will be investigated further. Tables containing both summary data and statistical
results will be reviewed and values will be verified by a second person.
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Outliers will be assessed by visual inspection of boxplots and scatterplots of the data and values of the
Studentized residual. Data will be corrected if values are identified as data entry errors. If an outlier is
removed from a dataset, then two analyses will be reported: one with the outlier(s) and one excluding the
outlier(s). This will enable an assessment of the influence of the outliers on the results of the analysis.

6.4
6.4.1

Plankton
Objectives and Scope

The objectives of the plankton monitoring component are as follows:
•

to monitor the biological effects of potential Mine-related changes in water quality, especially in nutrient
concentrations;

•

to verify predictions made in the EIS and other submissions to the MVLWB regarding productivity of
surface waters and effects on plankton communities;

•

to provide the data necessary to inform adaptive management to reduce or eliminate Mine-related
effects; and

•

to recommend any necessary and appropriate changes to the plankton component of the AEMP for
future years.

The abundance, biomass and composition of the phytoplankton and zooplankton communities will be
monitored in the core, reference, and raised lakes. Chlorophyll a will also be monitored as a measure of
trophic status. Nutrient data, specifically total phosphorus (TP), total nitrogen (TN), and soluble reactive
silica (SRSi), and physico-chemical water column profile measurements (i.e., DO, pH, water temperature,
and conductivity) collected as part of the water quality component will be discussed to support the
interpretation of plankton community data. The open-water nutrient dataset will be used by the plankton
component to evaluate the Nutrient Enrichment Hypothesis by completing normal range comparisons,
statistical analyses and Action Level assessments.

6.4.2

Changes Relative to Design Plan Version 5

Changes to the AEMP Design Plan and location of the rationale for the changes are outlined in Table 6.4-1.
Table 6.4-1

Changes to the Plankton Component of the AEMP Design Plan Relative to
Version 5

Category

Change

Section No. for Full Rationale in the
2015 to 2018 Aquatic Effects
Re-evaluation Report

Quality Assurance
/Quality Control

Reduce field quality control samples to 10% of total samples
collected during each sampling program

Section 9.3.1

Field Measurements

Remove light attenuation profile measurements from the
sampling program

Section 9.3.2

Sampling Design

Clarify that field programs will be scheduled to occur at similar
times each year and provide target sampling dates

n/a

Sampling Design

Revise and provide flexibility in sampling equipment with
respect to type of Kemmerer sampler; either Teflon or PVC
Kemmerer may be used

n/a
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Changes to the Plankton Component of the AEMP Design Plan Relative to
Version 5

Category

Change

Section No. for Full Rationale in the
2015 to 2018 Aquatic Effects
Re-evaluation Report

Data Analysis

Clarify that utility of the BACI contrasts and potential to use
trend analysis will be evaluated in the next Aquatic Effects Reevaluation report

n/a(a)

Data Analysis

Clarify how lake-wide mean/median concentrations are
calculated

n/a(a)

Data Analysis

Add 2015 and 2016 plankton data from Lake N11 to the “preimpact” dataset and 2015 Area 8 plankton data

Section 9.4.1 and Appendix 7B

Data Analysis

Adopt revised BACI analysis approach for plankton analysis

Section 7.4.2 and Appendix 7B

Data Analysis

Adopt revised normal range calculation method for the
baseline normal range and adopt a new regional normal range

Section 7.4.4 and Appendix 7B

Data Analysis

Remove the edibility assessment

Section 9.4.4

Data Analysis

Adopt TN benchmark of 1.875 mg-N/L

Section 9.4.5

Data Analysis

Assess changes in nutrient concentrations relative to the
Nutrient Enrichment Hypothesis as part of the plankton
component, including normal range comparisons, statistical
analysis and Action Level assessments

Section 9.6

Data Analysis

Add commitment to investigate causes of the elevated nutrient
concentrations if concentrations of TN or TP during ice-cover
are above normal range or there is a statistically significant
relative difference between core and reference lakes
compared to baseline

n/a(a)

Data Analysis

Add that non-metric multidimensional scaling may be used to
assess broad patterns in the biological data, with the choice of
ordination method (between metric and non-metric MDS) to be
based on the characteristics of the dataset being analyzed

n/a

a) Commitment made by De Beers in response to AEMP Workshop Information Request.
AEMP = Aquatic Effects Monitoring Program; BACI = before-after control-impact; mg-N/L = milligrams nitrogen per litre;
No. = number; TN = total nitrogen.

6.4.3
6.4.3.1

Methods
Sampling Locations and Frequency

Plankton sampling will occur at five stations (i.e., stations L1 to L5) in each of the core lakes (Area 8 and
Lake N11), reference lakes (East Lake and Lake 3), and in Lake D2/D3 (Map 5.2-1). Plankton sampling will
occur three times per year in July, August, and September11 and will include the collection of chlorophyll a
and phytoplankton samples and total water column zooplankton samples. The collection of nutrient samples

11

AEMP field programs will be scheduled to occur at similar times each year, with some flexibility to account for site logistics. Target
sampling dates during the open-water season will be end of June/beginning of July (“July” sampling month), end of July/beginning
of August (“August” sampling month), and end of August/beginning of September (“September” sampling month).
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(i.e., TN, TKN, TP, TDP, SRP, and SRSi) is discussed as part of the water quality component, but these
data will be assessed by the plankton component.
Plankton sampling will be completed in conjunction with the water quality program. Supporting
environmental information such as Secchi depth, maximum depth, and in situ physico-chemical
measurements of DO, pH, water temperature, and conductivity will be taken at each water quality/plankton
sampling station prior to the collection of the plankton samples. Supporting environmental information for
the plankton component will be reported in the water quality component of the AEMP annual reports, except
for Secchi depth, which will be provided in the plankton component.

6.4.3.2

Field Methods

Nutrient Samples
Discrete samples from the core lakes, reference lakes, and Lake D2/D3 for nutrient analysis will be collected
as part of the water quality component. Data interpretation of the nutrient chemistry data collected during
the open-water season will be done as part of the plankton component.

Depth-integrated Samples
Depth-integrated water samples will be collected for chlorophyll a analyses and phytoplankton biomass and
community composition from the euphotic zone. The depth of the euphotic zone will be determined based
on two-times the Secchi depth.
A Kemmerer sampler will be used to collect discrete water samples starting at the surface, and at 2 m depth
intervals throughout the euphotic zone. If the total water column depth is less than the euphotic zone depth,
water samples will be collected at 2 m depth intervals to approximately 1 m above the lake bottom. The
Kemmerer sampler will be slowly lowered to the desired water depth and the messenger dropped to close
the sampler. The sampler will be brought to the surface and the water from the desired depth will be
transferred from the Kemmerer into a large bucket. Equal volumes of the water will be combined into the
bucket to create a composite water sample. Subsamples will be collected from this composite water sample
for chlorophyll a and phytoplankton biomass and community composition.

Chlorophyll a
A 1-L amber Nalgene bottle will be filled with composite water from the Kemmerer grab samples and
returned to the laboratory for filtration. The collected water sample will be filtered onto 47-mm Glass Fibre
type C Filters (GF/C pore size: 1.2 µm) using a glass filter tower and vacuum pump. The chlorophyll filtration
will be done under low light conditions in the laboratory. A sufficient volume of water must be filtered to
discolour the filter, approximately 500 mL per filter.
Once the filtering is complete, the filter will be taken off the tower, folded in half and put into a pre-labelled
Petri dish. The volume filtered will be recorded on the datasheet as well as the sample label. Samples will
then be wrapped in aluminum foil to prevent light exposure, and frozen.

Phytoplankton
A single phytoplankton sample will be collected from the composite water from the Kemmerer grab samples
from each station. The phytoplankton samples will be transferred to a 250-mL amber Nalgene bottle and
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preserved with approximately 2.5 mL of acidified Lugol’s solution. Samples will be stored in the dark, either
refrigerated or at ambient temperature.

Zooplankton
A single zooplankton sample will be collected from each station using the vertical tow method, with the
bottom of the net being lowered approximately 1 m above the bottom substrate (i.e., 1 m should be
subtracted from the maximum depth); this depth will be recorded as the depth for the zooplankton vertical
tow. A 30-cm diameter, 80-µm Nitex mesh plankton net with a removable plankton bucket will be used to
collect zooplankton samples.
The plankton net will be pulled to the surface at an approximate rate of 0.5 m/s. Once the plankton net is
out of the water, it will be rinsed down by splashing lake water on the outside of the net to transfer
zooplankton clinging to the plankton net walls into the plankton bucket. The plankton bucket will be
removed, and the sample transferred into a 250-mL clear Nalgene sample bottle. The plankton bucket will
be washed to remove all organisms, using a 500-mL wash bottle with deionized water. The final sample
will be concentrated so that it fills no more than half of the sample bottle (i.e., 125 mL or less in the 250-mL
collection bottles).
Once the zooplankton sample has been collected, one half of an Alka-Seltzer tablet will be added to the
container and allowed to dissolve (1 to 2 minutes). This is to prevent the zooplankton from being shocked
and contorted by the preservative and to facilitate taxonomic identification and length determination. The
zooplankton samples will then be preserved by filling the bottle (up to 125 mL) with 4% buffered formalin
solution and the lid secured.
Haul depths will be recorded for each sample and used to calculate the volume of water filtered through the
net.

6.4.3.3

Laboratory Methods

Chlorophyll a samples will be collected and submitted to the University of Alberta Biogeochemical Analytical
Service Laboratory in Edmonton, for analysis. Phytoplankton samples will be submitted to Bio-Limno
Research and Consulting Ltd. in Halifax, for taxonomic composition (to the lowest practical taxonomic level),
abundance, and biomass following methods provided below. Zooplankton samples will be submitted to
Salki Consultants Ltd. in Winnipeg, for taxonomic analysis following the methods provided below.

Phytoplankton
Aliquots of the preserved phytoplankton samples will be allowed to settle overnight in sedimentation
chambers following the procedure of Lund et al. (1958). Algal units will be counted from randomly selected
transects on a Zeiss Axiovert 40 CFL inverted microscope. Counting units will be individual cells, filaments,
or colonies depending on the organization of the algae. A minimum of 400 units will be counted for each
sample. The majority of the samples will be analyzed at 500 times (X) magnification, with initial scanning
for large and rare organisms (e.g., Ceratium sp.) completed at 250X magnification. Taxonomic
identifications will be based primarily on: Geitler (1932); Skuja (1949); Huber-Pestalozzi (1961, 1972, 1982,
1983); Findlay and Kling (1976); Anton and Duthie (1981); Prescott (1982); Whitford and Schumacher
(1984); Starmach (1985); Tikkanen (1986); Krammer and Lange-Bertalot (1986, 1988, 1991a,b); Komárek
and Anagnostidis (1998; 2005); and, Wehr and Sheath (2003).
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Wet weight biomass will be calculated from recorded abundance and specific biovolume estimates based
on geometric solids (Rott 1981), assuming unit specific gravity. The biovolume, in units of cubic millimetres
per cubic metre (mm3/m3) wet weight of each species, will be estimated from the average dimensions of 10
to 15 individuals. The biovolumes of colonial taxa will be based on the number of individuals within each
colony. All calculations for cell concentration and biomass will be performed with Hamilton’s (1990)
computer program.

Zooplankton
Preserved zooplankton samples will be allowed to settle in the sample bottles for several days. Excess
supernatant will be withdrawn, and zooplankton will then be transferred to 40 mL glass vials to standardize
volumes for analyses. Each sample will undergo three levels of analysis, as follows:
•

1 mL of each sample will be withdrawn from the 40 mL sample volume using a calibrated pipette and
transferred to a Sedgwick Rafter counting chamber (1 mL capacity) for assessment using a Zeiss
Compound Scope. This subsample will be examined at 63X to 160X, and all specimens of crustaceans
and rotifers will be identified to the lowest taxonomic level (typically species) and assigned to size
categories.

•

Larger subsamples, representing 10 to 20% of the sample volume, will be withdrawn using a larger
pipette. These subsamples will be examined under a Wild Stereo/stereoscope at 12X for the larger,
less abundant species (i.e., Heterocope septentrionales, Holopedium gibberum, and Daphnia
middendorffiana), which will be enumerated and assigned to size categories.

•

The entire sample will be examined under the Wild Stereo/stereoscope to improve abundance
estimates for the largest, rarest species (i.e., adult male and female Heterocope septentrionales,
Holopedium gibberum, and Daphnia middendorffiana).

Samples will be counted to achieve a minimum target count of 200 individuals per sample. All crustacean
adults and immature specimens will be identified to species, with the exception of cyclopoid and calanoid
nauplii, which will be classified as copepod nauplii. Rotifers will only be identified to genus. Taxonomic
identifications will be based primarily on keys by Brooks (1957), Wilson (1959), and Yeatman (1959).
Zooplankton abundance (organisms per litre [org/L]) will be calculated, by considering net diameter and
vertical haul length. Zooplankton biomass (milligrams per cubic metre [mg/m3]) will be estimated for each
taxon for each sample by multiplying abundance estimates by estimated wet weight. Wet weight rotifer and
crustacean biomass will be calculated based on mean adult length measurements for each taxon and
published length-weight regression equations developed by Malley et al. (1989). A total of 20 adult
specimens of each sex of each species will be measured with an eyepiece micrometer to estimate mean
lengths for biomass calculations. Immature stages will also be assigned to size classes and mean lengths
will be used for biomass calculations, using regression equations developed by Malley et al. (1989).

6.4.3.4

Data Analysis and Interpretation

Analysis and interpretation of plankton community data focused on addressing the following five key
questions:
•

Have nutrient concentrations increased in the Kennady Lake watershed and downstream watersheds?
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•

What is the trophic status of waterbodies within the Kennady Lake watershed and downstream
watersheds, and how does this compare to reference lakes and baseline conditions?

•

What is the status of the phytoplankton and zooplankton communities in the core lakes (Lake N11 and
Area 8), and do these results suggest signs of Mine-related impairment?

•

What is the status of the phytoplankton and zooplankton communities in Lake D2/D3?

•

How do observed changes compare to applicable predictions in the EIS?

Annually, potential effects on the phytoplankton and zooplankton communities resulting from changes in
water quality in the core lakes (i.e., Area 8 and Lake N11) will be assessed using the BACI analysis as
described in Section 6.2.3. Potential effects on the plankton community resulting from changes in water
levels in Lake D2/D3 will be assessed using a repeated measures ANOVA as described in Section 6.2.3.
Endpoints selected for inclusion in the BACI analysis and repeated measures ANOVA for the plankton
component are:
•

TP;

•

TN;

•

chlorophyll a;

•

phytoplankton biomass;

•

zooplankton abundance; and

•

zooplankton biomass.

The magnitude of effects will be assessed by comparing community variables in the core lakes to the
revised baseline and regional normal ranges, which is a measure of natural variability defined for each
analyzed variable for the baseline monitoring dataset and the combined reference lake data set,
respectively (Section 6.2.3).
Theses analyses, in combination with the WOE assessment (Section 6.10), will be used to evaluate whether
phytoplankton or zooplankton abundance, biomass, or community composition in the core lakes or Lake
D2/D3 show signs of Mine-related nutrient enrichment (based on data presented in the plankton
component) or toxicological impairment (based on data presented in the water quality component). In
addition, these analyses will be used to inform the Action Levels assessment described in Section 8.

Nutrients and Chlorophyll a
Spatial and seasonal trends in concentrations of concentrations of TP, TN and chlorophyll a will be
examined annually in Area 8, Lake N11, East Lake, Lake 3, and Lake D2/D3. Nutrient and chlorophyll a
concentrations will also be compared to trophic classifications based on the Vollenweider (1970) trophic
classification scheme for lakes (using TN and chlorophyll a) and Environment Canada’s (2004) trophic
classification scheme for Canadian lakes and streams (using TP). For chlorophyll a, concentrations will be
compared to trophic classifications outlined in the EIS.
Annually, spatial differences between core lakes and reference lakes in nutrient and chlorophyll a
concentrations will be assessed using a BACI model, as outlined for the water quality data analysis
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(Section 9.2.4.5). Lake-wide mean concentrations will be compared to the baseline and regional normal
ranges to assess whether on average, nutrient concentrations fall outside the baseline range or the regional
range of natural variability. For chlorophyll a, mean concentrations will be compared to the regional normal
range. Future evaluations of the utility of BACI contrasts and appropriateness of trend analysis will be
completed in the next Aquatic Effects Re-evaluation report.
When calculating means/medians, the arithmetic mean will be used when the data are determined to be
normally distributed, based on significance of the Shapiro-Wilk test (P<0.05). The geometric mean will be
used to estimate the normal range mean when normality can be achieved by applying a log-transformation
to the data. The median will be used to provide an estimate of central tendency in cases where normality
cannot be achieved by applying a transformation to the data. The measure of central tendency selected for
each parameter will be reported.
The above normal range comparisons and BACI statistical analysis will focus on open-water concentrations
to support the interpretation of the Nutrient Enrichment Hypothesis. However, concerns were raised during
the AEMP Workshop that elevated nutrient concentrations could occur during ice-cover conditions but
would not be effectively captured in the above assessment. Therefore, ice-cover concentrations of TP and
TN will be compared to normal ranges (which are based on open-water concentrations) and will be analyzed
using the BACI approach. If concentrations of TP or TN during ice-cover are above the normal range, or
there is a statistically significant relative difference between core and reference lakes compared to baseline,
then the causes of the elevated nutrient concentrations will be investigated and reported in the annual
report. This investigation will include review of other parameters that could drive increased nutrients during
ice-cover (e.g., dissolved oxygen) and other point sources of phosphorus.
In addition, a multivariate comparison of TP, Secchi depth, and chlorophyll a will be done following the
approach described in Carlson and Simpson (1996). Carlson’s Trophic State Index (Carlson and Simpson
1996) for each year will be calculated to compare the relationship between measured chlorophyll a, TP,
and water clarity (i.e., Secchi depth) between the baseline and AEMP years, and to compare nutrient status
over time.

Plankton Community Variables
The following summary variables will be calculated annually for each phytoplankton and zooplankton
sample:
•

total abundance (abundance as cells per litre [cells/L] for phytoplankton and org/L for zooplankton);

•

total biomass (biomass as milligrams per cubic metre [mg/m3]);

•

total taxonomic richness (richness as number of taxa [no. of taxa] at a station) at the genus level for
phytoplankton, species level and for zooplankton except for rotifers, and genus-level for rotifers;

•

relative abundance (as percentages of major taxonomic groups); and

•

relative biomass (as percentages of major taxonomic groups).
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Phytoplankton and zooplankton abundance and biomass data will be divided into groups based on
taxonomy. Phytoplankton groups will be cyanobacteria, chlorophytes, chrysophytes, cryptophytes,
dinoflagellates, diatoms, and others (when necessary). Zooplankton groups will be cladocerans, calanoid
copepods, cyclopoid copepods, rotifers, and others (when necessary).
The relative proportion accounted for by each group, based on both abundance and biomass, will be
calculated separately for each station and plotted using stacked bar graphs for each sampling event to
qualitatively evaluate spatial and seasonal variability in community structure. Temporal variability will be
assessed using stacked bar time series plots during the Aquatic Effects Re-evaluation Report.
Spatial, seasonal, and temporal trends in abundance and biomass (as totals and by group) will be assessed
annually using time series plots. Differences between core lakes and reference lakes in biomass and
abundance will be assessed using the BACI model, as outlined for the water quality data analysis
(Section 6.2.3.5). Future evaluations of the utility of BACI contrasts and appropriateness of trend analysis
will be completed in the next Aquatic Effects Re-evaluation report. Changes in plankton abundance and
biomass in Lake D2/D3 will be evaluated with statistical comparisons to baseline, using repeated measures
ANOVA (Section 6.2.3.5).
Mean plankton abundance and biomass will be compared annually to the regional normal range to assess
whether on average, abundance and biomass, respectively, fall outside of the range of natural variability,
which will be used to inform the Action Level assessment (Section 8).
Multidimensional scaling (MDS; Kruskal 1964; Cox and Cox 2001) as metric (mMDS) or non-metric
(nMDS; Clarke 1993) will be used to evaluate potential differences in community structure between the
core and reference lakes and within Lake D2/D3 over time. The species-level phytoplankton and
zooplankton data will be transformed, if necessary, to improve the separation of the data among stations
on the MDS plots and to reduce weighting of the analysis by the most abundant taxa. A Bray-Curtis
resemblance matrix will be generated, and the MDS procedure will be applied to this matrix. Goodness-offit will be determined by examining the Shepard diagrams as well as the stress values. Lower stress values
(i.e., less than 0.10) indicate less deviation and a greater goodness-of-fit, higher stress values (i.e., greater
than 0.20) must be interpreted with caution and often higher dimensions (i.e., 3-D) are needed to describe
the data (Clarke 1993).
The choice of ordination method will be based on the characteristics of the dataset being analyzed, with a
preference towards mMDS, which preserves more of the original information compared to nMDS. In mMDS,
the differences along ordination axes are meaningful, and distances between points on the ordination plot
can be interpreted based on the axis scales. In nMDS, the differences are a representation of rankings, and
distances between points cannot be interpreted.
A similarity profile (SIMPROF) test will also be carried out on the ordination data to identify meaningful
clusters of important taxa (i.e., those taxa that behave in a coherent manner across areas) and to prevent
over-interpretation of the MDS plots (Clarke et al. 2014). These SIMPROF clusters will be superimposed
on the MDS plots.
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An overall one-way analysis of similarities (ANOSIM) test will be carried out on the Bray-Curtis resemblance
matrix to confirm interpretation of the separation of the points on the MDS ordination plot and to confirm
differences in community composition observed in the MDS ordination plots were significant. In addition, a
pair-wise ANOSIM may be used to compare the core lakes data to: 1) baseline data, and 2) reference lake
data. An R-statistic ranging from 0 to 1 is produced by this analysis; a strong difference in community
composition is indicated by an R = 1 and no difference between communities is indicated by an R = 0.
Significance of the R statistic is achieved when a P-value of >0.05 is observed, based on the five replicates
per site.

6.4.4

Quality Assurance and Quality Control

QA/QC procedures will be applied during all aspects of the plankton component to verify that the data
collected are of known and acceptable quality.
Duplicate chlorophyll a phytoplankton and zooplankton samples will also be collected, representing 10% of
samples collected during each sampling program. The duplicate samples will be collected, filtered (where
necessary), and analyzed separately for QC purposes. In addition, 10% of the phytoplankton and
zooplankton samples will be split and analyzed separately by the taxonomist to verify taxonomic
identifications.
The inherent variability associated with the plankton samples prevents the establishment of a QC threshold
value. For the purposes of the plankton QC, the proportion of each major group will be calculated and these
dominant groups will be used to assess consistency between the field samples and duplicate samples
analyzed. In addition, the Bray-Curtis index and RPD will be used to assess the overall similarity between
the field and duplicate samples. Due to high variability in species occurrence, these comparisons will be
made at the major group level for both abundance and biomass, not the species level. The Bray-Curtis
index only allows for a comparison between the entire samples, while the RPD compares differences in
abundance and biomass of each major group between each pair of duplicate samples.
The QC standards for plankton will require that: 1) dominant groups are similar between samples, 2) the
overall sample RPD meets the criterion of less than 50%, and 3) the Bray-Curtis dissimilarity index is less
than 0.5. If any one of these criteria is not met, the sample will be flagged. Remaining discrepancies will be
resolved by re-examining digital images and/or preserved specimens, and consulting the taxonomist.

6.5
6.5.1

Benthic Invertebrates
Objectives and Scope

The benthic invertebrate community survey is designed to evaluate potential effects of the Mine on the
benthic invertebrate community due to changes in water or sediment quality.
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The objectives of the benthic invertebrate component are as follows:
•

to monitor the biological effects of Mine-related hydrological changes, and potential changes in water
and sediment quality;

•

to verify predictions made in the EIS and other submissions to the MVLWB regarding productivity of
surface waters and effects on benthic invertebrate communities;

•

to provide the data necessary to inform adaptive management to reduce or eliminate Mine-related
effects; and

•

to recommend any necessary and appropriate changes to the benthic invertebrate component of the
AEMP for future years.

6.5.2

Changes Relative to Design Plan Version 5

Changes to the AEMP Design Plan and location of the rationale for the changes are outlined in Table 6.5-1.
Table 6.5-1

Category

Changes to the Benthic Invertebrate Component of the AEMP Design Plan Relative to
Version 5

Change

Section No. for Full Rationale in
the 2015 to 2018 Aquatic Effects
Re-evaluation Report

Sampling Design

Clarify that field programs will be scheduled to occur at similar times each
year and provide target sampling dates

n/a

Data Analysis

Add 2015 and 2016 benthic invertebrate data from Lake N11 and benthic
invertebrate data from Area 8 to the “pre-impact” dataset

Section 7.4.1 and Appendix 7B

Data Analysis

Clarify how lake-wide mean/median concentrations are calculated

n/a(a)

Data Analysis

Adopt revised BACI analysis approach for the benthic invertebrate analysis

Section 7.4.2 and Appendix 7B

Data Analysis

Adopt revised normal range calculation method for the baseline normal range
Section 7.4.4 and Appendix 7B
for the KLM streams and adopt a regional normal range for core lakes

Data Analysis

Add the baseline data generated by applying 500:250 µm mesh size ratios to
500 µm data from Area 8 in 2004 and 2007 and from the KLM streams in
Section 10.5.3
2007 to the baseline dataset

Data Analysis

Include habitat variables as covariates in the BACI model, as appropriate

Data Analysis

Clarify that utility of BACI contrasts and potential to use trend analysis will be
n/a(a)
evaluated in the next Aquatic Effects Re-evaluation report

Data Analysis

Use a standardized list of dominant taxa and major groups for the data
analysis

Section 10.5.1

Data Analysis

Revise the key question for assessing multiple stressors on benthic
communities downstream Area 8

n/a

a) Commitment made by De Beers in response to AEMP Workshop Information Request.
AEMP = Aquatic Effects Monitoring Program; BACI = before -after control-impact; No. = number.
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Methods
Sampling Locations and Frequency

Benthic invertebrate community sampling will occur in two core lakes (Area 8 and Lake N11), two reference
lakes (East Lake and Lake 3), and Lake D2/D3. Five stations will be sampled in each core and reference
lake and in Lake D2/D3. Benthic invertebrate community monitoring will also be conducted in the streams
downstream in the L and M watersheds to support the DFMP. Sampling will occur once during late
summer/fall open water season (i.e., September12).

6.5.3.2

Field Sampling

Benthic invertebrate community samples in lakes will be collected at water depths ranging from 4 to 8 m,
with the exception of the stations in Lake D2/D3, which is a shallow lake (3 to 4 m). Samples will be collected
using a standard Ekman grab (15 cm x 15 cm x 15 cm; bottom sampling area of 0.023 m²) from a boat
anchored at the sampling station. One composite benthic invertebrate sample will be collected from each
station within each lake. Each composite sample will consist of six Ekman grab samples from each of the
five stations per lake. Samples will be sieved through a 250 µm mesh Nitex screen and material retained
in the mesh will be placed into a single container, thus creating a single composite sample consisting of six
Ekman grabs for each lake station (i.e., five composite samples per lake). Based on other projects in the
sub-Arctic region, collecting six Ekman grabs per station in lakes has been sufficient to capture withinstation variability for benthic invertebrate community monitoring.
Benthic invertebrate sampling will also occur in the KLM watersheds at five stations. A Surber sampler
(0.093 m2 bottom area), equipped with a 250 µm mesh collecting net will be used to collect samples. Five
samples will be collected at each station and samples will be preserved individually in 10% neutral buffered
formalin.
Benthic invertebrate community samples will be shipped to J. Zloty, Ph.D. in Summerland, BC, for
identification and enumeration of benthic invertebrates and determination of biomass for major taxonomic
groups.
Sediment samples will also be collected at each lake benthic invertebrate community sampling station for
analysis of sediment chemistry (i.e., metals, nutrients, and carbon content) and particle size distribution.
Sediment sampling details can be found in the sediment quality section (Section 6.3).
The following supporting data will be collected at each benthic invertebrate community sampling station:
•

exact station location as UTMs;

•

water depth;

•

weather conditions;

•

habitat description;

12

AEMP field programs will be scheduled to occur at similar times each year, but some flexibility is needed to account for site logistics.
Target sampling dates for the sediment quality/benthic invertebrate community survey are end of August/beginning of September
(“September” sampling month).

De Beers Canada Inc.

Gahcho Kué Mine
AEMP Design Plan Version 6.3
Methods and Analysis

6-47

February 2022
Section 6

•

physico-chemical field water quality (i.e., DO, water temperature, specific conductivity, pH) prior to
disturbing the sediments (vertical profiles in lakes);

•

bottom sediment-related information (texture, colour, odour, particle size distribution at lake stations
analyzed in the laboratory; visually assessed substrate composition at stream stations);

•

in streams, current velocity at each sample location, measured using a calibrated current velocity meter;
and

•

benthic sample-related information (sampler used, sieve mesh size, sampler fullness, preservative).

6.5.3.3

Laboratory Methods

Samples will be processed according to standard protocols based on recommendations in Environment
Canada (2002) and Gibbons et al. (1993). Benthic invertebrate community samples will first be washed
through a 250 µm sieve to remove the preservative and fine sediments remaining after field sieving. Organic
material will be separated from inorganic material using elutriation and the inorganic material will be
checked for any remaining shelled or cased invertebrates, which will be removed and added to the organic
material. The organic material will be split into coarse and fine fractions using a set of nested sieves of
1 mm and 250 µm mesh size.
Invertebrates will be identified to the lowest practical taxonomic level, typically genus, using recognized
taxonomic keys (Soponis 1977; McAlpine et al. 1981; Wiederholm 1983; Oliver and Roussel 1983;
Brinkhurst 1986; Pennak 1989; Clifford 1991; Coffman and Ferrington 1996; Merritt and Cummins 1996;
Maschwitz and Cook 2000; Epler 2001). Organisms that cannot be identified to the desired level, such as
immature or damaged specimens, will be reported as a separate category at the lowest taxonomic level
possible, typically family. Organisms that require detailed microscopic examination for identification, such
as midges (Chironomidae) and aquatic worms (Oligochaeta), will be mounted on microscope slides using
an appropriate mounting medium. Most common taxa should be distinguishable based on gross
morphology and require only a few slide mounts for verification. All rare or less common taxa will be slidemounted for identification.
Invertebrates removed from the samples, sorted organic material, and archived samples will be stored for
six years to allow possible comparisons, if necessary, with samples collected during subsequent monitoring.

6.5.3.4

Data Analysis and Interpretation

Analyses and interpretation of benthic invertebrate community data will focus on answering the following
four key questions:
•

Is the benthic invertebrate community affected by changes in water and sediment quality in waterbodies
within the Kennady Lake watershed and downstream watersheds?

•

Is the benthic invertebrate community in Lake D2/D3 affected by changes in water level?

•

Is the benthic invertebrate community in streams downstream of Area 8 affected by modifications to
water levels and flows outside the controlled area, or by changes in water quality due to flow
augmentation from Lake N11?

•

How do observed changes compare to applicable predictions in the EIS?
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Descriptive Statistics
Benthic invertebrate community summary variables used in the data analysis will include:
•

total invertebrate density (organisms per m²);

•

taxonomic richness as total richness (taxa per station);

•

2
evenness: 𝐸𝐸 = 1/ ∑𝑁𝑁
𝑖𝑖 (𝑝𝑝𝑝𝑝 ) /𝑁𝑁 ; where pi is the number of organisms of taxa i at the sampling station
and N is the total number of organisms at the sampling station;

•

Simpson’s diversity index (diversity): 𝐷𝐷 = ∑𝑁𝑁
𝑖𝑖 (𝑝𝑝𝑝𝑝)²;

•

densities of dominant taxa defined as those taxa accounting for more than 5% of the total invertebrates
across all stations;

•

community composition as percentages of major taxonomic groups; and

•

biomass (milligrams [mg] wet weight, by major taxonomic group).

Descriptive statistics consisting of the arithmetic mean, median, minimum, maximum, SD, and standard
error will be calculated for the above variables for each monitored lake, excluding community composition
by major taxonomic group.

Data Analysis
Relationships between habitat variables and the benthic invertebrate summary variables will be assessed
using Spearman rank correlations and examination of scatter plots. Potential effects on the benthic
invertebrate community resulting from changes in water and sediment quality in the core lakes (i.e., Area 8
and Lake N11) will be assessed annually using a BACI analysis, as described in Section 6.2.3.5. Habitat
variables will be considered as covariates in the BACI analysis, as appropriate, according to the approach
defined in Sections 10.5.2 and 10.5.5 in the 2015 to 2018 Aquatic Effects Re-evaluation Report (De Beers
2019b). Future evaluations of the utility of BACI contrasts and appropriateness of trend analysis will be
completed in the next Aquatic Effects Re-evaluation report. Potential effects on the benthic invertebrate
community resulting from changes in water levels or water quality in Lake D2/D3 will be assessed using
repeated measures ANOVA, as described in Section 6.2.3.5. Finally, effects from altered streamflow in the
KLM streams will be evaluated using repeated measures ANOVA.
Magnitude of effects will be assessed by comparing community variables in the core lakes to the regional
normal range, which is a measure of natural variability defined for each analyzed variable using the
combined reference lake dataset and baseline monitoring period data (Table 6.5-2). Community variables
in the streams will be compared to the baseline normal range, which is a measure of natural variability
defined for each analyzed variable using the available baseline dataset for the streams (Table 6.5-2).
When calculating means or medians, the arithmetic mean is used when the year’s data are shown to be
normally distributed based on the Shapiro-Wilk test (P<0.05). If normality can be achieved by applying a
log-transformation to the data, a geometric mean will be used to estimate the lake or stream-wide mean. In
cases where normality cannot be achieved by applying a transformation to the data, the median will be
used to provide an estimate of central tendency. The measure of central tendency selected for each
parameter will be reported.
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Changes in benthic invertebrate community composition over time will be assessed by plotting the mean
densities of major taxa by lake using stacked bar graphs. Presence/absence data will be compared among
years using data at the lowest taxonomic resolution, to evaluate changes in community composition at a
finer taxonomic level than major group.
Benthic invertebrate community structure will also be summarized using the non-parametric ordination
method of multidimensional scaling (MDS; Clarke 1993). NMDS will be used to evaluate potential
differences in community structure.
The AEMP annual reports and Aquatic Effects Re-evaluation Reports will include an assessment of whether
the response of the benthic community is within EIS predictions, as described in Section 2.2.1. This
evaluation will be based on the magnitude of potential changes observed and will consider results from
each of the main data analysis methods used for the AEMP.
A standard list of dominant taxa and major groups will be used in the benthic invertebrate analysis for core
and reference lakes (Area 8, Lake N11, East Lake and Lake 3), and for Lake D2/D3 and the streams
downstream of Area 8 (Table 6.5-2).
Table 6.5-2

Dominant Taxa and Major Taxonomic Groups Selected for Analysis
Area

Dominant Taxa

Major Taxonomic Groups
Nematoda
Oligochaeta
Pisidiidae
Hydracarina
Copepoda – Harpacticoida
Chironomidae

Core and Reference Lakes

•
•
•
•
•

Nematoda
Pisidiidae
Corynocera
Micropsectra/Tanytarsus
Pagastiella

•
•
•
•
•
•

Lake D2/D3

•
•
•
•
•

Nematoda
Pisidiidae
Microtendipes
Corynocera
Micropsectra/Tanytarsus

•
•
•
•
•

Nematoda
Oligochaeta
Pisidiidae
Ostracoda
Chironomidae

Streams

•
•
•
•
•
•

Hydra
Nematoda
Micropsectra/Tanytarsus
Cricotopus/Orthocladius
Synorthocladius
Thienemannimyia complex

•
•
•
•
•
•
•

Hydrozoa
Microturbellaria
Nematoda
Oligochaeta
Hydracarina
Chironomidae
Other Diptera

These analyses, in combination with the WOE assessment (Section 6.10), will be used to evaluate whether
benthic invertebrate density or community composition in the core lakes, Lake D2/D3 and the streams
downstream of Area 8, show signs of Mine-related nutrient enrichment, toxicological impairment, or physical
habitat alteration. In addition, these analyses will be used to inform the Action Level assessment described
in Section 8.
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Quality Assurance and Quality Control

Invertebrate sample sorting efficiency will be verified by an individual other than the original sorter by
performing spot-checks on debris remaining after sorting. Ten percent of the samples will be re-sorted. The
data quality objective is a minimum removal of 90% of the total number of organisms in a sample. If more
than 10% of the total number of organisms removed from the sample is found in the debris, then all samples
will be re-sorted by an individual other than the original sorter. In addition, if an entire taxonomic group is
inadvertently omitted by the sorter, then all samples will be re-sorted by an individual other than the original
sorter.
In accordance with Golder’s standard QA/QC protocol, 10% of all habitat data entered electronically will be
reviewed for data entry errors. If errors are found in this subsample, all habitat data entered electronically
will be reviewed and corrections made as appropriate. Supporting data entered from field data sheets will
be quality checked independently by a second person. Calculations performed during the data summary
and analysis stage will be spot-checked for potential errors, and appropriate logic checks will be performed
to verify the accuracy of calculations. Tables containing both summary data and statistical results will be
reviewed and values verified by a second person.

