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Giant Mine Remediation Project (GMRP)
Project Team
Crown Indigenous Relations and Northern Affairs Canada (CIRNAC)
•

Natalie Plato, Deputy Director

•

Jane Amphlett, A/ Director

•

Emma McKennirey, Senior Engineer

Government of the Northwest Territories (GNWT)
•

Erika Nyyssonen, Senior Advisor to GMRP
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Giant Mine Site - History
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Who is the GMRP?
• Consists of the co-proponents: Crown-Indigenous Relations and Northern
Affairs Canada (CIRNAC) and the Government of the Northwest Territories
(GNWT);
• Supported by the federal department of Public Services and Procurement
Canada (PSPC).
• While CIRNAC will ultimately be responsible for compliance, the proposed
remediation work and site management will be conducted by private sector
contractors procured through the Main Construction Manager (MCM).
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GMRP - Project Goal
The Goal of the GMRP is to:
• Minimize public and worker health and
safety risks;
• Minimize the release of contaminants
from the Site into the environment;
• Remediate the Site in a way than
inspires public trust; and
• Implement an approach that is costeffective and robust over the long
term.
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EA Measures
The Report of EA assigned the GMRP 26 Measures that
addressed
• Perpetuity and overall risks
• Long-term funding
• Oversight
• Human Health Risk Assessment
•
•
•
•

Baker Creek
Water Treatment Plant and Water Quality
Freeze
Surface Remediation

All measures are either completed, underway, ongoing,
or do not require further action
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Environmental Agreement

Government of Canada
Government of the
Northwest Territories

Environmental
Agreement signed
in June 2015

Creation of
the Giant Mine
Oversight
Board (GMOB)

Yellowknives Dene
North Slave Metis Alliance
Alternatives North

Perpetual Care
Plan

City of Yellowknife
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Engagement Timeline
Add diagram from Erica
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Engagement Timeline
Add diagram from Erica
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Applications to the MVLWB
This application is for the remediation and long-term management of legacy
impacts from the Giant Mine. The GMRP is seeking:
• Issuance of a Type A Water Licence for a term of 20 years; and
• Issuance of a Type A Land Use Permit for a term of 5 years.
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Anticipated Project Timelines
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Project Scope - GMRP Impacts
In its Determination on Scope, the Review Board determined the scope of
the impacts from the GMRP does not include the legacy impacts of
mining:
“The legacy impacts of mining, as described by the Parties, are unfortunate
and regrettable. However, these mining activities were not conducted by the
[GMRP] team. Also, they are not related to activities described in the GMRP,
which is a reclamation project designed to improve environmental conditions
at Giant Mine. It is the view of the Review Board that the scope of
development be limited to the activities and work described in the Developer’s
application to the MVLWB for a water licence (MV2007L8-0031).”
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Project Scope – Geographic
Add map (have Rashaad add box)
Modifications to
Geographic Scope

Project Boundary

Modifications to
Geographic Scope
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Project Scope - Temporal
The following EA Measures addressed concerns with the Project lasting into
perpetuity:
• The GMRP Project timeline is a 100-year period (EA Measure 1);
• An independent project review is required every 20 years to evaluate GMRP
effectiveness and to decide if a better approach can be identified (EA Measure
2).
• Facilitation of research into emerging technologies is required to see if a
permanent solution for dealing with the arsenic trioxide can be identified (EA
Measure 3 and 4).
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Project Scope - Activities
The Closure and Reclamation Plan divides activities into the following 10 major site
components:
1.

Underground mine workings

6.

Tailings Containment Areas

2.

Freeze program

7.

Borrow material

3.

Open pit mine workings

8.

4.

Contaminated soils and
sediments
Baker Creek and surface water
drainage

Water treatment plant and outfall
systems

9. Buildings and site infrastructure
10. Landfill

5.
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Project Scope - Modifications to the Project
•

Backfilling of open pits.

•

Remediation (partial excavation and/or capping) of Shoreline Lands.

•

Fencing of forested terrain, wetlands, and bedrock areas to encompass
Roaster emission fallout.

•

Relocation of tailings in South Pond and consolidate in North and Central
Ponds.

•

Quarrying onsite for required rock/ fill material.

•

Installation of a freshwater intake in Yellowknife Bay.

•

Construction of long-term underground access.

•

Partially raise the minewater elevation in underground mine workings

•

Disposal of spent ion exchange adsorptive media in the onsite landfill.
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Project Phases

Phase 1
Existing Condition

Phase 2
Remediation
Detailed
Adaptive
Active Remediation
Design
Management
Component Detailed
Active Remediation
Adaptive Management
#2
Design
Adaptive
Component
Detailed Design
Active Remediation
#3
Management
Adaptive
Component
Detailed Design
Active Remediation
#4
Management

Phase 3
Post-closure

Component
#1

Mine
declared
orphaned
and
abandoned
Care and
Maintenance

Existing
Condition
(Project
Definition)

Post-Closure
Monitoring and
Maintenance

Long-term site monitoring
and management
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Requested Plan Approvals
1.

Approval of Closure and Reclamation Plan

2.

Approval of the following Management Plans to maintain Existing
Condition:

• Waste Management and Monitoring Plan
• Water Management and Monitoring Plan
• Erosion and Sediment Management and Monitoring Plan
• Dust Management and Monitoring Plan
• Tailings Management and Monitoring Plan
• Spill Contingency Plan
• Engagement Plan
3. Approval of AEMP Design Plan for Baker Creek
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Closure and Reclamation Plan
The Closure and Reclamation Plan outlines the details of how the site will be
remediated, including:
• Closure activities;
• Closure objectives; and
• Closure criteria.
The GMRP suggests that updates to the CRP are proposed through componentspecific submissions throughout the life of the Project.
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Management and Monitoring Plans
• Umbrella Plans under which all work on the site will be conducted.
• Component-specific submissions will be consistent with the approved
Management and Monitoring Plans.
• Plans were submitted to reflect Existing Conditions and will be updated to
reflect commencement of Remediation.
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Closure and Reclamation Planning
Reclamation Research

Active Remediation of Component
(i.e., implement design plan)

Approved CRP

Construction
Completion
Report

Design and
Construction
Plan

Monitoring

Approved Site
Management
& Monitoring
Plans

Performance Assessment
Report(s)

Final Closure
and
Reclamation
Report

Post-closure
Monitoring
and
Maintenance
Plan

Adaptive Management
(i.e., propose revisions to D&C or
management plans)

Annually Report on Approved Changes to CRP
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Design and Construction Plans
Content
Design and Construction Plans
were proposed to align the submission of
Component-specific:
• Closure Details;
• Designs; and
• Construction and monitoring details.
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Design and Construction Plans – Trigger for Submission
Engineered Component: “any component, structure, or facility related to
Water Use or the deposit of Waste that is designed by a Professional
Engineer; this includes all facilities, earthworks, and any other Closure
Activity requiring an engineered design or specification.”
Engineered Structure: "any structure or facility and the associated area
related to Water Use or the deposit of Waste that is designed and approved
by a Professional Engineer, including but not limited to the [enter list of
structures/facilities] associated with the Project."
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Closure and Reclamation Planning
Reclamation Research

Active Remediation of Component
(i.e., implement design plan)

Approved CRP

Construction
Completion
Report

Design and
Construction
Plan

Monitoring

Approved Site
Management
& Monitoring
Plans

Performance Assessment
Report(s)

Final Closure
and
Reclamation
Report

Post-closure
Monitoring
and
Maintenance
Plan

Adaptive Management
(i.e., propose revisions to D&C or
management plans)

Annually Report on Approved Changes to CRP
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Closure and Reclamation Planning
Reclamation Research

Active Remediation of Component
(i.e., implement design plan)

Approved CRP

Construction
Completion
Report

Design and
Construction
Plan

Monitoring

Approved Site
Management
& Monitoring
Plans

Performance Assessment
Report(s)

Final Closure
and
Reclamation
Report

Post-closure
Monitoring
and
Maintenance
Plan

Adaptive Management
(i.e., propose revisions to D&C or
management plans)

Annually Report on Approved Changes to CRP
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Anticipated Remediation Implementation Schedule
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Remediation Implementation Schedule
The following remediation activities are anticipated to commence in 2021:
• Underground Stabilization
• Demolition of Site Infrastructure
• Freeze Pad Construction
• Non-hazardous Waste Landfill
• Hazardous Waste Management
• Borrow Recovery
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Questions?
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MVLWB Technical Session
Closure Objectives and Criteria
July 9 to 12, 2019

Giant Mine
Closure Goals, Principles and Objectives
•
•
•
•

Closure Goals

Minimize public and worker health and safety risks
Minimize the release of contaminants from the Site to
the surrounding environment
Remediate the Site in a manner that instills public
confidence
Implement an approach that is cost-effective and
robust over the long term

•
•
•
•
•
•

Closure Principles

Physical Stability
Chemical Stability
Constraints on Future Use
Minimizing long-term active care requirements
Incorporation of Input from Affected Parties
Effective Risk Communication for Future Generations

Site Wide Closure Objectives
Component Specific Closure Objectives
Freeze

Underground
Contaminated Soil and
Sediment

Baker Creek and Surface
Water

Water Treatment

NHW Landfill

Open Pits
Borrow

Tailings
Infrastructure

Closure and Reclamation Concepts –
An Objectives-Based Approach
Definitions

MVLWB/AANDC 2013

Closure and Reclamation Concepts –
An Objectives-Based Approach
Definitions
Closure Objectives
Statements that describe what the
selected closure activities are aiming to
achieve for each project component.
Typically speciﬁc to project components.
Are measurable and achievable.
Allow for the development of closure
criteria.
These objectives are guided by the closure
goals and principles.

Closure and Reclamation Concepts –
An Objectives-Based Approach
Definitions
Closure Criteria
Closure Criteria are used to measure the
success of selected closure activities in
meeting closure objectives.
Closure criteria can be:
- Site speciﬁc or adopted from
provincial/territorial/federal
standards
- Be narrative statements or numerical
values
- Closure criteria may also have a
temporal aspect to consider

Closure Criteria Development
• Closure criteria developed in parallel to:
• CRP
• Progress in engineering design

• Stakeholder feedback through Working Group
and Pre-Engagement on CRP:
• MVLWB
• Working Group (GMWG)
•

Alternatives North

•

Slater Environmental

•

GMOB

•

YKDFN

•

NSMA

•

City of Yellowknife

•

HC, ECCC and DFO

Feedback considered in revisions

Closure and Reclamation Concepts
An Objectives-Based Approach
Site Wide Objectives
• Focus on key issues facing Site.
• Based on numerous, cumulative closure
activities.
• All objectives for approval in Water Licence.

Component-Specific Objectives
• Focus on key issues specific to that component.
• Can be related to specific closure activities.
• All objective for approval in Water Licence.

Closure Criteria
Category

Total

For Approval Now

In Development

Site Wide

20

19

1

Underground

16

12

4

Freeze

5

5

0

Open Pits

12

7

5

Contaminated Soils

9

7

2

Baker Creek

20

14

6

Tailings

13

11

2

Borrow

6

3

3

Water Treatment

9

9

0

Infrastructure

9

8

1

Landfill

10

9

1

129

104
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TOTAL

Closure Criteria Under Development
Reasons for Criteria being under development:
• Pending outcomes from Reclamation
Research Plan.
• Pending detailed engineering design.
• Pending Fisheries and Oceans Canada
Authorisation.
• Pending preparation of Perpetual Care Plan.

Closure Criteria Under Development

Reason Criteria Under Development

Number of Criteria

Reclamation Research Plan

5

Engineering design

18

Fisheries and Oceans Canada Authorisation

5

Perpetual Care Plan

1

Note: Four criteria have two reasons for being under development

Closure Criteria Under Development - Example
Site Wide Closure Criteria
SW2 Site-wide loading of contaminants to the environment is reduced to the extent
practicable
• SW2-1 Approved effluent quality criteria are met
• SW2-2 Approved surface runoff quality criteria are met, as per the approved
Water Management and Monitoring Plan
• SW2-3 Water quality objectives in the receiving environment are met (see
Objective WTP 2)
• SW2-4 Concentrations of metals in tissue of small-bodied, resident fish and
benthos tissue in Baker Creek decrease over time
Criteria in Development related to Passive and Semi-Passive Treatment Technology
Reclamation Research Plan
• SW2-5 Reclamation research plan to review if additional treatment methods such
as wetlands can further reduce site-wide loading of contaminants

Closure Criteria Under Development
How does the GMRP propose criteria under development be approved
in the future?
When criteria are finalised they will be submitted to the MVLWB for
approval through:
• Design and Construction Plans.
• Updates to the Closure and Reclamation Plan.
Engagement and consultation:
• Undertaken as part of MVLWB review process

Closure and Reclamation Concepts –
An Objectives-Based Approach
Site Wide Objectives
SW1

Air quality is maintained at concentrations protective of human health and the
environment.

SW2

Site-wide loading of contaminants to the environment is reduced to the extent
practicable

SW3

Remaining operational engineered structures/controls meet appropriate design
levels required for long-term care.

SW4

Residual risks are identified, and local residents have been, and continue to be,
informed of residual hazards (post-remediation).

SW5

Remediated areas are stabilized and protected from erosion in final
configuration.

SW6

Incorporate traditional and local knowledge and affected party input into closure
design and implementations, where appropriate and available.

Closure Criteria and Activities – Reviewer Theme
Site Wide Closure Criteria Table
• Reflect the key issues of the project
• Link to many closure activities
• Link to many Measures and Suggestions
• Related Closure Activities, Measures,
and Suggestions not shown with site
wide criteria because:
• Repetitive of component criteria
tables and/or subsequent
discussion within CRP

Closure Criteria and Monitoring – Reviewer Theme
Site Wide and Component
Closure Criteria + Monitoring
• Linkage only made to the plan(s) where
management and monitoring is
documented.
• In many cases, numerous measurements,
analysis and/or inspections contribute to
the determination of whether a criterion
has been met.
• Closure criteria and relationship to
monitoring is included in specified
monitoring plans.

Closure Criteria - Reviewer Theme
Some Criteria are based on the concept of verifying that closure works are
implemented in accordance with the intent of approved designs.
The advantages of doing this are:
• Designs will all be submitted for approval by the MVLWB, with opportunity
for affected parties to provide input on designs
• Construction completion reports will be submitted for approval by MVLWB
that document the as-built designs
• Designs inherently contain numerous measurements/requirements that in
combination provide a solution to a problem
• Approach selected where it is more meaningful to confirm design
implementation in accordance with design intent than one or two
numbers extracted from a design
• Not used in isolation, there are many other criteria

Approval Process – Updated Criteria
‘Design and Construction Plans are signed and sealed by a Qualified Professional and the
specifications outlined therein are met, such that the design intent is met, and the
approvals process has been followed’
The approval process for the Design and Construction Plans for the components of the
GMRP will be:
(a) Design and Construction Plans will be provided for public review and comment prior to
approval. These will demonstrate how component specifications meet the design intent
and details on monitoring. Once the Design and Construction Plans are approved
construction can proceed;
(b) Following construction of the component, the GMRP Team will be required to provide a
Construction Completion Report which will outline, in addition to final as-built details,
follow-up monitoring requirements to verify success of design intent; and
(c) Performance Assessment Reports will be submitted to the board at the end of the initial
monitoring period to compare conditions for the component to the objectives and
criteria. Depending on the observed performance, multiple performance assessment
reports may be needed over time. Once the details are known, components of final
inspections should be identified as part of the criteria a qualified professional will assess
to make the final determination on the objective.