6.6
6.6.1

Fish Habitat and Community
Objectives and Scope

The key objectives of the fish habitat and community component of the AEMP will be as follows:
•

to review the results of the hydrology, water quality, and lower trophic community monitoring programs
to evaluate potential changes to fish habitat;

•

to evaluate the effects of the changes in downstream flows on the downstream fish populations;

•

to evaluate whether traditional water uses in Lake N11 (outside of the mixing zone) and in waters
downstream of Kennady Lake are affected by the Mine’s activities throughout construction, operation,
and closure and reclamation;

•

to evaluate the accuracy of the predictions made in the EIS and other submissions to the MVLWB
regarding effects on fish habitat and the fish community;

•

to assess the efficacy of the flow mitigation plan;

•

to provide the data necessary to inform adaptive management to reduce or eliminate Mine-related
effects; and

•

to recommend any necessary and appropriate changes to the fish habitat and community component
of the AEMP for future years.

The EIS predicted changes in abundances of Lake Trout, Arctic Grayling, and Northern Pike in Area 8 due
to loss of habitat in Kennady Lake during the life of the Mine, but no changes were predicted for these fish
species downstream of Kennady Lake. Therefore, the EIS predictions imply that traditional use of fish will
be maintained downstream of Kennady Lake.
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Habitat for fish in the core lakes, reference lakes, and Lake D2/D3 will be monitored through the physical
and biological monitoring aspects of the program that have been previously described, as well as the
Supporting Environmental Data section (Section 6.9). If the results of these monitoring programs indicate
a greater than anticipated effect, then additional fish habitat monitoring may be implemented in these
waterbodies as part of the Response Framework.
It is expected that in post-closure, additional studies will be developed and implemented as part of the
Offsetting Plan to evaluate the fish use of in-lake offsetting measures in Kennady Lake and to assess the
habitat conditions in the refilled lake.
Due to the potential extent of mortality of large-bodied fish incurred during fish population surveys using
intensive netting programs such as the BSM, no large-bodied fish sampling is planned in the core lakes, or
Lake D2/D3, beyond that required for the fish consumption/fish tasting component (Section 1.5). It is
expected that fish surveys will be implemented in post-closure to track the re-colonization of Kennady Lake.
The details of these studies will be developed as part of closure planning.

6.6.2

Changes Relative to Design Plan Version 5

Changes to the AEMP Design Plan and location of the rationale for the changes are outlined in Table 6.6-1.
Table 6.6-1

Changes to the Fish Habitat and Community Component of the AEMP Design Plan
Relative to Version 5

Category

Change

Section No. for Full Rationale
in the 2015 to 2018 Aquatic
Effects Re-evaluation Report

Objective and Scope

Remove “primarily Arctic Grayling” from objective “to evaluate the
effects of the changes in downstream flows on the downstream fish
populations (primarily Arctic Grayling)” to reflect change in emphasis
on monitoring fish community rather than a single species

Study Area

Include Area 8, include Streams M3 to M1 and Lakes M3 to M1, the
outlet of Lake 410 into the P system, and Streams P8 to P6, as part of
Section 11.3.1
the extended geographic area of the downstream flow and fish habitat
and community monitoring components

Sampling Methods

Clarify that a fall survey for Slimy Sculpin will be done if no YOY Slimy
n/a(a)
Sculpin are observed during the summer survey

Sampling Methods

Remove references to annual fall surveys

Sampling Methods

Remove reference to removal of temperature loggers and PIT antenna
n/a(a)
readers specified for September

Sampling Methods

Add boat observations and high flow snorkelling to the visual sampling
design methods. Snorkelling surveys to be conducted in high flow
Section 11.3.2.2
conditions only. Underwater camera surveys were suggested in the
(b)
Re-evaluation report, but was not included in Version 6.1

Sampling Methods

Add commitment to monitor fish populations in Area 8, Lake M3, and
Lake M4

Sampling Methods

Add angling to the AEMP sampling methods

Section 11.3.2.3

Sampling Methods

Add backpack electrofishing to the AEMP sampling methods

Section 11.3.2.4

Sampling Methods

Add description of sonar equipment and exact field methodology

n/a(a)

Data Analysis

Add density estimates for Slimy Sculpin populations

Section 11.4

Data Analysis

Update text to clarify the types of data collected (e.g., fish
morphometrics) and their analysis, to be consistent with current
practice

n/a
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Changes to the Fish Habitat and Community Component of the AEMP Design Plan
Relative to Version 5

Category

Change

Section No. for Full Rationale
in the 2015 to 2018 Aquatic
Effects Re-evaluation Report

Flow Mitigation Criteria

Remove the “Dry” Pumping Regime from the operational pumping
mitigation to allow for annual access to habitats

Section 11.6

Flow Mitigation Criteria

Simplify the pumping rules to “Above-average” and “Below-average”
pumping targets based on the predicted hydrologic conditions for the
year

Section 11.6

Flow Mitigation Criteria

Commence flow mitigation pumping at the start of ice-out rather than
targeting June 1

Section 11.6

Flow Mitigation Criteria

Increase spring pumping rates to 0.35 m3/s for all years, as necessary,
to achieve the minimum target flow of 0.40 m3/s at Stream K5 and
Section 11.6
maintain pumping until at least the end of June (or for 28 consecutive
days if pumping started before or after the beginning of June)

Flow Mitigation Criteria

Increase August pumping rates to at least 0.12 m3/s to counteract
increased evapotranspiration and to maintain a flow of 0.1 m3/s at
Stream K5

Section 11.6

a) Commitment made by De Beers in response to AEMP Workshop Information Request.
b) Lake surveying methods have been revised to reflect restructuring of sampling program to sonar surveys coupled with concurrent
angling and visual surveys. Underwater video methods proposed in the AEMP Design Plan 6.0 have not produced reliable results
that are relevant to monitoring fish community dynamics in the lakes. Sonar survey trials undertaken in 2020, concurrent with visual
observations and angling, are expected to provide a more reliable and repeatable monitoring method for monitoring fish community
dynamics in study lakes.
AEMP = Aquatic Effects Monitoring Program; No. = number; YOY = young-of-year.

6.6.3

Methods

During operations, spring and summer fish habitat and community monitoring will be conducted in the
interconnected streams and lakes downstream of Area 8, to monitor fish habitat and fish communities and
to validate the effectiveness of the flow mitigation plan. A fall survey for YOY slimy sculpin would be
triggered in the same open-water season if no YOY slimy sculpin were observed during the summer survey.

6.6.3.1

Fish Habitat Monitoring

Fish habitat monitoring includes the monitoring of flow, fish passage, fish habitat availability as well as fish
habitat suitability in the streams downstream of Area 8. As fish habitat conditions have remained within EIS
predictions between 2015 to 2018, the monitoring methods will remain similar to those described in
Version 5.
The hydrometric station installed in Stream K5 (the outlet of Area 8) continuously records water levels
throughout the open-water period. Manual discharge measurements (based on instream point depth and
velocity measurements along set transect locations) in Stream K5 and Stream L1a will be made throughout
the open water season and will be used to calibrate and validate the continuous hydrometric data collection
and support field observations during the year.
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Fish passage between Area 8 and Lake 410 is restricted or prevented by exposed boulder gardens in
Streams L3, L1b, L1c, L1a, and M4 at low flows. These locations will be visited during the spring and
summer field programs and assessed for the ability of fish to move within each stream (i.e., are fish trapped
or do they have the ability to out of the stream to an upstream or downstream lake) or to move through the
KLM watersheds via the interconnected streams and lakes. Fish movement is assessed by life stage,
whereby adult fish require greater water depth for upstream and downstream passage, in comparison to
juvenile fish and YOY. Upstream movement by all life stages typically requires greater water depth, as well
as suitable velocity breaks on the downstream side of a fish barrier, for fish to swim up past a barrier
(Golder 2014a). Two levels of fish passage barriers are present depending on flow conditions:
•

Restrictive barriers, which prevent the free passage of adult and large juveniles between habitats
(particularly upstream), while allowing free passage of small-bodied species, small juveniles, and YOY
between habitats.

•

Full barriers, which prevent both upstream and downstream fish passage to all life stages and include
dry channel sections.

Fish habitat availability and suitability within each stream is assessed qualitatively by visual assessment.
The availability of spawning, rearing, feeding and overwintering habitats will be documented during the
spring and summer field programs. If any of these habitats are present, the suitability of the habitat observed
at the time of the survey will assessed for the various life stages of fish species, particularly Arctic Grayling.
Point depth and velocity measurements will be recorded within representative habitats throughout each
stream reach to confirm the suitability of certain habitats for spawning, rearing, feeding, and overwintering.
General habitat conditions (e.g., channel width, wetted width, substrate conditions, cover type/percentage)
will also be recorded.
Continuous temperature loggers will be installed in Stream K5 and Stream L1a annually, during the spring
program, and will record water temperatures throughout the open-water season. At the beginning of the
summer program, each temperature logger will be checked for operation and data recorded will be
downloaded. The temperature loggers will be removed from the streams in September. In situ water quality
parameters will be recorded in both streams during the spring and summer field programs, documenting
point measurement of pH, DO, specific conductivity and water temperature.

6.6.3.2

Fish Community Monitoring

Spring spawning migration and movement surveys will be scheduled within the same time frame annually
(i.e., immediately after ice-out in Stream K5). The timing of ice-out at Stream K5 is typically at the beginning
of June; however, it may occur sooner or later depending on annual variability in weather conditions. AEMP
monitoring since 2015 has documented ice-out as early as May 25 and as late as June 6. The spring
spawning migration and movement surveys include the installation of fish fences at two stream locations
downstream of Area 8 (i.e., Streams K5 and L1a), fish tagging and movement tracking, as well as visual
observations of fish and fish movements in the lakes and streams between Area 8 and Lake 410.
The fish fences will be installed in early spring, just after ice out, and remain in place for a minimum of
14 days, which coincides with the annual spring fish migration period. The exact timing of fence installation
depends on weather as well as the persistence of anchor and shelf-ice conditions at each of the two
locations, which dictates when fish fences can safely be installed and not damaged by floating ice coming
from upstream (De Beers 2018d, 2019c). Each fish fence has two trap boxes and fence wings to achieve
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full blockage of each stream channel. Trap boxes are installed in an upstream and downstream orientation
at each fence to determine the direction of fish movement at the time of capture. Fish captured in the
upstream-oriented trap are assumed to be moving in an upstream direction, and fish captured in the
downstream-oriented trap are assumed to be moving downstream. Captured fish will be identified to
species, enumerated, and measured for length (plus or minus [±] 1 mm; fork length or total length for fish
without a forked caudal fin) and weight (± 0.1 g for large-bodied fish and ± 0.001 g for small-bodied fish). If
possible, sex, life stage, and maturity will also be recorded. After enumeration, captured fish will be
released, unharmed, to the opposite side from which they were captured to facilitate the direction of their
original movement. The fish fences will be removed from each stream at the end of the spring field program.
In order to track the timing and direction of individual fish movements, fish caught in the fish fences or by
angling, will be scanned for previously inserted tags (i.e., uniquely coded passive integrated transponder
(PIT) or radio-frequency identification (RFID) tags). If no tag is found, then the fish will be tagged with a
new tag, according to the protocols outlined in the Biomark Fish Tagging Methods (Biomark 2010), where
fish greater than 150 mm in length will have a tag inserted into the abdominal cavity, while fish greater than
250 mm will have a tag inserted into the dorsal cavity of the fish. Two multi-antenna readers with data
loggers will be installed at each fish fence location (i.e., Stream K5 and L1a) in the spring and remain in
place until September. These will be installed to remotely record tagged fish movements during the open
water season. Each remote reader will have two antennae installed as large loops across the entire width
of the stream above the stream bed, spaced approximately 20 m apart, which detect tagged fish
independently. Each antenna will be installed to allow fish to swim through unobstructed. The antennae at
each site are labelled A1 and A2, representing the upstream and downstream antenna, respectively. As a
tagged fish passes through the antenna loop, the reader records the time and unique number of the tag;
the time sequence of when a tagged fish passes each antenna allows the determination of direction of fish
movement. This method records the timing and extent of tagged fish movements past fixed points in the L
and M watersheds. At the beginning of the summer program, each reader will be checked for operation,
tested using a test tag and data recorded will be downloaded.
Visual observations of fish presence in each stream and lake will be documented during the spring and
summer field programs via streambank and lake shoreline walks. Snorkelling surveys should be considered
under higher flow conditions only, as this may be most effective visual observation method but was found
to be ineffective during low flow conditions. For most flow conditions encountered, shoreline observations
are expected to be a more effective fish detection method. In the summer, visual observations will include
shoreline observations by boat in Area 8, Lake M4 and Lake M3. Backpack electrofishing will be conducted
in the streams between Area 8 and Lake 410 (inlet at Stream M1 and outlet to Stream P8) during the
summer field program. Representative photographs of all species will be taken, the location of any fish
caught or disturbed by the electrofishing effort will be recorded, and photographs of captured fish will be
taken. Captured fish will also be identified to species, enumerated, and measured for length (± 1 mm; fork
length or total length for fish without a forked caudal fin) and weight (± 0.1 g for large-bodied fish and
± 0.001 g for small-bodied fish). If possible, sex, life stage, and maturity will also be recorded. After
enumeration, captured fish will be released, unharmed, to the area from which they were captured. Multipass electrofishing, specifically targeting Slimy Sculpin habitat will be conducted in three streams in the L
system (Streams L2, L1a, L1b), three streams in the M system (Streams M4, M3, M2) and in the N
watershed not impacted by Mine operations to document density of Slimy Sculpin. Study sites will be
selected from each stream that have similar habitat characteristics to reduce the influence of habitat
variability on catch results. A section of channel approximately 10 to 15 m in length will be isolated with
block nets and will be electrofished a minimum of three times or until depletion in the catch results is evident.
The length and width of the sample areas will be documented.
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Lake M3, Lake M4, and Area 8 will be surveyed annually to determine the presence and species
composition of large-bodied fish, primarily Northern Pike and Lake Trout. Sonar surveys using a single
beam sonar (‘CHIRP’ sonar with down-scan or side-scan imaging capabilities) will be employed in
conjunction with angling and visual surveys (by boat). A systematic transect will be defined that can be
repeated annually to compare interannual estimates of density (# large fish / km) and species composition.
A minimum of 5 km of transects will be surveyed in each lake, with one transect surveying the shoreline
(<4 m depth) between the inlet and outlet, plus additional transects perpendicular to the shoreline transect
ensuring one transect crosses the deepest section of the lake. Shoreline angling will be conducted during
each field program, as time allows, specifically targeting Arctic Grayling adults in Area 8, Lake M4 and Lake
M3. Angling effort, photographs, fish length and weight will be recorded. All Arctic Grayling, Northern Pike
and Lake Trout caught will be scanned for any tags that may have been implanted from previous programs.
If no tag is found, the fish will be tagged according to the protocols outlined in the Biomark Fish Tagging
Methods (Biomark 2010).
Surveys are planned at an annual frequency during operations, with the frequency being reassessed and
altered as necessary through operations and closure.

6.6.3.3

Data Analysis and Interpretation

Analysis and interpretation of fish habitat and community data focus on answering the following two key
questions:
•

Are changes in fish habitat (based on hydrology, water quality, and lower trophic levels) comparable to
those predicted in the EIS?

•

Are the downstream fish populations affected by changes in flow?

The evaluation of results to answer these key questions will address the impacts on fish populations, and
provide information on potential impacts to traditional uses of fish.
One objective of the monitoring program is to confirm predictions that, with the implementation of the
changes to the DFMP during operations, habitat will remain suitable to support spawning, rearing, and
feeding life stages of Arctic Grayling in the streams and lakes between Kennady Lake and Lake 410. In
addition, in response to the absence of Arctic Grayling in 2017 and 2018, the success of the DFMP to
provide fish passage and support the re-colonization of Arctic Grayling during operations will be confirmed.
The data collected during the spring and summer field programs will provide an indication on spatial and
temporal trends in the downstream fish population, although year-to-year variability in natural fish
movements and populations can make data interpretation challenging over short time periods. The fish
fence will provide a fish count as an indicator of the number of fish accessing the streams on an annual
basis and trends in fish numbers from year-to-year can be explored. Visual observations, angling and
backpack electrofishing will also provide an estimate of relative abundance as well as an indication of spatial
distribution of fish that can be investigated for any potential trends. A detailed statistical analysis of the
multipass electrofishing data will be used to assess trends in the density and distribution of Slimy Sculpin
within the targeted streams and be used to evaluate the population over time. The data will be used to
confirm that the physical conditions required for passage and rearing are present and that fish continue to
use the downstream habitats as an indication that the downstream flow mitigation pumping is effective.
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In addition, the monitoring results reported in the water quality and benthic invertebrate sections of the
AEMP will also be used to support the analysis and interpretation of whether the habitat conditions remain
suitable for Arctic Grayling, the target fish species of the DFMP. Suitable habitat conditions will be derived
from published literature on Arctic Grayling habitat requirements.
Monitoring as part of the AEMP is designed to confirm that the DFMP is achieving its stated objectives.
Modifications to the DFMP and AEMP monitoring techniques will be made through adaptive management
(i.e., through response plans) based on the outcome of monitoring.

6.6.4

Quality Assurance and Quality Control

The QA/QC procedures are designed such that all field sampling, data entry, data analyses, and report
preparation produce technically sound and scientifically defensible results. Field staff will be knowledgeable
of fish habitat requirements, fish identification and trained to be proficient in standardized procedures, data
recording, and equipment operations applicable to the field sampling. Equipment will be calibrated as part
of routine QA/QC for field operations. Specific work instructions outlining each field task in detail will be
provided to the field personnel by the task manager and reviewed prior to the start of the field program.
Detailed field notes will be recorded in waterproof field books and on pre-printed waterproof field data
sheets in either pencil or indelible ink. Data recorded digitally will be downloaded and backed up as a
specific QA/QC measure. Data sheets will be checked at the end of each field day for completeness and
accuracy.
The QA/QC for data entry will involve checking a minimum of 10% of the data for completeness, data entry
errors, transcription errors, and invalid data. This checking will be done by a second, independent person.
If an error is found, all data will undergo a zero tolerance (i.e., every datum checked) QA check. Tables
containing summary data will be reviewed and values verified by a second person.

6.7
6.7.1

Fish Health
Objectives and Scope

The term "fish health" is intended to be inclusive of changes in fish populations, as estimated via the
measurement endpoints as indicators of survival, energy use and energy storage. As such, assessment of
fish health under the AEMP will generate information relevant to maintenance of traditional uses of fish.
The key objectives of the fish health component of the AEMP are as follows:
•

to evaluate the short-term and long-term effects of the Mine on fish health in the core lakes;

•

to evaluate the accuracy of the predictions made in the EIS and other submissions to the MVLWB
regarding effects on fish health;

•

to evaluate whether traditional water uses in Lake N11 (outside of the mixing zone) and in waters
downstream of Kennady Lake are affected by the Mine’s activities throughout construction, operation,
and closure and reclamation;

•

to assess the efficacy of impact mitigation measures proposed in the mine plan to minimize effects on
fish health;

•

to provide the data necessary to inform adaptive management to reduce or eliminate Mine-related
effects; and
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to recommend any necessary and appropriate changes to the fish health component of the AEMP for
future years.

The EIS predicted negligible effects to aquatic health as measured by changes to fish health endpoints
because of changes in concentrations of substances (e.g., metals) in water and in fish tissue as a result of
the Mine (Section 2.2.1).
The fish health assessment will be conducted every three years using a population-level approach. Fish
health will be assessed using indicators of fish health (i.e., energy storage, energy usage, and survival) in
two of the core lakes (Area 8 and Lake N11) and in two reference lakes (East Lake and Lake 3). The fish
health assessment will involve a lethal survey and a population survey of a selected sentinel species.
The rationale for the design and analysis of the fish health assessment is based on guidance from the
federal EEM program (Environment Canada 2012a) and is designed towards meeting future requirements
of the MDMER (Government of Canada 2021).
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Changes Relative to Design Plan Version 5

Changes to the AEMP Design Plan and location of the rationale for the changes are outlined in Table 6.7-1.
Table 6.7-1

Changes to the Fish Health Component of the AEMP Design Plan Relative to
Version 5

Category

Change

Section No. for Full Rationale in
the 2015 to 2018 Aquatic Effects
Re-evaluation Report

Field Measurements

Remove turbidity monitoring from the fish health component

Section 12.3.2

Sampling Design

Specify sentinel species as Ninespine Stickleback and update all
methods appropriately

Section 12.1

Sampling Design

Increase target sample sizes for adult fish from 20 males and 20
females per lake to 30 males and 30 females

Section 12.3.1

Data Analysis

Add 2015 fish health data from Lake N11 and Area 8 to the “preimpact” dataset

Section 7.4.1

Data Analysis

Remove age from future comparisons of normal range

Section 12.4.13

Data Analysis

Update text and analytical methods to improve clarity and alignment of
terminology and methods with MDMER (Government of Canada 2018)

Section 12.4.4

Data Analysis

Clarify how lake-wide mean/median concentrations are calculated

n/a(a)

a) Commitment made by De Beers in response to AEMP Workshop Information Request.
AEMP = Aquatic Effects Monitoring Program; No. = number; MDMER = Metal and Diamond Mining Effluent Regulations.

6.7.3
6.7.3.1

Methods
Selection of Sentinel Species

Species collected during baseline surveys in the Kennady Lake area from 1996 to 2012 included Lake
Trout, Round Whitefish, Artic Grayling, Northern Pike, Cisco (Coregonus artedi), Slimy Sculpin, Lake Chub
(Couesius plumbeus) and Ninespine Stickleback (Golder 2014b).
Ninespine Stickleback, Slimy Sculpin, and Lake Chub were considered as sentinel species for the smallbodied fish health survey, with inclusion in the AEMP dependent on abundance and catchability in the study
lakes. The results of targeted sampling for small-bodied fish in the study lakes in 2015 and 2016 determined
that Ninespine Stickleback was the only small-bodied fish species present in each of the study lakes in
adequate numbers to support AEMP sampling. Due to the potential extent of mortality of large-bodied fish
incurred during fish population surveys using intensive netting programs such as the BSM, no large-bodied
fish health sampling is planned in the core lakes or reference lakes.
The fish health assessment will include a lethal and a population survey of Ninespine Stickleback. If effects
in fish health indicators are observed in the small-bodied sentinel species, then a lethal large-bodied fish
health survey (e.g., using Lake Trout) may be initiated as part of the AEMP to evaluate whether effects are
occurring in large-bodied species.
Other species of small-bodied fish, or non-sentinel species, may be captured in the fish health survey.
Information will be collected from these fish through non-lethal means (Section 9.7.2.6).
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Sampling Locations and Frequency

The sampling locations for the fish survey include Area 8 and Lake N11 and two reference lakes (East Lake
and Lake 3). If sufficient numbers of fish cannot be collected in the lakes to support the AEMP, then
sampling will move to the outlet streams of these waterbodies. Timing of the fish health survey targets the
sentinel species when they are accessible and are undergoing gonadal development. For Ninespine
Stickleback, this occurs in late summer or early fall (i.e., late August/early September). The fish health
survey will be conducted every three years, with subsequent sampling frequency being re-evaluated
throughout the life of the Mine.

6.7.3.3

Target Sample Sizes

The target sample sizes for the lethal and population fish health survey for the AEMP have been selected
based on the results of a 2018 power analysis (De Beers 2019b), with consideration of minimum
recommended sample sizes from the Metal Mining Technical Guidance for Environmental Effects
Monitoring (Environment Canada 2012a). For the fish health survey, the target sample size will be 30 adult
male, 30 adult female, and 20 juvenile fish of each sentinel species per sampling area for the lethal survey.
For the population survey, at least 100 additional adult and juvenile fish will be collected per sampling area.
This number of non-lethally sampled fish will assist with accurately assigning age categories to the sampled
population in the AEMP study lakes.

6.7.3.4

Collection Methods

Fishing methods suitable for lake shore habitats will be considered for the fish survey. Gear types planned
for small-bodied fish collection include minnow traps, fyke nets, hoop nets, seining, backpack electrofishing,
and boat electrofishing. For each day of fishing on each lake, the following information will be recorded:
•

time (in hours) for each fishing effort for each gear type;

•

gear-specific parameters (e.g., settings for electrofisher);

•

water depth of each gear-type set;

•

GPS coordinates of each fishing effort;

•

substrate type (e.g., mud, sand, gravel, cobble) at each fishing location;

•

surface water quality measurements (e.g., DO, water temperature, pH, and conductivity), once daily in
each lake;

•

weather (air temperature and wind velocity and direction);

•

effort identification number for each fishing effort;

•

number and species of fish captured; and

•

photographs of representative habitat types and fish species captured.
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Fish collected and retained for the lethal survey will be transported to the processing site in aerated
containers. Fish collected using non-lethal methods will be held in a recovery bin before processing and
will be immediately released alive following processing at the site of collection. All non-target fish species
captured will be enumerated and measured for length and weight and released live.
A representative photograph of each species captured will be taken. Wet gloves will be used during fish
handling to reduce stress on the fish mucosal layer. If a specimen cannot be readily identified in the field,
it will be retained as a voucher specimen and brought to the office for identification. The total number of fish
captured and released will be recorded to track fish numbers relative to DFO permit limits.

6.7.3.5

Fish Health Parameters

Lethal Fish Health Survey
External Examinations
All Ninespine Stickleback captured will undergo external examination. Any features of the fish that do not
appear normal (i.e., wounds, tumours, parasites, fin fraying, gill parasites, or lesions) will be reported in
detail, and if necessary, submitted for further analysis (i.e., histopathology). Where possible, information on
maturity, sex, and overall health will be recorded; this information will be verified during the internal
examination. External examinations will be completed following the recommendations outlined in Chapter
3 of the Metal Mining Technical Guidance for Environmental Effects Monitoring (Environment Canada
2012a). Photographs will be taken of any fish with abnormal external features.

Internal Examinations and Organ Collections
Following the external examination, the fish to be retained for the lethal survey will undergo an internal
examination. Fish will be sacrificed by a sharp blow to the back of the head and cervical dislocation
(i.e., cutting the spinal cord immediately behind head) followed immediately by an internal examination.
The biological variables collected from lethally sampled Ninespine Stickleback will be:
•

total length (± 1 mm);

•

total weight (± 0.001 g);

•

presence of physical abnormalities (e.g., tumours, lesions, parasites);

•

internal pathology (e.g., liver and kidney colour, fat content);

•

parasite weight (if present; ± 0.001 g);

•

sex;

•

stomach contents (% fullness);

•

liver weight (± 0.001 g);

•

gonad weight (± 0.001 g);

•

gonad subsample weight (± 0.001 g; adult females only);

•

photograph of gonad;
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•

state of reproductive development as identified from gonadal histology (i.e., maturity stage, as outlined
in Table 6.7-2); and

•

carcass weight (± 0.001 g).

Tissue samples will be collected and labelled with a unique fish identification number (FIN) for specialized
analyses during the internal health assessment, including the following:
•

gonads will be preserved for histology to determine reproductive state (Table 6.7-2; each fish);

•

ovary tissue will be collected for fecundity estimates (adult females only);

•

carcass will be retained for tissue metals analysis (adults only; see Section 6.8); and

•

otoliths will be collected and archived for fish aging analyses (each fish).

Table 6.7-2

Gonad Maturity Categories to be Used in the Fish Health Survey Based on
Histological Examination of Gonads

Maturity Stage

Definition

Unknown sex

External examination only, or unable to determine following internal examination.

Unknown stage

Unable to determine stage.

Immature

Fish has never spawned and will not spawn in the coming season; testes/ovaries small and transparent.

Early Stage
Development

Early stage of gonadal recrudescence. Gonads remain small, but are readily identified.

Late Stage
Development

Late stage of gonadal recrudescence. Gonads are firm and largely developed.

Ripe

Roe or milt extruded with light pressure on belly.

Spent

Condition immediately following spawning. Reabsorption of residual ovarian tissue not commenced; residual
spermatozoa present in lumen of lobules and in sperm ducts.

Reabsorbing

Observed in females, ovaries primarily contain atretic eggs.

Resting

Sexually mature, but has not commenced gonadal recrudescence.

Internal condition will be observed and recorded immediately following the opening of the body cavity
(i.e., tissue colour and condition). Liver weight will be recorded. During excision of the liver, the gall bladder
will be observed, and percent fullness recorded. Stomach fullness will be noted along with a general
description of gut contents and parasite load.
Gonad lobes will be weighed together to yield a total gonad weight. A photograph will be taken of each
gonad (e.g., through the microscope ocular under ten-times magnification). For males, the total gonad will
be placed in a labelled vial and preserved in 10% buffered formalin for histology. For females, the gonad
will be divided into two subsamples, with one subsample weighed and processed for histology, while the
second subsample is weighed and preserved in 10% buffered formalin for fecundity. Fecundity will be
estimated by counting all developing eggs contained within the subsample using a dissecting microscope,
and adjusting to the gonad weight. Egg size will be estimated by measuring the diameter of 30 eggs per
fish with a micrometer under a dissecting scope.
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Otoliths will be collected and archived for aging analysis. As otoliths are difficult to excise from Ninespine
Stickleback, it is anticipated they will only be obtained from a subset of individuals. Ageing structures will
be wrapped in wax paper, placed into envelopes, and labelled with the unique FIN. Aging categories will
be assigned via examination of length-frequency distributions.
Carcass weight (i.e., body without liver, gonads, stomach, intestines, and aging structure) will be measured
and recorded for each fish and the carcasses will be submitted for tissue chemistry analyses (Section 6.8).

Population Survey
All Ninespine Stickleback captured during the study will be examined externally. The biological variables to
be recorded during the population survey are:
•

presence of physical abnormalities (e.g., tumours, surficial lesions, obvious parasites);

•

total length (± 1 mm); and

•

total weight (± 0.001 g).

This information will be recorded on catch record field data sheets. Measurements will be taken in the field
and the fish will be released alive near the capture location.

6.7.3.6

Data Analysis and Interpretation

Data will be analyzed to address the following two key questions:
•

Is fish health affected by changes in water and sediment quality in the Kennady Lake watershed and
downstream watersheds (i.e., Lake N11)?

•

How do observed changes in fish health compare to predictions made in the EIS?

Catch Data Summary
Catch-per-unit-effort (CPUE) provides an estimate of abundance by standardizing catch data according to
fishing effort. The CPUE will be calculated for all fish captured during the fish survey and will be summarized
by both area and sampling method to document the amount of effort expended to collect the required
number of fish. Total numbers of fish collected and processed as part of the lethal and population surveys
will be summarized by waterbody and presented in summary tables.

Descriptive Statistics
Somatic indices will be used to characterize fish populations and describe relationships between body
metrics and will be calculated as follows:
Condition factor (K)
Gonadosomatic Index (GSI)
Liversomatic Index (LSI)

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡

𝐾𝐾 = � (𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝐺𝐺𝐺𝐺𝐺𝐺 =

𝐿𝐿𝐿𝐿𝐿𝐿 =

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ)3

� × 100

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡

× 100

× 100
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Where all weight measurements are in grams (g) and length is in millimetres (mm). Somatic indices
(i.e., condition factor, gonadosomatic index and liversomatic index) will be used to characterize fish
populations, while effect indicators (i.e., condition, relative gonad weight and relative liver weight) will be
used to statistically compare energy use and storage among fish populations.
Descriptive statistics (sample size, mean, SD, SE, minimum, and maximum) will be reported by species,
sex, and sampling area for all quantitative fish health endpoints. The proportion of fish demonstrating
abnormalities and parasites will be quantified for each area.

Data Analysis for Lethal Survey
An “effect” is a change that follows a cause; therefore, within the intention of the AEMP, a linkage to mining
activity is required for a change in fish health endpoints to be deemed an effect. The lethal small-bodied
fish population survey will assess effects in individual fish health endpoints (e.g., condition, relative gonad
size, relative liver size) in Lake N11 and Area 8 by comparing fish health endpoints in fish from the exposure
lakes to those in fish from the reference areas. In addition to statistical differences between exposure and
reference lakes, evidence of a link to the Mine will be considered in determining the presence and extent
of effects on fish health. For example, a statistical difference in a fish health endpoint between exposure
and reference areas in the absence of supporting evidence from water or sediment quality, or from other
biological endpoints, would not be considered an effect attributable to the Mine. The severity of the effect
will be classified according to the magnitude of the differences between exposure and reference
populations.
The lethal fish population survey will include comparisons among sites for the following effect indicators:
•

survival (e.g., age);

•

energy use (e.g., size-at-age; relative gonad size; fecundity); and

•

energy storage (e.g., condition; relative liver size).

Comparisons will be conducted separately for adult males, adult females, and juveniles. The separation of
fish based on maturity and sex is necessary for fish health endpoints due to different energetic requirements
associated with reproduction, which result in differences in growth patterns and subsequent differences in
growth rate, total weight, gonad size, and liver size (Environment Canada 2012a). Reproductive endpoints
will not be compared among juveniles.
Analyses will also be conducted with consideration of parasite status due to the influence some parasites,
especially tapeworms (e.g., Schistocephalus), can have on nutrient uptake and energy availability for
reproduction and growth. The proportion of fish with parasites will be compared between lakes and can be
tested using a chi-square test.
The specific indicators, effect endpoints, response variables, and covariates (as appropriate) to be used in
the statistical testing procedures for the lethal fish health component are presented in Table 6.7-3.
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(Energy Storage)
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Statistical Procedures to be used for the Lethal Fish Health Survey

Indicator

Growth
(Energy Use)
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Size at age

Response
Variable (Y)

Covariate (X)

Statistical
Procedure

Age

n/a

ANOVA

Total weight

Age

ANCOVA

Length

Age

ANCOVA

Total weight

Total weight

n/a

ANOVA

Length

Length

n/a

ANOVA

Relative gonad weight

Gonad weight

Total weight

ANCOVA

Relative fecundity

# eggs/female

Total weight

ANCOVA

Condition

Total weight

Length

ANCOVA

Relative liver weight

Liver weight

Total weight

ANCOVA

n/a = not applicable; ANOVA = analysis of variance; ANCOVA = analysis of covariance.

Prior to statistical analysis, data will be tested for the assumptions of parametric statistical tests.
Assumptions for ANOVA include normality and homogeneity of variances. Assumptions for ANCOVA
include linearity between the response variable and the covariate, homogeneity of regression slopes among
sampling sites, and normality and homogeneity of variances of the regression residuals. Should the above
assumptions for parametric statistics not be met, the appropriate non-parametric statistical test will be
applied (e.g., Kruskal-Wallis).
If a significant difference is found in the overall ANOVA or ANCOVA, then the core lakes will be compared
to the reference lakes individually. If there is no significant difference between reference lakes, then the
following contrasts will be conducted:
•

Area 8 versus reference lakes; and

•

Lake N11 versus reference lakes.

If a significant difference is detected between reference lakes, then the following contrasts will be
conducted:
•

Area 8 versus East Lake;

•

Area 8 versus Lake 3;

•

Lake N11 versus East Lake; and

•

Lake N11 versus Lake 3.

Statistical comparisons to baseline data collected from the core lakes in 2015 (i.e., pre-impact) will also be
conducted using ANOVA. The probability of Type I error (α) will be set equal to 0.1 for all statistical
comparisons. The α will be adjusted for multiple comparisons (the contrasts) using a Bonferroni correction
factor, or another appropriate method.
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The magnitude of differences between sampling areas contrasted will be calculated by expressing the
difference as a percentage of the pooled reference area mean, as follows:
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =

exposure mean – pooled reference mean
pooled reference mean

× 100

[Equation 5]

To assess whether fish health data fall within the range of natural variability, mean/median values for adult
male and adult female Ninespine Stickleback from the core lakes (i.e., Area 8 and Lake N11) will be
compared to regional normal ranges calculated for select fish health endpoints. Calculation methods are
provided in Section 6.2.3.5. Regional normal ranges will be calculated for fish health endpoints every three
years using baseline data collected from the core lakes in 2015 (i.e., pre-impact; Area 8 and Lake N11) and
data collected from the reference lakes from 2015 to the current sampling year. Data used to determine
normal ranges will be screened prior to calculation, with outlier values (i.e., Studentized residuals >|3.5|)
removed. Regional normal range endpoints for the lethal survey are:
•

total length;

•

total weight;

•

size-at-age;

•

condition;

•

relative liver weight;

•

relative gonad weight; and

•

fecundity.

Data Analysis for Population Survey
The population survey will include Ninespine Stickleback processed using lethal and non-lethal methods
and perform comparisons among areas for the following effect indicators:
•

survival (e.g., length frequency distribution);

•

growth (e.g., length and weight);

•

reproduction (e.g., proportion of young-of-the-year); and

•

energy use (e.g., condition).

While it is possible to estimate state-of-maturity (i.e., YOY, juvenile, or adult) for many species using nonlethal methods based on size distributions, it is not possible to determine sex from an external examination
for Ninespine Stickleback. Therefore, data cannot be subdivided by sex and maturity for the population
survey. The specific indicators, effect endpoints, response variables, and covariates (as appropriate) to be
used in the statistical testing for the population survey, are presented in Table 6.7-4.
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Statistical Procedures to be used in the Population Survey

Indicator

Effect Endpoint

Response Variable (Y)

Covariate (X)

Statistical Procedure

Survival

Length frequency distribution

n/a

n/a

K-S test

Growth
(Energy Use)

Length

Length

n/a

ANOVA

Weight

Total weight

n/a

ANOVA

Reproduction
(Energy Use)

Proportion of YOY

Proportion of YOY

n/a

Chi-square

Condition
(Energy Storage)

Condition

Total weight

Length

ANCOVA

n/a = not applicable; K-S test = two-sample Kolmogorov-Smirnov test; ANOVA = analysis of variance; ANCOVA = analysis of
covariance; YOY = young-of-year.

Normal range endpoints for the population survey are:
•

total length;

•

total weight; and

•

condition.

When calculating means or medians, the arithmetic mean will be used when the year’s data are shown to
be normally distributed based on the Shapiro-Wilk test (P<0.05). If normality can be achieved by applying
a log-transformation to the data, a geometric mean will be used to estimate the lake mean. In cases where
normality cannot be achieved by applying a transformation to the data, the median will be used to provide
an estimate of central tendency. The measure of central tendency selected for each parameter will be
reported.

6.7.4

Quality Assurance and Quality Control

The QA/QC procedures are designed such that all field sampling, laboratory analyses, data entry, data
analyses, and report preparation produce technically sound and scientifically defensible results. As part of
routine QA/QC for field operations, equipment will be calibrated and samples will be collected by
experienced personnel and will be labelled, preserved, and shipped according to standard protocols.
Specific work instructions outlining each field task in detail will be provided to the field personnel by the task
manager and reviewed prior to the start of the field program. Detailed field notes will be recorded in
waterproof field books and on pre-printed waterproof field data sheets in either pencil or indelible ink. Data
sheets and all sample labels will be checked at the end of each field day for completeness and accuracy.
Chain-of-custody forms will be used to track the shipment of all samples. Ten percent of the histology data
will be randomly selected and re-analyzed by an independent histopathologist.
For every ten fecundity samples, one sample will be re-counted by a second person. If the re-count of the
sample is within 10% of the initial count, the initial count will be regarded as acceptable and no re-count of
the remaining samples will be required. If the re-count is not within 10% of the initial count, the initial count
will be regarded as unacceptable and the remaining nine samples will be re-counted. The QC procedure
will be repeated until re counts are within 10% of the previous count.
The QC for data entry involves checking a minimum of 10% of the data for completeness, data entry errors,
transcription errors, and invalid data. This verification will be done by a second, independent person. If an
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error is found, all data will undergo a zero tolerance (i.e., every datum checked) QC check. Statistical results
will be independently reviewed by a senior statistician. Tables containing both summary data and statistical
results will be reviewed, and values verified by a second person.
Outliers will be assessed by visual inspection of boxplots and scatterplots of the data and values of the
Studentized residuals. These observations will be corrected if values are identified as data entry errors. If
an outlier is removed from a dataset, then two analyses will be reported: one with the outlier(s) and one
excluding the outlier(s). This will enable an assessment of the influence of the outliers on the results of the
analysis.

6.8
6.8.1

Fish Tissue
Objectives and Scope

The key objectives of the fish tissue component of the AEMP are as follows:
•

to evaluate the short-term and long-term effects of the Project on fish tissue (e.g., metal concentrations)
in the core lakes;

•

to evaluate the accuracy of the predictions made in the EIS and other submissions to the MVLWB
regarding effects on fish tissue;

•

to evaluate whether traditional water uses in Lake N11 (outside of the mixing zone) and in all waters
downstream of Kennady Lake are affected by the Mine’s activities throughout construction, operation,
and closure and reclamation;

•

to assess the efficacy of impact mitigation measures proposed in the mine plan to minimize effects on
fish tissue;

•

to provide the data necessary to inform adaptive management to reduce or eliminate Mine-related
effects; and

•

to recommend any necessary and appropriate changes to the fish tissue component of the AEMP for
future years.

The EIS predicted negligible effects to aquatic health as a result of changes in concentrations of substances
(e.g., metals) in fish tissue as a result of the Mine.
The AEMP will include monitoring of metal concentrations in small-bodied fish carcass samples collected
as part of the fish health survey, and in dermal plugs (i.e., non-lethal samples) from Northern Pike collected
from Lake D2/D3. An objective of assessing fish tissue metal concentrations under the AEMP is to evaluate
whether water level/water flow and mine construction/operations have altered fish in such a way as to limit
their use by humans. Fish usability can be affected by altered flavour or odour (i.e., tainting), or metal
concentrations above consumption guidelines. In addition, body burdens of various contaminants can
confirm exposure and may help explain effects observed during the fish health survey.
Analyses of fish tissues for metal concentrations will be conducted using small-bodied fish carcasses
collected as part of the fish health program from Area 8, Lake N11 and two reference lakes (East Lake and
Lake 3), and will also include dermal plugs collected from large-bodied fish in Lake D2/D3. Lake D2/D3 is
included to assess/monitor the influence of flooding on fish tissue mercury concentrations. Small-bodied
fish tissue chemistry will be used as an early warning indicator of potential effects on tissue quality of largeDe Beers Canada Inc.
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bodied fish (e.g., Lake Trout, Northern Pike, Arctic Grayling), and will also be considered during the
interpretation of the results from the fish health component.
It is expected that a subset of the large-bodied fish captured and sacrificed in the fish tasting program will
also be submitted for fish tissue chemistry (Section 1.5).

6.8.2

Changes Relative to Design Plan Version 5

Changes to the AEMP Design Plan and location of the rationale for the changes are outlined Table 6.8-1.
Table 6.8-1

Changes to the Fish Tissue Component of the AEMP Design Plan Relative to
Version 5

Category

Change

Section No. for Full Rationale in the 2015
to 2018 Aquatic Effects Re-evaluation
Report

Sampling Design

Clarify that the target sample size for the fish tissue components
is ten Ninespine Stickleback carcass samples for each of the
AEMP lakes and ten Northern Pike tissue plugs for Lake D2/D3
mercury monitoring

Section 13.3.3

Sampling Design

Indicate that duplicate samples will not be collected or submitted
for laboratory analysis during routine monitoring for the AEMP

Section 13.4.4

Analytical Methods

State that the best achievable DL available from the analytical
laboratory will be used for metal analysis in fish tissue

Section 13.3.2

Data Analysis

Add 2015 fish tissue chemistry data from Lake N11 and Area 8 to
Section 7.4.1 and Appendix 7B
the “pre-impact” dataset

Data Analysis

Adopt a CES based on a magnitude of difference of 100% for fish
Section 13.3.1
tissue

Data Analysis

Update methods for calculating descriptive statistics for fish
tissue parameters

Data Analysis

Clarify how lake-wide mean/median concentrations are
calculated

Data Analysis

Revise the current approach for managing non-detect values,
including clarifying the pre-treatment of censored data with
respect to the exclusion of high non-detect data from normal
range calculations(a)

Section 13.4.3
n/a(a)

Section 7.4.3 Appendix 7B

a) Commitment made by De Beers in response to AEMP Workshop Information Request.
AEMP = Aquatic Effects Monitoring Program; DL = detection limit; CES = critical effect size; No. = number.

6.8.3
6.8.3.1

Methods
Field Methods

Fish collection for small-bodied fish tissue analyses will be harmonized with the fish health program
(Section 6.7) to reduce the number of mortalities associated with the AEMP sampling. A subsample of adult
Ninespine Stickleback carcasses will be submitted from each lake for tissue chemistry analysis. Fish tissue
chemistry collections from Lake D2/D3 (i.e., non-lethal plugs), which are not part of the fish health sampling,
will be included in the fish tissue program.
Carcasses of Ninespine Stickleback will be submitted individually or pooled to obtain 10 samples of a
minimum 0.5 g weight for each sampling location. If required, composite samples will be made up of
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similarly sized fish of the same sex. The remaining carcasses will be archived. A total of 10 individual
Northern Pike will be targeted in Lake D2/D3 and sampled non-lethally using dermal plugs for tissue
chemistry. The fish carcass samples, and dermal plug samples will be sent to ALS and Flett laboratories,
respectively, for tissue chemistry analyses.

6.8.3.2

Laboratory Methods

The fish tissue chemistry samples will be analyzed using low volume analysis for the metals and major ions
listed in Table 6.8-2. The best achievable detection limit available from the analytical laboratory for low
volume analysis will be used for fish tissue metal analysis.
Table 6.8-2

Variables to be Analyzed in the Small-Bodied Fish Carcass Samples
2019 Detection Limit
(mg/kg ww)(a)

Variable
% Moisture

2.0

Aluminum

1.0

Antimony

0.0020

Arsenic

0.0060

Barium

0.010

Beryllium

0.0020

Bismuth

0.0020

Boron

0.20

Cadmium

0.0020

Calcium

4.0

Cesium

0.0010

Chromium

0.040

Cobalt

0.0040

Copper

0.040

Iron

1.0

Lead

0.0100

Lithium

0.10

Magnesium

0.40

Manganese

0.010

Mercury(b)

0.0010

Molybdenum

0.0080

Nickel

0.040

Phosphorus

2.0

Potassium

4.0

Rubidium

0.010

Selenium

0.020

Silver

0.0010

Sodium

4.0

Strontium

0.020

Tellurium

0.0040

Thallium

0.00040
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2019 Detection Limit
(mg/kg ww)(a)

Variable
Tin

0.020

Titanium

0.10

Uranium

0.00040

Vanadium

0.020

Zinc

0.20

Zirconium

0.040

a) 2019 detection limits for ALS Environmental provided based on low volume analysis. Actual detection limits may vary, with the best
achievable detection limit for low volume analysis offered by the analytical laboratory used.
b) Total mercury.
mg/kg ww = milligrams per kilogram wet weight.

6.8.3.3

Data Analysis and Interpretation

Analyses and interpretation of fish tissue data will focus on answering the following key question:
•

Are tissue metal concentrations in fish from waterbodies within the Kennady Lake watershed and
downstream watersheds increasing relative to baseline or reference lakes?

This key question addresses the impacts to fish populations through changes in fish tissue and provide
information relevant to evaluating potential impacts to the traditional use of harvesting fish.
Prior to summarizing and performing statistical analyses on the fish tissue chemistry data, values below the
detection limit will be reviewed. Non-detect values will be dealt with as per guidance from the USEPA (2006)
and discussed in Section 6.2.3.5. Where concentrations of a parameter are above the detection limit in
more than 50% of samples, small-bodied fish tissue metal concentrations in Area 8 and Lake N11 will be
compared to the reference lakes using ANOVA or ANCOVA to evaluate whether there are statistically
significant differences among lakes as per the statistical tests presented in Table 6.8-3. If a significant
difference is found in the overall ANOVA or ANCOVA, then contrasts will be conducted to assess
differences among lakes, as was done for the fish health endpoints (Section 6.7.3.6). Assumptions of
parametric statistical tests will be tested as outlined for the fish health analyses. Where concentrations of a
parameter are below the detection limit in more than 50% of the samples, comparisons will be made among
areas using a test of proportions comparing the proportion of data above the detection limit among areas.
Statistical comparisons to baseline data collected from the core lakes in 2015 (i.e., pre-impact) and Lake
D2/D3 in 2013 and 2016 will also be conducted using ANOVA or ANCOVA.
Censored data will be screened to exclude high non-detect data prior to statistical analyses and normal
range calculations. Specifically, non-detect values with detection limits that exceed the highest measured
concentration in the dataset will be excluded.
The critical effect size for the fish tissue chemistry component will be a magnitude of difference of 100%.
This effect size is intended to ensure that differences in concentrations between the core and reference
lakes are real differences and less likely to be attributed to analytical variability and uncertainty, and spatial
and temporal variation.
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To assess whether fish tissue metal concentrations fall within the range of natural variability, mean/median
metal concentrations from the core lakes (i.e., Area 8 and Lake N11) will be compared to regional normal
ranges calculated for fish tissue chemistry parameters. Calculation methods are provided in Section 6.2.3.5.
Regional normal ranges will be calculated for fish tissue chemistry parameters every three years using
baseline data collected from the core lakes in 2015 (i.e., pre-impact; Area 8 and Lake N11) and data
collected from the reference lakes from 2015 to the current sampling year. Data used to determine normal
ranges will be screened prior to calculation, with outlier values (i.e., Studentized residuals >|3.5|) removed.
Table 6.8-3

Statistical Procedures Used in the Analysis of Fish Tissue Chemistry Data
Response Variable
(Y)

Metal

Statistical
Procedure

Covariate (X)

Mercury, selenium(a)

Mercury or selenium
concentration

Total weight(b)

ANOVA or ANCOVA

Aluminum, antimony, arsenic, barium, beryllium, bismuth,
boron, cadmium, calcium, cesium, chromium, cobalt,
copper, iron, lead, lithium, magnesium, manganese,
molybdenum, nickel, phosphorus, potassium, rubidium,
silver, sodium, strontium, tellurium, thallium, tin, titanium,
uranium, vanadium, zinc, and zirconium

Metal concentration

n/a

ANOVA

a) Mercury and selenium can biomagnify (i.e., accumulate to a greater degree in higher trophic level organisms); therefore, these
metals are standardized to fish size for statistical testing.
b) If total weight is not a significant covariate in the ANCOVA model, ANOVA will be used excluding the covariate.
ANOVA = analysis of variance; ANCOVA = analysis of covariance; n/a = not applicable.

When calculating means or medians, the arithmetic mean will be used when the year’s data are shown to
be normally distributed based on the Shapiro-Wilk test (P<0.05). If normality can be achieved by applying
a log-transformation to the data, a geometric mean will be used to estimate the lake mean. In cases where
normality cannot be achieved by applying a transformation to the data, the median will be used to provide
an estimate of central tendency. The measure of central tendency selected for each parameter will be
reported.

6.8.4

Quality Assurance and Quality Control

As per the industry standard, a series of sample blanks, spikes, and duplicates, as detailed above, will be
run in parallel with the tissue chemistry samples. All results of these internal QA/QC processes will be
reported with the laboratory data and any deviations from acceptable limits will be reported. If acceptable
limits are exceeded, samples will be re-assessed and, if necessary, re-analyzed.
Laboratory data will be screened similar to the water quality data (Section 9.2.5). A review of the data entry
will involve checking a minimum of 10% of the data for completeness, data entry errors, transcription errors,
and invalid data. This verification will be done by a second, independent individual. If an error is found, all
data will undergo a zero tolerance QC check (i.e., every datum checked). Statistical results will be
independently reviewed by a second statistician. Tables containing both summary data and statistical
results will be reviewed and values verified by a second, independent individual.
Outliers will be assessed by visual inspection of boxplots and scatterplots of the data and values of the
Studentized residuals. These observations will be corrected if values are identified as data entry errors. If
an outlier is removed from a dataset, then two analyses will be reported: one with the outlier(s) and one
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excluding the outlier(s). This will enable an assessment of the influence of the outliers on the results of the
analysis.

6.9
6.9.1

Supporting Environmental Data
Objectives and Scope

The objective of the Supporting Environmental Data component is to summarize information that describes
the general conditions at the Mine site and the local environment where the AEMP is conducted. This
information will assist in the interpretation of the component-specific AEMP results by the main AEMP
components (i.e., hydrology, water quality, sediment quality, plankton, benthic invertebrates, fish habitat
and community, fish health, and fish tissue).
Information presented in this section will include Mine-related data (e.g., project description changes,
accidents, spills and malfunctions, discharge volumes, runoff quality, and Surveillance Network Program
[SNP] water and sediment quality data) and non-Mine related data (e.g., seasonal water temperature, ice
thickness, ice-off dates, dust deposition, and meteorological conditions (e.g., air temperature, precipitation,
wind direction and speed, and solar radiation).

6.9.2

Methods

The types of information to be collected as part of the Supporting Environmental Data component are
summarized in Table 6.9-1, together with the source of the information. Further details are provided in the
text following this table.
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Type

Accidents, malfunctions, and
spills
Volume of discharges to the
receiving environment
Runoff (uncontrolled with
quality concerns)

Air temperature
Precipitation
Wind speed
Wind direction
Net solar radiation over water
Solar radiation
Dust deposition
Water temperature

Lake Physical
Conditions

Section 6

Information/Parameter

SNP stations in Lake N11

Meteorology and
Dust Deposition

February 2022

Types of Information used to Characterize Site Conditions for the Aquatic Effects
Monitoring Program

Project description changes

General Site
Conditions

6-73

Date of ice-off
Days of ice-cover versus open
water
Ice thickness

Format
Narrative
Narrative
Flow rate, as m3/d
Narrative; chemistry and volume data to be
provided as applicable
Water and sediment quality data

Source
De Beers Environmental
Coordinators
De Beers Environmental
Coordinators
De Beers Environmental
Technicians
De Beers Environmental
Technicians
De Beers Environmental
Technicians

Min, mean, max, median per month and
annually, as °C
Precipitation rate, as mm/d
Mean, max, median per month and
annually, as m/s
Narrative
Min, mean, max, median per month and
annually, as W/m2
Min, mean, max, median per month and
annually, as W/m2
Deposition rate, as mg/100 cm2/30 d

De Beers Environmental
Technicians;
Monthly SNP reports

Min, mean, max, median per month and
per open-water season for each sampled
lake, as °C

De Beers Environmental
Technicians; AEMP
Hydrology Monitoring
Program

Date from site observations of Area 8 and
Lake N11; information may be limited for
other study lakes
Number of days of each based on site
observations of Area 8 and Lake N11;
information may be limited for other study
lakes
Mean thickness for each sampled lake
during the winter season, as m

De Beers Environmental
Technicians
De Beers Environmental
Technicians
AEMP Water Quality
Monitoring Program

AEMP = Aquatic Effects Monitoring Program; mm/d = millimetres per day; mg/100 cm2/30 d = milligrams per hundred square
centimetres per thirty days; W/m2 = watts per square metre; SNP = Surveillance Network Program.

General Site Condition Monitoring
The conditions at the Mine site will be characterized by reviewing the following information to be provided
by De Beers Environmental Department staff and/or within the Annual Water Licence Report: project
description changes; identification of accidents, malfunctions, or spills relevant to the aquatic environment;
the volume of effluent discharged; and any uncontrolled runoff containing substances of potential concern
(Table 6.9-1).
Data collected from the SNP monitoring stations (i.e., end-of-pipe and edge-of-mixing zone) in Lake N11
(i.e., SNP-01 and SNP-02, per the Water Licence [MV2005L2-0015]), as applicable, will be presented.
Monitoring at these locations will provide hydrology, water quality, and sediment quality data that will be
useful to evaluate the near-field influence of discharges from the controlled area of Kennady Lake.
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Meteorological and Dust Deposition Monitoring
The meteorological and air quality conditions at the Mine site will be characterized by reviewing the following
information from the annual air quality and meteorological program: air temperature; rainfall; wind speed;
predominant wind direction; net solar radiation over water; and solar radiation. Data on the rate of dust
deposition, air quality of the dustfall and information collected as part of the Vegetation and Soils Monitoring
Program (VSMP) will also be incorporated.
Meteorological data for the Mine will be collected at two stations: the Hill Station and the Lake Station.
These data will be reviewed to evaluate whether there are monthly differences in weather conditions during
the open-water season that may affect the site hydrology, plankton, benthic invertebrates, or fish
communities. These data are available from baseline to present; comparisons will be done yearly and to
baseline conditions.

Physical Condition Monitoring in Lakes
Information on general habitat conditions of each study lake will be presented, including seasonal water
temperature, duration of ice cover, and ice thickness.
At Area 8 and Lake N11, water temperature may also be recorded by water level transducers as part of
other monitoring programs. If these data are available, then the data will be summarized and included in
the AEMP annual report.
Level and temperature data loggers (Solinst Levelogger “Edge”, type M5 or M2, Model 3001) will also be
installed in conjunction with the hydrology monitoring program. Water temperature will be recorded for
open-water conditions at Area 8, Lake N11, Lake 410, Kirk Lake, East Lake, Lake 3, and Lake D2/D3.These
data loggers will be installed at the outlets of the lakes, at a depth of 0.5 to 2.0 m, and will be set to measure
water temperature every 15 minutes. The primary function of these data loggers will be to record water
level; therefore, they must be sheltered from wind or wave action, and must be placed at depths that can
easily be accessed during open-water conditions.
Data on ice thickness and duration of ice cover are collected during the AEMP water quality field programs.
Ice thickness will be measured at each sampled lake during the late winter under-ice monitoring programs,
and duration of ice cover will be monitored for Area 8 (and other lakes to the extent possible). These data
will be tabulated as part of the summary of the site conditions.

6.9.3

Data Analyses

The data summaries within the Supporting Environmental Data section will be used by the main AEMP
components to aid in the interpretation of their specific data, such as to evaluate whether observed changes
are potentially mine-related, or a result of natural factors. Data analysis in this section is limited, with the
majority of AEMP data analysis and interpretation occurring in each relevant component-specific section,
as required. Data analyses will be limited to narrative statements and comparisons between months, and
annually as appropriate.
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Quality Assurance and Quality Control

The QA/QC procedures govern all aspects of the AEMP including field methods, laboratory analysis, data
management and analysis, and reporting. Data presented in this section from general site condition
monitoring and meteorological and dust deposition monitoring components will undergo QA/QC as part of
those components. The QA/QC program for the water temperature logging program will involve comparing
logger data to field measurements collected during AEMP field programs to check for completeness,
accuracy, and consistency during processing.

6.10
6.10.1

Weight of Evidence
Introduction

In general terms, WOE is a transparent and systematic method for integrating different lines of evidence
obtained from AEMP components. The WOE approach contributes to the understanding annual AEMP
results and the underlying cause(s) of biological responses to stressors. The WOE also serves to inform
decision making by supporting the Response Framework. The WOE approach allows the integration of
different lines of evidence (i.e., from each of the AEMP components) to promote understanding of the
causes of biological responses, which enables actions to be taken to avoid adverse impacts from occurring
as a result of mine activities. The use of a WOE approach satisfies the Water Licence requirement for a
results integration process (MV2005L2-0015; Part I, Section 3) for the Mine.

6.10.2

Objectives and Scope

The purpose of the WOE component of the AEMP is to integrate the changes and patterns identified by
individual components to inform conclusions regarding the type(s) of impacts that may be occurring in the
aquatic ecosystem. The objectives of the WOE component are as follows:
•

to integrate AEMP findings for each core lake (Area 8 and Lake N11), Lake D2/D3, and downstream
streams;

•

to evaluate the strength of support for each impact hypothesis in each core lake, Lake D2/D3, and
downstream streams; and

•

to support decision-making in the event that management responses are warranted.

The WOE analysis will be conducted separately for each lake such that a lack of impact observed in one
lake would not override an observed impact in another lake. The WOE analysis integrates the findings of
individual biological components to support or reject the three impact hypotheses (i.e., toxicological
impairment, nutrient enrichment, and physical habitat alteration), and to evaluate the strength of evidence
for the impact hypotheses using all relevant indicators.
The WOE process does not supersede the AEMP Response Framework and the processes contained
therein; conclusions made through the WOE assessment serve only to inform on the possible types of
effects that may be occurring in the aquatic ecosystem (i.e., toxicity, nutrient enrichment, or habitat
alteration).

6.10.3

Changes Relative to Design Plan Version 5

Changes to the AEMP Design Plan and location of the rationale for the changes are outlined in
Table 6.10-1.
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Changes to the Weight of Evidence Component of the AEMP Design Plan Relative
to Version 5

Category

Change

Section No. for Full Rationale in
the 2015 to 2018 Aquatic Effects
Re-evaluation Report

Rating Criteria

Remove the evaluation of temporal trends criteria from WOE assessment

Section 15.3.2

Rating Criteria

Apply minor changes to the ratings for the statistical comparisons and
normal range evaluation criteria to incorporate “baseline” and “regional”
normal ranges; this change applies to all components except hydrology

Section 15.3.2

Rating Criteria

Add a Rating 3 for both the Statistical Comparisons and Normal Range
and Comparisons to Benchmarks evaluation criteria for the water and
sediment quality components

Section 15.3.2

AEMP = Aquatic Effects Monitoring Program; WOE = weight of evidence; No. = number.

Refinement of ratings has occurred during each AEMP and the refined ratings were presented in past
AEMP annual reports, with the latest ratings presented in the 2020 AEMP Annual Report (De Beers 2021b).
The main change from previous WOE assessments is the removal of the Evaluation of Temporal Trends
evaluation criterion. Temporal trends are not directly relevant to the annual WOE assessment, which
focuses on a “snapshot” of current conditions in the receiving environment to inform on the types of effects
that may be occurring in the aquatic ecosystem.

6.10.4

Approach

The integration of multiple lines of evidence is a defining characteristic of WOE assessments; integration
allows us to understand, to the extent possible, the cumulative effects of environmental changes. The WOE
does not alter the Response Framework process described in Section 8. The WOE process is summarized
in Figure 6.10-1 and explained in the following sections.
The current WOE approach is qualitative and incorporates a high degree of professional judgement, which
is common to WOE assessments (Environment Canada and Ontario Ministry of the Environment 2008;
Environment Canada 2012b). The current WOE approach has successfully contributed to the interpretation
of annual AEMP results and underlying cause(s) of biological responses to stressors in past AEMP reports,
and communicates the results clearly and concisely. It is therefore considered suitable for future AEMPs
and a qualitative approach will continue to be used. However, the WOE approach could be evaluated during
subsequent Aquatic Effects re-evaluations to determine whether a semi-quantitative approach may be
warranted in the future.
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Overview of the Weight of Evidence Approach
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Individual measurement endpoints from the AEMP (e.g., water quality measurements, plankton abundance,
fish liver size) provide lines of evidence for the WOE assessment (Figure 6.10-1). Multiple lines of evidence
(i.e., measurement endpoints) are grouped into Endpoint Groups, representing similar types of evidence,
as follows:
•

Exposure: includes those measurement endpoints that indicate a mine-related stressor is present in
the aquatic environment (i.e., toxicants, nutrients, or physical habitat alteration); includes hydrology,
water quality, sediment quality, and fish tissue chemistry.

•

Field Biological Response: includes measures of potential ecological changes, including any change
in the natural biological community as a result of exposure to one or more stressors; includes plankton,
benthic invertebrates, fish habitat and community, and fish health.

The stressors of interest in the exposure endpoint group include changes in water, sediment and fish tissue
chemistry, as well as physical habitat alteration. The exposure endpoint group also includes indicators of
food supply for mid- and upper trophic levels (e.g., for zooplankton, benthic invertebrates, and fish). The
measures of potential ecological changes in the field biological response endpoint group include changes
in plankton biomass and/or community structure, benthic invertebrate abundance and/or community
structure, and fish health and presence.
Within the context of the WOE process, the term “exposure” is used both in the traditional sense (e.g., a
chemical is present in the water) and a general sense (e.g., a stressor is present). While physical habitat
alteration is not the same as traditional exposures to toxicants or nutrients, a physical change in habitat as
a result of the Mine or its activities (e.g., altered water flow volumes and velocity during dewatering activities,
bank erosion, sediment entrainment and deposition) introduces a stressor to the aquatic environment that
is considered under the exposure endpoint group.
The WOE process considers the two endpoint groups side-by-side. Within each AEMP component, this is
done individually for each type of stressor (i.e., toxicants, nutrients, and physical habitat alteration) to yield
WOE conclusions for each impact hypothesis (i.e., toxicological impairment, nutrient enrichment, or
physical habitat alteration).
During the WOE analysis, each measurement endpoint (or endpoint group) first receives a rating, and then
a weighting. The rating is based on the degree of change or response seen in the measurement endpoint
and is identified by arrows indicative of the direction of change or relationship (e.g., ↑ or ↓, or ↑↑ or ↓↓).
Ratings are considered by AEMP component and are presented in endpoint summary tables within the
WOE section of the AEMP. Following assignment of ratings, the weighting process is initiated by describing
the rationale and decision criteria13 by which each measurement endpoint is considered in the WOE. The
weighting reflects how good an indicator the measurement endpoint is of change in the system. The
weighting process can be done qualitatively or quantitatively based on scientific principles, quantitative
analyses and best professional judgement (with supporting rationale). The process of assigning a rating
and a weighting for a given measurement endpoint (or endpoint group) is called effects weighting. The
effects weightings resulting from this process are then weighted again to achieve a group rating (e.g., water
quality exposure group rating, phytoplankton community field biological response group rating), and then

13

Decision criteria may include effects benchmarks and associated responses.
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combined to produce an overall WOE ranking during the integration stage. The WOE ranking indicates the
degree of support by each AEMP component for each impact hypothesis (Figure 6.10-1).
The maximum ratings from the endpoint summary tables are carried into the weighting process, and the
maximum rating within an endpoint group is applied as the overall endpoint group rating. The two endpoint
group ratings (i.e., one for exposure and one for field biological responses) are then combined to draw an
overall conclusion for each hypothesis. This process is repeated for each major ecosystem component
(plankton, benthic invertebrates, and fish) to complete the WOE process.
Thus, in the WOE process, the “evidence” includes those types of changes that are seen in the exposure
and field biological response endpoint groups, while the “weight” is determined from a combination of how
good each measurement endpoint (or endpoint group) is at indicating effects and the degree of change.
The WOE process is critical to understanding the results of the AEMP, independent of whether or not
changes have occurred, because it is a systematic, reproducible process for integrating biological
responses within the existing exposure scenario. The WOE process as a whole concludes with rankings of
support for the impact hypotheses.
The WOE Rankings are not intended to indicate the ecological relevance of observed effects. This is an
important distinction between the WOE process and the AEMP Response Framework (Section 8); the WOE
process describes potential linkages from exposure to observed biological changes in the study area, and
actively supports decision-making in the AEMP Response Framework. Only the Response Framework sets
out specific levels of acceptable/unacceptable changes.

6.10.5

Measurement Endpoints

The AEMP includes data collection and analyses relating to multiple components, including hydrology,
water quality (water chemistry, including physical, nutrient, and metals parameters), sediment quality
(sediment chemistry, including physical, nutrient, and metals parameters), phytoplankton and zooplankton
communities, benthic invertebrate communities, fish habitat and community, fish health, and fish tissue
chemistry. The physical, chemical and biological variables that are monitored are specific to address the
key questions addressed by each component in the AEMP, and are known as the measurement endpoints.
The individual measurement endpoints are, for the most part, addressed individually in the WOE
assessment. For many of the endpoint groups, the range of measurement endpoints measured in the AEMP
encompasses different stressor types, media, levels of biological organization, and data analysis methods.
This provides a “battery” approach for assessing the degree of effect associated with each group, which
enhances the confidence around any measured change.
Although multiple measurement endpoints are obtained from each AEMP component, not all endpoints can
or should provide equivalent indicators of change in the aquatic ecosystem. Measurement endpoints will
be weighted relative to one another. This weighting will reflect how good an indicator the measurement
endpoint is for evaluating a change in the aquatic ecosystem. Greater weight will be given to measured
changes that more directly indicate the potential for substantial environmental impacts (e.g., effects that
are high magnitude, irreversible, and cover a large geographic extent). For example, changes to aquatic
communities more directly indicate potential environmental impairment, whereas increases in
concentrations of chemicals of concern (i.e., potential toxicants) in water or sediment may or may not
indicate such an effect. Effects that are definitively shown to be caused by the Mine will be weighed more
heavily than those with a higher degree of uncertainty with respect to causation.
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Effects Weighting

Effects weighting and the establishment of decision criteria will be performed in consideration of, but not
limited to, the following:
•

the relative importance of valued components (i.e., water quality and fish);

•

the ability of measurement endpoints (or endpoint groups) to provide an indication of change in the
aquatic ecosystem;

•

the ability of measurement endpoints (or endpoint groups) to indicate if changes are Mine-related;

•

the magnitude and direction of the changes relative to benchmarks, reference conditions, or baseline
conditions; and

•

the strength of the evidence brought to the assessment (e.g., multiple or reliable sources of information
to support the evidence).