Closure Criteria - Reviewer Theme

Should all criteria in development have an associated reclamation research plan?
•

Not all engineering uncertainties require reclamation research plans.

•

On-going engineering work can address many of these questions

•

Design documents and construction plans will be provided to the MVLWB for
approval.

Closure Criteria - Reviewer Themes
SW5 Remediated areas are stabilized and
protected from erosion in final
configuration
•

SW5-1 Elements are designed to
meet regulations as described in
tables of Chapter 5 and below, and
design specifications are met.

•

SW5-2 Approved effluent quality
criteria are met

•

SW5-3 Approved surface runoff
quality criteria are met, as per the
approved Water Management and
Monitoring Plan

•

SW5-4 Water Quality Objectives in
the receiving environment are met

•

SW5-5 Remediated areas are
designed to resist erosion including
armouring and targeted revegetation
with native species

How can water quality be used to
measure the success of other project
elements?
•

Water quality monitoring provides clear
metrics

•

In the long term, meeting water quality
criteria (runoff criteria; EQC) and
monitoring the receiving environment
(meet WQOs) will provide the indicators
that the remediated site is stable and
significant erosion is not occurring, and
aquatic habitat is protected

Reviewer Themes
SW3 Remaining operational engineered
structures/controls meet appropriate
design levels required for long-term care.
•

SW3 -1 Elements are designed to
meet regulations as described in
tables of Chapter 5 and below, and
design specifications are met.

•

SW3-2 Minimize perpetual care
requirements including the following:
•
•
•
•

Lower in maintenance
Lower long-term costs
Remaining operational controls
Low probability of failure of
engineering controls
• Demonstrated design redundancy

What GMRP does mean by “lower”?
• This relative and qualitative criterion is used
to compare the selected activity to
alternative, potentially viable activities. The
relative criteria are not meant to be relative
to an external standard.
• The specific criteria identified were
developed to drive preference for design
options that require lower maintenance
requirements, lower long-terms costs, low
probability of failure, and include
redundancy to address failure.

Questions?

MVLWB Technical Session
Meeting EA Measures
July 9 to 12, 2019

26 EA Measures
•

Perpetuity and overall risks

•

Long-term funding

•

Oversight

•

Human Health Risk Assessment

•

Baker Creek

•

Water Treatment Plant and Water Quality

•

Freeze

•

Surface Remediation

Status
Status

Count

Measure #

No Action Required

1

1

On‐going: addressed and will require
continued action during life of
remediation project

11

2, 9, 12, 13, 15, 17, 20,
21, 24, 25, 26

Underway: Currently in
draft/development with a specific
end‐date

4

5,6,16, 23

Complete

10

3, 4, 7, 8, 10, 11, 14, 18,
19, 22

Measure 1 – No Action Required
To prevent the significant adverse impacts on environment and the
significant public concern from the proposed perpetual timeframe, the
Project will proceed only as an interim solution, for a maximum of 100
years.

Measure 2 – Ongoing: every 20 years
Every 20 years, after the beginning of project implementation, the
Developer will commission an independent review of the Project to
evaluate its effectiveness to date, and to decide if a better approach can be
identified.
This will:
1. consider results of the ongoing research;
2. be participatory in nature; and,
3. follow the requirements of procedural fairness and be transparent in
nature.
If the periodic review identifies a better approach that is feasible and costeffective, the Developer will further study it, and make the study and its
results of the study public.

Measure 3 – Complete
To facilitate active research in emerging technologies towards finding a
permanent solution for dealing with arsenic at the Giant mine site, the
Developer will fund research activity as advised by stakeholders and
potentially affected Parties through the oversight Body. The ongoing
funding for this research, and the additional resources required to
manage its coordination, will be negotiated and included as part of the
environmental agreement specified in Measure 7 and will make best use
of existing research institutions and programs. The Oversight Body will
ensure through the research activity that, on a periodic basis:
1. reports on relevant emerging technologies are produced;
2. research priorities are identified;
3. research funding is administered;
4. results of research are made public; and,
5. results of each cycle are applied to the next cycle of these steps.

Measure 4 – Ongoing
The Oversight Body will provide the results of the research funded by the
Developer to the periodic reviews of the Project described in Measure 2.
If better technological options are identified through the funded research
in-between these periodic 20-year reviews, these will be reported publicly
by the Oversight Body to the Parties, the Developer and the Canadian
public. The Developer will consider these technologies and make
decisions regarding their feasibility. The Developer will make any such
decisions public.

Measure 5 – Underway, Projected
Completion: 2019
In order to mitigate significant adverse impacts that are otherwise likely, the
Developer will commission an independent quantitative risk assessment to
be completed before the Project receives regulatory approvals.
This will include:
1. explicit acceptability thresholds, determined in consultation with potentially
affected communities;
2. an examination of risks from a holistic perspective, integrating the
combined environmental, social, health and financial consequences;
3. possible events of a worst-case/ low frequency high consequence nature;
and,
4. additional considerations specified in Appendix D of the Report of EA.
From this, the Developer will identify any appropriate project improvements
and identify management responses to avoid or reduce the severity of
predicted unacceptable risks.

Measure 6 – Underway, Project
Completion: 2019
The Developer will:
•

investigate long-term funding options for the ongoing maintenance of
this project and for contingencies, including a trust fund with multi-year
up front funding;

•

involve stakeholders and the public in discussions on funding options;
and,

•

make public a detailed report within three years that describes its
consideration of funding options, providing stakeholders with the
opportunity to comment on the report.

Measure 7 – Complete
The Developer will negotiate a legally-binding environmental agreement
with, at a minimum, the members of the Oversight Working Group, and
other appropriate representative organizations, to create an independent
Oversight Body for the Giant Mine Remediation Project. These
negotiations will build on the existing discussion paper and draft
environmental agreement of the Giant Oversight Working group. This
Oversight Body will exist for the life of the Project unless otherwise
agreed by the Parties to the Environmental Agreement. Every effort will
be made to have the oversight Body in place as early as possible. The
negotiations will make significant progress within six months of the
Ministers environmental assessment decision or proceed to mediation.
The Developer will cover any mediation costs. The environmental
agreement will include a dispute resolution mechanism to ensure
compliance with the agreement and a stable funding mechanism for the
Oversight Body.

Measure 8 – Complete
The activities of the oversight body will include:
•

keeping track of monitoring activities by the Developer and the results
of those activities, including water quality and aquatic effects
monitoring, health monitoring and other monitoring;

•

considering the adequacy of funding for the Project and ongoing
research;

•

providing advice to the Developer, regulators and government on
ongoing improvements in monitoring and Project management to
prevent risks and mitigate any potential impacts; and,

•

sharing the oversight body’s conclusions with the general public and
potentially affected communities in a culturally appropriate manner.

Measure 9 – Underway
The Developer will work with other federal and territorial departments as
necessary to design and implement a broad health effects monitoring
program in Ndilo, Dettah and Yellowknife focussing on arsenic
and any other contaminants in people which might result from this
project. This will include studies of baseline health effects of these
contaminants and ongoing periodic monitoring. This will be designed with
input from:
• Health Canada, GNWT Health and Social Services and the
Yellowknife medical community; and
• The Yellowknives Dene and other potentially affected communities.
The organization conducting the monitoring will provide regular plain
language explanations of the monitoring results in terms that are
understandable to lay people, and communicate this to potentially
affected communities in a culturally appropriate manner.

Measure 10 – HHERA Complete, Stress Study
Underway
The Developer will commission a comprehensive quantitative human health risk assessment by an
independent, qualified human health risk assessor selected in collaboration with Health Canada, the
Yellowknives Dene, the City of Yellowknife, and the Developer. This human health risk will be completed
before the Project receives regulatory approvals. It will:
1. Include a critical review of the 2006 Tier II human health risk assessment and the previous screening
reports;
2. Consider additional exposures and thresholds (as specified in Appendix F of the Report of EA);
3. Decide whether a Tier Ill risk assessment is appropriate;
4. Provide a plain language explanation of the results in terms that are understandable to the general
public, and communicate this to potentially affected communities in a culturally appropriate manner;
5. Provide interpretation of results and related guidance; and
6. lnform the broad health effects monitoring program (described in Measure 9 above).
The Developer may conduct the human health risk assessment concurrently with the quantitative risk
assessment described in Measure 5. Based on the results of this human health human health risk
assessment, and on any existing results of the health effects monitoring program (described in Measure
9 above), the Developer will, if necessary in response to this information, identify, design and implement
appropriate management responses to avoid or reduce the severity of any predicted unacceptable health
risks.
Also, footnote #133 in the Report of EA (Appendix D) is revised to read, in its entirety, "Including
inference of causality and pathologies deducted from any available health studies."

Measure 11 – Complete
The Developer, with meaningful participation from the Oversight Body and other parties, will
thoroughly assess options for, and the environmental impacts of diversion of Baker Creek to
a north diversion route previously considered by the Developer or another route that avoids
the mine site and is determined appropriate by the Developer. Within one year of the project
receiving its water license, a report outlining a comparison of options including the current
on-site realignment will be provided to the appropriate regulatory authorities, the Oversight
Body and the public.
Once informed by the advice of the Oversight Body and regulatory authorities, the
Developer will determine and implement the preferred option. In doing so, the Developer will
consider the advice of the Oversight Body, regulatory authorities, and the public, and will
ensure that the primary considerations in selecting an option are to:
a) minimize the likelihood of Baker Creek flooding and entering the arsenic chambers,
stopes and underground workings; and,
b) minimize the exposure of fish in Baker Creek to arsenic from existing contaminated
sediments on the mine site, surface drainage from the mine site or tailings runoff. If off-site
diversion is selected, the Developer will seek required regulatory approvals to implement
the diversion within five years of receiving its initial water license.

Measure 12 – Ongoing
To prevent significant adverse impacts on Great Slave Lake from
contaminated surface waters in the existing or former channel of Baker
Creek, should it be re-routed to avoid the mine site, the Developer will
ensure that water quality at the outlet of Baker Creek channel will meet
site-specific water quality objectives based on the CCME Guidance on
the Site-Specific Application of Water Quality Guidelines in Canada.

Measure 13 – On-going
The Developer will design and, with the applicable regulators, manage the
Project to ensure that, with respect to arsenic and any other contaminants of
potential concern, the following water quality objectives are achieved in the
vicinity of the outlet of the existing or former channel of Baker Creek, should
it be re-routed to avoid the mine site, excluding Reach 0:
a) Water quality changes due to discharge from Baker Creek will not reduce
benthic invertebrate and plankton abundance or diversity;
b) Water quality changes due to discharge from Baker Creek will not harm
fish health, abundance or diversity;
c) Water quality changes due to discharge from Baker Creek will not
adversely affect areas used as drinking water sources;
d) Water quality changes due to discharge from Baker Creek will not
adversely affect any traditional or recreational users; and,
e) There is no increase in arsenic levels in Great Slave Lake due to
discharge from Baker Creek beyond the parameters described in Measure
12.

Measure 14 – Complete
The Developer will add an ion exchange process to its proposed water
treatment process to produce water treatment plant effluent that at least
meets Health Canada drinking water standards (containing no more than
10 μg/L of arsenic), to be released using a near shore outfall immediately
offshore of the Giant mine site instead of through the proposed diffuser.
The Developer will achieve this concentration without adding lake water
to dilute effluent in the treatment plant.

Measure 15 – Ongoing
The Developer and regulators will design and manage the project so that,
with respect to arsenic and any other contaminants of potential concern:
1. Water quality at the outfall will meet the Health Canada Guidelines for
Canadian Drinking Water Quality: and,
2. The following water quality objectives in the receiving environment are
met:
a) Water quality changes due to effluent discharge will not reduce benthic
invertebrate and plankton abundance or diversity beyond 200 metres of the
outfall:
b) Water quality changes due to effluent discharge will not harm fish health,
abundance or diversity;
c) Water quality changes due to effluent discharge will not adversely affect
areas used as drinking water sources; and,
d) There is no increase In arsenic levels in Yellowknife Bay water or
sediments beyond 200 metres of the outfall; and
e) There is no increase in arsenic levels in Yellowknife Bay sediments at 500
metres from the outfall.

Measure 16 – Underway – D&C Plan will include
final details
Before construction, the Developer will model re-suspension of arsenic
from sediments and resulting bioavailability in the vicinity of the outfall. If
the modelling results indicate that the outfall may resuspend arsenic from
sediments, the Developer will modify the outfall design until operation
does not cause resuspension of arsenic from sediment.

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

Measure 18 – Complete
Prior to preparing chambers and stopes for freezing, the Developer will
conduct a comprehensive quantitative risk assessment evaluating both
wet and dry methods for the initial freezing design, with respect to current
risks and implications for future removal. This will include an evaluation of
potential effects of the proposed freezing and wetting method on the
thawing or frozen excavations, and potential impacts of ongoing design
changes prior to implementing the Project. The Developer will release a
plain language report to the public describing its considerations and the
resulting design.

Measure 19 – Complete
Considering the results of the risk assessment described in Measure 18,
the Developer will not adopt any method of freezing that significantly
reduces opportunities for future arsenic removal or other remediation by
future technologies.

Measure 20 – Ongoing
The Developer will conduct all major demolition and construction
activities with the potential to release large amounts of dust or
contaminants into the air when wind directions will minimize the chances
of dust and contaminants blowing into the City of Yellowknife, Detah and
Ndilǫ.

Measure 21 – Ongoing
The Developer will collect dust and contaminant level data from soil and
vegetation in the vicinity of major reclamation activities before and after
major demolition or construction activities to serve as a baseline for any
related adaptive management activities that may follow.

Measure 22 – Complete
The Developer will conduct a study to determine appropriate depth of the
tailings cap and B1 pit cover, in consultation with Environment Canada
and responsible regulators, to verify that the depth proposed will ensure
the tailings cap and B1 pit cover are not compromised by vegetation
growth. The Developer will provide a report of this study to the Mackenzie
Valley Land and Water Board before it issues a water license for the
Project.

Measure 23 – Underway – Draft submitted,
revisions expected
The Developer will work cooperatively with responsible regulatory
authorities and interested Parties in the development and submission of a
Tailings Monitoring and Management Plan prior to receiving regulatory
approvals. This plan will not only identify potential issues for the
management of tailings but will also identify mitigation measures to
prevent problems related to the tailings cap failure, and will include
consideration of the B1 pit cover as applicable.

Measure 24 – Ongoing
The Developer will physically prevent all-terrain vehicle access to the
tailings cap and B1 pit cover to prevent the surface from being eroded or
otherwise compromised. The Developer will monitor the effectiveness of
this prevention, and will take any additional management measures as
necessary to prevent all terrain vehicle access.

Measure 25 – Ongoing
The Developer will work cooperatively with responsible regulatory
authorities and interested Parties in the development and submission of
an Air Quality Management Plan which incorporates an ongoing air
quality monitoring program. This ongoing monitoring program will include
all previously identified on-site air quality monitoring stations and one offsite air quality monitoring station near Niven Lake. At a minimum, ambient
concentrations of NO2 and PM2.5 will be monitored at the Niven lake
site. Total suspended particulate and metal concentrations will be
monitoring at the on-site locations. This air quality monitoring program will
identify action levels and trigger additional management and mitigation
activities, if required.