6.10.6.1

Endpoint Ratings

The WOE assessment begins with rating measurement endpoint results, based on comparison to
benchmarks for each component according to a series of decision criteria. Generally, these ratings are
based upon the relative magnitude of difference between the measurement endpoint result and a
pre-established benchmark of effect (which is related to an AEMP Response Framework Action Level,
Section 8.4) as well as the results of the BACI and normal range analyses. These endpoint group ratings
are then weighted and integrated to obtain an overall WOE ranking (Figure 6.10-1). Response ratings for
each measurement endpoint are presented in Tables 6.10-2 to 6.10-8. These response ratings may be
adjusted each AEMP annual report, as needed.
Increasingly large and/or statistically significant responses will receive progressive ratings of “No
Response” (represented by 0), “Rating 1” (i.e., “↑” or “↓” in Tables 6.10-2 to 6.10-8), “Rating 2” (i.e., “↑↑” or
“↓↓”), or “Rating 3” (i.e., “↑↑↑” or “↓↓↓”) depending on the magnitude and direction of the response. The
arrows visually depict the direction of response (i.e., ↑ = increase, ↓ = decrease); “↑↓” is applied to
measurement endpoints where the direction of response is not clear. Narrative descriptions of the ratings
are as follows:
•

No Response – This rating applies when a measured result is within the baseline (or normal) range,
and there is no exceedance of an EIS or updated predictions or AEMP benchmarks, no visual and/or
statistical difference.

•

Rating 1 (↑/↓) – A change or response, in the exposure endpoint group may be observed, or a
conservative numerical AEMP benchmark has been exceeded; however, the linkage to potential
aquatic effects is low. For the field biological responses endpoint group, this rating applies to indications
of minor shifts (i.e., at the species or genus level) in the abundance, richness or community structure
of phytoplankton, zooplankton, or benthic communities, as well as minor changes/trends in fish health
measurement endpoints.

•

Rating 2 (↑↑/↓↓) – For the exposure endpoint group, this rating applies to situations where changes or
responses are large enough to result in statistically significant differences, and exceedances of less
conservative numerical AEMP benchmarks (e.g., generic WQGs or SQGs) have occurred, and the
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changes appear to be linked to Mine activities. For the hydrology measurement endpoints specifically,
this rating applies to a difference from EIS predictions. For the field biological response endpoint group,
this rating includes indications of moderate shifts (i.e., at the class or functional group level) in the
abundance, richness, or community structure of the phytoplankton, zooplankton, or benthic
communities, as well as more marked changes/trends in fish health measurement endpoints. For fish
community, this rating applies to a change in the presence of fish in the downstream system (as
observed through the flow mitigation plan).
•

Rating 3 (↑↑↑/↓↓↓) – This is the strongest rating, and applies when multiple endpoints within a group
are found to be at Rating 2. A Rating 3 indicates strong evidence for Mine-related changes in water
quality, sediment quality, fish tissue chemistry, or hydrology (i.e., exposure endpoint group), or plankton
community, benthic community, or fish health (i.e., field biological responses endpoint group). As AEMP
data are obtained, this rating will be developed further and/or be refined.

Table 6.10-2

Endpoint
Stream
Discharge and
Water Level

Exp–sure Endpoints - Hydrology Response Ratings

Season

WOE Rating 1
↑/↓

WOE Rating 2
↑↑/↓↓

WOE
Rating 3
↑↑↑/↓↓↓

Discharge and associated water level
between baseline 10-year daily peak
and baseline 25-year daily peak

Discharge and associated water level
above baseline 25-year daily peak

TBD

Channel Integrity

Erosion observed on stream bank less
than 3 m in length and 0.5 m in height
(per 100 m of channel)

Erosion observed exceeding 3 m in
length and 0.5 m in height (per 100 m
of channel)

TBD

Upstream Lake
Water Level

Piezometric water surface elevation
exceeding 10-year flood level, but
remaining below 100-year flood level

Piezometric water surface elevation
exceeding 100-year flood level

TBD

Aufeis considered sufficient to present
a risk of erosion above bankfull stages
of outlet during freshet

Aufeis observed above bankfull at lake
outlet and freshet flow observed
outside of channel boundaries

TBD

Open-water

Ice-cover
Channel Aufeis

TBD = to be determined; WOE = weight of evidence.
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Exposure Endpoints - Water Quality Response Ratings
Evaluation Criteria for
Measurement Endpoint Results

Statistical Comparisons and
Normal Range

WOE Rating 1
↑/↓
Statistically significant BACI effect that is
indicative of increasing concentrations(a)
AND
Core lake mean/median(b) greater than baseline
normal range

Comparison to Benchmarks
(where they exist)

Note: response relative to normal range and
relative to reference lakes must be in the same
direction
Core lake mean/median(b) greater than AEMP
benchmark

Statistical Comparisons with Predyke

Statistically significant effect compared to predyke indicative of increasing concentrations(a)

Comparison to Benchmarks
(where they exist)

Mean/median(b) value greater than AEMP
benchmark

Lake D2/D3

WOE Rating 2
↑↑/↓↓
Rating 1
AND
Core lake mean/median(b)
greater than the regional normal
range
Core lake mean/median(b)
greater than Effect Thresholds
Rating 1
AND
Mean/median(b) value twice or
less pre-dyke mean/median
value
Rating 1
AND
Water quality component
determines a potential for effects
to aquatic life (i.e.,
concentrations exceed toxicity
thresholds)

WOE Rating 3
↑↑↑/↓↓↓
Statistically significant BACI effect that
is indicative of increasing
concentrations(a)
AND
Core lake mean/median(b) greater than
regional normal range
AND
Core lake mean/median(b) greater than
Effect Thresholds
Statistically significant effect compared
to pre-dyke that is indicative of
increasing concentrations(a)
AND
Mean/median(b) value greater than twice
or more pre-dyke mean/median value
AND
Triggering of a Low Action Level for
biological components (i.e., indication of
potential effects to aquatic life)

a) For dissolved oxygen, lower concentrations are of concern, so the reverse is true; for pH, both high and low values are of concern.
b) Whole lake means/medians are calculated using the geometric mean when a log-transformation is applied to the core lake dataset or using the median when a rank transformation is
applied. The arithmetic mean is calculated when the core lake dataset is normally distributed, and no transformation is used.
WOE = weight of evidence; AEMP = Aquatic Effects Monitoring Program; BACI = before-after control-impact; CWQG-PAL = Canadian water quality guideline for the protection of
aquatic life; SSWQO = site-specific water quality objective.
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Exposure Endpoints - Sediment Quality Response Ratings
Evaluation Criteria for
Measurement Endpoint Results

Statistical Comparisons and Normal
Range
Core Lakes
(Area 8 and Lake
N11)

WOE Rating 1
↑/↓
Statistically significant BACI effect
that is indicative of increasing
concentrations
AND
Core lake mean/median(a) greater
than baseline normal range
Note: response relative to normal
range and relative to reference lakes
must be in the same direction

WOE Rating 2
↑↑/↓↓

Rating 1
AND
Core lake mean/median(a) greater
than regional normal range

Comparison to Benchmarks
(where they exist)

Core lake mean/median(a) greater
than CCME ISQG
AND
Core lake mean/median(a) greater
than baseline normal range

Statistical Comparisons with Pre-dyke

Rating 1
Statistically significant effect
AND
compared to pre-dyke that is
Mean/median(a) value twice or less
indicative of increasing concentrations
than pre-dyke mean/median value

Comparison to Benchmarks
(where they exist)

Mean/median(a) greater than CCME
ISQG
Mean/median(a) greater than CCME
AND
PEL
Core lake mean greater than pre-dyke
mean/median

Lake D2/D3

Core lake mean/median(a) greater
than CCME PEL

WOE Rating 3
↑↑↑/↓↓↓

Statistically significant BACI effect
that is indicative of increasing
concentrations
AND
Core lake mean/median(a) greater
than regional normal range
AND
Core lake mean/median(a) greater
than CCME PEL

Statistically significant effect
compared to pre-dyke that is
indicative of increasing
concentrations
AND
Mean/median(a) value more than twice
pre-dyke mean/median
AND
Mean/median(a) greater than PEL

a) Whole lake means/medians are calculated using the geometric mean when a log-transformation is applied to the core lake dataset or using the median when a rank transformation is
applied. The arithmetic mean is calculated when the core lake dataset is normally distributed, and no transformation is used.
WOE = weight of evidence; BACI = before-after control-impact; CCME = Canadian Council of Ministers of the Environment; ISQG = interim sediment quality guideline; PEL = probable
effect level
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Exposure Endpoints - Fish Tissue Chemistry Response Ratings
Evaluation Criteria for
Measurement Endpoint Results

Core Lake Compared to Reference
Lakes and Baseline

WOE Rating 1
↑/↓

WOE Rating 2
↑↑/↓↓

Statistically significant greater
mean/median(a) concentration relative
to reference
AND
Statistically significant greater
mean/median(a) concentration relative
to baseline

Statistically significant greater
mean/median(a) concentration
relative to reference and above
CES(b)
AND
Statistically significant greater
mean/median(a) concentration
relative to baseline and above CES(b)

WOE Rating 3
↑↑↑/↓↓↓

Core lake mean/median(a)
concentration greater than regional
normal range

a) The arithmetic mean is used when the dataset is normally distributed. If the dataset is not normally distributed, but normality can be achieved using a log10 transformation, the geometric
mean is used. If normality cannot be achieved, the median is used.
b) CES is defined as a 100% magnitude of difference and is intended to ensure that differences between core and reference lake concentrations are real differences, and not just
differences that may be attributed to such factors as low concentrations of target contaminants, analytical variability, small minimal sample sizes, and seasonal variability (Environment
Canada 2012a).
CES = critical effect size; WOE = weight of evidence.
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Field Biological Responses Endpoints - Plankton Community Response Ratings
Evaluation Criteria for
Measurement Endpoint Results

Statistical Comparisons and Normal
Range

WOE Rating 1
↑/↓

WOE Rating 2
↑↑/↓↓

Statistically significant BACI effect for
total abundance and biomass
AND
Core lake mean/median(a) outside the
regional normal range

For total abundance and biomass –
Core lake mean/median(a) outside the
regional normal range but within 25%
higher or lower than the regional
normal range in at least two of three
monthly sampling events

Note: response relative to normal
range and relative to reference lakes
must be in the same direction

Evaluation of Community Structure

Statistical Comparisons

Minor shift in community structure,
as indicated by visual assessment of
community composition plots

Statistically significant effect
compared to pre-dyke

For chlorophyll a concentration – A
change in trophic status that supports
the Rating 1 observation

Evaluation of Community Structure

Minor shift in community structure,
as indicated by visual assessment of
community composition plots

Rating 2 in both evaluation criteria for
the same variable

Moderate or greater shift in
community structure, as indicated by
visual assessment of community
composition plots
For total abundance and biomass –
Rating 1
AND
Mean/median(a) value outside predyke mean plus or minus two
standard deviations
For chlorophyll a concentration –
Rating 1
AND
A change in trophic status

Lake D2/D3

WOE Rating 3
↑↑↑/↓↓↓

Rating 2 in both evaluation criteria for
the same variable

Moderate or greater shift in
community structure, as indicated by
visual assessment of community
composition plots

a) Whole lake means/medians are calculated using the geometric mean when a log-transformation is applied to the core lake dataset, or using the median when a rank transformation
is applied. The arithmetic mean is calculated when the core lake dataset is normally distributed, and no transformation is used.
WOE = weight of evidence; BACI = before-after control-impact.
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Field Biological Responses Endpoints - Benthic Invertebrate Community Response Ratings
Evaluation Criteria for
Measurement Endpoint Results

Statistical Comparisons and Normal
Range

WOE Rating 2
↑↑/↓↓

WOE Rating 1(a)
↑/↓
Statistically significant BACI effect for
total density, richness, or the
densities of dominant taxa
AND
Core lake mean/median(b) outside the
regional normal range
Note: response relative to normal
range and relative to reference lakes
must be in the same direction

Evaluation of Community Structure

Minor shift in community structure, as
indicated by visual assessment of
community composition plots

Statistical Comparisons

Statistically significant pre-dyke vs
post-dyke effect

Lake D2/D3

Downstream
Streams

February 2022

Evaluation of Community Structure

Minor shift in community structure, as
indicated by visual assessment of
community composition plots

Statistical Comparisons and Normal
Range

Statistically significant effect
AND
Mean/median(b) value outside the
normal range

Evaluation of Community Structure

Minor shift in community structure, as
indicated by visual assessment of
community composition plots

Rating 1
AND
For any benthic invertebrate
endpoint, core lake mean/median(a)
are outside normal range but within
25% higher or lower than the
regional normal range
Moderate or greater shift in
community structure, as indicated by
visual assessment of community
composition plots
Rating 1
AND
Mean/median(b) value outside the
pre-dyke mean plus or minus two
standard deviations
Moderate or greater shift in
community structure, as indicated by
visual assessment of community
composition plots
Rating 1
AND
Mean/median(b) value outside the
baseline mean plus or minus two
standard deviations
Moderate or greater shift in
community structure, as indicated by
visual assessment of community
composition plots

WOE Rating 3
↑↑↑/↓↓↓

Rating 2 in both evaluation criteria for
the same variable

Rating 2 in both evaluation criteria for
the same variable

Rating 2 in both evaluation criteria for
the same variable

a) There is no normal range for Lake D2/D3, and therefore data are compared statistically against the pre-dyke mean concentrations from Lakes D2 and D3.
b) Whole lake means/medians are calculated using the geometric mean when a log-transformation is applied to the core lake dataset or using the median when a rank transformation is
applied. The arithmetic mean is calculated when the core lake dataset is normally distributed, and no transformation is used.
WOE = weight of evidence; BACI = before-after control-impact.
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Field Biological Responses Endpoints - Fish Health Response Ratings
Evaluation Criteria for
Measurement Endpoint
Results

Core Lake Compared to
Reference Lakes and
Baseline

WOE Rating 1
↑/↓
Statistical difference from
reference
AND
Statistical difference from
baseline

WOE Rating 2
↑↑/↓↓
Statistical difference
from reference and
beyond CES(a)
AND
Statistical difference
from baseline and
beyond CES(a)

WOE Rating 3
↑↑↑/↓↓↓

Mean/median(b) outside
regional normal range

a) CES is defined as a magnitude of difference of 10% for condition, and 25% for length, relative gonad weight, and relative liver
weight.
b) The arithmetic mean is used when the dataset is normally distributed. If the dataset is not normally distributed, but normality can
be achieved using a log10 transformation, the geometric mean is used. If normality cannot be achieved, the median is used.
CES = critical effect size; WOE = weight of evidence.

6.10.6.2

Weighting Considerations

Weighting of measurement endpoints and endpoint groups will be qualitative and apply best professional
judgement. The changes in measurement endpoints or endpoint groups will be weighted by taking the
following into consideration:
•

A priori weighting: A summary of professional judgement regarding the strength and relevance of the
evidence contributed by a measurement endpoint or endpoint group. These weightings are established
a priori and apply to a measurement endpoint regardless of the result. Once established, they remain
the same year to year to allow for comparison of annual WOE results. The overall purpose of the a
priori weighting is to capture the “ability” of the measurement endpoint to determine Mine effects in the
local aquatic ecosystem. Based on the available science, actual ecosystem responses (i.e., those
measurement endpoints considered in the field biological responses endpoint group; Figure 6.10-1) are
deemed to provide a more direct indicator of potential effects in the aquatic ecosystem than indicators
of stressor exposure (i.e., those measurement endpoints considered in the exposure endpoint group)
and will therefore have higher a priori weighting.

•

Direction-weighting: Considerations applied to the field biological responses endpoint group to reflect
the degree of support that an observed response contributes to the different impact hypotheses. These
weightings apply only to field biological responses and will be contingent on the observed direction of
change or relationship. They provide proportional support for each impact hypothesis as indicated by
the direction of change. For example, increases in plankton biomass would typically only be expected
as a result of nutrient enrichment, and therefore, provide 100% support for this hypothesis. However,
changes in plankton community structure might be expected as a result of either nutrient enrichment
or toxicological impairment, and therefore provide proportional support for each hypothesis, but at a
level less than 100%.

•

A posteriori weighting – Additional “up-” or “down-weighting” that may be applied to reflect additional
insight gained during data collection and analysis over the course of the AEMP or as new information
becomes available. This consideration reflects best professional judgement regarding the AEMP
findings in a given year. Two relevant factors include: consistency in response among the individual
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measurement endpoints within an endpoint group, and the strength of linkage to Mine activities (for the
exposure endpoint group) or stressor exposure (for the field biological responses endpoint group). A
discussion of the rationale will be provided where a posteriori weighting is applied in the WOE
assessment.
With respect to a priori weighting, higher weighting for the field biological responses endpoint group is
consistent with guidance from the literature that field-based effect studies should be weighted higher than
laboratory and chemistry-based measurement endpoint results (Chapman and Anderson 2005; Wenning
et al. 2005; Environment Canada and Ontario Ministry of the Environment 2008; Chapman and Smith 2012).
Water and sediment chemistry indicate exposure but do not predict toxicity, because they do not consider
the dose-response relationship between exposure and response, or factors that affect bioavailability and
toxicity under natural conditions. Laboratory toxicity testing is conservative (worst-case) because the
laboratory cultures used in toxicity testing are often more sensitive than natural populations, meaning that
responses observed in the laboratory may not occur or be as pronounced in natural systems. Assessing
resident organisms is subject to natural variability that can make it difficult to detect subtle effects, but where
effects are detected, these responses provide the strongest evidence of actual ecosystem effects.
Therefore, integrating the results from each of the aquatic components and then evaluating them in the
context of the impact hypotheses is required as the final step in the WOE process.

6.10.7

Integration

The final step in the WOE approach involves integration of the rated and weighted endpoint results to
evaluate the level of support for each impact hypothesis for the core lakes, Lake D2/D3 and downstream
streams. Conclusions are separated by ecosystem component (e.g., water quality, plankton community,
benthic invertebrate community, fish). Table 6.10-9 lists the endpoint groups that will be integrated for each
ecosystem component and hypothesis.
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Endpoint Groups and Measurement Endpoints that will be Integrated for the
Weight of Evidence Assessment
Ecosystem Component

Exposure Endpoint Group

Field Biological Responses
Endpoint Group

Plankton community

Water quality
(potential toxicants)

Plankton community indicators

Benthic invertebrate
community

Sediment quality
AND
Water quality
(potential toxicants)

Benthic community indicators

Fish

Fish tissue chemistry
AND
Water quality
(potential toxicants)

Fish health indicators
AND
Fish presence

Plankton community

Water quality
(nutrients)

Plankton community indicators

Benthic invertebrate
community

Water quality
(nutrients, including chlorophyll a)

Benthic community indicators

Fish

Water quality
(nutrients, including chlorophyll a
and plankton and benthic
invertebrate biomass)

Fish Health Indicators
AND
Fish presence

Hydrology

Water quality
(TSS)
AND
Water level and flow

n/a(a)

Plankton community

Water quality
(TSS)
AND
Water level

Plankton community indicators

Benthic invertebrate
community

Water level and flow

Benthic community indicators

Fish

Fish habitat quality and quantity

Fish presence

a) While hydrology (ecosystem component) has only physical endpoints, the physical habitat alteration hypothesis incorporates both
physical and biological response endpoints.
TSS = total suspended solids; n/a = not applicable (no measurement endpoints for the component in that endpoint group).

The outcome of the integration for each component will be a WOE Ranking (Figure 6.10-1) for each
hypothesis in the core lakes, Lake D2/D3 and downstream streams. This ranking indicates the strength of
support for each hypothesis as follows:
•

WOE Rank 0 – Hypothesis not supported by the combined endpoint group findings.

•

WOE Rank 1 – Hypothesis has weak support from the combined endpoint group findings.

•

WOE Rank 2 – Hypothesis has moderate support from the combined endpoint group findings.

•

WOE Rank 3 – Hypothesis has strong support from the combined endpoint group findings.
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The WOE Rankings are intended to reflect the results of component-specific analyses and provide ranks
specific to each measurement endpoint. They provide an indication of the relative strength of evidence
provided by each measurement endpoint based on apparent Mine-related changes and associated
responses. A higher rank represents a higher strength of support for a particular hypothesis.
The WOE Rankings are not intended to indicate the ecological significance of observed effects. For
example, it is possible that there could be moderate evidence (WOE Rank 2) for a particular impact
hypothesis in a core waterbody, but the magnitude and significance of any measured changes with respect
to the ecological integrity of the waterbody could be relatively mild. This is an important distinction between
the WOE assessment and the AEMP Response Framework described in Section 8. The WOE assessment
describes potential linkages between the Mine and observed changes in the aquatic environment, and
actively supports decision-making in the AEMP Response Framework; the latter specifies
acceptable/unacceptable levels of effects or impacts with respect to the ecological integrity of the aquatic
environment in the core lakes, and advises adaptive management actions.
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SPECIAL STUDIES

Special studies will occur as needed, and will include research activities that support effects monitoring.
These studies will not be part of monitoring activities, as they will not assess changes that may be related
to the Mine, but rather will focus on development of monitoring methods, further investigation of monitoring
findings, or to fill data gaps. No specific special studies have been defined within this AEMP Design Plan;
these studies will likely be identified based on further findings from the AEMP and the Response
Framework.
Fish tasting/fish consumption studies will be conducted to further allow for the incorporation of TK in the
AEMP. Section 1.5 discusses the fish tasting events. The program is expected to include large-bodied fish
sampling in a downstream waterbody, such as Kirk Lake, to target fish species that are used, and of an
adequate size, for human consumption. Lethal samples of large-bodied fish (such as, Lake Trout, Northern
Pike, and/or Round Whitefish) will be retained for fish tasting and/or visual inspection purposes by De Beers
and Indigenous community members. A subset of fish may have fish tissue samples collected for scientific
purposes.
Plume delineation studies in Lake N11 will be conducted during periods of operational discharge from the
WMP. The purpose of the study will be to assess the mixing and dispersion of operational discharge from
the WMP to the receiving lake, and to confirm mixing zone predictions of water quality around the diffuser
outfall at the discharge location. Specific conductivity will be used as an indicator of the presence of the
influence of WMP discharge in the receiving lake. Characterization of the plume will be completed by
assessing the spatial delineation of the plume, both vertical and horizontal, and estimating the dilution factor
of the WMP discharge. The dilution factor will be calculated and compared to the predictions made in the
most recent Effluent Quality Criteria report.
The results from these studies will be reported in the AEMP annual reports.
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AEMP RESPONSE FRAMEWORK

Information provided in this section on the AEMP Response Framework for the Mine includes:
•

an overview of the Response Framework;

•

definitions and approach;

•

Significance Thresholds and Action Levels specific to the AEMP; and

•

suggested responses that may result from an Action Level trigger.

8.1

Overview of the AEMP Response Framework

The goal of this section of the AEMP Design Plan is to provide an overview of the AEMP Response
Framework, which links monitoring results to management actions with the purpose of maintaining the
assessment endpoints described in Section 4.6 within acceptable ranges. The Response Framework
described herein provides a systematic approach to responding to the results of the AEMP. It is specific to
the AEMP and provides information for adaptive management by the Mine. This framework was originally
developed with guidance from the Guidelines for Adaptive Management – a Response Framework for
Aquatic Effects Monitoring (WLWB 2010), and is consistent with the updated guidance document
(MVLWB and GNWT 2019).
No changes were made to the AEMP Response Framework, with the exception of Action Levels
(Section 8.4). As a part of the Aquatic Effects re-evaluation and the AEMP Workshop, Low Action Levels
for each of the components were reviewed and a number of revisions and additions were proposed. The
updates to the Low Action Levels are in response to recommendations and commitments made in the
AEMP annual reports and AEMP response plans. Further, since the original Response Framework was
developed, the MVLWB and GNWT developed new guidelines for AEMPs in the NT (MVLWB and GNWT
2019). These 2019 guidelines were taken into consideration when proposing updates to the Low Action
Levels.
Moderate and High Action Levels are also defined for each of the components in accordance with the
MVLWB and GNWT guidance document (MVLWB and GNWT 2019). However, at this stage of the AEMP,
the criteria associated with these effect categories are considered conceptual. Consistent with guidance
from MVLWB and GNWT (2019), it is anticipated that the Moderate and High Action Levels will be reassessed as additional information becomes available, or as new trends emerge as a result of ongoing
monitoring.

8.2

Definitions and Approach

An “effect” is a change that follows an event and is not inherently negative or positive. A linkage must be
established between a measured change and a cause for the change to be deemed an effect; therefore, a
linkage to mining activity is required for a change in a measurement endpoint to be deemed an effect.
Should an effect be detected during the AEMP, a corresponding “action” will occur. The level of action taken
depends on the magnitude or severity of an effect relative to an assessment endpoint. This pre-defined
level of change or effect which would initiate a management action is termed the Action Level. Action Levels
will be applied independently in each monitored waterbody.
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The goal of the AEMP Response Framework is to systematically respond to monitoring results such that
the potential for significant adverse effects are identified, and mitigation actions are undertaken to prevent
a significant adverse effect from occurring. This is accomplished by implementing appropriate mitigation at
pre-defined Action Levels, which are triggered before a significant adverse effect occurs. A level of change
that, if exceeded, would result in a significant adverse effect is termed a Significance Threshold.
The magnitude of an effect is determined and assessed through comparison of measurement endpoints
between exposure areas and reference areas, background values, or benchmark values. For example,
a magnitude of effect that falls within the range of normal variability (i.e., normal range, see below) for
Area 8, or is well below an applicable benchmark value would not trigger an Action Level, and is termed a
negligible effect. A magnitude of effect that falls outside the range of normal variability for Area 8, but is
considered to be of low ecological consequence, would be classified as a Low Action Level and constitutes
a “flag” for careful scrutiny and possible proactive management actions.
The Normal Range is used in this AEMP Design Plan for setting Action Levels, in combination with other
indications of an effect (e.g., benchmarks or statistically significant differences). The normal range is defined
as a measure of natural variability in the study lakes or region, and may be calculated using regional
baseline or existing study lake data. Baseline normal ranges are used in the Low Action Level criteria,
whereas regional normal ranges are used in the Moderate Action Level criteria. The description of normal
range calculation method is provided in Appendix 7B of the 2015 to 2018 Aquatic Effects Re-evaluation
Report (De Beers 2019b).
The three impact hypotheses described in Section 4.5 (toxicological impairment, nutrient enrichment, and
physical habitat alteration) also apply to the Significance Thresholds and Action Levels described in the
following sections. There are three separate sets of Action Level Groups:
•

those that address possible toxicological impairment effects;

•

those that address possible nutrient enrichment effects; and

•

those that address possible physical habitat alteration effects.

In the EIS for the Mine (De Beers 2011, 2012a), some mild nutrient enrichment effects were considered
likely, potential toxicological impairment effects were considered unlikely, and physical habitat alteration
effects were considered likely, especially in certain areas (see Section 4.3 for additional details). Consistent
with these conclusions, the Action Levels for toxicological impairment may be “triggered” at a lower level of
change than the Action Levels for nutrient enrichment or habitat alteration. Consequently, when a change
is observed in one of the biological components of the Mine (i.e., the plankton community, benthic
community, or fish community), it is important to understand which type(s) of stressor(s) are causing the
effect, so that the appropriate set(s) of Action Levels are considered.
The WOE Integration described in Section 6.10 provides a systematic process for determining the degree
of support for each impact hypothesis by examining linkages between stressor exposure and biological
responses, and causality with respect to the Mine and Mine-related effects. The WOE analysis will be used
to better understand observed effects and their causes, but will not feed directly into the Response
Framework. Rather, direct results from individual monitoring components will be used to evaluate whether
an Action Level is reached.
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Figure 8.2-1 presents the Response Framework process, distinguishing between the process for Exposure
and Health components, and Biological Response Components of the AEMP. Briefly, the process involves:
•

Action Levels, which are evaluated on the basis of AEMP findings in a Given year; and

•

when a Moderate or High Action Level is met, an AEMP Response Plan is developed and actions are
taken to better understand the change (and the variable[s] that triggered the Action Level) to allow for,
if necessary, implementation of mitigation actions to reduce the degree of change.

The AEMP Response Framework thus consists of Action Levels and Significance Thresholds as well as
types of action that may be taken. The specific action that is taken when a monitoring result of concern is
detected will depend on the type and magnitude of effect. Specifics on the Significance Thresholds, Action
Levels, and types of actions that may be taken are outlined in the following sections.
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Overview of the Aquatic Effects Monitoring Program Response Framework

1) Significance Thresholds have been set for individual components (e.g., fish safe to eat), and in some cases for multiple components combined (e.g., ecosystem function)
2) The purpose of the WOE Framework is to examine the potential causes of biological responses (nutrient enrichment, toxicological impairment, or physical habitat alteration) and
linkages to the Mine and Mine Activities (via exposure in water and sediments, or through physical changes, which may be influenced by Mine effluent).
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Significance Thresholds

Significance Thresholds are the levels of change that, if exceeded, would result in significant adverse
effects to VCs of the environment. They are intended to support the AEMP goal of preventing adverse
effects from occurring due to toxicological impairment, nutrient enrichment, and physical habitat alteration
(i.e., the three impact hypotheses being evaluated). Significance Thresholds define a “no-go condition” for
the Mine, such that management actions and adaptive management would be used to prevent a
Significance Threshold from ever being reached.
The Significance Thresholds were selected to protect the key valued aquatic components and their
traditional uses within the vicinity of, and downstream of, the Mine site. The selection of Significance
Thresholds was based on the commitment by De Beers that traditional water uses in Lake N11 (outside of
the mixing zone) and in all waters downstream of Kennady Lake should not be affected by mining activities
throughout construction, operation, and reclamation. Traditional water uses include drinking the water and
harvesting and consuming fish.
Significance Thresholds are broadly organized into three categories centered on key “values” that are to
be protected, which are illustrated in the following matrix:
Value Statement
(based on traditional uses)

Associated Significance Threshold
(“no go condition”)

Water is safe to drink

Water is not drinkable (i.e., risk to human health and/or wildlife)

Fish are safe to eat

Fish are not safe for consumption (i.e., risk to human health and/or wildlife)

Ecological function is maintained

Ecological function is not maintained (i.e., inadequate food for fish; fish unable to
survive, grow, or reproduce; and/or sustained absence of a fish species)

Further discussion of each Significance Threshold is provided below:
Drinking Water and Fish Consumption
•

14

Water is not drinkable (human health and/or wildlife risk):
−

Action Level triggers will focus on health-based guidelines set to protect the health of the most
vulnerable members of society, such as children and the elderly (Health Canada 2020);

−

water safe for consumption will be considered through a human health and/or wildlife risk
assessment for drinking water14;

−

construction, operations, and closure: the water in waterbodies adjacent to, and downstream of,
Kennady Lake is not drinkable; and

−

post-closure: the water in Kennady Lake is not drinkable.

It is anticipated that human health and/or wildlife risk assessment activities would be initiated as part of response planning if a Low
Action Level was reached.
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Fish are not safe for consumption (human health and/or wildlife risk):
−

palatability will be considered through the Action Levels only;

−

fish safe for consumption will be considered through a human health and/or wildlife risk assessment
of measured fish tissue parameters15;

−

construction, operations, and closure: fish in waterbodies adjacent to, and downstream of, Kennady
Lake are not safe to eat; and

−

post-closure: fish in Kennady Lake are not safe to eat.

Ecological Function
•

Inadequate food for fish; or

•

Fish unable to survive, grow, or reproduce; or

•

Sustained absence of a fish species:
−

individual components (i.e., hydrology, water quality, sediment quality, plankton community,
benthic community, fish health and tissue chemistry) are considered through the Action Levels only;

−

construction, operations, and closure: fish in waterbodies adjacent to, and downstream of, Kennady
Lake have inadequate food, or are unable to survive, grow, or reproduce, or there is a sustained
absence of a fish species; and

−

post-closure: fish in Kennady Lake have inadequate food, or are unable to survive, grow, or
reproduce, or there is a sustained absence of a fish species.

Significance Thresholds for water quality, sediment quality, fish tissue chemistry, and physical alteration of
habitat are not defined individually with respect to ecological function. Action Levels are defined for these
components in Section 8.4. The chemical and physical endpoints provide “early warning” indicators of
potential adverse effects to plankton and benthos (which are food for fish), to fish health, and to the
maintenance of ecological function.
Monitoring of water and ecological parameters incorporated into the AEMP will allow an evaluation of
changes in drinking water and fish health, and therefore will provide information on impacts to traditional
uses.

8.4

Action Levels

Action Levels (e.g., low, moderate, high) are pre-defined levels of environmental change or effect that
trigger certain types of management actions. They are linked to quantitative benchmarks associated with
changes to measurement endpoints for specific components relative to baseline (as identified in the EIS).

15

The Significance Threshold is not considered exceeded if one fish sample is above Health Canada’s maximum levels for chemical
contaminants in food, such as mercury, arsenic and lead in fish (Health Canada 2015). This is because the potential for toxicity is
based on a sufficient dose, which would not be met for one fish. Further, concentrations of mercury in the region are already above
the Health Canada’s maximum level for mercury in fish (i.e., 0.5 mg/kg) in some large piscivorous fish; this is largely due to local
geology and/or atmospheric deposition and is unrelated to the operation of the Mine.
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MVLWB and GNWT (2019) define the three tiers of Action Levels by their relationship to the Significance
Threshold:
•

Low Action Levels - effects are measurable but well below the Significance Threshold; appropriate
responses include confirming the results, investigating any trends and ecological implications,
identifying potential mitigation options, and refining Moderate and High Action Levels, if necessary

•

Moderate Action Levels – measured effects are trending towards the Significance Threshold, but still
well below it; appropriate responses include implementing mitigations to stop or slow the trend

•

High Action Levels – measured effects continue to trend towards the Significance Threshold;
appropriate responses include implementing mitigations to reverse the trend, and may require
environmental remediation

When a Low Action Level is met, a response plan is not developed, rather the exceedance of a Low Action
Level is reported in the relevant AEMP annual report. The exceptions are in specific instances as directed
by the Board: when Effects Thresholds must be derived in response to a Low Action Level exceedance for
Water Quality and if Action Levels need to be developed in lakes downstream of Lake D2/D3. When
Moderate and High Action Levels are met, a response plan is developed to better understand the variable
that triggered the Action Level and then, if necessary, to reduce the degree of change. The specific action
to be taken will depend on the type and severity of effect detected.
A summary of the changes to Action Levels for the AEMP and brief rationale for the changes are provided
in Table 8.4-1. The table also provides references to the appropriate component sections for the full
rationale. In general, the Action Level updates include:
•

the removal of Action Levels for water quantity;

•

updates to the Low Action Level for all components;

•

revised to the Moderate and High Action Levels for Fish Habitat and Community;

•

newly developed Moderate and High Action Levels for the core lakes for all components; and

•

newly developed Action Levels for Lake D2/D3 for water and sediment quality.
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Changes to Action Levels Defined in the AEMP Response Framework Relative to
Version 5

AEMP Component
Hydrology
Water Quality
(Core Lakes)

Recommendation
Remove Action Levels for water quantity

Include a criterion comparing lake-wide average concentration
to the annual predicted concentration to the Low Action Level as
discussed during and after the AEMP Workshop

Water Quality
(Core Lakes)

Remove the Low Action Level related to measured toxicity at
end-of-pipe

Water Quality

Water Quality

Section 5.5

Replace the “OR” logical operator with an “AND” in the Low
Action Level criteria

Water Quality (Core
Lakes)

Water Quality
(Core Lakes)

Section No. for Full Rationale in
the 2015 to 2018 Aquatic Effects
Re-evaluation Report
Section 7.5.1.1.1
n/a
Section 7.5.1.1.1

Remove Action Levels related to nutrient enrichment from the
water quality component and discuss as part of the plankton
component
Remove consideration of aesthetic objectives from the Action
Levels
Revise the criteria for the Low Action Level for drinking water
quality to include a comparison of maximum concentrations of
any drinking water parameter to maximum baseline and
reference concentrations, and for water samples to be collected
from near-surface samples during ice-cover conditions as
discussed during and after the AEMP Workshop

Section 9.6.1
Section 7.5.1.2

n/a

Sections 7.5.2 and 8.5.2, and as
revised in response to comments
on the AEMP Workshop
Information Requests

Water and Sediment
Quality (Lake D2/D3)

Adopt new Action Levels

Sediment Quality

Revise Low Action Level to incorporate the results of the
sediment within-lake spatial trend assessment and the edge-ofmixing zone SNP sediment quality data

Section 8.5.1.1

Plankton
Benthic Invertebrates

Replace the “OR” logical operator with an “AND” in the Low Action
Level criteria

Sections 9.5.4.1, 9.6.1.1,
10.6.1.1, 10.6.3.1

Plankton
Plankton
Plankton
Benthic Invertebrates
Benthic Invertebrates
Benthic Invertebrates
(Streams)
Fish Habitat and
Community
Fish Health
Fish Health
Fish Tissue
Fish Tissue
Fish Health
Fish Tissue
All (Except Hydrology
and Fish Habitat and
Community)

Include chlorophyll a as a variable in the Action Level
assessment for the Nutrient Enrichment impact hypothesis
Remove phytoplankton and zooplankton community composition
from the Low Action Level, but incorporate it into the Moderate
and High Action Levels

Section 9.5.1
Section 9.5.3
Section 9.5.4
Section 10.6.1
Section 10.6.1

Include a temporal element to the Low Action Level criteria for
nutrient enrichment
Remove Simpson’s diversity index from the Low Action Level
Revise the Low Action Level criteria to remove wording related
to scouring, and incorporate comparison to baseline conditions
and critical effect size
Revise the Low, Moderate, and High Action Levels as discussed
during and after the AEMP Workshop
Include catchability in the Low Action Levels
Remove criteria requiring the average value for a fish health
endpoint to be in a direction indicative of a toxicological or
nutrient enrichment effect

Section 10.6.3.1
n/a
Section 12.5
Sections 12.5 and 13.5

Remove regional normal range comparisons from the Low
Action Level
Include comparison to critical effect size in the Low Action Level
Adopt new Moderate and High Action Levels

Sections 12.5 and 13.5
Section 13.5
Sections 7.5.1, 8.5.2, 9.5.4, 9.6.1,
10.6.1, 10.6.3, 12.5, and 13.5,
and as revised in response to
comments on the AEMP
Workshop Information Requests

AEMP = Aquatic Effects Monitoring Program; SNP = Surveillance Network Program; No. = number.
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Core Lakes

8.4.1.1

Toxicological Impairment

As outlined in Section 4, the Mine has the potential to result in toxicological impairment. The Action Levels
to be used in responding to environmental change and avoiding the occurrence of significant adverse minerelated changes to the aquatic ecosystem due to toxicological impairment are presented in Table 8.4-2.
The key information that will be necessary to assess Action Levels in the core lakes is as follows:
•

•

Water and Sediment Quality:
−

Normal ranges, and differences in concentrations of toxicologically-relevant parameters between
core lakes and reference lakes.