Measure 26 – Ongoing
In conjunction with Measure 10 above, the Developer will consider the
results of the comprehensive human health risk assessment, and consult
with the YKDFN and City of Yellowknife when determining suitable end
uses of the site, to ensure that those proposed uses do not pose a health
risk to people, including toddlers.

MVLWB Technical Session
FREEZE
July 9 to 12, 2019

1

Overview
•

From 1951 to 1999, approximately 237,000 t of arsenic trioxide dust was
produced.

•

The dust was transferred to underground, for storage in five mined-out
stopes and ten purpose-built arsenic chambers (short term storage).

2

Overview
Environmental Risks/
Health and Safety Risks
• The dust is hazardous to human health
and the environment.
• Dissolves readily in water.
• Containment of the dust is required.
Calibrated model result showing the frozen
ground extents colder than -5°C containing
the dust at the FOS Chamber 10

3

Closure Objectives
Closure Objectives:
• Arsenic trioxide dust and arsenic impacted waste disposal areas are
not and will not become a source of contamination to the
environment
• Reversibility for future technology developments in remediation has
been maintained

4

Rationale for Closure Activities
Freeze was selected for the following reasons:
• Remains underground - not subject to extreme surface environmental
effects
• Never gets handled – no risk of exposure to humans during removal or spills
• Not left with a residual or “stabilized” residual that has to managed into
perpetuity
• No significant technological advances since options analysis

5

Closure Activities
Freeze Design - Thermosyphons
• Thermosyphons are passive freeze
pipes.
• Steel pipes are filled with CO2 and
connected to an above ground radiator
(it’s a closed system)
• Does not require electrical power or
energy to operate.
• Inactive when the air temperature is
warmer than the ground temperature
(e.g., summer).

6

Closure Activities
Freeze Design - Layout
• Considers underground geometries,
surface topology and
constructability.
• Pipes are installed around the
perimeter of storage areas (i.e.,
stope/chamber/mine working, pit
fill).
• Pipes extend deep enough to
develop a frozen shell around
storage areas.

7

Closure Activities
Containment Criterion:
• A 5 m wide zone of bedrock or fill at -5°C or colder around each arsenic
containing chamber, stope, drift or pit fill.

-5°C
-2°C
0°C

0 to -2°C
5m

-2 to -5°C
-5°C

Colder than -5°C
5m wide shell
around chamber

-2°C
0°C

Active Remediation

Post-Closure

8

Closure Activities

9

Monitoring Program
Freeze Monitoring Plan
• Split into two main stages once installation of the freeze system is complete
1. Monitor development of the frozen shell until containment criteria has
been met.
2. Confirm ongoing frozen conditions and proper operation of the
thermosyphons.
3. Measured temperatures will be verified with a calibrated thermal
model to monitor the status of the frozen shell.

10

Reviewer Theme – Resiliency to respond to unexpected
conditions
• Design allows for adequate time to respond in the event of thermosyphon
failure and even warmer climate change should it occur.
• Once frozen shell is established it will take at least two decades before the
top of chambers thaw.
• In the event of an unlikely thaw, precipitation infiltration would dissolve
arsenic dust
• Dissolved arsenic would migrate into the mine pool.
• Water treatment plant would treat the arsenic and discharge.
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Reviewer Theme – Climate Models and Assumptions
Climate Change Consideration
• SNAP model (Scenarios Network for Alaska & Arctic Planning) has evaluated the
performance of many Global Climate Models and reviewed each model’s output
alignment with 1958–2001 climate data.
NWT is anticipated to be 4 to 5 times the global warming rate
• The GMRP has collaborated with SNAP and used their tool to predict climate
change impacts to the Yellowknife region to the year 2130.
• Greater warming in the winter (+9.0°C) than in the summer (+5.5°C).
• SNAP model (Scenarios Network for Alaska & Arctic Planning)
(www.nwtclimatechange.ca).

12

Reviewer Themes
Common Themes
• Is the climate criteria robust/extreme enough?
• Yes, it exceeds the worst case IPCC 5th report projections. GMRP has
collaborated with SNAP.
•

Monitoring and response time?
• As the freeze design is for the long-term climatic scenario, initial cooling in
excess of containment criteria provides time (i.e., multiple years) to address
issues, either through mechanical repair of thermosyphons or by using
hybrid technology.

13

Reviewer Themes
Common Themes
•

Is the frozen shell robust?
• A 5m shell colder than -5°C exceeds ground freezing industry standards for
hydraulic containment in similar conditions (e.g., rock type, pore-pressures).
• Outside the 5m shell, there is a much larger zone of ground that is still colder
than 0°C.

•

Reversibility?
• Keeping the dust dry, aids the concept of reversibility.
• If the dust had to be removed, excavation within a frozen shell maintains
containment throughout the extraction process.
• Mining in frozen environments is common practice in Canada.
14

Questions?

MVLWB Technical Session
July 9 to 12, 2019
BAKER CREEK

1

Overview – Baker Creek

A1 Pit

A2 Pit

C1 Pit

B2 Pit

B1 Pit

2

Overview – Baker Creek Water Quantity
Baker Creek Floods
Return Period

Flow (m3/s)

2 years

1.48

10 years

5.00

100 years

12.7

1000 years

25.1

PMF

193
Baker Creek Reaches 0, 1 and 2, looking upstream

3

Overview – Baker Creek Water Quality
2018 Median Total Arsenic Concentrations
(mg/L)
Upstream of GMRP
ETP Discharge
Mouth of Creek
0.00

0.05

0.10

0.15

0.20

0.25

0.30

Baker Creek Lower
Reach 3 looking upstream

4

Rationale for Closure Activities
Environmental Risks
• Flood risk
• Contaminant exposure

5

Rationale for Closure Activities
Health and Safety Risks
• Flood risk

6

Closure Objectives
• Prevent inflow to the
underground mine.
• Physically stabilize the creek.
• Re-establish natural surface
drainage patterns to the extent
practical.
• Improve water and sediment
quality.
• Encourage natural rehabilitation.

Baker Creek Reach 2

7

Description of Closure Activities
Design to Mitigate Baker Creek
Flood Risk
• Baker Creek remains on-site, as
per alternative evaluation
• Mitigate direct mine inflow
potential
• Design to consider conveyance
of Probable Maximum
Flood (PMF)

View Upstream at Baker Creek Reach 4 Riffle

8

Description of Closure Activities

Baker Creek Reach 0
• Fine sediments will be removed during
closure

Baker Creek Reach 0 looking upstream

9

Description of Closure Activities

Baker Creek Reach 1

A2
Pit

• Realignment away from
A2 Pit.
Realigned
Channel

Baker Creek Reach 1, flow from right to left
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Description of Closure Activities

Baker Creek Reach 2
• Fine sediments will be
removed during closure.

A1 Pit

11
Baker Creek Reach 2, flow from right to left

Description of Closure Activities

Baker Creek Reach 3
• Realignment away from C1
Pit.
C1 Pit
Realigned
Channel

Baker Creek Reach 3, looking downstream
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Description of Closure Activities

Baker Creek Reach 4
• Lower reach realignment.

Realigned
Channel

Baker Creek Reach 4, looking downstream
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Description of Closure Activities

Baker Creek Reach 5
• Lower reach realigned.
• Fine sediments removed.

B1 Pit
Realigned
Channel
B2 Pit
Baker Creek Reach 5, flow from left to right

14

Description of Closure Activities

Baker Creek Reach 6
• Fine sediment removal.

Jo-Jo Lake

• Most of pond infilled.

15

Baker Creek Reach 6 (Baker Pond), flow from left to right

Reviewer Themes
What is the PMF? How is it determined?
• PMF is the largest flood that could be expected to occur.
• Based on the most rainfall that the atmosphere could hold, plus
snowmelt.
• At Giant Mine, this is 310 mm of rain plus 178 mm of snowmelt water
depth (488 mm).
• That compares to average annual precipitation of 289 mm.
• Runoff of that precipitation through the creek was modelled.
• PMF at the mouth of the creek is about 5 times the average flow on the
Yellowknife River.
16

Reviewer Themes
What will be done to protect against channel migration towards pits and
other closure infrastructure?
• The proposed channel design will
divert the creek away from pits

A2
Pit

• The design will consider armouring
to prevent the channel from
eroding toward the pits
• The design will consider the most
extreme flood events

Realigned
Channel

Baker Creek Reach 1, flow from right to left
17

Reviewer Themes
How will natural drainage patterns
be restored?
• We considered air photos from
before the mine
• Surface drainage design will
consider those sub-basins where
practical.

18

Reviewer Themes
Where is the Baker Creek Reach 1 realignment? Why?

A2 Pit

Realigned
Channel

Baker Creek Reach 1,
flow from right to left
19

Reviewer Themes - Engagement
• Final site conditions for Baker Creek are described in CRP Section 5.5.6
• The GMRP will discuss this approach with stakeholders during the
upcoming engagement sessions planned for Fall 2019 and with DFO
when they are next available.
• The GMRP updated fish habitat mapping in Baker Creek in 2018 and
2019 to support engagement and design.
• The GMRP has heard clearly that the YKDFN would like to be active
participants in planning the future of Baker Creek.
• The GMRP stresses the importance of having the engagement sessions
with community members in later 2019.

20

Reviewer Themes - Recontamination
• Will the newly remediated Baker Creek become recontaminated by
upstream contamination?
• The contamination in the existing Baker Creek is a result of legacy of
untreated discharge, tailings releases, as well as effluent discharge and
upstream loadings.
• The TSS loading from upper Baker Creek watershed is low and
therefore not expected to provide significant recontamination.

21

Monitoring Programs
• Monitoring at Baker Creek and Yellowknife Bay
are addressed as part of the SNP, AEMP and
EEM
• Activity-specific monitoring during
construction
• Post construction monitoring for stability and
habitat restoration success as determined by
DFO Fisheries Act Authorization

22

Questions?
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MVLWB Technical Session
Water Management and Monitoring Plan
July 9 to 12, 2019

1

Outline of Presentation
• Water Management and Monitoring Plan
• Objectives
• Existing Water Management Activities
• Planned Water Management Activities
• Water Treatment Plant Transition

2

Water Management and Monitoring Plan: Scope
Management of water quantity and water quality of:
• Surface water
• Minewater
• Groundwater including seepage
Water Management and Monitoring Plan contains:
• Project background
• A description of existing and planned
water management systems
• The Site water balance
• Monitoring programs
• Contingency planning
• Reporting requirements
• Review and evaluation
View from above A2 Pit

3

Water Management and Monitoring Plan: Objectives
• Meet requirements from the Post-EA Package
• Outline water management practices that:
• meet regulatory requirements and water-related closure objectives and
criteria
• minimize the potential for impacts to the public, works and the receiving
environment
• Outline water monitoring programs to meet regulatory requirements and to
verify water-related closure objectives and criteria

4

Water Management and Monitoring Plan: Approach
• Ultimately, water on-site will be managed so that water quality objectives
(WQOs) in Yellowknife Bay are met.
• Surface runoff criteria are
proposed in the Water
Management and Monitoring
Plan to provide an internal
system / tool to meet WQOs.
• Compliance will be based on
end-of-pipe discharge
limits, referred to as EQC.

Surface drainage above A1 Pit

5

Water Management and Monitoring Plan: Next Steps
Current status of the Water Management and Monitoring Plan:
• First version submitted in 2019 for approval.
Next steps:
• 2020: Refine the Water Management and Monitoring Plan in its next version
based on recommendations from the Board.
• Advance design basis for water management infrastructure.

6

Water Management and Monitoring Plan: Strategies
Strategies for Water Management
• Follow regulatory requirements, guidelines, and GMRP-specific criteria.
• Manage contact water and non-contact water separately to the extent
practicable.
• Manage and treat contact water on Site.
• Re-establish natural drainage patterns
to the extent possible in consideration
of above strategies.

7

Existing Settling (right) and Polishing (left) Ponds

Water Management and Monitoring Plan: Strategies
Contact Water

Non-Contact Water

• Runoff from the Core Area is
an example

• Runoff from undeveloped area west
of A1 Pit is an example

8

Water Management and Monitoring Plan: Overview
Project Phases:
• Phase 1: existing (care and maintenance) conditions
• Phase 2: active remediation and adaptive management
• Phase 3: post-closure

9

Water Management Activities – Existing

WMMP
Figure
4.1-2
(excerpt)

10

Interim Operation of Existing Effluent Treatment Plant
• The existing ETP will operate for
approximately 6 years.
• The ETP and its infrastructure
cannot undergo major upgrades.
• Nearing the end of its design life.
• Focus will be on constructing the
new WTP.
• Effluent quality criteria (EQC) are
proposed for the ETP.
• The GMRP expects the ETP will
meet the EQC, including the
MDMER limit for arsenic.
11

Water Management Activities – Planned

WMMP
Figure
5.1-2
(excerpt)

12

Reviewer Theme – High Test Line
• Maintaining the system requires:
• personnel access to the underground.
• power underground to service various sumps.
• maintenance of underground access and emergency egress routes, which
is a considerable effort.
• The level of effort to decommission is low and the process is
straightforward.
• Water with high concentrations of arsenic originating from the arsenic
stopes will report to the mine pool, the number of locations depends on the
extent of dismantling the pipes.
• The freeze of the arsenic stopes will, over time, stop the flow of high test
water.
13

Reviewer Theme - Post-Remediation Runoff Criteria

14

Reviewer Theme – Runoff Criteria
• Surface runoff from remediated structures (TCAs, pits) will continue to be
collected, monitored and treated until the surface runoff criteria are
achieved per the WMMP.
• The GMRP will manage water on-site to meet closure objectives for Baker
Creek and water quality objectives in Yellowknife Bay.

15

MVLWB Technical Session
July 9 to 12, 2019
WATER TREATMENT PLANT / OUTFALL

1

Overview
•

The mine pool contains contaminants (e.g., arsenic and antimony), at concentrations
that are unacceptable for direct discharge to the environment.

•

Water levels underground need to be maintained for physical and chemical stability.

•

Pumping and treatment of mine pool water is needed:
• Mine water is treated at Site now with an existing effluent treatment plant (ETP),
• Continued, interim use of the existing Effluent Treatment Plant (ETP), and
• A new long-term Water Treatment Plant (WTP) to be built onsite.

Reach 7

Baker Creek Pond

2

Overview
• WTP1. Treated minewater to Yellowknife Bay is discharged at a designated
nearshore outfall. The outfall location is selected such that site-specific water
quality objectives are met in the receiving environment
• WTP2. Water treatment plant discharge meets approved effluent quality
criteria, derived such that site-specific water quality objectives are met in the
receiving environment
• WTP3. Water treatment plant waste is disposed of in a controlled manner, so
it is not, and will not become, a source of contamination to the environment

3

Rationale for Closure Activity
Construction of New Water Treatment Plant
• Decision to construct new WTP from the DAR.
• The 'Report of Environmental Assessment and Reasons for Decision'
increased the level of water treatment to meet Measure 14.
• Existing surface water storage ponds
pose a risk to the environment.
• WTP will have no surface water
storage and mine pool will be
used for equalization storage

• No more seasonal discharge to
Baker Creek, instead continual
discharge to Yellowknife Bay

4

Description of Closure Activity
•

The new WTP will be commissioned by
approximately 2026
• Located in the central core area of the Site
• Pumping from the underground will continue to
maintain the mine pool level. Water will be
sourced from the central core area of the Site.
• Will operate year-round
• Mine pool will be used for water storage (no
large surface ponds)
• Will be designed to meet new, lower EQC,
including arsenic to 10 µg/L
5

Closure Activities New Water Treatment Plant
• New mine water intake in C-Shaft Area with deep well pumps
• No surface water storage - use of mine equalization storage
• Influent quality and quantity assessment for treatment to design WTP
Design Criteria for Giant Mine Water Treatment Plant
New Data

Flows and Storage

Item
Short-term (until freeze achieved)
Average treatment flow rate
Long-term (post-freeze)
Average treatment flow rate

Specification
30.0 L/s
20.0 L/s

6

Description of Closure Activity
Effluent Quality Criteria for the WTP

7

Description of Closure Activity
New Water Treatment Plant Process
HDS

Adsorptive Media

8

Description of Closure Activity
Water Treatment Residuals - Waste
Disposal
•

Waste Stream: Spent arsenic adsorptive media,
sludge cake and process residuals are nonhazardous based on testing.

•

Disposal onsite in the WTP process residuals
cell.

9

Description of Closure Activity
New Water Treatment Plant - Outfall
• Effluent discharge to Yellowknife
Bay, rather than to Baker Creek
• Effluent will be discharged via a
new conveyance pipe
• Outfall will be nearshore near the
Baker Creek mouth
• No diffuser, per Measure 14

10

Description of Closure Activity
Final Site Conditions
• Mine water will be pumped from the underground
in the core area.
• The new WTP will be built, the plant will treat
water to meet the project EQC’s
• Treated effluent will be discharged via the
nearshore outfall in Yellowknife Bay

11

Operational Monitoring, Maintenance, and Inspection
•

Monitoring to comply with the
Water License End of Pipe EQC
• Inside the WTP internal fully
automated instrumentation
monitoring including:
• pH monitoring
• turbidity and particle
counters
• conductivity
• Routine grab samples for offsite laboratory testing to
confirm instrumentation and
automation is meeting the
design objectives
•

Operation, Inspection, and Maintenance

12

Reviewer Theme – WTP Contingencies
What are the contingencies so that water that does not meet the EQC is not
released to the Yellowknife Bay in the event of a failure or complete loss of
the system e.g. due to a natural disaster like fire or earthquake?
• The WTP preliminary design incorporates redundancy to mitigate against
equipment failure.
• The WTP will be constructed to the National Building Code (as a postdisaster facility), National Fire Code, and National Plumbing Code.
• The mine pool will provide storage should there be an emergency WTP
outage. The underground has suitable storage to deal with an unexpected
delay in mine water pumping and treatment for more than two years of
current estimated wet years.
13

Reviewer Theme – WTP Process
Are the proposed treatment methods appropriate and is the WTP meeting
effluent criteria as referenced in the Measures?
• The WTP will meet the EQC’s. It will use site proven technology from the ETP,
plus pilot tested adsorptive media to treat for arsenic.
• The design basis for the new WTP is ferric sulphate, due to its effectiveness
to remove arsenic.
• The WTP effluent meets Measure 14 Health Canada drinking water guideline
for arsenic concentrations.

14

Reviewer Theme - Residuals
What is the short and long term stability of the water
treatment plant residuals and how does that effect their
disposal in the non-hazardous waste cell?
•

Investigations in 2012 and 2019 have been completed to
predict WTP waste residual disposal characteristics.
Based on the testing completed, both the waste sludge
and waste adsorptive media streams will be classified as
non-hazardous waste

•

Tested samples are viewed as surrogates to the new
WTP and all TCLP arsenic values are one order of
magnitude lower to the limit of 2.5 mg/L from the NWT
Guideline for Hazardous Waste Management.

•

During the initial operations of the new WTP (in 2026)
sludge and spent media samples will be collected and
tested to confirm that these waste streams remain not
leachable.
15

MVLWB Technical Session
Water Modelling & Effluent Quality Criteria
July 9 to 12, 2019

1

Outline of Presentation
• Modelling and Assumptions
• Effluent Quality Criteria
• Water Treatment Plant
• Monitoring

2

Water Modelling
Integrates :
•

Water balance

•

Water quality

Site Model: underground and surface
Yellowknife Bay Models
3

Models to Support EQC Development

1. Site Model
Surface Module

2. Yellowknife Bay Models
3-D Yellowknife
Bay Model
Effluent Quality
Criteria
Calculations

2-D Underground
Module

Near-field Model

3-D Groundwater
Model

4

Model Timeframe

2011 to
2018

2019 to
2026

2026 to
2040

• Present-day simulation period
• Model calibration
• Future simulation period
• Existing ETP discharges effluent to Baker Creek
• Future simulation period
• New WTP discharges effluent to Yellowknife Bay

5

Assumed Timing and Sequence of Remediation
Activities in the Models
Underground Year Surface
Akaitcho deep well pumping station commissioned 2019
2020
2021 Remediation of A1, A2, B1 pits and South Pond begins
2022
2023
Remediation of A1, A2, B1 pits complete
2024

Remediation of B2, B3, B4, C1 pits and Mill, Central,
North ponds begins

2025
6

Assumed Timing and Sequence of Remediation
Activities in the Models
Underground Year Surface
Remediation of B2, B3, B4, C1 pits and South Pond
complete

Akaitcho deep well pumping station decommissioned
New minewater pumps at C Shaft

2026

The High Test System decommissioned

Foreshore tailings capped
WTP commissioned; Effluent discharged to
Yellowknife Bay

Mine pool provides capacity to manage/store water
Remediation of Mill, Central, North ponds complete
2027

2028

Remediation of the Settling, Polishing, Northwest
ponds begins
Remediation of the Settling and Polishing ponds
complete

7

Assumed Timing and Sequence of Remediation
Activities in the Models
Underground

Year
2029

Surface
Former South Pond area runoff to Yellowknife Bay
Northwest Pond covered

2030

Mill Pond cover runoff to Baker Creek

2031

Runoff from B3 Pit, North Pond, Settling Pond,
Polishing Pond areas to Baker Pond

2032
2033

Northwest Pond cover runoff to Trapper Creek

2034
Freezing of the arsenic chambers complete

2035
2036 - 2040 Natural drainage patterns re-established

8

Underground Model Inputs and Assumptions

9

Underground Model Inputs and Assumptions Continued
Akaitcho Pumping to NW Pond
(2011 to September 2026)

C Shaft Pumping to New WTP
(October 2026 to 2040)

B1 Pit
B2 Pit
South Pond
Central Pond
High Test Water
High Test Water

Brock Pit
Baker Creek
High Test Water

A1 Pit
A2 Pit
C1 Pit

B3 Pit
B4 Pit
North Pond
Polishing Pond
Settling Pond
High Test Water
High Test Water

High Test Water

NW
Pond
High
Test
Water

5

4

3

2

1

Lateral GW

Lateral GW

Lateral GW

Lateral GW

Lateral GW

10

Underground Model Inputs and Assumptions Continued
Water Quality Source

Inflows

Zones
1

2

Lateral groundwater

3

4

5

West Bay multi-port wells (2002 - 2018)

Surface infiltration

Sump and ditch (750
L; Zone 1)

High Test System

High Test System
(Zone 1; 2014-2015)

High Test System
(Zone 2; 2014-2015)

High Test System
(Zone 3; 2014-2015)

High Test System
(Zone 4; 2014-2015)

n/a

Managed water
during remediation

Northwest Pond
(SWP-4; 2011-2018)

North Pond (SWP-3;
2011-2018)
Polishing Pond
(SWP-1; 2011-2018)

n/a

n/a

n/a

n/a

n/a

n/a

SNP 43-5 (20112018)

n/a

Baker Creek

Sump and ditch (750
L; Zone 5)

Sump and ditch (750 L; Zones 2, 3 and 4)
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Underground Model – Predictions
Model: Akaitcho Minewater

Model: C Shaft Minewater

SNP 43-21

C Shaft Mine Pool

C Shaft Pumping Begins

Arsenic Chambers Frozen

100
80
60
40

2039

2037

2035

2033

2031

2029

2027

2025

2023

2021

2019

2017

2015

0

2013

20

2011

Dissolved Arsenic (mg/L)

120

Year
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Underground Model – Predictions
Model: Akaitcho Minewater

Model: C Shaft Minewater

SNP 43-21

C Shaft Mine Pool

C Shaft Pumping Begins

Arsenic Chambers Frozen

0.035
0.030
0.025
0.020
0.015
0.010

2039

2037

2035

2033

2031

2029

2027

2025

2023

2021

2019

2017

2015

0.000

2013

0.005
2011

Dissolved Copper (mg/L)

0.040

Year

13

Underground Model – Predictions
Model: Akaitcho Minewater

Model: C Shaft Minewater

SNP 43-21

C Shaft Mine Pool

C Shaft Pumping Begins

Arsenic Chambers Frozen

3,500
3,000
2,500
2,000
1,500
1,000

2039

2037

2035

2033

2031

2029

2027

2025

2023

2021

2019

2017

2015

0

2013

500
2011

Total Dissolved Solids (mg/L)

4,000

Year
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Surface Model
Inputs and
Assumptions

Upper Shot Lake
Watershed
Underground
Module (Akaitcho
Pumping Station)

Trapper Lake
Watershed

Gar Lake
Watershed

SNP 43-15

Trapper Creek
Watershed

Northwest Pond

Lower Shot
Lake Watershed

Shot Creek
Watershed

ETP
B4 Pit

Settling Pond

B3 Pit
SNP 43-16

Polishing Pond

Lower Martin
Lake Watershed

Upper Baker
Creek
Watershed
(Reaches 7 to
11)

SNP 43-11
SNP 43-1

Baker Pond
(Reach 6)

North Pond

Baker Creek Exposure Point

Central Pond

B1 Pit
Mill Pond

B2 Pit

South Pond

Lower Baker Creek
Watershed
Downstream of Old
Mill Area
(Reaches 1 to 3)
Handle Lake
Watershed

Yellowknife Bay

Old Mill Area Watershed
(Reaches 4 to 5)

C1 Pit

A1 Pit

SNP 43-5

A2 Pit
Fox Lake
Watershed

Joe Lake
Watershed

15

Surface Model
Inputs and
Assumptions
Continued

Upper Shot Lake
Watershed
Trapper Lake
Watershed

Gar Lake
Watershed

Lower Shot
Lake Watershed

SNP 43-15

Covered
Northwest Pond

Trapper Creek
Watershed

Shot Creek
Watershed

B4 Pit
Covered Settling
Pond

B3 Pit
SNP 43-16

Covered
Polishing Pond
Lower Martin
Lake Watershed

Upper Baker
Creek
Watershed
(Reaches 7 to
11)

SNP 43-11
Baker Pond
(Reach 6)

Covered North
Pond

Baker Creek Exposure Point
Covered Central
Pond

B1 Pit
Covered Mill
Pond

B2 Pit

Underground
Module (Akaitcho
Pumping Station)

Lower Baker Creek
Watershed
Downstream of Old
Mill Area
(Reaches 1 to 3)
Handle Lake
Watershed

Former South
Pond

Yellowknife Bay

Old Mill Area Watershed
(Reaches 4 to 5)

C1 Pit

A1 Pit

New
WTP

SNP 43-5

A2 Pit
Fox Lake
Watershed

Joe Lake
Watershed
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Baker Creek – Predictions
•

For the calibration period:
• The model was able to reproduce seasonal trends in Baker Creek, and
matched monitoring data at various locations well
• For the future simulation period:
• Once proposed remediation and mine closure activities are completed,
most parameter concentrations in Reach 1 of Baker Creek are predicted to
return to concentrations similar to upstream watersheds

17

Yellowknife Bay Model Inputs and Assumptions
Yellowknife Bay Shoreline,
South, Central, North
Ponds, Foreshore Tailings
Baker Creek Discharge &
New WTP
Jackfish Lake & Niven
Lake

Shot Creek
Yellowknife River
Hay Lake Watershed
Back Bay Runoff

Model Boundary
Water Surface Elevation

Great Slave Lake
18

Yellowknife Bay - Future Predictions
• For the calibration period:
• The model was able to reproduce seasonal fluctuations and variations with depth
(e.g., stratification) for temperature and TDS concentrations
• Model predictions matched parameter concentrations well
• In general for the future simulation period:
• Parameter concentrations are predicted to be higher near the breakwater and
decrease with distance from the breakwater
• Parameter concentrations are predicted to remain below WQOs in Yellowknife
Bay
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Yellowknife Bay Model Results – In the Mixing Zone
In the Mixing Zone
Parameter

2026 to 2040

SSWQO

Source

Median

95th Percentile

Chloride, mg/L

3.3

4.7

129

Elphick et al. (2011) with Struewing et
al. (2015)

Sulphate, mg/L

8.2

13

128

BC ENV (2018)

Total antimony, mg/L

0.0014

0.0048

0.006

Health Canada (2019)

Total arsenic, mg/L

0.0008

0.0026

0.01

Health Canada (2019)

Total copper, mg/L

0.001

0.0019

0.0062

SSWQO

Total lead, mg/L

0.00005

0.00013

0.001

CCME (1999)

Total nickel, mg/L

0.00065

0.001

0.025

CCME (1999)

0.001

0.002

0.007

CCME (1999)

Total zinc, mg/L
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Effluent Quality Criteria
•
•
•
•
•

Terminology
EQC for the Existing ETP
Mixing Zone
Parameters of Potential Concern
EQC for the New WTP

21

Terminology
Effluent Quality Criteria (EQC)
• Apply at end-of-pipe
• Typically higher than in-lake
WQOs due to mixing
• Regulated under the Water
Licence or Approval Document
• Operational control (i.e.,
managed by the Project)
• Enforceable

Water Quality Objectives (WQOs)
• Apply in-lake
• From scientific literature
• Refers to generic water quality
guidelines, criteria published by
national, provincial, territorial
government agencies
• May include site-specific water
quality objectives (SSWQOs),
based on local conditions and
biota
22

Method for Developing EQC - Existing ETP
•

The GMRP is requesting that effluent treatment plant (ETP) discharge
concentrations similar to present-day be permitted until the new water
treatment plant (WTP) is commissioned

•

The MDMER discharge limits were used as a starting point for proposing EQC for
the existing ETP

•

No formal POPC screening process completed

•

For parameters with historical and predicted concentrations well below the
MDMER limits in ETP, the proposed EQC were lowered

•

Further reductions not recommended
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Proposed EQC for the Existing ETP
MDMER Limits
Parameter
pH

Maximum Average
Concentration

Proposed EQC for the Existing ETP

Maximum Grab
Concentration

Maximum Average Maximum Grab
Concentration
Concentration

Between 6.0 and 9.5

6.5 to 9.0

Total suspended solids, mg/L

15

30

15

30

Un-ionized ammonia, mg-N/L

0.5

1

0.5

1

Total arsenic, mg/L

0.3

0.6

0.3

0.6

Total copper, mg/L

0.3

0.6

0.03

0.06

Total lead, mg/L

0.1

0.2

0.003

0.006

Total nickel, mg/L

0.5

1

0.1

0.2

Total zinc, mg/L

0.5

1

0.1

0.2

Radium-226, Bq/L

0.37

1.11

0.37

1.11

Cyanide, mg/L

0.5

1

0.03

0.06

Total petroleum hydrocarbons, mg/L

n/a

n/a

3

5
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Method for Developing EQC - New WTP
Water Quality-Based EQC

Technology-Based EQC

MDMER

1. Select Location in Yellowknife Bay where WQOs are
met (i.e., mixing zone boundary)
2. Identify parameters of potential concern (POPC)