−

Differences in concentrations of individual parameters between Kennady Lake before isolation and
after reconnection.

−

AEMP benchmarks and site-specific benchmarks, CCME water and sediment quality guidelines for
the protection of aquatic life. For sediment quality parameters that do not have applicable CCME
ISQGs and are present at increasing concentrations consistently above the normal range, the
following will apply to the Low Action Level, if available:

−

an approved guideline from another Canadian jurisdiction that is equivalent to a CCME ISQG in
terms of protection level; or

−

an approved benchmark from another mine in the NT.

−

With-lake spatial patterns in water and sediment quality, including sediment concentrations at the
edge of the mixing zone.

Aquatic Life and Fish:
−

•

Normal ranges, and differences in biological variables between core lakes and reference lakes.

Water and Fish Consumption:
−

Canadian drinking water quality guidelines for the protection of human health.

−

Concentrations in near-surface samples collected during ice-cover conditions for evaluation of
potential effects on drinking water quality. Near-surface samples are defined as water samples
collected from within the ice hole (up to 0.3 m), which is the most likely location where drinking
water may be collected during ice-fishing events.

−

Drinking water parameters (e.g., metals, nutrients, major ions, and microcystin) measured in AEMP
samples from two of the core lakes (Area 8 and Lake N11).

−

Fish taste and texture.
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Key considerations for the Action Levels for Toxicological Impairment are as follows:
•

Water and sediment quality categories apply conservative benchmarks as one of the conditions for
reaching a Low Action Level. In the case of water quality, these include CCME WQGs and SSWQOs
set by MVLWB for Area 8 and Lake N11. For sediment quality, the CCME SQGs are applied as well as
relevant guidelines and benchmarks from other jurisdictions and northern mines. Collectively, these
guidelines and benchmarks are termed "AEMP Benchmarks".

•

For a parameter that triggers the Low Action Level for sediment quality but does not have a CCME
sediment quality guideline or an alternate benchmark, the response action will be to evaluate whether
the observed concentrations have the potential to affect benthic invertebrates. This evaluation may
include a review of the available literature and/or an evaluation of existing benthic invertebrate
community data. This understanding of the toxicity hazard of the parameter will be applied in the next
year’s Action Level assessment to determine if the Moderate Action Level is exceeded.

•

Comparison to the normal range and statistically significant differences from reference and baseline
conditions are important considerations for many of the endpoint categories. The normal range will be
category specific and parameter-specific, and will be developed for each component.

•

For the plankton community, total phytoplankton biomass was selected as the overall indicator of
potential toxicological impairment, and total zooplankton abundance is considered the most important
indicator for the zooplankton community.

•

Action Levels for fish health include two elements: a biological trigger and a catchability trigger. The
biological element considers relative body weight, relative liver weight and relative gonad weight. The
catchability element considers whether target sample sizes are achieved, and thereby considers
substantial changes in fish abundance.

•

Drinking Water Action Levels apply to metals and microcystin.

•

Health Canada drinking water guidelines are applied for the protection of drinking water. Maximum
acceptable concentrations of toxicologically relevant parameters as set by Health Canada (2020) are
designed to protect the health of the most vulnerable members of society, such as children and the
elderly.

•

Fish Good to Eat Action Levels apply to texture and taste, as determined with input from TK. If fish
tissue in the Fish Tasting Study is sent to a laboratory for metals analysis, then fish consumption
guidelines for the protection of human health may be applied for Fish Good to Eat Action Levels.

•

Prior to reaching the Significance Threshold for categories relating to the consumption of water and
fish, an unacceptable human health risk would need to be demonstrated. Therefore, it is anticipated
that the responses to Low, Moderate, and High Action Levels would involve varying degrees of human
health risk assessment.
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Action Level

Low(b)
Effects are
measurable but
well below the
Significance
Threshold – trigger
meant as a warning
and requirement for
further evaluation

Moderate
Effects are
measurable and
are trending
towards the
Significance
Threshold, but still
well below it

8-11

February 2022
Section 8

Action Levels – Toxicological Impairment
Water Quality
Ecological Function Must
Be Maintained

Sediment Quality
Ecological Function Must Be
Maintained

Plankton Community
Ecological Function Must Be
Maintained

Benthic Community
Ecological Function Must Be
Maintained

Fish Health
Ecological Function
Must Be Maintained

Fish Tissue
Ecological Function
Must Be Maintained

1. Lake-wide average
concentration(c) above the
lake-specific normal range
AND
2. Relative difference
between the core lake and
both reference lakes
statistically significant
compared to baseline (i.e.,
significant BACI effect
detected)
AND
3. Lake-wide average
concentration(c) above the
annual predicted
concentration (based on
currently approved water
quality model predictions)
AND
4. Lake-wide average
concentration(c) exceeds 75%
of AEMP benchmark(d)

1a. Concentration at the AEMP station
nearest the diffuser is above the normal
range for individual stations, supported
by a visual spatial pattern that suggests
that concentrations decline with
distance from the diffuser or 1b. Lakewide average concentration(c) above the
lake-specific normal range and relative
difference between core lake and
reference lakes statistically significant
compared to baseline (i.e., significant
BACI effect detected)
AND
2. Concentration at AEMP station
nearest the diffuser or lake-wide
average concentration(c) exceeds
applicable CCME ISQGs or alternate
benchmark (if available)(e)
AND
3. Concentrations also elevated in other
media (i.e., SNP effluent and edge-ofmixing zone data, AEMP lake water
quality data), such that interpretation of
data from multiple media indicate that
effluent exposure is the most likely
pathway responsible for the observed
changes in core lake sediment quality

1a. Lake-wide average value(c) for
total phytoplankton biomass,
zooplankton abundance, or
zooplankton biomass below the
regional normal range or 1b.
Lake-wide average value(c) for
total zooplankton abundance or
total zooplankton biomass below
the regional mean and trending
toward the lower bound of the
regional normal range over a
period of at least three years
AND
2. A significant decreasing BACI
effect detected in total
phytoplankton biomass,
zooplankton abundance, or
zooplankton biomass

1a. Lake-wide average value(c) for
total density, richness, or the
densities of dominant taxa below
the regional normal range or 1b.
Lake-wide average value(c) for
total density, richness, or the
densities of dominant taxa below
the regional mean/median and
trending toward the lower bound
of the regional normal range over
a period of three surveys
AND
2. A significant decreasing BACI
effect detected in total density,
richness, or the densities of
dominant taxa

1a. A statistically
significant difference
in fish health
endpoints(f) relative to
reference lakes and
relative to baseline
and 1b. A magnitude
in both reference and
baseline comparisons
that exceeds the
CES(g)
OR
2. Sentinel species
are not captured in
adequate numbers(h)
in the core lakes

1. Lake-wide average concentration(c)
above the regional normal range for the
mean
AND
2a. Concentration at AEMP station
nearest the diffuser or lake-wide
average concentration(c) exceeds
CCME PELs or alternate benchmark (if
available) or 2b. For parameters with
no alternate benchmark, observed
sediment concentration has the
potential to affect benthic invertebrates

1a. Lake-wide average value(c) for
total
density below the regional
1a. Lake-wide average value(c) for
normal range in the current
total zooplankton abundance or
monitoring year or 1b. Lake-wide
total zooplankton biomass below
average value for total density
the regional normal range or 1b.
below the regional mean/median
(c)
Lake-wide average value for
and trending toward the lower
total zooplankton abundance or
bound of the regional normal
total zooplankton biomass below
range over a period of three
the regional mean and trending
surveys
toward the lower bound of the
AND
regional normal range over a
2a. Lake-wide average values(c)
period of at least three years
for densities of two key prey items
AND
below the regional normal range
2. Zooplankton community
in the current monitoring year or
composition shifting from
2b. Lake-wide average values for
cladocerans and copepods to
densities of two key prey items(q)
rotifers measured as a ≥50%
less than the regional
reduction in cladoceran biomass
mean/median and trending toward
relative to regional normal range
the lower bound of the regional
median
normal range over a period of
AND
three surveys
3. Moderate Action Level in one
AND
or more water quality or sediment
3. Moderate Action Level in one
(p)
quality measurement endpoints
or more water quality or sediment
quality measurement endpoints(p)

1a. Confirmed(r) Low
Action Level for one
or more effect
indicators and 1b.
Average value(c) for
fish health
endpoint(s) is/are
outside of regional
normal range and
1c. Effect on the fish
population is
supported by
consistent effects(s) in
one or more other
AEMP components
OR
2. Sentinel species
are not captured in
adequate numbers(h)
in two consecutive
fish health lethal
surveys

1. Lake-wide average
concentration(c) is above the
regional normal range
AND
2. Lake-wide average
concentration(c) exceeds
Effects Threshold(o)

De Beers Canada Inc.

Drinking Water for Humans(a)
Water Must be Drinkable
Open-water

Ice-cover

1. A statistically
significant difference
in fish tissue
endpoints relative to
reference lakes and
relative to baseline
AND
2. A magnitude in
both reference and
baseline comparisons
that exceeds the
CES(i)
AND
3. A direction of
change that would be
indicative of an effect

1. Concentration of a
drinking water parameter
at any AEMP station
above 60% of Health
Canada’s human health
drinking water quality
guideline (maximum
acceptable
concentration)(j,k,l)
AND
2. Concentration above
maximum baseline
concentration or
maximum reference
concentration for that
monitoring year

1. Concentration of a
drinking water
parameter in nearsurface samples(m) from
any AEMP station
above 60% of Health
Canada’s human health
drinking water quality
guideline (maximum
acceptable
concentration)(j,k,l)
AND
2. Concentration above
maximum baseline
concentration or
maximum reference
concentration for that
monitoring year

1. Confirmed(r) Low
Action Level for one or
more fish tissue
parameters
AND
2. Average value(c) for
fish tissue
parameter(s) is/are
outside of regional
normal range and in
the direction that is
indicative of an effect
AND
3. Effect on the fish
tissue chemistry is
supported by
consistent effects(s) in
one or more other
AEMP components

1. Concentration of a
drinking water parameter
at any AEMP station
above 70% of Health
Canada’s human health
drinking water quality
guideline (maximum
acceptable
concentration)(j,k,l)
AND
2. Confirmed to be
related to the Mine based
on evaluation of the
SNP and AEMP water
quality data

1. Concentration of a
drinking water
parameter in nearsurface samples from
any AEMP station
above 70% of Health
Canada’s human health
drinking water quality
guideline (maximum
acceptable
concentration)(j,k,l)
AND
2. Confirmed to be
related to the Mine
based on evaluation of
the SNP and AEMP
water quality data

Fish Consumption by
Humans
Fish Good to Eat

Fish taste and/or texture
that is not acceptable
OR
Metals in edible fish
tissue(n) above the range
in the baseline dataset

Metal concentrations in
edible fish tissue above
75% of a fish
consumption guideline
that is protective of
human health
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Table 8.4-2
Action Level

High
Measured effects
continue to trend
towards the
Significance
Threshold
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Action Levels – Toxicological Impairment
Water Quality
Ecological Function Must
Be Maintained

1. Continued increasing
trends in lake-wide average
concentration(c) as indicated
by a more than 25% increase
in lake-wide concentration
compared to the previous
monitoring year
AND
2. Confirmed sublethal toxic
effects to more than one test
species in edge-of-mixingzone samples(t)

Sediment Quality
Ecological Function Must Be
Maintained

Sediment toxicity test results indicate a
Mine-related effect that is confirmed by
an evaluation of relevant lines of
evidence

Plankton Community
Ecological Function Must Be
Maintained

1. Lake-wide average value for
total zooplankton biomass 50%
less than the lower bound of the
regional normal range
AND
2. Zooplankton community
composition shifting from
cladocerans to rotifers measured
as a ≥75% reduction in
cladoceran biomass relative to
regional normal range median

Benthic Community
Ecological Function Must Be
Maintained

1a. Lake-wide average value(c)
for total density 50% less than
the lower bound of the regional
normal range in the current
monitoring year or 1b. Lake-wide
average value(c) for total density
less than the regional
mean/median and trending
toward 50% less than the
regional normal range over a
period of three surveys

Fish Health
Ecological Function
Must Be Maintained
1a. Moderate Action
Level trigger for
multiple (i.e., two or
more) effect
indicators in smallbodied fish and 1b.
Statistically
significant difference
in fish health
endpoints relative to
reference lakes in
large-bodied fish(u)
exceeding CES(g)
and 1c. Average
value(c) for fish health
endpoint(s) is/are
outside of regional
normal range
OR
2. Small- or largebodied sentinel
species are not
observed or captured
in one or both core
lakes for two
consecutive small- or
large-bodied fish
surveys

Drinking Water for Humans(a)
Water Must be Drinkable

Fish Tissue
Ecological Function
Must Be Maintained

1. Confirmed(r)
Moderate Action Level
trigger for one or more
fish tissue parameters
AND
2. Effects exceed sitespecific benchmarks(v)
AND
3. Effect on fish tissue
chemistry is
supported by a
toxicological
impairment response
pattern in fish health

Open-water

Ice-cover

1. Concentration of a
drinking water parameter
at any AEMP station
above 85% of Health
Canada’s human health
drinking water quality
guideline (maximum
acceptable
concentration)(j,k,l)

1. Concentration of a
drinking water
parameter in nearsurface samples from
any AEMP station
above 85% of Health
Canada’s human health
drinking water quality
guideline (maximum
acceptable
concentration)(j,k,l)

AND
2. Screening-level
human health risk
assessment suggests a
potential risk that is
related to the Mine

AND
2. Screening-level
human health risk
assessment suggests a
potential risk that is
related to the Mine

Fish Consumption by
Humans
Fish Good to Eat

1. Confirmed Moderate
Action Level Trigger
AND
2. The human health risk
assessment initiated
under the Moderate
Action Level identify a
potential risk that triggers
a High Action Level

Notes: A higher tier Action Level cannot be triggered without first triggering the Action Level below it (e.g., a Moderate Action Level exceedance implies that all of the Low Action Level criteria have been met in the same AEMP).
a) Action Levels for drinking water exclude consideration of coliforms.
b) Changes below the Low Action Level are within the estimated magnitude of background variation and are considered to represent negligible levels of environmental change.
c) The lake-wide average concentration or average value is defined as either the mean or median value, depending on the underlying statistical distribution, as discussed in Section 6.2.3.5 for water quality, Section 6.3.3.4 for sediment quality, Section 6.4.3.4 for plankton, Section 6.5.3.4 for benthic
invertebrates, Section 6.7.3.6 for fish health, and Section 6.8.3.3 for fish tissue.
d) Benchmarks currently used in the AEMP to which substance concentrations are compared. Does not apply if no benchmark exists.
e) If a parameter that meets the other criteria does not have an ISQG or alternate benchmark, then this criterion would not apply and the Action Level exceedance would be determined based on the other criteria (i.e., significant BACI, greater than normal range, presence of elevated concentrations in other
media).
f) Effect indicators considered under the Action Level assessment include relative body weight, relative liver weight, and relative gonad weight.
g) Critical effect sizes are differences of 10% for relative body weight, 25% for relative liver weight and 25% for relative gonad weight.
h) Adequate numbers are defined as 75% of the total lethal sample size target.
i) The critical effect size is a difference of 100% for fish tissue chemistry parameters.
j) Action Levels for drinking water exclude consideration of coliforms.
k) Health Canada sets drinking water guidelines to be the maximum acceptable concentrations to protect the health of the most vulnerable members of society, such as children and the elderly (Health Canada 2020). Meeting these guidelines provides confidence that the water is safe to drink.
l) Result is confirmed by the laboratory and through one round of confirmatory sampling. Additionally, field and laboratory quality assurance/quality control criteria related to the sample have to be met.
m) Near-surface samples are defined as water samples collected from within the ice hole (up to 0.3 m), which is the most likely location where drinking water may be collected during ice-fishing events.
n) Edible fish tissue is defined as large-bodied fish muscle as part of the community fish tasting program.
o) Effects Threshold is a low-effect level on sensitive representative species (e.g., EC20-25, which are 20 to 25% effects concentrations; this is consistent with the definition of CCME (2007) of a low-level effect). A parameter-specific Effects Threshold would be developed in response to a Low Action Level
and will be based on relevant toxicological data either through site specific toxicity testing or review of relevant toxicity data for site-specific aquatic biota from the literature.
p) Water or sediment quality from the previous and current AEMP years will be considered.
q) Benthic invertebrate taxa referred by the term “key prey items” in the benthic invertebrate community action levels for core lakes include dominant taxa and major taxonomic groups.
r) Confirmed indicates that the Action Level trigger has been observed in at least two consecutive monitoring programs, whether during the regular monitoring schedule, or confirmed through a special study.
s) Consistent in this context is defined as a complementary effect (i.e., in magnitude and/or direction) in one or more other component(s) in a given year linking observed effects to a potential mechanism of action related to the Mine.
t) Sublethal toxicity would be confirmed in at least two consecutive samples sampled at least one month apart.
u) It is assumed a large-bodied fish health study would be initiated once a Moderate Action Level is reached for small-bodied fish.
v) It is assumed site specific benchmarks would be developed for fish tissue parameters triggering a Moderate Action Level.
AEMP = Aquatic Effects Monitoring Program; BACI = before-after control-impact; CES = critical effect size; EIS = Environmental Impact Statement; CCME = Canadian Council of Ministers of the Environment; TK = Traditional Knowledge; HC = Health Canada; PEL = probable effect level; WQG = water
quality guideline; SSWQO = site-specific water quality objective; < = less than.
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Nutrient Enrichment

As outlined in Section 4, the Mine is predicted to result in slight nutrient enrichment in surface waters near
to the Mine. The Action Levels to be used in responding to environmental change, and avoiding the
occurrence of significant mine-related changes to the aquatic ecosystem due to nutrient enrichment, as
presented in Table 8.4-3.
The key information that will be necessary to assess action levels in the core lakes is as follows:
•

•

Water Quality:
−

normal ranges, and differences in nutrient concentrations between core and reference lakes;

−

differences in nutrient concentrations in Kennady Lake before isolation and after reconnection; and

−

AEMP benchmarks for TN and TP.

Aquatic Life and Fish:
−

normal ranges, and differences in biological variables between core lakes and reference lakes; and

−

differences in biological variables in Kennady Lake before isolation and after reconnection.

Considerations for the Action Levels for nutrient enrichment are as follows:
•

Nutrient enrichment was predicted in the EIS; therefore, nutrient benchmarks for eutrophication are
important considerations for water quality as well as for the EIS predictions.

•

Some level of nutrient enrichment is expected, and at a low level, the nutrient enrichment may be
beneficial to the plankton community. Thus, a more persistent effect on the plankton community is
required to reach the Low Action Level for nutrient enrichment, compared to the Low Action Level for
toxicological impairment.

•

The Low Action Levels for nutrient enrichment for benthos are similar to those for toxicological
impairment. However, it is anticipated that the direction of the response to a nutrient-related effect
would be the opposite of the response to a toxicity-related effect.

•

Low Action Levels for nutrient enrichment for fish health are the same as those for toxicological
impairment. It is expected that the response to a nutrient-related effect would be different than a
toxicity-related effect, particularly when multiple lines of evidence are considered together.
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Action Levels – Nutrient Enrichment

Action Level

Low(a)
Effects are measurable
but well below the
Significance Threshold
– trigger meant as a
warning and
requirement for further
evaluation

Water Quality - Nutrients

Plankton Community

Benthic Community

Fish Health

1. Lake-wide average(b) nitrogen and phosphorus
nutrient concentrations above either the baseline
normal range or current water quality model
predictions(c)
AND
2. A statistically significant relative difference
between core lake and reference lakes for total
phosphorus and total nitrogen compared to
baseline (i.e., significant BACI effect detected)
AND
3. Lake-wide average(b) phosphorus
concentration, or both phosphorus and nitrogen
nutrient concentrations, exceed 75% of AEMP
benchmark

1. Lake-wide average value(b) for chlorophyll a, total
phytoplankton biomass, zooplankton abundance, or
zooplankton biomass above the regional normal range
for two consecutive years(d)
AND
2. A significant increasing BACI effect detected in
chlorophyll a, total phytoplankton biomass, zooplankton
abundance, or zooplankton biomass in two consecutive
years

1. Lake-wide average value(b) for total density, richness,
or the densities of dominant taxa above the regional
normal range after two consecutive surveys
AND
2. A significant increasing BACI effect detected in total
density, richness, or the densities of dominant taxa after
two consecutive surveys

1a. A statistically significant difference in fish health
endpoints(e) relative to reference lakes and relative
to baseline and 1b. A magnitude in both reference
and baseline comparisons that exceeds the CES(f)
OR
Sentinel species are not captured in adequate
numbers(g) in the core lakes

1. Lake-wide average total phosphorus and
total nitrogen concentrations persistently (three
consecutive years) above regional normal range
AND
2. Lake-wide average(b) phosphorus
concentration, or both phosphorus and nitrogen
nutrient concentrations, exceed the AEMP
benchmark(s)

1a. Lake-wide average value(b) for total phytoplankton
biomass, zooplankton abundance, or zooplankton
biomass above the regional normal range or 1b. Shift in
trophic status observed from oligotrophic to mesotrophic
based on chlorophyll a concentrations(i)
AND
2. Phytoplankton community composition shift from
chrysophytes and diatoms to cyanobacteria and
chlorophytes measured as a ≥50% reduction in
chrysophyte and diatom biomass and a ≥100% increase
in cyanobacteria and chlorophytes relative to regional
normal range median
AND
3. Moderate Action Level in one or more water quality or
sediment quality measurement endpoint(s)(j)

1a. Lake-wide average value for total density greater
than 10 times the regional mean/median in the current
monitoring year or 1b. Lake-wide average value(b) for
total density trending toward 10 times the regional
mean/median over a period of three surveys
AND
2. Moderate Action Level in one or more water quality
or sediment quality measurement endpoint(s)(j)

1a. Confirmed(k) Low Action Level for one or more
effect indicators and 1b. Average value(b) for fish
health endpoint(s) is/are outside of regional normal
range and 1c. Effect on the fish population is
supported by consistent effects(l) in one or more
other AEMP components
OR
Sentinel species are not captured in adequate
numbers(g) in two consecutive fish health lethal
surveys

1. Confirmed(k) Low Action Level for one or more fish
tissue parameters
AND
2. Average value(b) for fish tissue parameter(s) is/are
outside of regional normal range and in the direction
that is indicative of an effect
AND
3. Effect on the fish tissue chemistry is supported by
consistent effects(l) in one or more other AEMP
components

Lake-wide average(b) phosphorus concentration,
or both phosphorus and nitrogen nutrient
concentrations, persistently (two consecutive
years) exceed the AEMP benchmark(s) by 50%

1a. Visual algal bloom or a lake-wide average value(b)
for total phytoplankton biomass 75% greater than the
upper bound of the regional normal range or 1b. Lakewide average value(b) for total zooplankton biomass
50% less than the lower bound of the regional normal
range
AND
2. Zooplankton community composition shifting from
cladocerans to rotifers measured as a ≥75% reduction
in cladoceran biomass relative to regional normal range
median

1a. Moderate Action Level met in a previous survey or
1b. Low Action Level met in two consecutive surveys
AND
2a. Lake-wide average value(b) for total density 50%
less than the lower bound of the regional normal range
in the current monitoring year or 2b. Lake-wide average
value(b) for total density below the regional
mean/median and trending toward 50% less than the
lower bound of the regional normal range over a period
of three surveys

1a. Confirmed(k) Moderate Action Level trigger for
multiple (i.e., two or more) effect indicators in smallbodied fish and 1b. Statistically significant
difference in fish health endpoints relative to
reference lakes in large-bodied fish(l) exceeding
CES(f) and 1c. Average value(b) for fish health
endpoint(s) is/are outside of regional normal range
OR
Small- or large-bodied sentinel species are not
observed or captured in one or both core lakes for
two consecutive small- or large-bodied fish surveys

1. Confirmed(k) Moderate Action Level trigger for one or
more fish tissue parameters
AND
2. Effects exceed site-specific benchmarks(m)
AND
3. Effect on fish tissue chemistry is supported by a
toxicological impairment response pattern in fish health

(b)

Moderate
Effects are measurable
and are trending
towards the
Significance Threshold,
but still well below it

High
Measured effects
continue to trend
towards the
Significance Threshold

(b)

Fish Tissue

1. A statistically significant difference in fish tissue
endpoints relative to reference lakes and relative to
baseline
AND
2. A magnitude in both reference and baseline
comparisons that exceeds the CES(h)
AND
3. A direction of change that would be indicative of an
effect

Notes: A higher tier Action Level cannot be triggered without first triggering the Action Level below it (e.g., a Moderate Action Level exceedance implies that all Low Action Level criteria have been met in the same AEMP year).
a) Changes below the Low Action Level are within the estimated magnitude of background variation and are considered to represent negligible levels of environmental change.
b) The lake-wide average concentration or average value is defined as either the mean or median value, depending on the underlying statistical distribution, as discussed in Section 6.2.3.5 for water quality, Section 6.4.3.4 for plankton, Section 6.5.3.4 for benthic invertebrates, Section 6.7.3.6 for fish health,
and Section 6.8.3.3 for fish tissue.
c) Current water quality modelling predictions for TP, nitrate, and ammonia.
d) Some level of nutrient enrichment is expected, and, at a low level, the nutrient enrichment may be beneficial to the plankton community. Thus, a more persistent (i.e., two consecutive years) effect on the plankton community is required to reach the Low Action Level for nutrient enrichment.
e) Effect indicators considered under the Action Level assessment include condition, relative liver weight, and relative gonad weight.
f) Critical effect sizes are differences of 10% for condition, 25% for relative liver weight and 25% for relative gonad weight.
g) Adequate numbers are defined as 75% of the total lethal sample size target.
h) The critical effect size is a difference of 100% for fish tissue chemistry parameters.
i) Oligotrophic: mean of 1.7 µg/L, range of 0.3 to 4.5 µg/L; Mesotrophic: mean of 4.7 µg/L, range of 3.0 to 11 µg/L; and Eutrophic: mean of 14.3 µg/L, range of 3.0 to 78 µg/L (Vollenweider and Kerekes 1980).
j) Water or sediment quality from the previous and current AEMP years will be considered.
k) Confirmed indicates that the Action Level trigger has been observed in at least two consecutive monitoring programs, whether during the regular monitoring schedule, or confirmed through a special study.
l) Consistent in this context is defined as a complementary effect (i.e., in magnitude and/or direction) in one or more other component(s) in a given year linking observed effects to a potential mechanism of action related to the Mine). It is assumed a large-bodied fish health study would be initiated once a
Moderate Action Level is reached for small-bodied fish.
m) It is assumed site-specific benchmarks would be developed for fish tissue parameters triggering a Moderate Action Level.
AEMP = Aquatic Effects Monitoring Program; BACI = before-after control-impact; CES = critical effect size.
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Suggested Responses

Suggested responses to Action Level exceedances in the core lakes are as follows:
•

Low Action Level Exceedances:
−

report results in the AEMP annual report – no formal AEMP Response Plan needed as per current
AEMP guidance, except an AEMP Response Plan will be submitted to present the derivation of
Effects Thresholds if there is a Low Action Level exceedence for Water Quality – Toxicological
Impairment;

−

continue AEMP monitoring to confirm the Low Action Level exceedance; seasonal monitoring for
water quality and plankton, and monitoring on a three-year cycle for fish health and fish tissue;

−

if lake-wide concentrations are greater than current water quality modelling predictions, investigate
resons for deviations;

−

evaluate the findings from sublethal toxicity texting in end-of-pipe samples;

−

address key uncertainties identified by the Low Action Level assessment;

−

develop parameter-specific Effects Threshold to support Moderate Action Level assessment for
Water Quality in the next AEMP year;

−

identify potential mitigation options;

−

for sediment parameters that trigger a Low Action Level exceedance but do not have CCME ISQG
or alternate benchmarks, evaluate if the observed sediment concentrations have the potential to
affect benthic invertebrates;

−

this evaluation may include a review of the available literature and/or an evaluation of existing
benthic invertebrate community data;

−

this understanding of the toxicity hazard of the parameter will be applied in the next year’s Action
Level assessment to determine if a Moderate Action Level is exceeded;

−

if observed responses are outside effect predictions (as presented in Section 2.2 of the AEMP
Design Plan), investigate the reasons for the deviations; and

−

as per AEMP guidance, refine Moderate and High Action Levels, if necessary.

−

For drinking water quality:
−

consider the pathway for human exposure – collection of water at surface – and consider
collecting confirmatory samples at surface instead of mid-depth for open-water sampling
events;

−

evaluate SNP and AEMP water quality data to determine if water quality concentrations are
increasing due to Mine-related effects (e.g., effluent loading or change in redox conditions at
the sediment-water interface due to effluent discharge);

−

evaluate if measured concentration(s) are within the range of those expected based on current
water quality model prediction(s) and if concentrations are trending towards the drinking water
quality guideline;
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−

for under-ice Low Action Level exceedances, evaluate if exceedances are related to natural
processes that release metals due to redox conditions at the sediment-water interface; and

−

propose revised Moderate and High Action Levels, if appropriate, particularly for any parameter
that is expected, based on currently approved water quality predictions, to have lake-wide
concentrations that are between 60% and 100% of the drinking water quality guideline at some
point during operations.

if the Low Action Level for benthos richness is exceeded in Area 8, then as suggested in the review
of the 2020 AEMP Response Plan (De Beers 2021d, MVLWB 2021c), a special study on the spatial
and temporal extent of low under-ice DO in Area 8 will be considered if one of the following is met:
−

analysis of DO data collected 0.5 m above lake bottom during ice-covered conditions confirms
reduced near-bottom dissolved oxygen concentrations over two consecutive ice-covered
seasons, and benthos richness remains reduced relative to reference lakes as indicated by
before-after control-impact (BACI) analysis results during regular monitoring, or

−

data review suggests the amount of fish habitat is decreasing or there is potential for effects to
the fish community, as evaluated by estimating the under-ice lake volume suitable for habitat
use based on measured dissolved oxygen concentrations stratified by depth, comparisons of
measured concentrations to tolerance ranges of the species present, and evaluating changes
to summer prey resources through continued monitoring of the benthic invertebrate and
zooplankton communities.

Moderate Action Level Exceedances:
−

prepare and submit an AEMP Response Plan;

−

continue AEMP monitoring to confirm the Moderate Action Level exceedance; seasonal monitoring
for water quality and plankton, and monitoring on a three-year cycle for fish health and fish tissue;

−

address key uncertainties identified by the Moderate Action Level assessment;

−

refine potential mitigation options and implement appropriate mitigation to stop of slow trend;

−

assess potential effects on downstream lakes and streams;

−

For water quality – to further assess toxicological relevance, undertake a special study for edge-ofmixing-zone water sampling for sublethal toxic effects using a battery of test species that represents
all trophic levels (i.e., fish, invertebrate, and plant/algae)

−

For sediment quality:
−

evaluate if findings from the Benthic Invertebrate component suggest potential impacts on
benthic invertebrate communities; and

−

to further assess toxicological relevance, conduct sediment toxicity testing with both
chironomids and Hyalella azteca. Testing may occur at the AEMP station nearest the
discharge, select stations farther away from the discharge and at selected stations in both
reference lakes. Consider adding supporting sediment chemistry with AVS-SEM to the AEMP
sediment quality parameter suite. Toxicity testing should be scheduled to coincide with AEMP
benthic invertebrate monitoring in the next AEMP years; and
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consider application of the sediment quality triad (i.e., evaluation of toxicity, chemistry, and
biology) as an appropriate approach for assessing sediment contamination.

−

For fish health – initiate a large-bodied fish health study and consider implementing mitigation, as
appropriate.

−

For fish tissue – develop site-specific benchmarks and consider implementing mitigation, as
appropriate.

−

For drinking water quality:

−
•

8-17

−

continue to confirm the exceedance(s) through AEMP seasonal monitoring and identify
temporal trends, if any; and

−

conduct screening-level human health risk assessment using conservative assumptions to
evaluate the exceedance(s) of the CDWQG(s).

For fish consumption by humans – conduct a human health risk assessment.

High Action Level Exceedances
−

prepare and submit an AEMP Response Plan;

−

continue AEMP monitoring to confirm the High Action Level trigger; seasonal monitoring for water
quality and plankton, and monitoring on a three-year cycle for fish health and fish tissue; address
key uncertainties identified by the High Action Level assessment; and

−

identify, evaluate, and implement further mitigation to stop or reverse the observed trend so the
Significance Threshold is not reached.

−

For water quality:

−

8.4.2

−

assess potential effects on downstream lakes and streams; and

−

undertake a special study for sublethal toxic effects at the AEMP stations to assess
toxicological relevance.

For drinking water quality:
−

refine the results of the screening-level human health risk assessment conducted in response
to the Moderate Action Level assessment, using less conservative assumptions;

−

continue to confirm the exceedance(s) through AEMP seasonal monitoring to identify any
temporal trends; and

−

identify, evaluate, and implement further mitigation to address the outcome of the human health
risk assessment activities.