Parameters regulated by treatment
technology, EA Measure

3. Select appropriate WQOs for EQC calculation
4. Calculate EQC such that concentrations at the
mixing zone boundary are < or = WQOs
5. Compare EQC to acute WQOs and predicted
effluent concentrations

Propose EQC for Inclusion in the Water
Licence

Board makes final decision on EQC
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Mixing Zone Boundary
•

The near-Baker Creek option was selected for
the new WTP outfall
• Engagement identified the preferred
location near the mouth of Baker Creek
• Keeps sources and contaminants in one
place
• Maintains unsafe ice conditions close to
shore in a visible area
• Uses a previously disturbed area of corridor
water intake line

From Guidance Document
Baker Creek

Combined mixing zone
for two inflows

• Simplifies monitoring, combined sources
•

Proposing a combined mixing zone that
includes inflows from both the new WTP
effluent and Baker Creek

Adjusted for Giant Mine Scenario
26

Mixing Zone Boundary
• EA Measures
indicate MZ of 200
m for effluent
discharge at Giant
Mine
• One set of WQOs to
be met at the edge
of the mixing zone
• Mixing zone makes
up <1% of the
model volume
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Water Quality-Based EQC - Parameter of Potential
Concern
1. Initial List of Parameters
(33 parameters in AANDC 2014)

3. Are Predicted 95th P WTP Discharge
Concentrations > Background
Concentrations in YK Bay?

NO

YES

2. Pre-screening

4. Are Predicted 95th P WTP Discharge
Concentrations > WQOs?

NO

YES

5. Are Predicted 95th P Concentrations at
the Mixing Zone > Background
Concentrations in YK Bay?
7. Review Water Quality-based POPC and
Identify POPC that should have EQC

YES

6. Water Quality-Based POPC
8. Develop EQC
(Calculate water quality-based EQC,
incorporate MDMER limits, propose
technology-based EQC)

NO

Not a POPC
- EQC not
Necessary
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Water Quality Objectives at Mixing Zone Boundary
Parameter

Water Quality Objective

Chloride, mg/L
Fluoride, mg/L
Potassium, mg/L
Sulphate, mg/L
Nitrate as N, mg/L
Nitrite as N, mg/L
Total ammonia as N, mg/L
Un-ionized ammonia as N, mg/L
Total aluminum, µg/L
Total antimony, µg/L
Total arsenic, µg/L
Total barium, µg/L
Total boron, µg/L
Dissolved cadmium, µg/L
Total chromium, µg/L

129 to 182
1.5
41
128 to 218
3.3 to 6.2
0.04 to 0.06
0.66
0.019
240
6
10
1,000
1,500
0.09 to 0.14
5

Parameter

Water Quality Objective

Total cobalt, µg/L
Total copper, µg/L
Total iron, µg/L
Total lead, µg/L
Dissolved manganese, µg/L
Total molybdenum, µg/L
Total nickel, µg/L
Total selenium, µg/L
Total silver, µg/L
Total strontium, µg/L
Total thallium, µg/L
Total uranium, µg/L
Total vanadium, µg/L
Dissolved zinc, µg/L

1.41
6.2
300
1
270
73
25
1
0.25
10,700
0.8
15
120
7 to 40

generic water quality guidelines
from CCME

drinking water quality
guideline from Health Canada

generic water quality
guidelines from BC ENV

generic water quality
guidelines from ECCC

site specific water quality objectives
from other mines in the NT

site specific water quality
objectives for Giant Mine
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EQC Parameters
MDMER Limits
(Y/N)?

POPC
(Y/N)?

EQC

Arsenic

Y

Y

Measure 14

Antimony

N

Y

Water-quality based

Copper

Y

Y

Lead

Y

Y

Nickel

Y

Y

Zinc

Y

N

Parameter

Lower of MDMER Limits
and water quality-based

30

EQC Parameters Continued
Parameter

MDMER Limits
(Y/N)?

Radium - 226

Y

Cyanide

Y

Un-ionized ammonia

Y

pH

Y

Total suspended solids

Y

Total petroleum
hydrocarbons

N

POPC
(Y/N)?
N

(Predictions not available)

N

(Predictions not available)

N

(Predictions not available)

N

(Predictions not available)

N

(Predictions not available)

N

(Predictions not available)

EQC
MDMER Limits
MDMER Limits
MDMER Limits
Technology-based
MDMER Limits
Similar to concentrations
in other licences
Similar to concentrations
in other licences
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EQC Parameters Continued
Parameter
Chloride

MDMER Limits
(Y/N)?

POPC
(Y/N)?

N

Y

EQC

Not proposed
Sulphate

•

N

Y

The Mine is not proposing to treat for ions; reverse osmosis was
considered not a viable option for the Mine due to:
• substantial power requirements
• chemical storage required on site
• transportation of hazardous waste out-of-province (brine, chemicals)
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Proposed EQC for the New WTP
New WTP
Parameter

Maximum Average
Concentration

pH

Maximum Grab
Concentration

6.5 to 8.0

Total suspended solids, mg/L

15

30

Un-ionized ammonia, mg-N/L

0.5

1

Total antimony, mg/L

0.2

0.3

Total arsenic, mg/L

0.01

0.02

Total copper, mg/L

0.024

0.033

Total lead, mg/L

0.003

0.008

Total nickel, mg/L

0.1

0.15

Total zinc, mg/L

0.08

0.16

Radium-226, Bq/L

0.37

1.11

Cyanide, mg/L

0.5

1

3

5

Total petroleum hydrocarbons, mg/L
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Monitoring Programs
Inside the WTP
•

Non-regulatory internal monitoring for successful plant
operation

•

Operational Monitoring Program (OMP)

End-of-pipe (treated effluent)
•

Confirm wastewater management activities are effective
and as anticipated

•

Surveillance Network Program (SNP)

Mixing Zone Boundary
•

Three stations

•

Surveillance Network Program (SNP)

Receiving Environment
• Aquatic Effects Monitoring Program (AEMP) - Baker
Creek, Yellowknife Bay
• Water quality, sediment, toxicity, benthos and fish

34

MVLWB Technical Session
SURVEILLANCE NETWORK PROGRAM
July 9 to 12, 2019

1

Scope of Presentation
1.

Overview of proposed SNP

2.

Program design and objectives

3.

Alignment with other programs

4.

Station types

5.

Parameter list

6.

Reviewer topics

2

Overview of Surveillance Network Program
The Surveillance Network Program (SNP) at Giant Mine was proposed as part of the
Water Licence Application
• The SNP will be issued as Annex A to the Water Licence
• Includes most existing monitoring stations (former Water Licence N1L2-0043)
and proposed future stations (locations to be determined)
• Stations are assigned to Phase 1, 2, and 3 as needed
• Ongoing modification to the SNP will be required as remediation progresses

3

Program Design and Objectives
The proposed monitoring network was evaluated based on:
• Location: Does each station meet a specific monitoring need?
• Frequency: Is the monitoring frequency appropriate for each station
based on long-term dataset and predicted site conditions?
• Parameter suites: Are parameter suites appropriate for the potential
water quality concerns during remediation?
• Monitoring methods: Are monitoring methods appropriate (e.g.,
equipment and detection limits)

4

Alignment with Other Programs
The GMRP also monitors water quality under :
• Operational Monitoring Program (OMP)
• Metal and Diamond Mining Effluent
Regulations / Environmental Effects
Monitoring (MDMER/EEM)
Several stations are sampled to meet both SNP
and MDMER/EEM requirements (effluent,
reference, exposure stations)
SNP / OMP stations are often sampled on the
same day, but are not co-located

5

Station Types
The SNP (including future stations)
includes the following station types:
• Surface water
• Creeks and Lake
• Sumps
• Discharge
• Runoff from engineered
covers
• Groundwater
• Shallow groundwater wells
• Deep (multiport) wells
6

Station Types – Surface Water (North)

7

Station Types – Surface Water (South)

8

Station Types – Groundwater (North)

9

Station Types – Groundwater (South)

10

Parameter List
SNP Stations will be sampled for the GMRP
Parameter List:
• Field and Conventional Parameters
• Major Ions
• Nutrients
• Total and dissolved metals
Program-specific parameters (sampled at select
stations) include:
• Cyanide and sulphide (MDMER)
• Hydrocarbons (MDMER, select SNP)
11

Reviewer Themes
•

Monitoring stations – concern that some
features not captured in proposed SNP
(e.g., TCAs and spillways)
• Final locations have not yet been
determined and will be finalized during
design phase
• Will include spillways to align with
monitoring locations in Tailings
Monitoring and Management Plan

12

Questions?
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MVLWB Technical Session
AQUATICS EFFECTS MONITORING PROGRAM
July 9 to 12, 2019

1

Scope of Presentation
1.

Overview of the Aquatic Effects Monitoring Program

2.

Alignment with Other Programs

3.

Baker Creek: Program design and objectives

4.

Conceptual Yellowknife Bay: Program design and objectives

5.

Reviewer topics

2

Overview of Aquatic Effects Monitoring Programs
An Aquatic Effects Monitoring Program (AEMP) is anticipated to be required under the
new Water Licence for the GMRP
Four different types of documents are required to be submitted under the AEMP:
• Design Plan
• Annual Report
• Re-evaluation Report
• Response Plan

3

Overview of Aquatic Effects Monitoring Programs
The Water Licence application provided the following:
• AEMP Design Plan for discharge into Baker Creek (Effluent Treatment Plant)
• 2019 to 2026 (provisional)
• AEMP Design Plan for discharge into Yellowknife Bay (Water Treatment Plant)
• 2026 (onwards)

4

Overview of Aquatic Effects Monitoring Program
Baker Creek
• Monitoring Plan for existing Effluent Treatment Plant with discharge to
Baker Creek
• Status quo conditions for discharge of treated effluent
• Has been submitted for approval and will be implemented upon
approval of the Water Licence (anticipated 2020)
• Expect to be redesigned and focus on a new discharge location upon
commissioning of the new Water Treatment Plant into Yellowknife Bay
(anticipated 2026)

5

Overview of Aquatic Effects Monitoring Program
Yellowknife Bay
• Monitoring Plan for new Water Treatment Plant with discharge into
Yellowknife Bay
• Will apply through closure and into post-closure; covers most
remediation on site
• Submitted a conceptual draft to begin discussion on what the contents
of this future AEMP would contain, but not for approval

6

Alignment with Other Programs
The GMRP is also subject to the Metal and
Diamond Mining Effluent Regulations
(MDMER)
An Environmental Effects Monitoring Program
(EEM) is therefore required
EEM conducted since 2003, with five phases of
monitoring completed to date and the sixth is
underway

7

Baker Creek AEMP
Recognizes that guidance documents for
development of AEMP are mainly related to
new development (i.e., generally some level of
net deterioration in aquatic environments)
rather than remediation (net improvement)
Baseline is therefore “status quo” – preremediation conditions

8

Baker Creek AEMP – Conceptual Model
Key Stressors:
• Treated Effluent
• Contaminated
Sediment

9

Baker Creek AEMP – Monitoring Components
1.

Water Quality and Toxicity
• Is water potentially harmful to fish or benthic communities?

2.

Benthic Invertebrate Communities
• Is release of treated effluent affecting benthic communities in Baker
Creek?

3.

Fish Health
• Is treated effluent having a significant effect on the growth, reproduction,
survival, and condition of the fish in Baker Creek?

4.

Fish Tissue
• Is treated effluent increasing metals in fish tissue to the point where it
would limit their use or safe consumption?
10

Baker Creek AEMP – Supplemental Studies
• Traditional knowledge study
undertaken by YKDFN
• Special studies, including Yellowknife
Bay and the Reference Area
Reconnaissance

11

Baker Creek AEMP – Project Predictions
• AEMP starts with remediation - Water
Licence model predictions do not yet apply
• Basic premise is that conditions will not
worsen compared to pre-remediation

12

Baker Creek AEMP – Response Framework
• Systematic approach for responding to the
findings of the AEMP
• Indications of possible unacceptable changes
trigger Action Levels
• Increasing responses required if unacceptable
changes become more likely

13

Baker Creek AEMP – Response Framework
Action Levels
• “Low” Action levels are defined in the AEMP
• Responses depend on the seriousness of the
effects
• If a Moderate or High action level is exceeded,
the GMRP is required to contact the Board
within 30 days and prepare a plan to respond

14

Reviewer Themes – Focus on Lower Baker
AEMP design focuses mainly on impacts of effluent
on lower Baker Creek and does not address postremediation recovery
• The focus of the AEMP is to detect effects of the
Project (the remediation), primarily in relation to
treated effluent.
• Other plans are in place to monitor other aspects
of remediation and stressors on Baker Creek (e.g.,
Fisheries Act Authorization, SNP)
• Most fish use lower Baker Creek seasonally, and so
this design captures stressors on site
15

Reviewer Themes – Fish Habitat
Assessment of impacts on habitat seems to be missing
• Alterations to Baker Creek will result in impacts to fish habitat
• It is expected that Fisheries Act Authorization habitat compensation
monitoring will address the monitoring of the aquatic habitat, not the
AEMP

16

Yellowknife Bay AEMP – Objectives
High-level objectives (assessment endpoints) for the Yellowknife Bay AEMP
include:
• Maintain water quality in Yellowknife Bay so that water is safe for aquatic life
and drinking water sources
• Preserve the ecological function of Yellowknife Bay (i.e., the “ecosystem
services” it provides including benthic invertebrates and fish).
• Meet requirements from the Giant Mine Environmental Assessment
(Measures 12, 13, and 15).
• Monitor to confirm that water quality objectives are met at the end of the
remediation works.
17

Yellowknife Bay AEMP – Conceptual Model

18

Yellowknife Bay AEMP – Monitoring Components
1.

Water Quality and Toxicity
• Is water potentially harmful to fish or benthic communities?

2.

Benthic Invertebrate Communities
• Is release of treated effluent affecting benthic communities in Yellowknife Bay?

3.

Small Fish
• Is treated effluent is having an effect on:
• how fish grow, reproduce, and live?
• body condition and metals in fish tissue?
• Monitoring will focus on small fish that live their whole life in the area near the outfall
• Monitoring of metals in fish tissue of large fish will also be done to update the information about
fish tissue in large fish found in Yellowknife Bay, pending further discussions with communities
about the focus for community based monitoring.
19

Yellowknife Bay AEMP – Response Framework
• Yet to be developed
• Will include Action Levels
• If an action level is exceeded, an action will
be implemented, (e.g., additional
monitoring and possibly management
responses)

20

Reviewer Themes – Reference Area Selection
Reference areas could be affected by roaster
emissions; a “Reference Area Reconnaissance
Special Study” should be completed to inform
the selection of reference areas
•

Yellowknife River and Yellowknife Bay were chosen as
the reference areas for the EEM programs

•

Steps have been taken to confirm that habitat
characteristics between the exposure area (Baker
Creek) and its reference areas are as similar as
possible

•

No further effort to address or minimize habitat
differences are proposed for the Baker Creek AEMP

21

Reviewer Themes – YK Bay Special Study
The Yellowknife Bay Special Study is not broad
enough in scope - does not address current
conditions of receptors in the Bay
•

The purpose of the Yellowknife Bay Special Study is to update
information related to physical and biological conditions in the
Bay prior to the operation of the new WTP

•

The aquatic components evaluated as part of the AEMP must
be useful for interpreting effects from the WTP discharge, as
opposed to legacy contamination effects, which is what would
be measured should the special study be moved out further
than the area to be effected by the new WTP and outfall.

22

Reviewer Themes – Stressors
The Closure and Reclamation Plan identifies other
stressors that could be considered in the AEMP;
shallow seepage and site runoff.
•

Seepage from tailings facilities is largely captured in sumps and
monitored in the OMP and SNP.

•

Seepage is pumped back to TCAs and there is limited risk to
Baker Creek

•

Contaminated runoff is included in studies of water quality in
the AEMP (SNP 43-5) - includes all site runoff and effluent from
site, regardless of source.

23

Reviewer Themes – Response Framework
Response Framework can be used to manage
expected improvements – A significant effect and
Action Levels could be defined and interpreted
•

The AEMP is not designed as a monitoring tool to articulate
improvement and expected performance of the remediation
activities.

•

The intent of the AEMP is to determine the effects of the
project, if additional mitigations are needed, provide early
warning for aquatic effects, etc.

•

A series of additional plans are proposed to document
remediation improvements.
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MVLWB Technical Session
CONTAMINATED SOIL AND SEDIMENT
July 9 to 12, 2019

1

Overview – Definitions
Project Boundary
Core Industrial
Area
(shaded area includes
developed areas and
bedrock, forest and
wetland terrain)

(includes developed areas and bedrock,
forest, wetland terrain)

Downgradient of
Dam 3

Baker Creek

(includes Baker Pond and historical
Jo-Jo Lake)

Shoreline/Townsite Area
(includes nearshore tailings)

2

Overview – Types of Contaminated Materials
•
•
•
•

Tailings and Calcine Deposits
Contaminated Sediment
Arsenic Contaminated Soil
Petroleum Hydrocarbon Contaminated Soil

3

Overview – Developed Areas
Developed Areas
• Constructed primarily with mineralized
granular materials.
• Additional contaminant sources include
arsenic rich roaster stack emissions,
PHCs, tailings and calcine deposits.

4

Overview – Bedrock/Wetland/Forest
These areas have not been ‘developed’ as part of
the historical mining operation; and have been
impacted by:
• Aerial dispersion of arsenic rich roaster stack
emissions
• Tailings
• Discharge of pond water from the TCAs.
These include typically low volumes of fine grained
soil.

Core Industrial Area

Shoreline Lands

Dam 3 North Pond

5

Overview – Baker Creek
•
•

•

Situated in the central portion of the
Site.
Elevated concentrations of metals are
present in sediment in the lower
reaches of Baker Creek, Baker Pond and
the historical Jo-Jo Lake.
Tailings were placed in Jo-Jo Lake
during the early operations.

6

Overview – Progress Since the EA Phase
Contaminated Soil Program since 2010

DAR Finalized

2010
Developed Areas
Investigation

Initial University Research

2011

2012

2013

PDR based on Developed
Areas

2014

2015

Regional Soil Quality
Investigations

2016

CRP

HHERA

SDE Program

2017

2018

2019

Supplemental Field Programs &
Workshops

7

Improvements to the Remediation Plan
Location

Project Improvements

Volume of Soil to be
Remediated (m3)

2010 DAR
290,400

2019 CRP
874,800

Developed Areas

Expanded to include roads (excluding
Townsite/Marina)

Townsite/Marina

SDE input to include Residential soil
quality; developed and undeveloped

37,000

195,200

Shoreline/Nearshore
Sediment

Remediated to residential soil quality
criteria and sediment excavation/
cover.

0

Baker Creek and Baker
Pond

Sediment/tailings to be remediated in
Baker Creek, Baker Pond and former
Jo-Jo Lake
Perimeter engineered barrier

0

40,000 (soil);
10,000 (sediment)
plus cover
151,500

-



Downgradient of Dam 3 Minor remediation proposed in DAR;

800

28,000

Administrative Controls

-



Core Industrial Area

Expanded after SDE *RRP

Not considered as part of the DAR

8

Closure
Objective:
Contaminated
Soils 1

CS1. Contaminated materials (i.e., soil,
sediment, granular fill, and tailings) are
remediated or risk managed to reduce risk
to humans and to aquatic and terrestrial
ecosystems.

9

Rationale for Selection of Activities
•
•

Extensive assessment and research completed on terrain & soil/sediment
quality.
Surface Design Engagement (SDE) process identified community
preferences.

10

Rationale for Closure Option - Process

1

Data Collection &
Review
Soil quality data
Terrain mapping
Historical stack data
Effects of wind and time

2

Interpretation
Defining specific areas for
options analysis
Soil Quality Modeling
HHERA / SDE input

4

3

Options
Review
Research works
completed at other
smelter operations
Identify remedial/risk
management options

Analysis
Incorporating SDE Input
Define/identifying options
Decision analysis
framework/approach
(Multiple Accounts
Analysis)

5

Preferred
Approach
Identifying the preferred
approach
Cross checking the
preferred plan with other
key project elements.
Confirm approach with
HHERA

11

Closure Activities- Developed Areas
Excavate
• Approximately 1 million m3 of
contaminated materials will be
excavated.
• To meet industrial soil quality
guidelines.
Backfill
• Remediated areas will be
backfilled with quarried rock.
Cover
• An engineered cover will be used
in selected areas: Mill Pond,
Calcine Pond, Area 4, and deep
pockets.

12

Closure Activities - Core Industrial Area

Excavate heavily
contaminated granular fill
from the mill/roaster area
and dispose in the frozen
portion of B1 Pit or within
another suitable frozen zone
(dark orange)

Cover areas of deep
contaminated materials
(yellow)

Excavate and backfill
developed areas (light
orange)

Install barrier around Core
Industrial Area to restrict
public access to
bedrock/forest/ wetland The
final routing of the barrier is
under evaluation

13

Closure Activities- Shoreline/Townsite Area
Shoreline/Townsite Area
• Excavate and backfill developed areas.
• Use specialized excavation techniques
in bedrock/ forest/wetland areas.
• To meet residential soil quality
guidelines.
Nearshore Sediment
• Partially excavate and/or cover
nearshore sediments with clean
backfill material.

Shoreline/Townsite Area

Nearshore Sediment

14

Closure Activities - Downgradient of Dam 3
Tailings Impacted Area
• Tailings impacted contaminated soil will
be excavated to meet industrial soil
quality guidelines.
Pond Water Impacted Area
• Continued research in the area north of
Dam 3 of North Pond to identify
whether further remediation efforts in
this area would be valuable
(Reclamation Research Plan).

15

Closure Activities
Baker Creek Sediments
• Excavation of contaminated sediments.
• Baker Pond and the historical Jo-Jo Lake
will be excavated, backfilled and a
channelized flow path to allow for
seasonal high water flows will be created.
• Potential constructed wetland or other
passive technology may be incorporated
into design.

16

Closure Activities - Disposal of Soil/Sediment
Material Types

Volume (m3)

Disposal Location

Contaminated granular fill

922,000

Combination of A1 Pit (601,000
m3), B1 Pit (100,000 m3) and TCAs
(221,000 m3).

Heavily contaminated
granular fill
Contaminated fine-grained
soil
PHC-contaminated soil

52,000
143,000

Frozen portion of B1 Pit or other
suitable frozen zone.
TCAs.

21,000

TCAs.

32,000

TCAs.

129,500

TCAs.

Tailings (historical Jo-Jo
Lake)
Contaminated sediment
Total

1,299,500
17

Summary of Closure Activities
Area
Project Boundary

Sub-area
Developed Areas

Core Industrial Area

Bedrock, Forest, Wetland
Terrain
Developed Areas

Remedial Approach
Remediation to industrial soil
quality standard

Administrative controls
Remediation to industrial soil
quality standard

Bedrock, Forest, Wetland
Terrain
Shoreline/Townsite Area Shoreline/Townsite
Nearshore Sediment

Risk Management Approach

Administrative controls and
perimeter engineered barrier
Remediation to residential soil
quality standard
Partial excavation and
sediment cover
Remediation to industrial soil
quality standard

Downgradient of Dam 3

Tailings Impacted Area

Baker Creek

Pond Water Impacted Area
Baker Creek

Sediment to be excavated

Baker Pond and historical Jo-Jo
Lake

Sediment/tailings to be
excavated

Reclamation Research Plan
18

Reclamation Research Plan
for constructed wetland

Reviewer Theme – Change in Proposed Closure
Activities from the DAR
Presence of contaminated soils in the bedrock/forest/wetland terrain has
advanced our knowledge of the Site from that presented in the DAR. In
response to this new information the Project has:
• Completed extensive field programs;
• Engaged with stakeholders on preferred remediation solutions through
SDE and other engagement processes associated with the CRP;
• Quantified and engaged on the risks through the Human Health and
Environmental Risk Assessment (HHERA); and
• Included scenarios to be carried forward into a Quantitative Risk
Assessment (QRA) associated with land uses other than those assumed in
the HHERA.
19

Summary of HHERA Assumptions for Contaminated
Soil
Assumptions related to post-closure conditions:
• Townsite remediated to residential and nearshore sediment covered;
• Developed areas would be remediated to industrial standards;
• Core Industrial Area would be inaccessible (fenced); and
• Tailings assumed to be covered with rock and no potential for exposure.

20

Summary of HHERA Assumptions
Assumptions related to post-closure conditions outside of the Core Industrial
Area:
• Future use of the site for recreational activities including picking and eating
berries:
• Occur on the weekend during the summer months; and
• Half a day, 2 days a week, 10 weeks a year.
• Exposure was calculated using an upper mean concentration of arsenic of
747 mg/kg (UCLM).
This approach represents an overestimate of the potential exposure, as there
are parts of the site that are heavily forested and have wetlands that are not
easily accessible.
21

Summary of HHERA Results
Summary of key findings related to recreational use of the Giant Mine site

City of Yellowknife Country Food
Diet

City of Yellowknife Future
Recreational Use at Giant Mine

City of Yellowknife Future
Recreational Use Giant Mine
Industrial Criteria*

22

Reviewer Themes – Administrative Controls
Lands outside Core Industrial Area – Administrative Control
•

Strategies could include zoning, signage, and public awareness campaigns.

•

Project working closely with the GNWT, City of Yellowknife, Indigenous groups and
affected parties about risk communication.

•

Site Wide Objective 4 reflects the Projects commitment to communicate risk.

Perpetual Care Plan
•

Informed by the Quantitative Risk Assessment and the HHERA.

•

Engagement initiated with a presentation to the Working Group in spring 2019 and
a draft plan is anticipated in fall 2020.

23

MVLWB Technical Session
TAILINGS AND DAMS
July 9 to 12, 2019

1

Overview
2 Tailings Containment Areas:
• Original TCA
• South Pond (9 ha)
• Central Pond (13 ha)
• North Pond (29 ha)
• Settling Pond (4 ha)
• Polishing Pond (5 ha)
• Northwest TCA
• Northwest Pond (44 ha)
21 Dams
• Max 15 m high
• Typically 5 – 10 m high

Northwest TCA

Original
TCA

Foreshore
Tailings

2

Overview
Typical characteristics
• Limited distribution of frozen tailings
• Total arsenic concentrations 2,000 to 4,000 mg/kg
• Where no ponded water, water table is 4 to 8 m below top of tailings

3

Overview
Foreshore Tailings Area
•
•

0.5 to 1.7 m thick
35% located above water level
in Yellowknife Bay
• Surface area of submerged
tailings = 8 ha
• Arsenic > 1,000 mg/kg
Existing cover:
• 2,500 m2
• Coarse rock underlain by
gravel and non-woven
geotextile
4

Closure Objectives
• Arsenic loading from the tailings containment area to the
environment is reduced
• Risk of tailings erosion and human contact with tailings in
the foreshore area is reduced
• Dam stability is maintained
• Avoid surface water ponding on Tailings Containment
Areas
• Footprint of tailings is reduced
• Access to tailings cover areas is discouraged
5

Rationale for Closure Activity
Environmental Risks:
• Release of Arsenic and other
metals to surface water,
groundwater and Yellowknife Bay
• Tailings erosion and sediment
release
• Arsenic and metals uptake by
vegetation and wildlife
• Dam failure and resulting release
of tailings and contact water
6

Rationale for Closure Activity
Health and Safety Risks:
• Human contact:
• Dust
• Water

7

Rationale for Closure Activity
Report of EA Measures
• Measure 22: conduct a study to determine appropriate depth of the
tailings cap to verify that the depth proposed will ensure the tailings cap is
not compromised by vegetation growth.
• Rockfill deters vegetation growth
• Geosynthetic liner blocks root penetration
• Measure 23: develop a Tailings Monitoring and Management Plan
• Measure 24: physically prevent all-terrain vehicle access to the tailings cap
to prevent the surface from being eroded or otherwise compromised.

8

Rationale for Closure Activity
SDE feedback indicated some stakeholder preference for:
• Non-vegetated cover
• Tailings relocation to reduce footprint
Trade-off study
• Screening
• Evaluation against criteria
• Sensitivity analysis

9

Description of Closure Activities
Original TCA
• Excavate South Pond
• Place tailings and contaminated soils
in remaining ponds
• Reinforce dams as needed
• Construct spillways, drain to
temporary management area
• Contour, cover
• Manage runoff from remediated area
• Drainage to underground (via B3 pit)
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Description of Closure Activities
Northwest TCA
• Place contaminated soils in TCA
ponds
• Reinforce dams as needed
• Construct spillway, temporary water
management area
• Contour, place cover
• Drainage to temporary water
management area

11

Description of Closure Activities
Rockfill
(nominal 0.7 m)

TCA Cover Profile
• Rockfill
• Fine grained soils
• Geosynthetic barrier layer

Fine Grained Soil
(0.3 m)
Geosynthetic
Barrier
Tailings and
Contaminated Soil

12

Closure Activities
Restoration of natural drainage
• Final decommissioning of
remaining retention structures
(once water quality acceptable)
• Connection of spillway
channels to Baker Pond

13

Description of Closure Activities
Foreshore Tailings Area
•

Objective
• Risk of tailings erosion and human
contact with tailings in the
foreshore area is reduced

•

Approach compatible with
nearshore activities

•

Fisheries authorization
consideration

•

Design work ongoing

•

Concept: Extend existing cover
14

Monitoring, Maintenance and Inspection
Water Management and Monitoring Plan, Operational Monitoring Plan
(SNP)
• Water quality monitoring of surface, groundwater and sumps.
Tailings Management and Monitoring Plan (TMMP)
• Monitoring of geotechnical instrumentation
• Annual dam inspections by qualified engineer.
• Dam Safety review in accordance with CDA Guidance.
• Visual inspection TCA and covers
Operational Monitoring Plan
• Periodic inspections/surveys of foreshore tailings area to verify that
tailings remain covered.
15

Reviewer Themes – Infiltration through Cover
Infiltration through the cover – how much, if it will change, how
to detect it?
• The purpose of the cover is to keep runoff clean, prevent dust
generation and direct contact with the tailings.
• It is not designed to reduce infiltration.
• Reduction of infiltration is expected due to the type of cover.