Downstream of Area 8

De Beers has developed a DFMP to augment flows downstream of Area 8 during operations and refilling
to avoid potential harmful population level effects on the fish community between Area 8 and Lake 410
(Golder 2012). The results of the 2017 and 2018 AEMP monitoring indicate the absence of Arctic Grayling
in the aquatic environment downstream of Area 8. Therefore, and changes to the DFMP will be
implemented to promote the re-colonization of Arctic Grayling in the study area during operations.
Monitoring of Arctic Grayling will continue per the fish community monitoring methods approved in the 2017
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and 2018 AEMP Response Plans (De Beers 2018b, 2019f). This monitoring will be conducted under the
AEMP to confirm that the DFMP is effective, and that the habitat remains suitable during operations to
support spawning, rearing, and feeding life stages of Arctic Grayling in the streams and lakes between
Kennady Lake and Lake 410.
If Arctic Grayling are present in the watershed, they are expected to be detected by the continued operation
of two fish fences in Streams K5 and L1a during the spawning migration period that has been historically
observed for this species. Opportunities for detecting Arctic Grayling during summer sampling will also be
provided by systematic visual surveys of the streams in the KLM watershed, by incidental catch during
multi-pass electrofishing surveys for Slimy Sculpin density monitoring, and by angling and visual surveys
in the larger lakes of the KLM watershed.

8.4.2.1

Flow Mitigation

The Action Levels applicable to the flow mitigation plan are presented in Table 8.4-4.
The key information that will be necessary for the flow mitigation Action Levels are as follows:
•

normal ranges, and differences in benthic invertebrate variables from baseline;

•

downstream flows during augmentation;

•

presence of spawning adult Arctic Grayling and Arctic Grayling fry;

•

presence of Northern Pike at Area 8 and Stream K5;

•

presence of Slimy Sculpin YOY within the KLM watersheds and relative to reference locations; and

•

a statistically significant decreasing temporal trend in Slimy Sculpin density across a four-year period
within the KLM watersheds and relative to reference locations.

Considerations for the Action Levels for the DFMP are as follows:
•

downstream flows being sustained at approximately the discharge target (0.4 m3/s) or above during the
period of Arctic Grayling migration;

•

downstream flows being sustained at approximately the discharge target (0.1 m3/s) or above during the
summer months (July and August);

•

physical conditions required for passage and rearing are present; and

•

fish are continuing to use the downstream habitats for spawning and rearing.

Flow augmentation above natural range conditions will not occur, and therefore, velocities and potential
effects on sedimentation are expected to be similar to, or slightly less than, what would have occurred under
natural conditions. As a result, no additional Action Levels with respect to peak flows are considered
necessary under the DFMP.
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Action Levels for Streams Downstream of Area 8

Action Level

Benthic Invertebrates

Fish Habitat and Community

Low(a)
Effects are measurable
but well below the
Significance Threshold –
trigger meant as a
warning and requirement
for further evaluation

1. Stream-wide average value(b) for
total density, richness or the densities
of dominant taxa greater than or less
than the baseline normal range
AND
2. Significant increase or decrease in
total density, richness or the densities
of dominant taxa relative to the
baseline mean, with magnitude ≥CES
(± 2SD) between the baseline mean
and stream-wide average value(b)

1. During operations, for the years when flow mitigation is provided,
downstream flows at Stream K5 are not maintained above a target 0.4
m3/s for 90%(c) of the full spring migration (defined as 14 consecutive
days following ice out)
OR
2. During operations, for the years when flow mitigation is provided,
downstream flows at Stream K5 are not maintained above a target 0.1
m3/s for 90%(c) of the early summer period overlapping with egg
incubation and larval outmigration stages through to end of August
OR
3. No evidence of Arctic Grayling adults or YOY utilizing the system
(as per baseline information)

Low Action Level triggered in three
consecutive surveys(d)

1a. During operations, for the years when flow mitigation is provided,
downstream flows at Stream K5 are not maintained above a target 0.4
m3/s for 70% of the spring migration period (defined as a minimum of
14 consecutive days following the ice out) or 1b. During operations,
for the years when flow mitigation is provided, downstream flows at
Stream K5 are not maintained above a target 0.1 m3/s for 70% of the
early summer period overlapping with egg incubation and larval
outmigration stages through to end of August
AND
2a. Slimy Sculpin YOY are not detected during one year within the
KLM watersheds and Slimy Sculpin densities shows a statistically
significant decreasing temporal annual trend across a two-year period
within the KLM watersheds and exceeding the decline (if any)
observed at reference locations or 2b. Northern Pike are not detected
at Area 8 and Stream K5

1a. Stream-wide average value(b) for
total density 50% less the background
normal range or 1b. Stream-wide
average value(b) for total density
trending toward 50% less than the
background normal range over a
period of at least three surveys.

1a. During operations, for the years when flow mitigation is provided,
downstream flows at Stream K5 are not maintained above a target 0.4
m3/s for 70% of the spring migration period (defined as 14
consecutive days following the ice out) for two consecutive years or
1b. During operations, for the years when flow mitigation is provided,
downstream flows at Stream K5 are not maintained above a target 0.1
m3/s for 70% of the early summer period overlapping with egg
incubation and larval outmigration stages through to end of August for
two consecutive years
AND
2a. Northern Pike are not detected for two consecutive years at Area
8 and Stream K5 or for the current year within the KLM watersheds or
2b. Slimy Sculpin YOY are absent during two consecutive years
within the KLM watersheds or 2c. Slimy Sculpin densities shows a
statistically significant decreasing temporal annual trend across a
four-year period within the KLM watersheds and exceeding the
decline (if any) observed at reference locations

Moderate
Effects are measurable
and are trending towards
the Significance
Threshold, but still well
below it

High
Measured effects
continue to trend
towards the Significance
Threshold

Notes: A higher tier Action Level cannot be triggered without first triggering the Action Level below it (e.g., a Moderate Action Level
exceedance implies that all Low Action Level criteria have been met in the same AEMP). Action Levels to be applied to streams
downstream of Area 8.
a) Changes below the Low Action Level are within the estimated magnitude of background variation and are considered to represent
negligible levels of environmental change.
b) The stream-wide average value is defined as either the mean or median value, depending on the underlying statistical distribution,
as discussed in Section 6.5.3.4 for benthic invertebrates.
c) Daily mean discharge will be maintained at Stream K5 for greater than 90% of the days during the period. Short-duration delays of
1-2 days in flow mitigation related to maintenance is proposed to be consistent with acceptable tolerances.
d) Low Action Level exceedance must occur in the effect indicator over a period of at least three years.
CES = critical effect size; SD = standard deviation; < = less than; m3/s = cubic metres per second; YOY = young-of-the-year.
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Suggested Responses

Suggested responses to Action Level exceedances for downstream of Area 8 are as follows:
•

•

•

Low Action Level Exceedances
−

report results in the AEMP annual report – no formal AEMP Response Plan needed as per current
AEMP guidance;

−

continue AEMP monitoring to confirm the Low Action Level exceedance;

−

identify potential mitigation options;

−

per AEMP guidance, refine Moderate and High Action Levels, if necessary;

−

address key uncertainties identified by the Low Action Level assessment; and

−

if observed responses are outside effect predictions (as presented in Section 2.2 of the AEMP
Design Plan), investigate the reasons for the deviations.

Moderate Action Level Exceedances
−

prepare and submit an AEMP Response Plan;

−

continue AEMP monitoring to confirm the Moderate Action Level exceedance;

−

address key uncertainties identified by the Moderate Action Level assessment; and

−

refine potential mitigation options and implement appropriate mitigation to stop or slow trend.

High Action Level Exceedances
−

prepare and submit an AEMP Response Plan;

−

continue AEMP monitoring to confirm the High Action Level exceedance;

−

address key uncertainties identified by the High Action Level assessment; and

−

identify, evaluate, and further implement mitigation measures to stop or reverse the observed trend
so the Significance Threshold is not reached.
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Lake D2/D3

Lake D2/D3 water quality has been in a transitional development phase since the amalgamation of Lakes
D2 and D3 in 2016 and the raised lake only reached its full supply level in June 2019, when lake water from
the deeper Basin D3 overflowed to the tundra towards Lake N14. Water and sediment quality is expected
to continue to change as Lake D2/D3 continues to adapt and develop over time. During the next few years,
water levels should remain stable at or close to full supply level, but water and sediment quality will likely
remain in a transitional phase for another one to three years. This transitional period is expected to lead to
the eventual stabilization of water quality such that Lake D2/D3 might be more consistent with other lakes
in the study area. After the stabilization of the water quality in Lake D2/D3, it is reasonable to propose that
the following water quality Significance Threshold that applies to the core lakes would also apply to Lake
D2/D3: Ecological function is not maintained (i.e., inadequate food for fish; fish unable to survive, grow, or
reproduce; and/or sustained absence of a fish species). Until this stabilization is complete, the Significance
Threshold should not apply to Lake D2/D3. Instead, the Significance Threshold will apply downstream in
Lake N14.
The Action Levels for Lake D2/D3 were developed in recognition of a surface hydrological connection
between Lake D2/D3 and Lake N14, whereby water from Lake D2/D3 flows into Lake N14. These Action
Levels serve to monitor water quality during further development of Lake D2/D3, and where appropriate in
the downstream Lake N14 waterbody, i.e., when triggered by the response framework and where there is
hydrological connection between the two lakes through an overflow from Lake D2/D3 to the tundra towards
Lake N14.

8.4.3.1

Toxicological Impairment

The changes in water quality in Lake D2/D3 that occurred due to the flooding of tundra vegetation and soils
have the potential to result in toxicological impairment. The Action Levels to be used in responding to
environmental change and avoiding the occurrence of significant adverse mine-related changes to the
aquatic ecosystem of Lake D2/D3 and downstream due to toxicological impairment are presented in
Table 8.4-5. Action Levels are focussed on water and sediment quality as these components provide an
indication of potential changes in exposure (i.e., chemistry) that could affect aquatic life in Lake N14. Action
Levels for water and sediment quality, plankton, and benthic invertebrates in Lake N14 will be developed if
a Low Action Level exceedance occurs in Lake D2/D3.
The key information that will be necessary to assess Action Levels in Lake D2/D3 and downstream is as
follows:
•

Water and Sediment Quality:
−

changes in concentrations of toxicologically-relevant parameters between pre- and post-dyke
monitoring periods; and

−

AEMP benchmarks, CCME water and sediment quality guidelines for the protection of aquatic life.
For sediment quality parameters that do not have applicable CCME ISQGs and are present at
increasing concentrations consistently above the normal range, the following will apply to the Low
Action Level, if available:
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−

an approved guideline from another Canadian jurisdiction that is equivalent to a CCME ISQG in
terms of protection level; or

−

an approved benchmark from another mine in the NT.

Key considerations for the Action Levels for Toxicological Impairment are as follows:
•

Water and sediment quality categories apply conservative benchmarks as one of the conditions for
reaching a Low Action Level. In the case of water quality, the AEMP Benchmarks include CCME water
sediment quality guidelines for the protection of aquatic life. For sediment quality, the CCME SQGs are
applied as well as relevant guidelines and benchmarks from other jurisdictions and northern mines
(AEMP Benchmarks).

•

For a parameter that triggers a Low Action Level exceedance for sediment quality but does not have a
CCME sediment quality guideline or an alternate benchmark, the response action will be to evaluate
whether the observed concentrations have the potential to affect benthic invertebrates. This evaluation
may include a review of the available literature and/or an evaluation of existing benthic invertebrate
community data. This understanding of the toxicity hazard of the parameter will be applied in the next
year’s Action Level assessment to determine if a Moderate Action Level is exceeded.

•

Comparison between post-dyke and pre-dyke conditions are important considerations for many of the
endpoint categories. The normal range will be category-specific and parameter-specific, and will be
developed for each component.
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Action Levels for Lake D2/D3 – Toxicological Impairment

Action Level
Low(a)
Effects are measurable
but well below the
Significance Threshold
– trigger meant as a
warning and
requirement for further
evaluation

Water Quality
Ecological Function Must Be Maintained
1. Significant increase in Lake D2/D3 lake-wide
average concentration(b) relative to pre-dyke
concentrations
AND
2. Lake D2/D3 lake-wide average concentration(b)
exceeds AEMP benchmark

Sediment Quality
Ecological Function Must Be Maintained
1. Significant increase in lake-wide average
concentration(b) relative to pre-dyke concentrations
in Lake D2/D3
AND
2. Lake-wide average concentration(b) is higher
than the CCME ISQG (adopted as the AEMP
benchmarks for the Low Action Level assessment)
or alternate benchmark (as applicable)

Moderate
Effects are measurable
and are trending
towards the
Significance Threshold,
but still well below it

1a. Confirmed sublethal toxic effects to more than
one test species in samples to be taken either
directly from the overflow or close to the outlet
from Lake D2/D3(c) (applicable if there is a surface
hydrological connection between Lake D2/D3 and
Lake N14 for at least part of the year) and 1b.
Low Action Level response in water quality for
Lake N14(d)
OR
2. Moderate Action Level response in water quality
for Lake N14(d)

1. Lake-wide average concentration(b) in Lake
D2/D3 is higher than the CCME PEL (adopted as
the AEMP benchmarks for the Moderate Action
Level assessment) or alternate benchmark (as
applicable)
AND
2. Low Action Level response in Lake N14(d)

High
Measured effects
continue to trend
towards the
Significance Threshold

1a. Confirmed sublethal toxic effects to more than
one test species in samples to be taken either
directly from the overflow or close to the outlet
from Lake D2/D3(d) (applicable if there is a surface
hydrological connection between Lake D2/D3 and
Lake N14 for at least part of the year) and 1b.
Moderate Action Level response in water quality
for Lake N14(d)
OR
2. High Action Level response in water quality for
Lake N14(d)

1. Lake-wide average concentrations(b) for more
than one sediment quality parameter that are
consistently increasing and are higher than CCME
PELs or alternate benchmarks (as applicable)
AND
2. Toxicity test results from the special study
triggered by the Moderate Action Level indicate a
Mine-related effect
AND
3. Moderate Action Level response in Lake N14(d)

Notes: A higher tier Action Level cannot be triggered without first triggering the Action Level below it (e.g., a Moderate Action Level
exceedance implies that all Low Action Level criteria have been met in the same AEMP).
a) Changes below the Low Action Level are within the estimated magnitude of background variation and are considered to represent
negligible levels of environmental change.
b) The lake-wide average concentration is defined as either the mean or median value, depending on the underlying statistical
distribution, as discussed in Section 6.2.3.5 for water quality and Section 6.3.3.4 for sediment quality.
b) Sublethal toxicity would be confirmed in at least two consecutive samples sampled at least one month apart.
c) Action Levels for Lake N14 developed in response to a Low Action Level trigger for Lake D2/D3.
AEMP = Aquatic Effects Monitoring Program; CCME = Canadian Council of Ministers of the Environment; ISQG = interim sediment
quality guideline; PEL = probable effect level.
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Nutrient Enrichment

The changes in water quality in Lake D2/D3 that occurred due to the flooding of tundra vegetation and soils
have the potential to result in nutrient enrichment. The Action Levels to be used in responding to
environmental change and avoiding the occurrence of significant adverse mine-related changes to the
aquatic ecosystem of Lake D2/D3 and downstream due to nutrient enrichment are presented in Table 8.4-6.
The key information that will be necessary to assess Action Levels in Lake D2/D3 and downstream is as
follows:
•

Water Quality:
−

Changes in nutrient concentrations between pre- and post-dyke monitoring periods.

Considerations for the Action Levels for nutrient enrichment are as follows:
•

Nutrient enrichment is predicted to occur due to flooding of the vegetation and soils; therefore, nutrient
benchmarks for eutrophication are important considerations for water quality as well as for the EIS
predictions.

•

Nutrient enrichment is expected to be temporary, limited to the period after flooding when water quality
is in flux.

•

For changes in nutrients (i.e., TP and TN), the magnitude of effect is defined in terms changes in trophic
classification as defined by CCME (2004) for TP and for TN by Vollenweider and Kerekes (1982)
(reproduced in Wetzel 2001) for phosphorus limited lakes.
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Action Levels for Lake D2/D3 – Nutrient Enrichment
Action Level

Low(a)
Effects are measurable but well below the
Significance Threshold – trigger meant as a
warning and requirement for further
evaluation

Moderate
Effects are measurable and are trending
towards the Significance Threshold, but still
well below it

High
Measured effects continue to trend towards
the Significance Threshold

Water Quality - Nutrients
1. A statistically significant difference in either total phosphorus or total nitrogen
compared to pre-dyke conditions in Lake D2/D3
AND
2. Lake-wide average(b) phosphorus concentrations exceeding 0.035 mg-P/L and
lake-wide average(b) total nitrogen concentrations exceeding 0.7 mg-N/L in Lake
D2/D3
1. Lake-wide average(b) phosphorus concentrations exceeding 0.050 mg-P/L and
lake-wide average(b) total nitrogen concentrations exceeding 1.0 mg-N/L in Lake
D2/D3
AND
2. Low Action Level response in nutrient enrichment for Lake N14(c)
1. Lake-wide average(b) phosphorus concentrations exceeding 0.080 mg-P/L and
lake-wide average(b) total nitrogen concentrations exceeding 1.875 mg-N/L in Lake
D2/D3
AND
2. Low Action Level response in nutrient enrichment for Lake N14(c)

Notes: A higher tier Action Level cannot be triggered without first triggering the Action Level below it (e.g., a Moderate Action Level
exceedance implies that all Low Action Level criteria have been met in the same AEMP).
a) Changes below the Low Action Level are within the estimated magnitude of background variation and are considered to represent
negligible levels of environmental change.
b) The lake-wide average concentration is defined as either the mean or median value, depending on the underlying statistical
distribution, as discussed in Section 6.2.3.5 for water quality.
c) Action Levels for Lake N14 developed in response to a Low Action Level trigger for Lake D2/D3.
AEMP = Aquatic Effects Monitoring Program; mg-N/L = milligrams of nitrogen per litre; mg-P/L = milligrams of phosphorus per litre.
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Suggested Responses

Suggested responses to Action Level exceedances in the Lake D2/D3 are as follows:
•

Low Action Level Exceedances
−

report results in the AEMP annual report – no formal AEMP Response Plan needed per current
AEMP guidance, except an AEMP Response Plan will be submitted to present proposed Action
Levels for Lake N14 in response to excedances to Action Levels in Lake D2/D3.

−

continue AEMP monitoring to confirm the Low Action Level excedance;

−

address key uncertainties identified by the Low Action Level assessment;

−

identify potential mitigation options;

−

per AEMP guidance, refine Moderate and High Action Levels, if necessary; and

−

if observed responses are outside effect predictions (as presented in Section 2.2 of the AEMP
Design Plan), investigate the reasons for the deviations;

−

For water quality:

−

•

−

to evaluate the potential for downstream effects of the overflow (or potential overflow) from
Lake D2/D3 to Lake N14, conduct a special study to undertake sublethal toxicity testing using
a battery of test species (i.e., fish, invertebrates, plants/algae)) in samples taken either directly
from the overflow or close to the outlet from Lake D2/D3; and

−

begin water quality monitoring in Lake N14 and develop Action Levels for Lake N14, if Lake
D2/D3 is overflowing towards Lake N14 (i.e., there is a surface hydrological connection
between the two lakes).

For sediment quality:
−

begin sediment monitoring in Lake N14 and develop Action Levels for Lake N14, if Lake D2/D3
is overflowing towards Lake N14 (i.e., there is a surface hydrological connection between the
two lakes); and

−

for parameters that trigger a Low Action Level exceedance but do not have CCME ISQG or
alternate benchmarks, evaluate if the observed sediment concentrations have the potential to
affect benthic invertebrates.
−

this evaluation may include a review of the available literature and/or an evaluation of
existing benthic invertebrate community data; and

−

this understanding of the toxicity hazard of the parameter will be applied in the next year’s
Action Level assessment to determine if a Moderate Action Level is exceeded.

Moderate Action Level Exceedances
−

prepare and submit an AEMP Response Plan;

−

continue AEMP monitoring to confirm the Moderate Action Level exceedance;

−

address key uncertainties identified by the Moderate Action Level assessment;
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−

refine potential mitigation options and implement appropriate mitigation to stop or slow trend;

−

investigate possible causes of toxicity in laboratory tests;

−

identify and evaluate potential mitigation options in response to the Moderate Action Level
assessment; and

−

as appropriate, consider implementation of mitigation measures.

−

For sediment quality:
−

−

in a special study, to further assess toxicological relevance by conducting sediment toxicity
testing at the AEMP station nearest the discharge, select stations farther away from the
discharge and at select stations in both reference lakes. Testing with both chironomids and
Hyalella azteca. Supporting sediment chemistry with AVS-SEM added to the AEMP sediment
quality parameter suite. The study should be scheduled to coincide with AEMP benthic
monitoring in the next AEMP year.

For water quality:
−

•

8-27

continue Lake N14 monitoring to evaluate the potential of downstream effects of any overflow
from Lake D2/D3.

High Action Level Exceedances
−

prepare and submit an AEMP Response Plan;

−

continue AEMP monitoring to confirm the High Action Level exceedance;

−

address key uncertainties identified by the High Action Level assessment; and

−

identify, evaluate, and implement further mitigation measures to stop or reverse the observed trend
so the Significance Threshold is not reached.
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AEMP REPORTING
Overview

Reporting for the AEMP involves four types of documents: AEMP Design Plans, AEMP annual reports,
Aquatic Effects Re-evaluation Reports, and AEMP Response Plans. These various documents represent
different chronological events over the AEMP life. First, the AEMP Design Plan, as represented by this
document, is generated to state how aquatic effects monitoring for the Mine will take place; this document
is typically updated over the life of the Mine. Monitoring results are summarized yearly in the AEMP annual
report. After three years, an Aquatic Effects Re-evaluation Report is prepared, summarizing the trends
observed since the beginning of monitoring. If, along the way, impacts to the aquatic environment are
identified (e.g., if an Action Level is triggered), then an AEMP Response Plan is generated. Further details
on these reporting requirements are provided in the sub-sections below.
In addition to the aforementioned reporting requirements, De Beers will inform the MVLWB if the AEMP
determines that there are any imminent potential risks to the ecosystem or to humans, requiring immediate
action. Such notification to the MVLWB will initially be via e-mail and telephone and subsequently by an
appropriate technical communication (e.g., a technical memorandum) together with recommended remedial
actions. While there is no reason to suspect that any imminent potential risks will be detected by the AEMP,
this additional reporting option is outlined as a precautionary measure.

9.2

AEMP Design Plan

This document represents the second AEMP Design Plan for the Mine; subsequent updates to this plan
will be generated over the life of the Mine. Updates will be generated to take into account annual AEMP
results and the evolution of the Mine over time, and to incorporate adaptive management considerations,
when appropriate. When updates are made to the AEMP Design Plan, a summary of changes to the AEMP
design since the last approved design will be included in the revised plan, together with a rationale for the
changes.
The AEMP Design Plan will be updated approximately every three years per the Water Licence
requirements. The timing of these updates will follow the preparation of the Aquatic Effects Re-evaluation
Report, which will provide recommended changes to the AEMP based on past experience.

9.3

AEMP Annual Report

The AEMP annual reports will provide results and interpretation updates for each of the AEMP monitoring
components by May 1 of every year. A summary of the most important results will be communicated in a
plain-language summary.
The AEMP annual report will include the following:
•

a plain language summary of the major results obtained in the preceding calendar year and a plain
language interpretation of the significance of those results;

•

a summary of activities conducted under the AEMP;

•

an update of the Mine development activities and any accidents, malfunctions, or spills within the report
time frame that could influence the results of the AEMP;
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•

tabular summaries of all data and information generated under the AEMP in an electronic and printed
format acceptable to the MVLWB;

•

an interpretation of the results, including an evaluation of environmental effects that occurred as a result
of the Mine;

•

a comparison of predicted mixing and dilution of effluent in Lake N11 and Area 8 to monitoring data;

•

an analysis (e.g., WOE evaluation) that integrates the results of individual monitoring components
collected in a calendar year and describes the ecological significance of the results;

•

a comparison of monitoring results to Action Levels;

•

an evaluation of the overall effectiveness of the AEMP to date;

•

recommendations for refining the AEMP to improve its effectiveness; and

•

any other information specified in the approved AEMP Design Plan or that may be requested by the
MVLWB before November 1 of any year.

In general, the AEMP annual report will be organized according to the monitoring components described in
Section 6 of this design plan, with additional content to meet the aforementioned requirements. The data
collected by the various components will be evaluated in each annual report to determine whether Action
Levels have been reached, or could be reached in the near future. The evaluation will also include a
discussion of the implications of multiple low level effects observed as part of the integration of the data
and a discussion of a response strategy, if applicable. Results of each monitoring component will be
integrated in a WOE section, which will evaluate the strength of evidence for Mine-related effects for each
impact hypothesis. Summaries of the results from TK monitoring programs and Special Studies will also be
included in the AEMP reports, as they become available.
Electronic versions of the AEMP data and reports will be provided and posted on the MVLWB website
(https://mvlwb.com). It is expected that the raw data will be provided in Excel format. De Beers
acknowledges that various parties will review the reports and will work as directed by the MVLWB to
facilitate this review. To this end, in addition to the AEMP annual report, the data and the results may also
be presented in a workshop where responsible regulatory boards, Indigenous parties, federal/territorial
governments, and other interested parties.

9.4

Aquatic Effects Re-evaluation Report

Every three years, an additional AEMP report, referred to as the Aquatic Effects Re-evaluation Report, will
be produced and submitted to the MVLWB. The Aquatic Effects Re-evaluation Reports may present, but
are not limited to, the following information:
•

a review and summary of AEMP data collected to date including a description of overall trends in the
data (from the baseline period), comparisons to predicted effects, and other key findings of the
monitoring program;

•

an analysis (e.g., WOE evaluation) that integrates the results of individual monitoring components,
describes the overall ecological significance of the results for each impact hypothesis, and evaluates
the strength of evidence for Mine-related effects on Kennady Lake and/or downstream lakes and
streams;
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•

a comparison of measured Mine-related aquatic effects to predictions made during the EIS, and an
evaluation of any differences and lessons learned;

•

updated predictions of Mine-related aquatic effects or impacts from the time of writing to the end of
mine life based on AEMP results to date and other relevant operational monitoring data;

•

a plain language summary of the major results of the above analyses and a plain language
interpretation of the significance of those results;

•

recommendations, with rationale, for changes to Action Levels and documentation of any changes to
Mine management as a result of the application of the AEMP Response Framework;

•

recommendations, with rationale, for changes to any aspect of the AEMP Design Plan; and

•

any other information required to meet the objectives listed in Part I, item 1 of the Water Licence or as
requested by the MVLWB.

9.5

AEMP Response Plans

Low Action Level exceedances no longer require submission of a response plan; these exceedances will
be reported and described in the AEMP annual reports (MVLWB and GNWT 2019). There are two
exceptions to this: (1) as directed by the Board, response plans will be submitted to seek approval of Effects
Thresholds and Action Levels for Lake N14; and (2) if a Moderate or High Action Level of the AEMP
Response Framework is triggered, an AEMP Response Plan must be submitted to the Board. Additional
consultation with regulators and communities may be required prior to completion and approval of an AEMP
Response Plan, depending on the severity of the monitoring result.
The specific Water Licence requirements for response plans are detailed in Part I, Items 6 to 8 and
Schedule 6, Part I, Item 4 (MV2005L2-0015; MVLWB 2021a), and are provided below; De Beers commits
to meeting these conditions:
Item 6. If any Action Level as defined in the approved AEMP Design Plan is exceeded, the Licensee
shall:
a) Notify the Board within thirty (30) days of when the exceedance is detected; and
b) Within ninety (90) days of when the exceedance is detected, submit an AEMP Response Plan
that satisfies the requirements of Schedule 6, Condition 4 to the Board for approval.
Item 7. The Licensee shall implement the AEMP Response Plan as and when approved by the Board.
Item 8. The Licensee shall submit a revised AEMP Response Plan as directed by the Board.
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Schedule 6, Item 4. The AEMP Response Plan referred to in Part I, item 7 of this Licence shall contain
the following information for each parameter that has been reported in the AEMP Annual Report to have
exceeded an Action Level:
a) A description of the parameter, its relation to Significance Thresholds and the ecological
implication of the Action Level exceedances;
b) A summary of how the Action Level exceedance was determined and confirmed;
c) Recommended values for subsequent Action Levels;
d) A description of likely causes of the Action Level exceedances and potential mitigation options
if appropriate;
e) A description of actions to be taken by the Licensee in response to the Action Level
exceedances 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 update the AEMP
Response Plan as required; and
f) Any other information necessary to assess the response to an Action Level exceedance or that
has been requested by the Board.
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11 ABBREVIATIONS AND ACRONYMS, UNIT OF MEASURE,
AND GLOSSARY
11.1

Abbreviations and Acronyms

Abbreviation/Acronym

Definition

A

adult

AICc

Akaike’s Information Criterion, corrected

ADV

acoustic doppler velocimeter

AEMP

Aquatic Effects Monitoring Program

ALS

ALS Canada Ltd.

ANCOVA

analysis of covariance

ANOSIM

analysis of similarities

ANOVA

analysis of variance

APHA

American Public Health Association

BACI

before-after control-impact

BC ENV

British Columbia Ministry of Environment and Climate Change Strategy

BCMOE

British Columbia Ministry of the Environment

BOD5

biochemical oxygen demand (5 day)

BSM

Broad-scale Fish Community Monitoring

BTEX

benzene, toluene, ethylbenzene, and xylenes

CaCO3

calcium carbonate

CALA

Canadian Association for Laboratory Accreditation

CCME

Canadian Council of Ministers for the Environment

CDWQG

Canadian Drinking Water Quality Guidelines

CES

critical effect size

CWQG-PAL

Canadian water quality guideline for the protection of aquatic life

De Beers

De Beers Canada Inc.

DFMP

Downstream Flow Mitigation Plan

DFO

Department of Fisheries and Oceans Canada

DFM

Downstream Flow Mitigation

DI

de-ionized water

DL

detection limit

DLSA

Downstream Local Study Area

DO

dissolved oxygen

DOC

dissolved organic carbon

dw

dry weight

e.g.

for example

ECCC

Environment and Climate Change Canada

EEM

Environmental Effects Monitoring

EIS

Environmental Impact Statement

EIR

Environmental Impact Review
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Abbreviation/Acronym

Definition

ELISA

enzyme-linked immunosorbent assay

EPA

Environmental Protection Agency

EQC

effluent quality criteria

et al.

and others

F

female

FEQG

federal environmental quality guidelines

FH

fish health

FIN

fish identification number

FT

fish tissue chemistry

Golder

Golder Associates Ltd.

GPS

global positioning system

Hg

mercury

HR-ICP/MS

high resolution inductively coupled plasma mass spectrometry

ICP-MS

inductively coupled plasma mass spectrometry

i.e.

that is

ISQG

interim sediment quality guideline

J

juvenile

KLSA

Kennady Lake Study Area

LBF

large-bodied fish

M

male

MDMER

Metal and Diamond Mining Effluent Regulations

MDS

multidimensional scaling

Mine

Gahcho Kué Mine

mMDS

metric multidimensional scaling

MVEIRB

Mackenzie Valley Environmental Impact Review Board

MVLWB

Mackenzie Valley Land and Water Board

N

nitrogen

n/a

not applicable

nMDS

non-metric multidimensional scaling

NSIDC

National Snow and Ice Data Center

NT

Northwest Territories

OMNR

Ontario Ministry of Natural Resources

OWRC

open-water rating curve

P

phosphorus

PEL

probable effect level

PIT

passive integrated transponder

PK

processed kimberlite

PKC

Processed Kimberlite Containment

Project

Gahcho Kué Project

PVC

polyvinyl chloride
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Abbreviation/Acronym

Definition

QA

quality assurance

QA/QC

quality assurance and quality control

QC

quality control

RFID

radio-frequency identification

RPD

relative percent difference

SBF

small-bodied fish

SD

standard deviation

SHERT

Safety, Health, Environment, Risk, Training

SiO2

silicon dioxide

SIMPROF

similarity profile

SNP

Surveillance Network Program

SQG

sediment quality guideline

SRSi

soluble reactive silica

SRP

soluble reactive phosphorus

SSWQO

site-specific water quality objective

TBD

to be determined

TDS

total dissolved solids

the Act

Mackenzie Valley Resource Management Act

TK

Traditional Knowledge

TKN

total Kjeldahl nitrogen

TN

total nitrogen

TOC

total organic carbon

TP

total phosphorus

TPH

total petroleum hydrocarbons

TSS

total suspended solids

USEPA

United States Environmental Protection Agency

UTM

Universal Transverse Mercator

VC

Valued Component

VSMP

Vegetation and Soils Monitoring Program

WLWB

Wek’èezhìi Land and Water Board

WMP

water management pond

WOE

weight of evidence

WQG

water quality guideline

WSC

Water Survey of Canada

WSE

water surface elevation

ww

wet weight

YOY

young-of-the-year

De Beers Canada Inc.

February 2022
Section 11

Gahcho Kué Mine
11-4
AEMP Design Plan Version 6.3
Abbreviations and Acronyms, Units of Measure and Glossary

11.2

Units of Measure
Unit/Symbol

Definition

±

plus or minus

<

less than

↑/↓

WOE Rating 1

↑↑/↓↓

WOE Rating 2

↑↑↑/↓↓↓

WOE Rating 3

%

percent

°C

degree Celsius

µm

micrometre

µS/cm

microsiemens per centimetre

µg/L

micrograms per litre

cm

centimetre

cm/s

centimetres per second

g

gram

ha

hectare

km

kilometre

km2

square kilometre

kPa

kilopascal

kg

kilogram

L

litre

m
m

metre
square metre

2

m/s

metres per second

m

cubic metre

3

m3/s

cubic metres per second

mg/100 cm /30 d

milligrams per hundred square centimetres per thirty days

mg/kg

milligrams per kilogram

mg/L

milligrams per litre

2

mg/m

3

milligrams per cubic metre

mg-N/L

milligrams of nitrogen per litre

mg-P/L

milligrams of phosphorus per litre

mL

millilitre

mm

millimetre

mm3/m3

cubic millimetres per cubic metre

mm/d

millimetres per day

Mt

million tonnes

No.

number

NTU

nephelometric turbidity unit

org/L

organisms per litre

W/m2

watts per square metre
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Glossary
Term

a posteriori
a priori
Action Level

adaptive management

alkalinity

assessment endpoint
aufeis

Definition
Derived by reasoning based on observations. A posteriori weighting is established during and after
data have been collected.
Derived by reasoning in advance from theoretical deduction. A priori weighting criteria are
established before data have been collected.
Quantitative benchmarks associated with changes to measure endpoints for specific components
relative to baseline (as identified in the Environmental Impact Statement), which if exceeded trigger
management actions.
The exact definition of adaptive management varies among monitoring programs, but typically
adheres to having four themes as follows (WLWB 2010):
• learning to reduce management uncertainties;
• using what is learned to change policy and practice;
• focusing on improving management; and
• doing the above in a formal, structured and systematic way.
A measure of water’s capacity to neutralize an acid. It indicates the presence of carbonates,
bicarbonates and hydroxides, and less significantly, borates, silicates, phosphates, and organic
substances. Alkalinity is expressed as an equivalent of calcium carbonate. Its composition is
affected by pH, mineral composition, temperature, and ionic strength. However, alkalinity is
normally interpreted as a function of carbonates, bicarbonates, and hydroxides. The sum of these
three components is called total alkalinity.
General statement about what is being protected (e.g., suitability of water quality to support a
health aquatic ecosystem) through the operation of the Mine, and into the future after the Mine has
closed down.
A sheet-like mass of layered ice formed by upwelling of surface water behind ice dams or by
groundwater discharge.

average or mean

The sum of all values divided by the number of values.

background

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

bacteria
bankfull
barometric pressure
baseline
benchmark
benthic invertebrates

Microscopic organisms lacking a nucleus; found in the water column, on submerged surfaces, and
in the sediments of a lake.
The water level, or stage, at which a stream, river or lake is at the top of its banks and any further
rise would result in water moving into the flood plain.
Another term for “atmospheric pressure”, which is the pressure exerted by weight of the
atmosphere.
A surveyed or predicted condition that serves as a reference point to which later surveys are
coordinated or correlated.
Of water and sediment quality, a standard or point of reference against which measured
concentrations may be compared or assessed.
Invertebrate organisms living at, in, or in association with the bottom (benthic) substrate of lakes,
ponds, and streams (e.g., insects, worms, snails and crustaceans). Benthic invertebrates are a
food source for fish.

berms

A level space, shelf, or raised barrier separating two areas.

biomass

The weight or mass of an organism or group of organisms in sample.