16

Reviewer Themes – Differential Settlement of Cover
Differential settlement – what is an acceptable limit?
• We want the cover to be free-draining
• Visual ponding establishes the limit of acceptability.
• Surveys can also detect change in gradient
• Geosynthetic can resist considerable differential settlement
• Limit to be set on strain limit for membrane (once material
selected)
• Can be measured though survey, digital map comparison

17

Reviewer Theme – Vegetation on Covers
Vegetation on tailings covers
• The rocky nature of the tailings will tend to inhibit vegetation
growth
• Limited growth is not expected to impact the aesthetics of the
cover
• Geosynthetics are very resistant to root penetration
• Root penetration would not significantly impede the function
of the cover if it did occur

18

Reviewer Themes – Tailings Monitoring
Why are there multiple monitoring documents?
• TMMP (Tailings Monitoring and Management Plan)
• OMS (Operating, Maintenance and Surveillance)
General Observations
• TMMP identifies overall philosophy, and addresses overall
tailings management
• OMS updated more often, and focuses specifically on dam
• Duplication of content needs to be avoided so that
inconsistencies between the OMS and TMMP do not arise.
19

Questions?
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MVLWB Technical Session
OPEN PITS
July 9 to 12, 2019

1

Overview
Open Pits
• Eight separate open pits, mined between 1974 and 1990
• 2.7 million cubic meters mined out of pits historically
• 2.2 million cubic meters of volume currently in the pits
Brock Quarry

N
2

Overview
Steep Slopes
• Exposed slopes of bedrock,
waste rockfill, or original
overburden materials
• Steep pit bench faces
(highwalls) in bedrock
• Some highwalls are above
the pit rims (A1, A2, C1, and
B1 pits)
Steep pit slope bench faces in A1 pit

3

Overview
Floods

4

Overview
Connections to Underground
• Openings to surface and breakthroughs
connect the pits to the underground
• Water that enters a pit can leak to the
underground

A2 Open Pit

Opening to Surface – Portal to Underground in A2 Pit

5

Pit Specific Closure Objectives
• P1: Potential of flooding the underground by way of the
open pits is reduced
• P2: Public, worker, and wildlife safety risks associated with
open pits are reduced
• P3: Pit fill material will not become a source of
contamination to the environment

6

Rationale for Pit Closure Activity
• Surface Design Engagement
(SDE) included open pit filling
as a community preference
• Also supports Measure 11 and
Suggestion 13

SDE Sessions were held in Dettah and Yellowknife

• Safety/Physical Stability for
humans, environment,
infrastructure
7

Rationale for Pit Closure Activity
• Further Options Assessments
• Screening (e.g. no tailings to be used as pit fill)
• Evaluation against scored criteria
• Materials balance work on most suitable location to
place contaminated granular fill

8

Pit Closure Activities - General
• Pits will be fully or partially
filled with borrow or
contaminated granular fill
• Openings to surface are filled
• Select pits are covered as
required

A2 Open Pit

9

Pit Closure Activities – Pit Specific
• Contaminated granular fill will
be placed in A1, B1, and
possibly B2 pits
• Highly contaminated granular
soil will be placed in the B1 pit
and frozen
• Remnant pit highwalls above
A1 and A2 pit rims will be
recontoured
• Highly contaminated soil from
around the roaster and roaster
demolition waste to be frozen
in B1 pit

B2 Open Pit

10

Monitoring Programs
Construction Activity Monitoring
• Air
• Dust
• Erosion
• Sedimentation (per Construction Plans)*
Adaptive Management and Post Closure
Monitoring
• Pit slope* and partial pit fill stability
monitoring
• Pit fill and cover (if needed) settlement
monitoring
• Pit fill piezometers
*Monitoring already occurring
11
Pit slope movement monitoring
prism and data

Reviewer comment – Rationale for Pit Covers
• A water shedding engineered cover will
be required if:
• Geochemistry testing worse than
assumed
• Pit runoff water cannot drain to
the underground
• A simple coarse borrow cap will be
placed on all pit fills to:
• dissuade public access including
ATV use
• reduce the potential for contact if
required

Example coarse borrow cap

12

Reviewer Theme – Disturbing New Land
• Total borrow volume
requirements are being refined
through engineering work
• New land disturbances could
bebyreduced
by partially
filling
2:1 slope flattening
blasting only
2:1 slope flattening
by filling and blasting
some pits
A1 pit from mine road (previously
Ingraham Trail)

Capped contaminated fill

A1 Pit topo - current
2:1 slope flattening by filling only

A2 Pit steep benches
Capped contaminated fill

Capped contaminated fill
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Reviewer Theme – Disturbing New Land

A1 pit from mine road (previously
Ingraham Trail)
2:1 slope flattening by blasting only

A1 Pit topo - current
2:1 slope flattening by filling and blasting

Capped contaminated fill
contaminated
Remnant pit Capped
highwalls
above A2 pitfill
viewed from cruising club turnoff

2:1 slope flattening by filling only

Capped contaminated fill

Views of remnant pit highwalls from cruising club
turnoff

14

Reviewer Comments – Disturbing New Land

A1 pit from mine road (previously
Ingraham Trail)
2:1 slope flattening by blasting only

A1 Pit topo - current
2:1 slope flattening by filling and blasting

Capped contaminated fill
contaminated
Remnant pit Capped
highwalls
above A1 pitfill
Viewed from cruising club turnoff

2:1 slope flattening by filling only

Capped contaminated fill

Views of remnant pit highwalls from cruising club
turnoff
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Questions?
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MVLWB Technical Session
BORROW
July 9 to 12, 2019

1

Overview
Borrow is required for many project
activities:
• Baker Creek realignment
• Pond and Tailings covers
• Closing openings to surface
• Contaminated soils covers and backfills
• Dams
• Waste containment
• Pit filling

2

Overview

Closure Objectives
Q1. New disturbance due to borrow/quarry areas is minimized,
to the extent practicable
Q2. Borrow and quarry materials/areas are not a source of
environmental contamination and do not pose a safety risk
Q3. New borrow and quarry areas are reclaimed
at the end of their production
3

Overview

4

Description of Closure Activity
Engineering work to identify and develop borrow sources:
• Engagement and consultation on borrow source locations
• Preconstruction surveys – document and map heritage sites
• Subsurface investigations
• Geochemical characterization
• Evaluation of relevant mine site conditions (e.g. access,
archaeological, visual impacts etc.)

5

Description of Closure Activity

Planned
Borrow
Sources

… continued on next6slide

Description of Closure Activity

Planned
Borrow
Sources
(continued)

7

Description of Closure Activity

Alternative
Borrow
Sources

… continued on next slide
8

Description of Closure Activity

Alternative
Borrow
Sources
(continued)

9

Description of Closure
Activity
Borrow Source Geology
• Primary:
• Basalt

• Secondary:
• Schist
• Granodiorite
• Metagabbro

10

Monitoring Program
• Construction monitoring during Operations
• Soil erosion
• Sediment deposition
• Fuel spills
• Blasting residue
• Permafrost degradation
• Dust generation
• Construction monitoring during Closure and
Reclamation
• Dust monitoring during development
• Water quality monitoring of runoff water
• Monitoring for erosion in fine-grained borrow
areas
11

Monitoring Program

Management Plans
• Borrow Materials and Explosives Management
And Monitoring Plans
• Dust Management and Monitoring Plan
• Erosion and Sediment Control Plan
12

Reviewer Themes:
Status of the Program
Common themes
Status of Geochemical Testing
Coarse Grained Program
• Phase 1 – Pre-feasibility Geochemical
assessment, focus on Acid Rock Drainage
and Metal Leaching
• Phase 2 – Geochemical and Geotechnical
Assessment, focus on Metal Leaching
Fine Grained Program
• Phase 1 – Volume assessment, focus on
verifying volumes of potential borrow
sources
• Phase 2 – Geochemical assessment, focus
on metal leaching
13

Reviewer Themes: Borrow Sources
Common themes
Selection of Borrow Sources
• Sufficient onsite material
• Minimizing newly disturbed areas
• Selection of borrow source areas includes a
number of considerations
• aesthetics
• public feedback
• geochemical characteristics
• haul distance/transit considerations

14

Reviewer Themes: Engagement

Engagement on Borrow Source
development is planned for the end
of 2019 and the GMRP will consider
the concerns raised during
engagement, as well as these
technical sessions.

15

Reviewer Themes: Borrow and Explosives Management

The Plan will be ready for public
review and comment and will be
submitted to the MVLWB in
conjunction with the Borrow Design
and Construction plan in 2021, 90
days before the start of construction

16

MVLWB Technical Sessions
WASTE MANAGEMENT
July 9 to 12, 2019

1

Overview
Waste
Stream

Estimated
Volume

Proposed
Disposal Location

Inert demolition waste and debris

76,300 m3

Landfill constructed on-site

Hazardous building materials

380 m3

Licensed facility off-site

Asbestos containing materials

3,100 m3

Landfill constructed on-site

Chemicals and petroleum products

50 m3

Licensed facility off-site

Mill process waste

2,600 m3

Managed on-site with contaminated soils

Arsenic impacted waste

16,000 m3

Contained in frozen shell

Water Treatment Plant Waste residuals

Estimated at 275 m3/yr

Separate cell of landfill to be constructed onsite

Domestic waste water (sewage)

-

City of Yellowknife sewage treatment plant

Municipal solid waste

-

City of Yellowknife landfill

Arsenic containing waste water
generated during building
decontamination process

-

Treated on-site
2

Overview
Waste Collection: On-Site Disposal
• Inert demolition waste and surface debris, and
bagged asbestos containing materials
• Waste residuals from Water Treatment Plant
Wastes disposed of in separate cells of nonhazardous waste landfill

3

Overview
Waste Collection: On-Site Disposal
• Arsenic waste,
• Arsenic impacted wastes,
• Arsenic containing wastewater generated
during decontamination processes, and
• Containerized arsenic wastes
Wastes disposed of onsite underground in a
frozen zone (underground/B1 Pit)

4

Overview

Waste Collection: On-Site Disposal
• Non-Hazardous Mill Process Waste/Semi
Processed Ore
Wastes disposed of onsite and managed
onsite with contaminated soils

5

Overview
Waste Collection: Off-Site Disposal
• Hazardous building materials,
• Waste oils, petroleum products and mill
process chemicals,
• Sewage,
• Municipal solid waste, and
• Regulated waste (i.e. PCBs, mercury, leachable
lead items, petroleum products, chemicals)
Wastes containerized and hauled offsite for
disposal in a licensed facility
6

Rationale and Description of Closure Activity
The closure activities include:
• Disposal of all generated wastes onsite or
off site
• Construction of onsite nonhazardous waste landfill for
demolition Waste
• Disposal of arsenic impacted wastes
onsite in a underground frozen zone
• Other hazardous wastes disposed of
off site at a licensed Facility

7

Monitoring, Maintenance, and Inspection
• Waste Management and Monitoring Plan
• Operational Monitoring Program
• Dust Management and Monitoring Plan
• Water Management Plan
• Surveillance Network Program: Water Quality Monitoring
• Wildlife and Wildlife Habitat Management and Monitoring Plan
• Structural monitoring and repairs as needed to berms and cover during operations
and post closure

8

Reviewer Themes
How will Overburden be managed on site?
• The GMRP is in the process of reviewing best
practices regarding waste classification and
disposal requirements for vegetation.
• It is the intent to salvage uncontaminated
organic materials.
• Each construction plan which requires
overburden handling will include activityspecific monitoring and will comply with the
overall site-wide Dust MMP and Erosion and
Sediment Control MMP.

9

MVLWB Technical Session
SITE INFRASTRUCTURE
July 9 to 12, 2019

10

Overview
The proposed closure and reclamation activities for the
site include the removal of infrastructure that has no
future use including:
• Removal of approximately 85 structures and 25 surface
debris piles
• Removal of non-required utilities, site access roads and
fencing

11

Overview
Closure Objectives
• SI1. Site infrastructure with no future use has
been removed and contaminated portions have
been remediated so they are not, and will not
become, a safety hazard or a source of
contamination to the environment
• SI2. Site infrastructure that remains during the
long-term operation and maintenance phase is
not, and will not become, a safety hazard, or a
source of contamination to the environment
• SI3. Post-closure access to remaining Site
infrastructure has been designed for the safety of
humans and wildlife
12

Overview
#003 Exploration shop
#008 Recreation Hall
(Mine Museum)

Building Locations

C - Shaft Area
A-Shaft/Townsite Area

Existing Effluent
Treatment Plant
Area 13

Overview

14

Overview
Surface Debris Locations

15

Overview
Surface Debris Locations

16

Rationale for Closure Activity
Some on site buildings contain contaminants. Building contents that are a source
for future contamination to the environment include the following and
abatement is required prior to demolition of the buildings / structures:
• Chemical hazards
(ore process chemicals,
petroleum products)
• Asbestos
• PCBs
• Mercury
• Leachable lead
• Arsenic
• Cyanide
17

Rationale for Closure Activity
Condition and contents of buildings and infrastructure represent a safety risk to
onsite workers and the public:
- The site has aged and unmaintained infrastructure - potential for partial collapse
of some structures.
- Infrastructure with no future use, such as roads and utilities to be removed.

18

Description of Closure Activity
The closure activities include:
• Decontamination of onsite infrastructure
• Removal of debris piles
• Deconstruction
• Disposal of all generated wastes
• Construction of new infrastructure to support remedial activities
•

Removal of all non-required utilities, site access roads, and fencing

19

Description of Closure Activity
Building/Infrastructure Decontamination
• Removal, abatement and containerization of hazardous materials
• Removal under negative air condition, was required to prevent the release of contaminants
into the environment and to protect onsite workers
• Building structural members and contents cleaned to allow for disposal as non-hazardous
waste or recycling
• Detailed industrial hygiene, ambient air monitoring and dust suppression programs

20

Description of Closure Activity
New Site Infrastructure
New Infrastructure will be built to support remedial activities including:
• Freeze Pads and Thermosyphons
• Water Treatment Plant/Office/Instrumentation and Outfall
• Non-Hazardous Waste Landfill Facility
• Site Security, guard house, fencing and signage
• New roads, bridges and culverts and utilities to support long term monitoring and
maintain site access

21

Monitoring, Maintenance, and Inspection
• During active remediation
• Operational monitoring/inspection
• Water Management and Monitoring Plan
• Air Quality Monitoring Plan
• Dust Management and Monitoring Plan
• Waste Management and Monitoring Plan
• Wildlife and Wildlife Habitat Management and Monitoring Plan
• Sediment and Erosion Control Plan

22

Monitoring, Maintenance, and Inspection
• Post closure
• Operational monitoring/inspection
• Water Management and Monitoring Plan
• Air Quality Monitoring Plan
• Dust Management and Monitoring Plan
• Wildlife and Wildlife Habitat Management and Monitoring Plan
• Perpetual Care Plan

23

Reviewer Themes
Site Wide Dust Suppression
How will the project execute the required
prevention, reduction, and monitoring activities for
dust control?
A site wide Dust Management and Monitoring Plan
has been developed.
• During remediation any work activity that will
cause dust, activity specific-dust controls and
monitoring to be implemented.
• A Construction Plan with the details of the
specific dust controls and mitigations for major
infrastructure will be submitted to the Board for
approval.
24

MVLWB Technical Sessions
NON-HAZARDOUS WASTE LANDFILL
July 9 to 12, 2019

25

Overview
Closure Objectives
• L1. Inadvertent access to landfill by humans
and wildlife has been prevented
• L2. Landfill is not, and will not become, a
source of contamination to the environment

26

Rationale for Closure Activity
The requirement for an on-site non-hazardous landfill was identified to dispose of
demolition and debris wastes generated from the various building and infrastructure
reclamation projects, as well for the ongoing disposal of WTP process residuals.