Canadian Water Quality
Guideline for the
Protection of Aquatic Life
(CWQG-PAL)

Guidelines established by the Canadian Council of Ministers of the Environment and used to
assess the potential effects of the concentration of different water quality parameters upon aquatic
life (i.e., fish, aquatic plants [macrophytes], and benthic invertebrates). Exceedance of a guideline
does not mean that adverse effects will occur with certainty, only that they may occur and that this
possibility needs to be investigated further.

chlorophyll a (chl a)

The primary photosynthetic pigment contained in algae (primary producers).

chronic

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

coarse kimberlite

Coarse kimberlite particles range in size from 0.25 mm to 6 mm.
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Definition
The species present and their relative proportions in an assemblage of organisms.
A measure of the capacity of water to conduct an electrical current. It is the reciprocal of
resistance. This measurement provides an estimate of the total concentration of dissolved ions in
the water.
A lake that may be affected by the Mine, including Area 8 of Kennady Lake, Lake N11, and for
some components, Lake 410 and Kirk Lake. See also exposure lake.

covariate

In statistics, a covariate is a variable that is possibly predictive of the outcome under study.

density

Weight (mass) per unit of volume used as a measure of the compactness of a substance.

detection limit (DL)
dewatering

The lowest concentration at which individual measurement results for a specific analyte are
statistically different from a blank (that may be zero) with a specified confidence level for a given
method and representative matrix.
Removal of water; e.g., removal of groundwater from surficial aquifers or deposits using wells or
drainage ditch systems; removal of water from lakes to allow mining.

diffuser

A device used to disperse effluent in a waterbody.

discharge

The volume of water that passes through a given channel cross section per unit time.

dissolved oxygen (DO)
duplicate sample

Measurement of the concentration of dissolved (gaseous) oxygen in the water, usually expressed
in milligrams per litre (mg/L).
A second sample collected at the same time and from the same location, repeating the same
collection procedure as the original sample. Such a sample is used to detect variability at a station
and to verify the field-sampling method.

dustfall

Fine particles in the atmosphere deposited on a surface (i.e., the ground).

dyke

A natural or artificial slope or wall that regulates water level.

ecological
ecosystem
effluent
Ekman grab
elutriation
euphotic
eutrophication
evapotranspiration
exposure lake
field blank
field duplicate
fine processed kimberlite

Relating to or concerned with the relation of living organisms to one another and to their physical
surroundings.
An integrated and stable association of living and non-living resources functioning within a defined
physical location. A community of organisms and its environment functioning together as a unit. For
the purposes of assessment, the ecosystem must be defined according to a particular unit and
scale.
Stream of water discharging from a source.
Cube-shaped mechanical device with a spring-loaded opening that is lowered to the bottom of a
waterbody and triggered to close to collect a sample of the bottom substrate.
A process similar to gold-panning, used during preparation of bottom sediment samples for
taxonomic analysis of benthic invertebrates. Elutriation is used to separate organic material (e.g.,
plant material, invertebrates) from inorganic sediments (e.g., sand, gravel) based on the lower
specific gravity of organic material.
The upper surface layer of a waterbody where sufficient light penetrates to allow photosynthesis to
occur.
The over-fertilization of a body of water, which generally results in increased plant growth and
decay. This ultimately leads to an increase in algae over aquatic plants (macrophytes), resulting in
a decrease in water quality. Causes of eutrophication can be anthropogenic or natural.
The combination of loss of water from the land surface by evaporation from the soil and vegetation
surface and by transpiration through plant leaves.
A lake potentially impacted by an external disturbance.
A sample of de-ionized water provided by the laboratory that is used to detect sample
contamination during the collection, shipping, and analyses of samples.
A second sample collected at the same time and from the same location, repeating the same
collection procedure as the original sample. Such a sample is used to detect variability at a station
and to verify the field-sampling method.
Fine processed kimberlite material with a particle size that smaller than 0.25 mm.
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Definition

fish

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

fish condition

The relative plumpness of a fish; various indices are used to quantify fish body condition.

flagellates
footprint

A group of microscopic organisms that have a whip-like organelle called a flagella; sizes ranging
from 2 to 20 micrometres and include autotrophic and heterotrophic forms. They are found within
the plankton and heterotrophic forms consume pico-cyanobacteria and heterotrophic bacteria.
The proposed development area that directly affects the soil and vegetation components of the
landscape.

freshet

A spring thaw or a sudden rise in the water level of a stream, resulting from snow and ice melt.

geodetic

A coordinate system that defines an elevation of zero as equal to mean sea level.

Global positioning system
(GPS)
groundwater
habitat
headwater

A system of satellites, computers, and receivers that is able to determine the latitude and longitude
of a receiver on Earth by calculating the time difference for signals from different satellites to reach
the receiver.
That part of the subsurface water that occurs beneath the water table, in soils and geologic
formations that are fully saturated.
The physical location or type of environment in which an organism or biological population lives or
occurs.
The source and upper reaches of a stream; also the upper reaches of a reservoir. The water
upstream from a structure or point on a stream. The small streams that come together to form a
river. Also may be thought of as any and all parts of a river basin except the mainstem river and
main tributaries.

homogeneity

The quality of being similar or comparable in kind or nature.

homogeneity of variances

In statistics, this term refers to homoscedasticity.

hydrological control point
Hydrology

The point of lowest elevation along the cross section in a channel that governs water levels in an
upstream waterbody. The elevation of the hydrological control point is equivalent to zero-flow
elevation.
The science of water movement and distribution, including the hydrologic cycle and interactions
with the physical and biological environment.

hydrometric station

A location most commonly on a watercourse used to monitor discharge and water level.

Hypothesis

A supposition or proposed explanation made on the basis of limited evidence as a starting point for
further investigation.

ice-cover season

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

ice-off

Refers to the date when ice on a lake breaks up and areas of open-water are visible

ice-out
interaction term
interim sediment quality
guideline (ISQG)
laboratory split
major ions
management plan

The disappearance of ice from the surface of a body of water (such as a lake) as a result of
thawing, at the start of spring.
In statistics, an interaction is a term in a statistical model in which the effect of two or more
variables is not simply additive.
Concentration of a chemical in sediment below which adverse effects are rare or not expected to
occur in the majority of sediment-dwelling organisms.
A water sample that is submitted to the laboratory is split into two samples by the analytical
laboratory, each tested separately. These samples are used to assess the reproducibility of the
laboratory results (i.e., laboratory method and analyses).
TDS (calculated), calcium, chloride, fluoride, magnesium, potassium, reactive silica (as SiO2),
sodium, sulphate, total alkalinity (as CaCO3), and nitrate
Describes management actions, objectives, roles and responsibilities, monitoring, and guidelines
for specific Mine components. Examples include the Surface Water and Effluent Management
Plan, Wildlife and Wildlife Habitat Protection Plan, and various waste management plans.

mean

The sum of all values divided by the number of values.

measurement endpoint

Quantifiable (i.e., measurable) expressions of the aquatic environment and may include measures
of exposure as well as measures of biological responses.
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median
mesotrophic
meteorological
microcystin
mine rock

February 2022

Definition
The value located in the middle of a series of values, when the values are ranked from smallest to
largest.
Trophic state classification for lakes characterized by a moderate concentration of nutrients and
moderate productivity.
Relating to the study of atmospheric processes including weather.
A class of naturally occurring hepato-toxins (able to cause serious damage to the liver) produced
by cyanobacteria; microcystin-LR is the most common and potentially toxic form.
Excavated bed rock surrounding the kimberlite deposits. Mine rock consists primarily of granitic
rock material. It is also sometimes referred to as country rock or waste rock.

mitigation

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

mixing zone

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

monitoring components
multidimensional scaling
Ni Hadi Xa

Section 11

A term used to broadly describe the aspect of the environment and population that may be
impacted and monitored.
A means of visualizing the level of similarity of individual cases in a dataset. It refers to a set of
related ordination techniques (metric or non-metric) used in information visualization contained in a
distance matrix.
Ni Hadi Xa is a collaborative monitoring program for the Gahcho Kué Mine involving impacted First
Nations, Métis organizations and the mining project proponent, De Beers.

normal range

An estimate of natural variability.

normality

The property of the distribution of a data set in terms of whether it is well-modelled by a normal
distribution.

nutrient enrichment

Effect on aquatic organisms caused by increased concentrations of nutrients.

nutrients
oligotrophic
open-water season
outlier

Elements or compounds present in the environment such as nitrogen or phosphorus, which are
necessary for the growth and development of plants and animals. Macronutrients provide the bulk
energy for an organism's metabolic system to function, while micronutrients provide the necessary
cofactors for metabolism.
Trophic state classification for lakes characterized by low concentration of nutrients and low
productivity.
The period of time during the year when waterbodies are free of ice (generally June or July to
October).
A data point outside of the statistical distribution defined by the mean and standard deviation, and
that has a studentized residual value greater than or equal to an absolute value of 3.5.

overwintering habitats

Areas used by fish during winter to escape freezing and unsuitable conditions.

pelagic

Open-water area within a lake.

pH

The degree of acidity (or alkalinity) of a solution. The pH scale is generally presented from 1 (most
acidic) to 14 (most alkaline), where 7 is considered neutral. A difference of one pH unit represents
a ten-fold change in hydrogen ion concentration.

physical habitat alteration

Effects to aquatic organisms due to Mine-related alterations to physical habitat (aquatic habitat).

phytoplankton

The algal component of the plankton community, ranging in size from 2 to 20 micrometres in size.

plankton

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

plume

The form effluent takes in water following discharge.

precipitation

Rain or snow that falls to the ground.

pressure transducer

An instrument that records pressure, whether atmospheric or atmospheric plus water, and can be
used to derive the depth of submergence in water when atmospheric pressure is known.

primary productivity

The rate of primary production through the process of photosynthesis.
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probable effect levels
(PEL)
processed kimberlite (PK)
Processed Kimberlite
Containment (PKC)

February 2022
Section 11

Definition
Concentration of a chemical in sediment above which adverse effects on an aquatic organism are
likely but not certain to occur.
The material that remains after all economically and technically recoverable diamonds have been
removed from the kimberlite during processing.
An impoundment structure constructed to contain processed kimberlite slurry. Processed
Kimberlite Containment (PKC) are enclosed dykes made with granite rock and overburden
materials, constructed to stringent geotechnical standards.

P-value

Statistical value used to determine the significance of a relationship or difference, e.g., P <0.05.

qualitative

Relating to, measuring, or measured by the quality of something.

quality assurance (QA)
quality control (QC)

Management and technical practices designed so that the data generated are of consistently high
quality. They include training of staff, standardization and review by field and office personnel of
procedures used in the collection, transport, and analyses of samples.
Internal techniques used to measure and assess data quality, including samples that are used to
detect and reduce systematic and random errors that may occur during field sampling and
laboratory procedures.

quantitative

Relating to, measuring, or measured by the quantity of something.

reference lake

A lake selected for sampling because of its relatively undisturbed conditions.

relative abundance

The proportional representation of a species in terms of abundance in a sample or a community.

relative biomass

The proportional representation of a species in terms of biomass in a sample or a community.

Response Framework
runoff

Secchi depth

sediment
seepage
Significance Threshold

Simpson’s diversity index

A systematic structure to responding when results of monitoring of specific components indicate
that an Action Level has been reached.
The portion of water from rain and snow that flows over land to streams, ponds or other surface
waterbodies; it is the portion of water from precipitation that does not infiltrate into the ground, or
evaporate.
A measure of water clarity, measured by lowering a 20 cm diameter disk (Secchi disk) with
alternating black and white coloured quadrants. The shallowest depth at which the disk is no longer
visible is the Secchi depth. Deeper Secchi depth readings indicate clear water, while lower
readings indicate turbid water.
Solid material that is transported by, suspended in, or deposited from water. It originates mostly
from disintegrated rocks; it also includes chemical and biochemical precipitates and decomposed
organic material.
Slow water movement in the subsurface. Flow of water from constructed retaining structures. A
spot or zone, where water oozes from the ground, often forming a small spring.
High level narrative statement that bounds the magnitude of change within a specific component,
which if reached, would result in significant adverse environmental effects. It is linked to the
Assessment Endpoints identified in the Environmental Impact Statement, and clearly states the
absolute “no-go zone” for change as a result of the Mine.
Used to measure diversity. In ecology, it is often used to quantify the biodiversity of a habitat. It
takes into account the number of species present, as well as the relative abundance of each
species. The Simpson index represents the probability that two randomly selected individuals in the
habitat will not belong to the same species.

solar radiation

Sum of the light and energy that is emitted from the sun.

spawning

The building of nests (redds) and the release eggs and sperm into these nets.

specific conductivity

A measure of how well water conducts electricity, standardized to 25°C.

spring freshet

A spring thaw event resulting from melting snow and ice.

stage
stage-discharge rating
curve

The elevation of the water surface of a waterbody relative to an arbitrary datum. A stage of zero is
sometimes equivalent to the elevation of the hydrological control point (the elevation of zero flow).
A relation between stage and discharge used to convert continuous measurements of stage to a
discharge hydrograph.
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standard deviation (SD)
standard error

stressors

A measure of the variability or spread of the measurements about the mean. It is calculated as the
positive square root of the variance.
The standard deviation of the errors associated with a series of measurements. It is calculated as
the standard deviation divided by the square root of the sample size.
Physical, chemical, or biological perturbations to a system that are either (a) foreign to that system
or (b) natural to the system but applied at an excessive [or deficient] level. Stressors cause
significant changes in the ecological components, patterns, and processes in natural systems.
Examples include water withdrawal, pesticide use, timber harvesting, traffic emissions, stream
acidification, trampling, poaching, land-use change, and water pollution.
Additional information used to complement the existing data.

surface water

Water that occurs on the surface of the land such as lakes, streams, and ponds.

telemetry
Terms of Reference
total dissolved solids
(TDS)
total Kjeldahl nitrogen
(TKN)
total organic carbon
(TOC)
total suspended solids
(TSS)

Section 11

Definition

supplemental

taxon

February 2022

A group of organisms at the same level of the standard biological classification system; the plural
of taxon is taxa.
Measurement data collected by automated instrumentation at remote locations and transmitted to
receiving equipment for monitoring.
The document issued by the Mackenzie Valley Review Board Gahcho Kué Panel, which outlined
the issues that De Beers must address in the environmental assessment.
The total concentration of all dissolved solids found in a water sample.
The sum of total (particulate and filterable) organic nitrogen, ammonia, and ammonium.
Composed of both dissolved and particulate forms; often calculated as the difference between total
carbon and total inorganic carbon. Total organic carbon has a direct relationship with both
biochemical and chemical oxygen demands, and varies with the composition of organic matter
present in the water. Organic matter in sediment, aquatic vegetation, and aquatic organisms are
major sources of organic carbon.
The amount of suspended particles in a water sample. These particles are larger than 2
micrometres (microns) in size, and can be removed by filtration; substances smaller than 2
micrometres (microns) are considered dissolved solids.

toxicity

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

toxicological impairment

Toxicity to aquatic organisms due to Mine-related releases of substances of toxicological concern.

Traditional Knowledge
(TK)

Knowledge and understanding of traditional resource and land use, harvesting, and special places.

travel blank
trophic
trophic level

trophic state
turbidity

A water sample prepared by the laboratory and shipped to the field sampling location and
subsequently returned to the laboratory unopened. These samples are used to detect sample
contamination during transport and laboratory analysis.
Pertaining to part of a food chain, for example, the primary producers (i.e., algae) are a trophic
level just as tertiary consumers (i.e., fish) are another trophic level.
A functional classification of organisms in an ecosystem according to feeding relationships, from
primary producers through herbivores (primary consumers) and carnivores (secondary and tertiary
consumers).
System of classifying lakes based on primary productivity. Lakes are classified based on nutrient
concentrations (typically phosphorus), or indicators of algal biomass (chlorophyll a). Lakes can be
classified as oligotrophic (nutrient poor), mesotrophic (moderately productive), or eutrophic (very
productive and fertile).
An indirect measure of suspended particles, such as silt, clay, organic matter, plankton, and
microscopic organisms, in water.

under-ice

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

Universal Transverse
Mercator (UTM)

A conformal projection that uses a 2-dimensional Cartesian coordinate system to give locations on
the surface of the Earth.
A component of the environment that people consider to be ecologically, socially, culturally, or
economically important.
An in situ measurement consisting of taking readings of physical parameters or samples at certain
depth increments in the water column of a lake.

Valued Component (VC)
vertical profile
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water yield
waterbody
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Section 11

Definition
The mean annual runoff from an unregulated watershed, often expressed as a depth of water.
Water yield is calculated by dividing mean annual runoff volume by the area of the watershed.
Any location where water flows or is present, whether or not the flow or presence of water is
continuous seasonal, intermittent, or occurs only during a flood; e.g., a lake, pond, river, or stream.

watershed

The entire catchment area of runoff containing a single outlet.

weight of evidence (WOE)

A process used in ecological risk assessments and environmental monitoring by which multiple
measurement endpoints (often referred to in this context as “lines of evidence”) are related to an
assessment endpoint for a particular receptor.

young-of-the-year (YOY)

Newly hatched fish in their first year of development.

zooplankton

Small, often microscopic, animals that live suspended in the water column of non-flowing
waterbodies such as lakes. They mainly feed on primary producers (phytoplankton).
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Table A-1

Appendix A

Concordance of the AEMP Design Plan Version 6.3 for the Gahcho Kué Mine with MVLWB Directives

Reference
Document

Directive
No.

2017 AEMP
Response Plan for
Water Quality,
Plankton, and Benthic
Invertebrates

2

The Board also directs De Beers to propose a Medium Action Level for toxicological
impairment and nutrient enrichment during the AEMP re-evaluation and AEMP redesign process in 2019, even if the Low Action Level is changed/revised.

b)

Review Comment
Reference

AEMP Design Section No.

n/a

Section 8.4.1

In the Hydrology sections, ensure the relationship between L1, L1a (downstream), and
L1b (upstream) is clarified and included on the Hydrological Site Maps. (Review
Comment ID = GNWT-ENR-5)

GWNT-ENR-5

Section 5.2, Map 5.2-1

Follow the recommendations as noted in De Beers’ response to ENR 24:
1. The sampling method used to collect shallow (i.e., top 1-cm) sediment should be
reviewed in the Aquatic Effects Re-evaluation Report

GNWT-ENR-26

Section 6.3.3.2

g)

Include the proposed mitigation measures to prevent future sampling error identified in
section 8.2.1 of the 2018 AEMP Annual Report.
1) A master list of coordinates will be developed for each aquatic monitoring
component for the four field programs conducted for the AEMP (i.e., ice-cover [April]
and open-water [July, August and September]) and will be used going forward to
update the work instructions provided to the field crews. This will eliminate the
potential for copy/paste errors during development of work instructions provided to
field crews.
2) A 100% QA check of coordinate lists will occur during review of work instructions
documents and during each pre-field program meeting conducted between the project
management team, the component leads, and the field crew.

GNWT-ENR-36

Appendix B
Section 5.5

a)

De Beers to engage with reviewers to address whether post-baseline data (2015 and
2016 monitoring data) can be included in the normal range. De Beers to provide
method for evaluating the validity of including 2015 and 2016 monitoring data in the
normal ranges. This engagement shall occur prior to the submission of the Aquatic
Effects Re-evaluation Report and AEMP Design Plan due on December 13, 2019. De
Beers could host an AEMP Workshop to discuss the AEMP re-evaluation results with
reviewers prior to those submissions.

ECCC-2

-(a)

aa.

De Beers to reflect proposed sample collection methods (i.e., discrete from mid- depth
if lake is mixed or above and below the thermocline if not mixed) and that the full suite
of nitrogen species (i.e., ammonia, nitrate, nitrite, total Kjeldahl nitrogen, and total
nitrogen) will be analyzed.

ECCC-4

Section 5.4.2
Section 6.2.3.3
Section 6.2.3.4 (Table 6.2-3)

bb.

De Beers to reflect the AEMP Benchmark of manganese to the new Canadian
Drinking Water Quality Guideline and CWQG-PAL.

ECCC-6

Section 6.2.3.5

cc.

De Beers to reflect the response on data evaluation for grab samples vs. core
samples for sediment samples.

ECCC-7

Section 6.3.3.4

dd.

De Beers to submit the updated Downstream Flow Mitigation Plan

DFO-6

The Downstream Flow Mitigation Plan is
not part of the AEMP. De Beers commits
to file an updated DFMP to the Board in
2021 (Section 2.1.2)

ee.

De Beers to clarify which mean/median is applied to each parameter to avoid
confusion in further AEMP data analysis.

GNWT-ENR-2

Section 6.2.3.5
Section 6.3.3.4
Section 6.4.3.4
Section 6.5.3.4
Section 6.7.3.6
Section 6.8.3.3

ff.

De Beers to update the AEMP Design Plan to reflect the correct information of what
was completed in Table 3.2-1’s footnote to list the monitored sites.

GNWT-ENR-4

Table 5.4-1 was confirmed to reflect
actual monitoring details for the Hydrology
component

gg.

De Beers to include this rationale reflected in response to review comment ENR-5 for
removal of Lake M1.

GNWT-ENR-5

Section 6.1.2

hh.

Reflect the Board’s decision from 2020 Amendment for AEMP benchmark for pH
range.

GNWT-ENR-11

Section 6.2.3.5

GNWT-ENR-35

Section 6.4.3; Table 6.4-1
Section 6.4.3.4

f) Part 1

2018 AEMP Annual
Report

2018 AEMP
Response Plan for
Water Quality,
Plankton, and Benthic
Invertebrates

2015-2018 Aquatic
Effects Re-evaluation
Report (review dated
May 20, 2020)

February 2022

A-1

Directive

ii.

De Beers to continue to visually evaluate temporal trends for plankton monitoring in
the annual reports.

a.

De Beers’ commitment to clarify the term “key prey items” in the AEMP Design Plan
Version 6.1 by including the following footnote “Benthic invertebrate taxa referred by
the term "key prey items" in the benthic invertebrate community action levels for core
lakes and Lake D2/D3 include dominant taxa and major taxonomic groups.”

b.

De Beers to include the non-detect alternative methods for treatment for censored
data in AEMP Design Plan Version 6.1, and incorporate responses to Information
Response #2, and review comments.

c.

De Beers to clarify the pre-treatment of censored data with respect to the exclusion of
high non-detect data from normal range calculations and BACI analyses in AEMP
Design Plan Version 6.1 and state that “Censored data will be screened to exclude
high non-detect data prior to statistical analyses and normal range calculations.
Specifically, non-detect values with detection limits that exceed the highest measured
concentration in the dataset will be excluded.”.

d.

De Beers to revise the AEMP Design Plan Version 6.1 to note its commitment to
evaluation whether a shift to trend analysis is appropriate in the next Aquatic Effects
Re-evaluation report, which is due for 2022.

e.

De Beers to confirm that a fall survey for YOY slimy sculpin would be triggered for the
same open-water season if no YOY slimy sculpin were observed during the summer
survey, by including the statement in AEMP Design Plan Version 6.1 that “A
provisional fall survey for YOY slimy sculpin would be triggered for the same openwater season if no YOY slimy sculpin are observed during the summer survey”.

Section 8.4.1; Table 8.4-2 - footnote (q)

ECCC-1, 2

Note that a similar footnote was not added
to Table 8.4-5 (Action Levels for Lake
D2/D3) because Action Level criteria
related to benthic invertebrate community
were removed (see Directive o)

MVWLB-1, 2, 3,
GNWT-ENR-2

Section 6.2.3.5

GNWT-ENR-3

Section 6.2.3.5
Section 6.3.3.4
Section 6.8.3.3

MVLWB-6

Section 5.2
Section 6.2.3.5
Section 6.3.3.4
Section 6.4.3.4
Section 6.5.3.4

GNWT-ENR-9

Section 6.6.3

f.

De Beers to include the statistical methods for calculating the measures of central
tendency by including the statement in the AEMP Design Plan Version 6.1 “When
calculating means/medians, the arithmetic mean will be used when the data are
determined to be normally distributed based on significance of the Shapiro-Wilk test
(P<0.05). The geometric mean will be used to estimate the normal range mean when
normality can be achieved by applying a log-transformation to the data. The median
will be used to provide an estimate of central tendency in cases where normality
cannot be achieved by applying a transformation to the data”.

GNWT-ENR-11

Section 6.2.3.5
Section 6.3.3.4
Section 6.4.3.4
Section 6.5.3.4
Section 6.7.3.6
Section 6.8.3.3

g.

De Beers to describe the sonar equipment with exact field methodology by including
the statement “Lake M3, Lake M4, and Area 8 will be surveyed annually to determine
the presence and species composition of large-bodied fish, primarily Northern Pike
and Lake Trout. Sonar surveys using a single beam sonar ('CHIRP' sonar with downscan or side-scan imaging capabilities) will be employed in conjunction with angling
and visual surveys (by boat). A systematic transect will be defined that can be
repeated annually to compare interannual estimates of density (# large fish / km) and
species composition. A minimum of 5 km of transects will be surveyed in each lake,
with one transect surveying the shoreline (<4 m depth) between the inlet and outlet,
plus additional transects perpendicular to the shoreline transect ensuring one transect
crosses deepest section of the lake”

GNWT-ENR-12

Section 6.6.3.2

h.

De Beers to include the revised water quality action levels in core lakes for
toxicological impairment be included in the AEMP Design Plan Version 6.1 for review.
1. Lake-wide average concentration above the lake-specific normal range AND
2. Relative difference between the core lake and both reference lakes statistically
significant compared to baseline (i.e., significant BACI effect detected)
AND
3. Lake-wide average concentration above the annual predicted concentration (based
on currently approved water quality model predictions)
AND
4. Lake-wide average concentration exceeds 75% of AEMP benchmark

GNWT-ENR-13

Section 8.4.1; Table 8.4-2

i.

De Beers to update the Response Framework in AEMP Design Plan Version 6.1 to
seek approval of the Effects Threshold through an AEMP Response Plan, instead of
the AEMP Annual Report.

MVLWB-10
GNWT-ENR-15

Section 8.4.1.3
Section 9.5

j.

De Beers to include the revised action level “Continued increasing trends in lake-wide
average concentration as indicated by a more than 25% increase in lake-wide
concentration compared to the previous monitoring year” in AEMP Design Plan
Version 6.1 for review.

GNWT-ENR-16
MVLWB-11

Section 8.4.1; Table 8.4-2

k.

De Beers to clarify the assessment of the sediment quality action level in AEMP
Design Plan Version 6.1 in response to MVLWB-16 and ENR-18.

MVLWB-16
GNWT-ENR-18

Section 8.4.1.3

l.

De Beers to clarify the response action statement regarding the effect predictions and
revise the statement to “If observed response(s) are outside effect predictions (as
presented in Section 2.2 of the AEMP Design Plan), investigate the reason for the
deviation(s).”

GNWT-ENR-19

Section 8.4.1.3
Section 8.4.2.2
Section 8.4.3.3

AEMP Workshop
(Review dated March
5, 2021)
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Appendix A

Concordance of the AEMP Design Plan Version 6.3 for the Gahcho Kué Mine with MVLWB Directives
Directive
No.

Directive

Review Comment
Reference

AEMP Design Section No.

GNWT-ENR-20, 21,
22, 23

Section 8.4.1; Tables 8.4.2 and 8.4.3

GNWT-ENR-25

Section 8.4.1; Table 8.4-2 - footnote (m)

m.

De Beers to revise the action level statement to “Moderate Action Level in one or
more water quality or sediment quality measurement endpoints” for plankton
community and benthic invertebrates for toxicology impairment and nutrient
enrichment.

n.

De Beers to define “near-surface sample” by adding a footnote to the drinking water
quality action level table, which states that Near-surface samples are defined as water
samples collected from within the ice hole (up to 0.3 m).

o.

De Beers to include the revised action level for Lake D2/D3 and Lake N14 in AEMP
Design Plan V 6.1 for public review and Board decision. De Beers to revise the AEMP
Design Plan V 6.1 to submit an AEMP Response Plan, instead of the AEMP Annual
GNWT-ENR-27, 28
Report, for proposing any action levels for Lake N14 in response to exceedances to
action levels in Lake D2/D3 or Lake N14

p.

De Beers to include its commitment in response to review comment MVLWB-12 as
response framework for nutrient enrichment for water quality in under-ice conditions,
and to include the commitment in the action level table: “If concentrations of total
nitrogen or total phosphorus during ice-cover are above normal range, or there is a
statistically significant relative difference between core and reference lakes compared
to baseline, then the causes of the elevated nutrient concentrations will be
investigated and reported in the annual report. This investigation will include review of
other parameters that could drive increased nutrients during ice-cover (e.g., dissolved
oxygen) and other point sources of phosphorus (MVLWB-12).”

MVLWB-12

Section 6.4.3.4, Table 6.4-1

q.

De Beers to revise the moderate action level statement to “Moderate Action Level in
one or more water quality or sediment quality endpoints” for the plankton community
and benthic invertebrates components.

MVLWB-20

Section 8.4.1; Tables 8.4.2 and 8.4.3

r.

De Beers to consider water or sediment quality from the previous year and current
year when assessing the moderate action level statement “Moderate Action Level in
one or more water quality or sediment quality endpoints” for the plankton community
and benthic invertebrates components.

MVLWB-19

Section 8.4.1; Table 8.4.2 - footnote (p)
Table 8.4.3 - footnote (j)

s.

De Beers to clarify how a 50% reduction in zooplankton biomass is assessed in the
AEMP Design Plan Version 6.1.

MVLWB-21

Section 8.4.1; Table 8.4-2

t.

De Beers to include the clarification for assessing the 75% increase and 50%
reduction in zooplankton biomass for the high action level for nutrient enrichment in
the AEMP Design Plan Version 6.1.

MVLWB-22

Section 8.4.1; Table 8.4-3

AEMP Workshop
(Review dated March
5, 2021)

Section 8.4.3.3
Section 9.5

u.

De Beers to revise Moderate and High Action Level criteria for toxicological
impairment as per the response to MVLWB-23.

MVLWB-23

Section 8.4.1; Table 8.4-2

v.

De Beers to revise the Moderate and High Action Level criteria for nutrient enrichment
as per the response to MVLWB-24.

MVLWB-24

Section 8.4.1; Table 8.4-3

w.

De Beers to add footnotes to the Action level tables in the AEMP Design Plan Version
6.1 for fish health and tissue chemistry to clarify “consistent effects” terminology as:
"Consistent in this context is defined as a complimentary effect (i.e., in magnitude
and/or direction) in one or more other component(s) in a given year linking observed
effects to a potential mechanism of action related to the Mine."

MVLWB-27

Section 8.4.1; Table 8.4.2 - footnote (s)
Table 8.4.3 - footnote (l)

x.

De Beers to clarify the monitoring for Arctic Grayling in the AEMP Design Plan
Version 6.1

MVLWB-28

Section 8.4.2

y.

De Beers to include proposed modifications for monitoring of fish habitat and
community in the AEMP Design Plan Version 6.1 for public review prior to Board
decision.

MVLWB-34

Section 6.6.1 and 6.6.3

z.

De Beers to remove the proposal to reduce the extent of the systematic visual surveys
for Fish Habitat and Community component in AEMP Design Plan Version 6.1.

MVLWB-35

The proposal to reduce the extent of the
systematic visual survey, which was
presented in ID-12 of the AEMP
Workshop Information Request, was not
applied to Version 6.3.

GNWT-ENR-2

Section 6.2.3.5

GNWT-ENR-6

Section 6.4.3.4

GNWT-ENR-10

Section 8.4.1.1; Table 8.4-2

GNWT-ENR-13

Section 8.4.1.2; Table 8.4-3 - footnote (i)

GNWT-ENR-16

Section 8.4.1.3

MVLWB-1, 2

Appendix A, Tables A-1 and A-2

g.

De Beers to revise text in Section 5.4.1 Hydrology (p. 5-9) as follows: "Therefore,
water level and flow-through are expected to increase at Lake N11. A slight decrease
in water level and flow through are expected at Area 8 but the decrease will be partly
offset by pumping under the Downstream Flow Mitigation Plan from Lake N11 to Area
8 that will propagate through the M watershed. Lake 410 will receive inflows from both
Lake N11 and Area 8, and the changes to the M watershed flows will be partially
offset by changes in the N watershed flows."

MVLWB-3

Section 5.4.1

h.

De Beers to incorporate a footnote to Table 8.4-2 that cross-references information in
Section 6.2.3.5 regarding statistical methods for calculating the measures of central
tendency for clarification of the water quality component.

MVLWB-5

Section 8.4; Table 8.4-2 - footnote (c),
Table 8.4-3 - footnote (b), Table 8.4-5 footnote (b)

i.

De Beers to incorporate footnotes associated with relevant Action Level tables in
Section 8 that cross-references information in Section 6.4.3.4 regarding statistical
methods for calculating the measures of central tendency for clarification of the
plankton component.

MVLWB-6

Section 8.4; Table 8.4-2 - footnote (c),
Table 8.4-3 - footnote (b)

j.

De Beers to incorporate footnotes associated with relevant Action Level tables in
Section 8 that cross-references information in Section 6.7.3.6 regarding statistical
methods for calculating the measures of central tendency for clarification of the water
quality component.

MVLWB-7

Section 8.4; Table 8.4-2 - footnote (c),
Table 8.4-3 - footnote (b)

k.

De Beers to update text in Section 6.4.3.4, under the heading "Plankton Community
Variables" (Page 6-42), as follows: "Spatial, seasonal, and temporal trends in
abundance and biomass (as totals and by group) will be assessed annually using time
series plots.”

MVLWB-8

Section 6.4.3.4

l.

De Beers to update reference to Environment and Climate Change Canada (where
appropriate).

MVLWB-9

Section 5.4-1
Section 6.1.3.3

m.

De Beers to include a cross-reference in Section 7 to link the Fish Tasting/Fish
Consumption Study to Section 1.5 as well as add a statement to clarify that Plume
Delineation results will be reported in the AEMP Annual Report.

MVLWB-10

Section 7

GNWT-ENR-1

Section 8.4.1.3

GNWT-ENR-2

Section 8.4.1.3

a.

b.

c.

d.

e.

f.

AEMP Design Plan
Version 6.1

a)

2020 AEMP
Response Plan for
Toxicological
Impairment and
Nutrient Enrichment
b)

De Beers to add the following sentence to the Spatial and Seasonal Patterns subsection (Section 6.2.3.5) of the Water Quality chapter of the AEMP Design Plan: "The
data included in the "Before" period for the BACI analysis will include baseline data for
the given waterbody as well as pre-impact data collected in the AEMP in 2015 and
2016 (for Lake N11) and 2015 (for Area 8)."
De Beers to correct the text in Section 6.4.3.4 Data Analysis and Interpretation Plankton (p.6-41) to include reference to total phosphorus (TP) and total nitrogen
(TN).
De Beers to update the text in Table 8.4-2 for the Action Level – Toxicological
Impairment for the Plankton Component criterion 1b as follows. "1b. Lake-wide
average value for total zooplankton abundance or total zooplankton biomass below
the regional mean and trending toward the lower bound of the regional normal range
over a period of at least three years.”
De Beers to include the trophic status categories for chlorophyll a concentration,
based on Vollenweider and Kerekes (1980), as a footnote to Table 8.4-3 as follows:
“Oligotrophic: mean: 1.7 μg/L, range 0.3-4.5 μg/L; Mesotrophic: mean: 4.7 μg/L, range
3.0-11 μg/L; and Eutrophic: mean: 14.3 μg/L, range 3.0-78 μg/L.”
De Beers to add a statement to the appropriate action level response(s) in Section
8.4.1.3 regarding the use of the sediment quality triad approach for assessing
sediment contamination.
De Beers to correct information provided in the Concordance Table as follows: (1) add
reference to Section 6.2.3.4 (Table 6.2-3) to clarify the nitrogen species to be
analyzed for Board directive (aa) from the 2015-2018 Aquatic Effects Re-evaluation
Report (review dated May 20, 2020); (2) change reference to Section 8.4.2.2 for
Board Directive (l) from the AEMP Workshop (Review dated March 5, 2021); (3)
update reference for maps showing flow paths to Section 3; (4) delete the text in
Table A-2: "Added statement that AEMP monitoring station locations have not
changed since Version 5"; and, (5) change reference for rationale for the removal of
Lake M1 from the Hydrology program to Section 6.1.2.

De Beers to update the wording of bullet one, under Section 8.4.1.3, Low Action Level
Exceedances, with “Analysis of DO data collected 0.5 m above lake bottom during icecovered conditions confirms reduced near-bottom DO concentrations over two
consecutive ice-covered seasons, and benthos richness remains reduced relative to
reference lakes as indicated by before-after control-impact (BACI) analysis results
during regular monitoring.” By February 18, 2022.
De Beers to update the wording of bullet one, under Section 8.4.1.3, Low Action Level
Exceedances, with “Data review suggests the amount of fish habitat is decreasing or
there is potential for effects to the fish community, as evaluated by estimating the
under-ice lake volume suitable for habitat use based on measured dissolved oxygen
concentrations stratified by depth, comparisons of measured concentrations to
tolerance ranges of the species present, and evaluating changes to summer prey
resources through continued monitoring of the benthic invertebrate and zooplankton
communities.” By February 18, 2022.

AEMP = Aquatic Effects Monitoring Program; No. = number; ECCC = Environment and Climate Change Canada; GNWT-ENR = Government of Northwest Territories, Environment and
Natural Resources; MVLWB = Mackenzie Valley Land and Water Board; - = not applicable.
a) De Beers engaged with the reviewer on ECCC-2 on October 16, 2019. ECCC confirmed on October 24 that it is reasonable to review the baseline data and De Beers’ justification after
the AEMP Re-evaluation report is submitted in December. This topic was also discussed as part of the Aquatic Effects Monitoring Program Workshop in November 2020. In their April 13,
2021 letter approving the 2015-2018 Aquatic Effects Re-evaluation Report, the Board accepted De Beers' proposal to include 2015 and 2016 construction data as "before" data.
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Changes from AEMP Design Plan Version 6.0

Section in AEMP Design
Plan Version 6.3

Changes from AEMP Design Plan Version 6.0

Plain Language Summary

Minor changes to text related to the evolution from Version 6 to Version 6.3.

1 – Introduction

Moved the concordance table showing alignment with the MVLWB Directive to a new Appendix (i.e., Appendix A)
Revised the years that this version covers from 2020 until when the next AEMP Design Plan is approved
Updated references to the most recent Project Description, Water Licence amendment application
Incorporated engagement since the V6 submission (e.g., the AEMP Workshop) in the describing the update to the AEMP Design Plan
Updated the list of Indigenous parties included in Ni Hadi Xa to include the Yellowknives Dene First Nation
Updated mine location map

2 – Project Description

Updated summary of mine activities with reference to the most recent water licence amendment (2020) and 2019 and 2020 operational
discharge periods
Noted changes to the Downstream Flow Mitigation Plan
Updated the effect predictions for Lake A1, for water quality model predictions, and for Arctic Grayling downstream of Area 8
Updated mine site plan map to most recent site infrastructure layout from the 2020 Project Description

3 – Description of the
Environment

Updated study areas map to include flow paths (Map 3.2-1)
Updated the watersheds included in the KLSA from A, B, D, E, F, G, I, and J to also include H (Section 3.2.2)
Applied minor clarification edits to existing conditions summary (Section 3.3)
Included Slimy Sculpin and Northern Pike in the list of populations considered in the Fish component (Section 3.4)

4 – Problem Formulation

No changes

5 – AEMP Design

Added commitment to evaluate whether a shift to trend analysis is appropriate in the next re-evaluation
Removed Lake A1 as a Raised Lake
Updated monitoring location map to include flow paths
Added additional years to sampling schedule (Table 5.3-1)
Removed reference to the possibility of operational discharge to Area 8, and added possibility of downstream flow mitigation pumping
from Lake A1 to Area 8
Clarified that Lake M4 is a representative of the L and M watershed lakes in the Water Quality component
Clarified what depths water samples are collected in the Water Quality component
Removed reference to SNP stations in Area 8
Removed reference to depth-integrated nutrient samples - only discrete samples will be collected
Removed reference to sediment core sampling

6 – Methods and Analysis

Updated tables of “Changes Relative to Design Plan Version 5” for each component
Added rationale for removal of Lake M1 from the Hydrology sampling program to Section 6.1.2 to address MVLWB Directive
Revised the description of water temperature monitoring conducted outside of the AEMP in select lakes to match current practice

7 – Special Studies

No changes

8 – AEMP Response
Framework

Added reference to AEMP Workshop
Updated reference for Health Canada drinking water guidelines
Added exceptions to when a response plan will be submitted if there is a Low Action Level exceedance per Board Directive
Revised Action Levels and suggested responses - extensive edits in Section 8.4
Specifically for Version 6.3, additional response actions were added to Section 8.4.1.3

9 – AEMP Reporting

Added exceptions to when a response plan will be submitted if there is a Low Action Level exceedance per Board Directive
Updated references to Water Licence

10 – References

Added any new references and removed references no longer in document

11 – Abbreviations and
Acronyms, Unit of Measure, No changes
Glossary
Appendix A – Concordance
with MVLWB Directives and New appendix
Summary of Changes
Appendix B – Station
Coordinates by Sampling
Event

Because new appendix added, this appendix was re-lettered "B"

Appendix C - Rationale for
New appendix
AEMP Benchmark Selection
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Table B-1 Master List of Coordinates for Ice-cover Sampling in April/May
AEMP Component
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality

Station
Area 8
Area 8
Area 8
Area 8
Area 8
Area 8
Lake N11
Lake N11
Lake N11
Lake N11
Lake N11
Lake N11
Lake 410
Lake 410
Lake 410
Lake 410
Lake 410
Lake 410
East Lake
East Lake
East Lake
East Lake
East Lake
East Lake
Lake 3
Lake 3
Lake 3
Lake 3
Lake 3
Lake 3
Lake D2/D3
Lake D2/D3
Lake D2/D3
Lake D2/D3
Lake D2/D3
Lake D2/D3
Lake M4

Lake Category
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Raised Lake
Raised Lake
Raised Lake
Raised Lake
Raised Lake
Raised Lake
Downstream Lake

Station ID
Area 8-L1
Area 8-L2
Area 8-L3
Area 8-L4
Area 8-L5
Area 8-L6
N11-L1
N11-L2
N11-L3
N11-L4
N11-L5
N11-L6
L410-L1
L410-L2
L410-L3
L410-L4
L410-L5
L410-L6
East-L1
East-L2
East-L3
East-L4
East-L5
East-L6
Lake 3-L1
Lake 3-L2
Lake 3-L3
Lake 3-L4
Lake 3-L5
Lake 3-L6
D2D3-L1
D2D3-L2
D2D3-L3
D2D3-L4
D2D3-L5
D2D3-L6
M4-L6

De Beers Canada Inc.

Easting (m)
592127
592336
592881
593023
593334
592269
587537
587043
587456
587542
586751
587600
596432
596701
597201
596159
596749
596779
599554
598706
598549
598362
598076
599191
572427
574445
575382
573412
572696
572764
586531
586589
586566
587478
587304
586642
595311

Northing (m)
7035895
7036098
7036520
7036794
7037316
7036038
7040626
7040770
7041123
7041903
7042019
7041366
7046254
7046631
7047493
7046725
7047000
7046844
7041399
7040955
7040169
7039629
7038631
7040941
7024219
7026968
7027102
7026047
7025277
7026577
7036793
7036849
7036744
7036512
7036548
7036836
7040191
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Table B-2 Master List of Coordinates for Open-water Sampling in Late June/July
AEMP Component
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality

Station
Area 8
Area 8
Area 8
Area 8
Area 8
Area 8
Lake N11
Lake N11
Lake N11
Lake N11
Lake N11
Lake N11
Lake 410
Lake 410
Lake 410
Lake 410
Lake 410
Lake 410
East Lake
East Lake
East Lake
East Lake
East Lake
East Lake
Lake 3
Lake 3
Lake 3
Lake 3
Lake 3
Lake 3
Lake D2/D3
Lake D2/D3
Lake D2/D3
Lake D2/D3
Lake D2/D3
Lake D2/D3

Lake Category
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Raised Lake
Raised Lake
Raised Lake
Raised Lake
Raised Lake
Raised Lake

Station ID
Area 8-L1
Area 8-L2
Area 8-L3
Area 8-L4
Area 8-L5
Area 8-L6
N11-L1
N11-L2
N11-L3
N11-L4
N11-L5
N11-L6
L410-L1
L410-L2
L410-L3
L410-L4
L410-L5
L410-L6
East-L1
East-L2
East-L3
East-L4
East-L5
East-L6
Lake 3-L1
Lake 3-L2
Lake 3-L3
Lake 3-L4
Lake 3-L5
Lake 3-L6
D2D3-L1
D2D3-L2
D2D3-L3
D2D3-L4
D2D3-L5
D2D3-L6

De Beers Canada Inc.

Easting (m)
592127
592336
592881
593023
593334
592269
587537
587043
587456
587542
586751
587600
596432
596701
597201
596159
596749
596779
599554
598706
598549
598362
598076
599191
572427
574445
575382
573412
572696
572764
586531
586589
586566
587478
587304
586642

Northing (m)
7035895
7036098
7036520
7036794
7037316
7036038
7040626
7040770
7041123
7041903
7042019
7041366
7046254
7046631
7047493
7046725
7047000
7046844
7041399
7040955
7040169
7039629
7038631
7040941
7024219
7026968
7027102
7026047
7025277
7026577
7036793
7036849
7036744
7036512
7036548
7036836
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Table B-3 Master List of Coordinates for Open-water Sampling in August
AEMP Component
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality, Plankton
Water Quality
Water Quality

Station
Area 8
Area 8
Area 8
Area 8
Area 8
Area 8
Lake N11
Lake N11
Lake N11
Lake N11
Lake N11
Lake N11
Lake 410
Lake 410
Lake 410
Lake 410
Lake 410
Lake 410
East Lake
East Lake
East Lake
East Lake
East Lake
East Lake
Lake 3
Lake 3
Lake 3
Lake 3
Lake 3
Lake 3
Lake D2/D3
Lake D2/D3
Lake D2/D3
Lake D2/D3
Lake D2/D3
Lake D2/D3
Lake M4

Lake Category
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Raised Lake
Raised Lake
Raised Lake
Raised Lake
Raised Lake
Raised Lake
Downstream Lake

Station ID
Area 8-L1
Area 8-L2
Area 8-L3
Area 8-L4
Area 8-L5
Area 8-L6
N11-L1
N11-L2
N11-L3
N11-L4
N11-L5
N11-L6
L410-L1
L410-L2
L410-L3
L410-L4
L410-L5
L410-L6
East-L1
East-L2
East-L3
East-L4
East-L5
East-L6
Lake 3-L1
Lake 3-L2
Lake 3-L3
Lake 3-L4
Lake 3-L5
Lake 3-L6
D2D3-L1
D2D3-L2
D2D3-L3
D2D3-L4
D2D3-L5
D2D3-L6
M4-L6

De Beers Canada Inc.

Easting (m)

Northing (m)

592127
592336
592881
593023
593334
592269
587537
587043
587456
587542
586751
587600
596432
596701
597201
596159
596749
596779
599554
598706
598549
598362
598076
599191
572427
574445
575382
573412
572696
572764
586531
586589
586566
587478
587304
586642
595311

7035895
7036098
7036520
7036794
7037316
7036038
7040626
7040770
7041123
7041903
7042019
7041366
7046254
7046631
7047493
7046725
7047000
7046844
7041399
7040955
7040169
7039629
7038631
7040941
7024219
7026968
7027102
7026047
7025277
7026577
7036793
7036849
7036744
7036512
7036548
7036836
7040191
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Table B-4 Master List of Coordinates for Open-water Sampling in September
AEMP Component
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality, Plankton, Sediment Quality, Benthic Invertebrate Community
Water Quality
Water Quality, Benthic Invertebrate Community
Water Quality, Benthic Invertebrate Community
Water Quality, Benthic Invertebrate Community
Water Quality, Benthic Invertebrate Community
Water Quality, Benthic Invertebrate Community

Station
Area 8
Area 8
Area 8
Area 8
Area 8
Area 8
Lake N11
Lake N11
Lake N11
Lake N11
Lake N11
Lake N11
Lake 410
Lake 410
Lake 410
Lake 410
Lake 410
Lake 410
East Lake
East Lake
East Lake
East Lake
East Lake
East Lake
Lake 3
Lake 3
Lake 3
Lake 3
Lake 3
Lake 3
Lake D2/D3
Lake D2/D3
Lake D2/D3
Lake D2/D3
Lake D2/D3
Lake D2/D3
Stream K5
Stream L2
Stream L3
Stream M2
Stream M4

Lake Category
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Core Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Reference Lake
Raised Lake
Raised Lake
Raised Lake
Raised Lake
Raised Lake
Raised Lake
Stream
Stream
Stream
Stream
Stream

De Beers Canada Inc.

Station ID
Area 8-L1
Area 8-L2
Area 8-L3
Area 8-L4
Area 8-L5
Area 8-L6
N11-L1
N11-L2
N11-L3
N11-L4
N11-L5
N11-L6
L410-L1
L410-L2
L410-L3
L410-L4
L410-L5
L410-L6
East-L1
East-L2
East-L3
East-L4
East-L5
East-L6
Lake 3-L1
Lake 3-L2
Lake 3-L3
Lake 3-L4
Lake 3-L5
Lake 3-L6
D2D3-L1
D2D3-L2
D2D3-L3
D2D3-L4
D2D3-L5
D2D3-L6
Stream K5
Stream L2
Stream L3
Stream M2
Stream M4

Easting (m)

Northing (m)

592127
592336
592881
593023
593334
592269
587537
587043
587456
587542
586751
587600
596432
596701
597201
596159
596749
596779
599554
598706
598549
598362
598076
599191
572427
574445
575382
573412
572696
572764
586531
586589
586566
587478
587304
586642
593213
593916
593320
596728
596273

7035895
7036098
7036520
7036794
7037316
7036038
7040626
7040770
7041123
7041903
7042019
7041366
7046254
7046631
7047493
7046725
7047000
7046844
7041399
7040955
7040169
7039629
7038631
7040941
7024219
7026968
7027102
7026047
7025277
7026577
7036793
7036849
7036744
7036512
7036548
7036836
7038409
7039013
7038625
7045212
7041731
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Rationale for the Selection of AEMP Benchmarks
Unit

AEMP Benchmark(a)

Description

Source

unitless

6.0 to 9.0

pH range approved for
discharge from the WMP to
Lake N11

MVLWB (2021)

Total dissolved solids
(calculated)

mg/L

500

Aesthetic drinking water
objective; also the approved
SSWQO for Lake N11

Total suspended
solids

mg/L

Varies by lake - 6.7 for
Area 8, 6.2 for Lake N11,
8.3 for Lake D2/D3

Baseline average + 5 mg/L

Chloride

mg/L

Hardness-dependent
calculation(b)

Approved SSWQO for Lake
N11

The hardness-dependent SSWQO equation from Elphick et al. (2011), which was developed
Elphick et al. 2011 (with
for the Ekati Diamond Mine, with updated toxicity data from Streuwing et al. (2015), was
Streuwing et al. 2015
recently approved by MVLWB (2021) in their Reasons for Decision on the 2020 Water
data)
Licence amendment. The SSWQO was adopted as the AEMP benchmark.

Fluoride

mg/L

1.19

Chronic effect benchmark
from McPherson et al.
(2014), with revisions as
discussed in the 2020 WL
Technical Session IRs

In response to an Information Request, the chronic effect benchmark from McPherson et al.
(2014) was re-evaluated, and De Beers agreed a lower value could be chosen as the HC5
McPherson et al. (2014) from the species sensitivity distribution. MVLWB (2021) accepted this new value as the
approved SSWQO for Lake N11. This revised SSWQO was adopted as the AEMP
benchmark.

Potassium

mg/L

41

Approved SSWQO for Lake
N11

Rescan (2012a)

The SSWQO developed for the Ekati Diamond Mine was accepted as the SSWQO for Lake
N11 (MVLWB 2014). This SSWQO was adopted as the AEMP benchmark.

Sulphate

mg/L

Hardness-dependent
calculation(c)

Approved SSWQO for Lake
N11

Rescan (2012b)

The hardness-dependent SSWQO equation from Rescan (2012b) was developed for the Ekati
Diamond Mine. MVLWB (2021) accepted the use of the hardness equation for the sulphate
SSWQO in their Reasons for Decision on the 2020 Water Licence amendment. The SSWQO
was adopted as the AEMP benchmark.

Nitrate

mg-N/L

Hardness-dependent
calculation(d)

Approved SSWQO for Lake
N11

Rescan (2012c)

The hardness-dependent SSWQO equation from Rescan (2012c) was developed for the Ekati
Diamond Mine. MVLWB (2021) accepted the use of the hardness equation for the nitrate
SSWQO in their Reasons for Decision on the 2020 Water Licence amendment. The SSWQO
was adopted as the AEMP benchmark.

Total ammonia

mg-N/L

pH and Temperature dependent caIculation(e)

Approved SSWQO for Lake
N11

CCME (1999)

The CCME CWQG-PAL was approved as the SSWQO by MVLWB (2014). The SSWQO was
adopted as the AEMP benchmark.

Total phosphorus

mg-P/L

0.0109 in Area 8 and
Lake N11

Approved SSWQO; to be
applied to open-water
conditions (MVLWB 2021b)

Wetzel (2001)

The SSWQO was set at 0.0109 mg/L to maintain oligotrophic status. Mesotrophic status is
defined by phosphorus levels of 0.0109 to 0.0956 mg/L. The SSWQO was adopted as the
AEMP benchmark for Area 8 and Lake N11 to evaluate the Nutrient Enrichment Impact
Hypothesis (not appropriate for evaluating Toxicological Impairment Impact Hypothesis).

Parameter

Rationale

Conventional Parameters

pH

MVLWB (2021) recently approved the change in the allowed pH range from pH 6.5-9.0 to pH
6.0-9.0, which was proposed by De Beers to take into consideration that pH <6.5 occurs in
surface waters under baseline conditions. This revised SSWQO was adopted as the AEMP
benchmark.

This is the approved SSWQO for Lake N11. It is based on a drinking water quality guideline
Health Canada (2020) (aesthetic objective). There are no federal water quality guidelines for the protection of aquatic
life for TDS. This SSWQO was adopted as the AEMP benchmark.

CCME (1999)

The approved SSWQO for Lake N11 is based on the CCME CWQG-PAL for TSS, which
allows for a maximum average increase of 5 mg/L from background levels for longer-term
exposures. These SSWQOs were adopted as AEMP benchmarks for these lakes.

Major Ions

Nutrients

Metals

Aluminum

µg/L

MVLWB (2021) recently approved the approach for the aluminum SSWQO, which is to follow
the US EPA water quality guideline methodology but with modifications per CCME derivation
methods. Specifically, the approach to the aluminum SSWQO accounts for pH, DOC, and
US EPA (2018) with revisions Adapted from US EPA
Hardness, pH and DOChardness as ETMFs on the bioavailability and toxicity of aluminum. For application as the
(2018)
and
De
Forest
as
discussed
in
the
2020
WL
SSWQO, baseline conditions must be used (MVLWB 2021b). For application as the AEMP
dependent calculation(f)
(2018)
Technical Session IRs
benchmark, ambient pH, DOC, and hardness will be used because the purpose of the AEMP
benchmark is to evaluate whether measured concentrations have the potential to cause
toxicity to aquatic life and thus ambient conditions are more relevant to that evaluation.

Antimony

µg/L

6

Approved SSWQO for Lake
N11

Arsenic

µg/L

5

CWQG-PAL

1,000

Approved SSWQO for Lake
N11

Barium

Beryllium

µg/L

µg/L

4

Approved SSWQO for Lake
N11

There are no federal water quality guidelines for antimony. There are limited toxicity data for
antimony from which to derive a guideline. BC ENV (2021) has a working water quality
guideline, which is based on ANZECC (2000a). ANZECC's "indicative interim working level" is
based on applying a large safety factor of 1000 to the lowest acute toxicity value observed
(9,000 µg/L) for Fathead Minnow, Pimephales promelas . ANZECC did not intend for this level
to be used as a guideline, but rather an indication of whether further investigation may be
Health Canada (2020)
needed. Ontario has an interim provincial water quality objective of 20 µg/L (ON MOE 1996),
which is based on applying a safety factor of 14.5 to the lowest chronic toxicity value of 300
µg/L for the toad Gastrophryne carolinensis (7-day LC50 for embryo-larval development) by
Birge (1978). There are no other provincial guidelines or US EPA water quality criterion for
antimony. Given the uncertainty in the available aquatic toxicity data, the AEMP benchmark
adopted the SSWQO, which is based on a drinking water quality guideline.

CCME (1999)

The CWQG-PAL was adopted as the AEMP benchmark. The CWQG-PAL is also the
approved SSWQO (MVLWB 2014).

There are no federal water quality guidelines for barium. There are limited toxicity data from
which to derive a guideline. BC has a working water quality guideline, which is based on
Haywood and Drinnin (1983). The original article could not be obtained, and thus the basis of
Health Canada (2020) the working guideline could not be described. The BC working water quality guideline is the
same as the SSWQO, which is based on a drinking water quality guideline. Given the
uncertainty in the available aquatic toxicity data, the SSWQO was adopted as the AEMP
benchmark.

USEPA (2009)

De Beers Canada Inc.

There are no federal water quality guidelines for beryllium. BC has a working water quality
guideline, which is based on ANZECC (2000b). ANZECC's "indicative interim working level" is
based on applying a large safety factor of 1,000 to the lowest acute toxicity value observed in
soft water (130 µg/L at a hardness of 23 mg/L as CaCO3) for the most sensitive fish species,
the Guppy, Poecilia reticulata . ANZECC did not intend for this level to be used as a guideline,
but rather an indication of whether further investigation may be needed. ON MOE (1979) set a
hardness-dependent provincial water quality objective of 11 µg/L at a hardness less than 75
mg/L as CaCO3 and 1,100 µg/L at greater than 75 mg/L as CaCO3. ON MOE (1979) based on
the guideline at high hardness on a combination of toxicity observations in hard water, and
then applied a safety factor of 100 to derive the guideline at lower hardness. Given the
uncertainty in the available aquatic toxicity data, the approved SSWQO was adopted as the
AEMP benchmark. The approved SSWQO is based on the USEPA (2009) national primary
drinking water regulation.
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Rationale for the Selection of AEMP Benchmarks
Unit

AEMP Benchmark(a)

Description

Source

Boron

µg/L

1,500

CWQG-PAL

CCME (1999)

Cadmium

µg/L

Hardness-dependent
calculation(g)

CWQG-PAL

CCME (2014)

The CWQG-PAL was adopted as the AEMP benchmark. The CWQG-PAL is also the
approved SSWQO (MVLWB 2014).

Chromium

µg/L

5

FEQG

ECCC (2018)

The recently derived FEQG was adopted as the AEMP benchmark. This FEQG is also the
approved SSWQO (MVLWB 2021b).

Cobalt

µg/L

Hardness-dependent
calculation(h)

FEQG

ECCC (2017)

The recently derived FEQG was adopted as the AEMP benchmark. This FEQG is also the
approved SSWQO (MVLWB 2021b). For application as the SSWQO, baseline conditions
must be used (MVLWB 2021b). For application as the AEMP benchmark, ambient hardness
will be used because the purpose of the AEMP benchmark is to evaluate whether measured
concentrations have the potential to cause toxicity to aquatic life and thus ambient conditions
are more relevant to that evaluation.

CCME (1999)

The CWQG-PAL was adopted as the AEMP benchmark. The SSWQO for copper is also
based on the CWQG-PAL, which only considers hardness as an EMTF. For application as the
SSWQO, baseline conditions must be used (MVLWB 2021b). For application as the AEMP
benchmark, ambient hardness will be used because the purpose of the AEMP benchmark is
to evaluate whether measured concentrations have the potential to cause toxicity to aquatic
life and thus ambient conditions are more relevant to that evaluation. ECCC recently issued a
FEQG for copper that uses a biotic ligand model to account for multiple ETMFs including pH,
DOC, and hardness on the bioavailability and toxicity of copper (ECCC 2021). This FEQG was
evaluated for use as the AEMP benchmark; however, baseline copper concentrations typically
exceed the sample-specific FEQG. Thus the FEQG is not appropriate as basis of the AEMP
benchmark.

Parameter

Rationale
The CWQG-PAL was adopted as the AEMP benchmark. The CWQG-PAL is also the
approved SSWQO (MVLWB 2014).

µg/L

Hardness-dependent
calculation(i)

Approved SSWQO for Lake
N11

Iron

µg/L

0.57 for Area 8, 0.3 for
Lake N11, 0.67 for Lake
D2/D3

CWQG-PAL or baseline
mean +2SD, depending on
baseline conditions

CCME (1999)

The CWQG-PAL was adopted as the AEMP benchmark for Lake N11, but not for Area 8 or
Lake D2/D3 because baseline concentrations in these lakes are higher than the CWQG-PAL.
Therefore baseline mean + 2 standard deviation was selected as the AEMP benchmark for
Area 8 and Lake D2/D3. The AEMP benchmarks for Area 8 and Lake N11 are consistent with
approved SSWQO (MVLWB 2014). ECCC is preparing a FEQG for iron, which will consider
EMTF such as pH and DOC. When this FEQG is finalized, it will be reviewed for applicability
as the AEMP benchmark for all lakes and streams.

Lead

µg/L

Hardness and DOCdependent calculation(j)

FEQG

ECCC (2020a)

The recently derived FEQG was adopted as the AEMP benchmark. The SSWQO for lead is
based on the CWQG-PAL, which only considers hardness as an EMTF. The FEQG considers
DOC and hardness on the bioavailability and toxicity of lead. For application as the AEMP
benchmark, ambient conditions will be used because the purpose of the AEMP benchmark is
to evaluate whether measured concentrations have the potential to cause toxicity to aquatic
life and thus ambient conditions are more relevant to that evaluation.

Manganese

µg/L

pH and Hardnessdependent; look-up
Table(k)

CWQG-PAL

CCME (2019)

The CWQG-PAL was adopted as the AEMP benchmark. MVLWB (2021) directed De Beers to
apply the recently derived CWQG-PAL as the manganese AEMP benchmark. For application
as the AEMP benchmark, ambient pH, DOC, and hardness will be used because the purpose
of the AEMP benchmark is to evaluate whether measured concentrations have the potential to
cause toxicity to aquatic life and thus ambient conditions are more relevant to that evaluation.

Mercury

µg/L

0.026

CWQG-PAL

CCME (1999)

The CWQG-PAL was adopted as the AEMP benchmark. MVLWB (2021) recently approved
the change in the SSWQO to be toxicity-based rather than derived from baseline
concentrations, and thus the CWQG-PAL is also the approved SSWQO.

Molybdenum

µg/L

73

CWQG-PAL

CCME (1999)

The CWQG-PAL was adopted as the AEMP benchmark. The CWQG-PAL is also the
approved SSWQO (MVLWB 2014).

µg/L

Hardness-dependent
calculation(l)

CWQG-PAL

CCME (1999)

The CWQG-PAL was adopted as the AEMP benchmark. The CWQG-PAL is also the
approved SSWQO (MVLWB 2014).

Copper

Nickel
Selenium

µg/L

1

CWQG-PAL

CCME (1999)

The CWQG-PAL was adopted as the AEMP benchmark. The CWQG-PAL is also the
approved SSWQO (MVLWB 2014).

Silver

µg/L

0.25

CWQG-PAL

CCME (1999)

The CWQG-PAL was adopted as the AEMP benchmark. The CWQG-PAL is also the
approved SSWQO (MVLWB 2014).

Strontium

µg/L

2,500

FEQG

ECCC (2020b)

The recently derived FEQG was adopted as the AEMP benchmark. The SSWQO for strontium
is based on the maximum acceptable concentration in drinking water. The FEQG is applicable
to protection of aquatic life.

Thallium

µg/L

0.8

CWQG-PAL

CCME (1999)

The CWQG-PAL was adopted as the AEMP benchmark. A more recent federal guideline or
SSWQO is not available. The CWQG-PAL is also the approved SSWQO (MVLWB 2014).

Uranium

µg/L

15

CWQG-PAL

CCME (1999)

The CWQG-PAL was adopted as the AEMP benchmark. The CWQG-PAL is also the
approved SSWQO (MVLWB 2014).

Vanadium

µg/L

120

FEQG

ECCC (2016)

The recently derived FEQG was adopted as the AEMP benchmark. This FEQG is also the
approved SSWQO (MVLWB 2021b).

Zinc

µg/L

Hardness, pH and DOCdependent calculation(m)

CWQG-PAL

CCME (2018)

The CWQG-PAL was adopted as the AEMP benchmark. The CWQG-PAL is also the
approved SSWQO (MVLWB 2014). For application as the AEMP benchmark, ambient pH,
DOC, and hardness will be used because the purpose of the AEMP benchmark is to evaluate
whether measured concentrations have the potential to cause toxicity to aquatic life and thus
ambient conditions are more relevant to that evaluation.

Notes:
a) AEMP benchmark to be applied to all lakes and streams unless otherwise indicated. Ambient conditions will be applied when calculating AEMP benchmarks.
b) The chloride benchmark is applicable at a hardness between 10 and 160 mg/L as CaCO3; when hardness is outside of these bounds, the minimum/maximum will be applied. The AEMP benchmark (mg/L) =
(116.63(ln[hardness]))-204.09.
c) The sulphate benchmark (mg/L) = e0.9116 x ln(hardness) + 1.712. Rescan (2012b) included chronic toxicity data from studies that tested hardness values ranging from 10 to 320 mg/L as CaCO3. However, they indicated
that the equation should not be used for hardness values greater than 160 mg/L as CaCO3. A lower bound hardness was not provided. For the SSWQO, it is assumed that the lower bound of the calibration range is
10 mg/L as CaCO3.
d) When the hardness is <27 mg/L (as CaCO3), the nitrate benchmark is 2.93 mg-N/L. When the hardness is ≥ 27 mg/L (as CaCO3), the benchmark is e0.9518[ln(hardness)] – 2.032 up to a maximum of 16.42 mg-N/L.
e) The total ammonia benchmark is based on CCME WQG, which varies with temperature and pH of the receiving water. For example, the value of 5.7 mg-N/L is calculated using a temperature = 15°C and pH = 7.
f) The aluminum benchmark is hardness, pH and DOC dependent. It is the minimum of either the HC5 estimate or Brook Trout EC10 (normalized for pH, DOC, and hardness). The benchmark is valid within the
following ranges: DOC of 0.1 to 5.0 mg/L, pH of 6.0 to 8.1, hardness of 10 to 127 mg/L as CaCO3. With these ranges, the benchmark ranges from 3.05 to 1,163 µg/L.
g) The cadmium benchmark is based on the hardness-dependent CCME long-term WQG. When the hardness is <17 mg/L as CaCO3, the AEMP benchmark is 0.4 µg/L. When the hardness is ≥17 mg/L and ≤280
mg/L as CaCO3, the AEMP benchmark is 100.83(log[hardness]) – 2.46. When hardness is above 280 mg/L as CaCO3, the AEMP benchmark is 0.37 µg/L.
h) The cobalt benchmark is based on the hardness-dependent FEQG. When hardness is outside of the model bounds (52 to 396 mg/L as CaCO3) the maximum/minimum value will be applied. The AEMP
benchmark is e0.414(ln[hardness]) – 1.887.
i) The copper benchmark is based on the hardness-dependent CWQG-PAL. When water hardness is 0 to <82 mg/L as CaCO3, the AEMP benchmark is 2 µg/L. When hardness is ≥82 to ≤180 mg/L as CaCO3, the
AEMP benchmark is 0.2 * e(0.8545[ln(hardness)]-1.465). At hardness >180 mg/L, the AEMP benchmark is 4 µg/L.
j) The lead benchmark is based on the hardness and DOC-dependent FEQG. When hardness or DOC are outside of the model bounds (4.7 to 511 mg/L as CaCO3 and 0.5 to 31.5 mg/L, respectively) the
maximum/minimum value will be applied. The AEMP benchmark is e(0.514[ln(DOC)] + 0.214[ln(Hardness)] + 0.4152).
k) The manganese benchmark is based on the pH and hardness-dependent CCME WQG. When hardness or pH are outside of the table bounds (25 to 670 mg/L as CaCO3 and 5.8 to 8.4, respectively) the
maximum/minimum value will be applied. For example, at a hardness of 50 mg/L as CaCO3 and pH of 6.0, the AEMP benchmark would be 400 µg/L. The AEMP benchmark is calculated using the CCME calculator.
l) The nickel benchmark is based on the hardness-dependent CCME WQG. When the hardness is ≤60 mg/L (as CaCO3), the AEMP benchmark is 25 µg/L. When the hardness is >60 mg/L and ≤180 mg/L (as
CaCO3), the AEMP benchmark is e0.76[ln(hardness)]+1.06. When hardness is above 180 mg/L as CaCO3, the AEMP benchmark is 150 µg/L.
m) The zinc benchmark is based on the CCME WQG, which is hardness, pH, and DOC-dependent. The AEMP benchmark is e0.947[ln(hardness mg/L)] – 0.815[pH] + 0.398[ln(DOC mg/L)] + 4.625. The CCME WQG equation is valid
between hardness 23.4 and 399 mg/L as CaCO3, pH 6.5 and 8.13 and DOC 0.3 to 22.9 mg/L.
AEMP = Aquatic Effects Monitoring Program; CCME = Canadian Council of Ministers for the Environment; CWQG-PAL = Canadian water quality guideline for the protection of aquatic life; DOC = dissolved organic
carbon; ECCC = Environment and Climate Change Canada; FEQG = Federal Environmental Quality Guidelines; IR = information request; MVLWB = Mackenzie Valley Land and Water Board; µg/L = micrograms
per litre; mg/L = milligrams per litre; mg-N/L = milligrams of nitrogen per litre; ± = plus or minus; SD = standard deviation; SSWQO = site-specific water quality objective; ANZECC = Australia and New Zealand
Environment and Conservation Council; ON MOE = Ontario Ministry of the Environment; USEPA = United States Environmental Protection Agency; WL = water licence; WQG = water quality guideline.
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