27

Description of Closure Activity
The closure activities include:
• Construction of on-site non-hazardous waste landfill constructed in the Core
Industrial Area. The non-hazardous waste landfill facility consists of two cells:
• One non-hazardous waste cell
• One WTP process residuals cell

28

Description of Closure Activity
Disposal of Wastes
• Demolition materials will be inspected and approved
as non-hazardous prior to landfill disposal.
• All wastes placed in the landfill will meet the leachate
disposal standards as described in the GNWT
Guideline for Hazardous Waste Management.

29

Description of Closure Activity
Proposed Landfill Location (Area 3) located east of C-Shaft

30

Description of Closure Activity
Non-Hazardous Waste Landfill Design
• Existing bedrock outcrops and berms used to contain wastes
• Landfill design similar to Construction and Demolition waste landfills in
Alberta and constructed at other northern locations including at abandoned DEW
Line Radar sites
• To keep landfilled waste dry and to improve conditions during operations, base of
landfill graded to internal collection sump to collect contact water
• Pump trucks will be used to withdraw water from the sump for treatment
• Surface water management to divert water around the landfill

31

Description of Closure Activity
Non-Hazardous Waste Landfill - Final Site Conditions
• Constructed with alternating layers of waste and clean
granular fill
• Cover placed on top of waste constructed of granular fill
includes a geomembrane to reduce potential for water
infiltration at the surface
• Perimeter drainage controls prevent water run-on and control
runoff away from the landfill site

32

Monitoring, Maintenance, and Inspection
• Waste Management and Monitoring Plan
• Operational Monitoring/Inspection
• Dust Management and Monitoring Plan
• Water Management and Monitoring Plan
• Surveillance Network Program: water quality monitoring
• Wildlife and Wildlife Habitat Management and Monitoring Plan

33

Reviewer Themes
Non-Hazardous Wastes
How will it be ensured that only non-hazardous wastes enter the landfill and how
will that be confirmed?
• Hazardous materials will be removed prior to building demolition. Demolition
materials planned for disposal in the NHWL will be inspected and approved for
landfill disposal, prior to disposal.
• All wastes placed in the landfill will meet the leachate disposal standards as
described in the GNWT Guideline for Hazardous Waste Management.

34

Reviewer Themes
Water Treatment Plant Process Residuals
What is the short and long term stability of the water treatment plant residuals (ion
exchange media and sludge) and how does that effect their disposal in the nonhazardous waste cell?
• Investigations in 2012 and 2019 have been completed to predict WTP waste
residual disposal characteristics. Based on the testing completed, both the waste
sludge and waste ion exchange media streams will be classified as non-hazardous
waste
• During the initial operations of the new WTP (in 2026) sludge and spent media
samples will be collected and tested to confirm that these waste streams remain
not leachable.
35

Questions?
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UNDERGROUND
July 9 to 12, 2019

1

Overview
Underground

N
Schematic vertical longitudinal section of Giant Mine main underground workings including current elevation of mine water

2

Overview
Arsenic Stopes and Chambers
• Arsenic stored in 15 different underground
stopes or chambers
• Bulkheads were constructed to isolate
arsenic placed in the chambers and stopes
from connected mine workings
• Some potentially unstable arsenic stopes
and chambers have been stabilized

Location of arsenic
stopes and chambers
(red)

3

Overview
Non-Arsenic Stopes
• near surface (approximately < 35m deep)
• near surface under Baker Creek
• under and adjacent to open pits
• under or adjacent to an arsenic stope or chamber

Location of non-arsenic stopes near
Ingraham Trail

4

Overview
Openings to Surface
• Connections between the ground
surface and the underground exist
• Outside the open pits and inside
the pit rims.
• Some are partially closed with
backfill
• Some have a small shed or
building with locked doors at the
opening
• Others are fenced and signed

Opening to Surface – C1 Fill Raise

5

Overview
Mine Water Pumping System
• Submersible pumps installed in two
cased boreholes
• Maintains the mine water level
approximately 12m below the 750L
• Replaces fixed underground pumps on
the 750 L near the Akaitcho Shaft
• Additional pump capacity available
from fixed underground pumps
Akaitcho submersible pump wellhead
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Underground Closure Objectives
• UG1 - Access to the underground workings from surface is restricted for the
safety of humans and wildlife
• UG2 - Mine water elevation will be managed to maintain mine physical
stability and chemical stability
• UG3 - Support the arsenic trioxide freeze
• UG4 - Underground is stabilized to reduce risks for public, workers, and
wildlife safety

7

Underground Closure Activities
Secure Openings To Surface
• Openings to surface are secured by
capping or backfilling
• Open boreholes are plugged by grouting
• New underground mine access is
constructed

C Ore Pass Opening to Surface

8

Underground Closure Activities
Stabilize Underground Voids
• Potential surface subsidence hazards associated
with underground voids are addressed by
underground backfilling
• Backfilling will be designed to allow for possible
changes to mine water level
Support Freeze
• Underground openings, including drifts and
raises that are connected to an arsenic stope or
chamber, will be backfilled or partially plugged
• Select openings will be backfilled to provide a
media for drilling thermosyphon holes

Partially backfilled C509 void, Fall 2018
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Underground Closure Activities
Other underground closure activities
• Bagged roaster process and other
arsenic wastes will be placed in
Chamber 15
• Arsenic waste present underground will
be frozen in place.

Example of
containerised
waste

• Select mine infrastructure will be
brought to surface and salvaged if
possible.

Arsenic wastes
stored
underground
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Monitoring Programs
• Construction Activity Monitoring
• Air
• Dust
• Erosion
• Sedimentation (per Construction Plans)*
• Adaptive Management and Post Closure
Monitoring
• Monitoring of position of stabilizing
backfill*
• Monitoring for surface disturbance and
settlement above crown pillars and on pit
fills.
• Mine water level monitoring
*Monitoring already occurring for previously backfilled areas

Borehole camera surveying
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Reviewer Theme - Reversibility
Access to the arsenic post closure

Existing UBC portal in B2 pit

• The long-term access portal will be connected
to underground excavations that allow access
to the arsenic stopes and chambers.
• Material being used to backfill connections to
the arsenic stopes and chambers would be
readily excavatable.
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Reviewer Theme : Open pit infiltration impacts to minepool
and groundwater
Potential impacts to
shallow groundwater will
be mitigated:
• pit fill will be coarse
granular fill
• pit closure design will
incorporate drains at
the bottom of the pits
or pit covers
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Reviewer Theme: Reclamation Research Plan
• The current plan is to hold the water at its current nominal operation level,
approximately 12m below the 750L
• There are potential advantages to raising the mine water level identified in the RRP
including:
• enhanced underground stability
• improved mine water quality
• a reduction in long term care effort

Schematic vertical longitudinal section of Giant Mine main underground workings including current elevation of mine water
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Reclamation Research Plan
Key uncertainties
• Maximum mine water elevation for mine to remain a groundwater sink
• Refine predictions of impact on mine water quality during trial mine water level raise
• Controls on mine water elevation change to maintain underground stabilisation
The plan requests a mine water level trial raise that would allow collection of data used to
determine if and how mine water level can be raised.
• The trial raise would not be permanent
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Reclamation Research Plan
Temporary or permanent partial mine water level raise
• Potential Impacts
• Underground destabilization
• Unpredicted water quality fluctuations and resulting difficulty treating water
• Potential Mitigations
• Monitoring
• Change mine water pumping operations
• Additional or earlier underground backfilling
• Utilise multiple mine water pumping locations
• Stop the raise and pump water back down
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MVLWB Technical Session
Management and Monitoring Plans – General
Overview
July 9 to 12, 2019
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Management and Monitoring/Plans
for Approval with Licence Issuance
Existing Condition
•

Waste Management and Monitoring Plan

•

Water Management and Monitoring Plan

•

Tailings Management and Monitoring Plan

•

AEMP Design Plan for Baker Creek

•

Engagement Plan

•

Spill Contingency Plan

•

Dust Management and Monitoring Plan

•

Erosion and Sediment Management and
Monitoring Plan
2

Management and Monitoring Plans:
Focus on Phase 1
•

Phase 1: Existing Condition – From licence issuance until the first
remediation activity commences

•

Phase 2: Active Remediation and Adaptive Management – Implementation
of approved closure activities

•

Phase 3: Post-closure Monitoring and Maintenance – Long-term
monitoring and maintenance after site remediation is complete (in
coordination with the Perpetual Care Plan)
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Management and Monitoring Plans:
Plans for Phase 2 and Phase 3
•

Direction and feedback provided by Board and Reviewers

•

Design plan development and construction plans

•

Continued development of Action Levels and Contingencies

•

Updated plans for remediation activities will be submitted a minimum of 90 days
prior to commencement of activities for Board approval, if required. Plans will be
reviewed annually and updated and submitted as necessary.
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Process for Management and
Monitoring Plan Updates
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Engagement Plan
6 Guiding Principles Outlined in the
GMRP Engagement Plan:
• Shared Responsibility
• Appropriate Disclosure
• Inclusiveness
• Reasonableness
• Acknowledgement and Respect
• Openness
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Engagement Plan
Engagement Activities During Life of Project
include:
• Regulatory-Related Engagement
• Regular GMRP Engagement Activities as
outlined in the Plan
• Environmental Agreement
• Environmental Assessment Measures
• Long-Term Risk Communication and
Perpetual Care
The Engagement Plan is a living document. It
will be reviewed annually and updated as
necessary
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Spill Contingency Plan: Objectives
• Promote safe handling of hazardous materials and help to minimize
the occurrence of spill incidents;
• Outline a formal, practical response system in the event of a spill
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Spill Contingency Plan
•
•
•
•
•
•
•
•
•
•

Regulatory Framework
Training
Hazardous Materials Management
Spills Management
Spill Resources
Spill Response Procedures
Spill Containment Measures
Prevention of System Failure
Identified Risk Scenarios and Contingencies
Reporting and Plan Review
9

Spill Contingency Plan
• Monitoring Framework
• Minewater Pipeline Inspections
• Tailings Dam Structural Monitoring (as
outlined in the Tailings MMP)
• Petroleum Products Monitoring
• Propane Tank Inspections
• Arsenic Trioxide Storage Monitoring
• Reporting Framework
• Compliance with spill reporting guidelines
• Annual reviews and updates to the MVLWB as
necessary
10

Dust Management and Monitoring Plan
Contents for Phase 1
•
•

•

•

•

Dust Sources
Best management Practices
• Scheduling
• Short-term dust suppressants
• Physical coverings
Activity-Specific Mitigation Measures
• Exposed tailings
• Roads and roadworks
• Earthworks
• Drilling
Monitoring and Response Framework/Action Levels
• Wind
• Visual Dust
• Air Quality Monitoring
Contingencies
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Reviewer Comments Focus on Existing
and Best Management Practices
Many comments focused on what the Project is
doing now, and how we can change things as needed
as conditions change.
•
•
•
•
•

Measure 20, Suggestions 11 and 12
Action Levels
Best Management Practices
Monitoring
Air Quality Monitoring Program
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Measure 20
- Ongoing
The Developer will conduct all
major demolition and
construction activities with the
potential to release large
amounts of dust or
contaminants into the air when
wind directions will minimize
the chances of dust and
contaminants blowing into the
City of Yellowknife, Dettah and
Ndilo.

• The GMRP is committed to meet this measure on an ongoing basis
during remediation.
• This measure is being incorporated into the overall remediation
schedule that will inform timing of activities.
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Suggestion 11
- Ongoing

To manage the risks of
airborne exposure of
contaminated dust from
deconstruction of
buildings or other
structures on site, the
Developer should:
•

Prepare a dispersion model of dust plume given typical wind direction and speed.

•

• CALPUFF Air Dispersion Modelling Report (SENES 2012) - COMPLETED
Define the meteorological window of opportunity to describe acceptable wind conditions to eliminate the
potential for a dust cloud release and transport of surrounding communities.

•

• Scheduling, updated wind roses, wind thresholds - ONGOING
Consult a meteorologist to develop a sound model of weather conditions, to indicate when winds are steady and
not gusting, blowing to the north.

•

• Updated wind roses annually - ONGOING
Stop if winds change or any dust controlling equipment fails
• Thresholds outlined in Dust MMP, including Stop Work - ONGOING
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Suggestion 12

To prevent impacts on people from
potentially harmful contaminant
releases from deconstruction of
buildings or other structures on site
at the Giant Mine site, the Land and
Water Board should specify
allowable wind directions and wind
speeds in degrees, to ensure that
contaminated structures are not
demolished during blustery multidirectional winds at ground level.

•
•
•

The GMRP respects the MVLWB’s jurisdiction.
The GMRP is confident the wind and dust action levels defined in the Dust
Management and Monitoring Plan, combined with continued implementation of
Measure 20 and Suggestion 11, address the concerns at the root of Suggestion 12.
The GMRP has developed a Site-Wide Closure Objectives to this effect:
• SW1 Air quality is maintained at concentrations protective of human health and
the environment.
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Predicative Modelling
• CALPUFF Air Dispersion Model for the
GMRP completed (SENES 2012)
• Annual Wind Roses, including seasonal
variations, in Dust MMP
• Scheduling of activities to take into
account predominant wind speeds and
direction
• Community Air Quality Monitoring Station
locations determined partially based on
predicative modelling.
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Acknowledgement of Dust Potential

17

Multiple Action Levels
Multiple threshold and action levels outlined in the Dust Management and
Monitoring Plan, with action ranging from warning and increased vigilance to
stop work orders.
• Thresholds and Action Levels defined for:
• Wind
• Visible Dust
• Air Quality Monitoring - both on-site and community stations
18

A Shaft Deconstruction –
Timing Consideration (Best Management Practice)
Considerations for timing
of deconstruction:
• Predominant wind
direction based on
wind data
• Recommendations
from YKDFN Elders
Senate
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Proactive Dust Suppression
(Best Management Practice)
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Stope Backfill - Site Stabilization Program
Example of windbreak (Best Management Practice)

Backfilling of stopes during Site
Stabilization utilized a large windbreak
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Erosion and Sediment Management and
Monitoring:
Contents for Phase 1

• Existing Condition:
• Regulatory Framework
• Sources of Erosion and Sediment
• Existing Erosion and Sediment Management
• Surface Protection and Sediment Control
• Monitoring
• Inspection, Maintenance, and Repairs
• Daily inspection of active work areas
• Weekly inspections of other high-risk site
components
• Monitoring for TSS and turbidity through
SNP/OMP water sampling and activityspecific
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Erosion and Sediment Management and
Monitoring:
Contents for Phase 2
Active Remediation
• Phase 1 Contents and Monitoring, plus:
• Sources of Erosion and Sediment
• Site Assessment Prior to Implementation of Work
• Background information
• Erosion potential evaluation
• Evaluation of Consequence/Risk Assessment
• Selection of BMPs
• Monitoring
As with other Management and Monitoring Plans, the ESMMP will
be reviewed annually with updates submitted to the Board.
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Wildlife and Wildlife Habitat Management and
Monitoring Plan (WWHMMP)
WWHMMP Objectives:
• Document and mitigate effects to wildlife from the Project.
• Describe how adaptive management will be applied to wildlife
mitigation and monitoring.
• Describe how the Project will meet relevant guidelines and regulatory
requirements.
• Constitute part of the engagement with communities, regulatory
agencies, and interested parties in wildlife mitigation and monitoring.
24

WWHMMP – Proposed Monitoring
•
•
•
•
•

Wildlife Sightings Log
Systematic Site Surveillance for Wildlife
Bird Nest Surveys prior to and during bird nesting season
Pre-Blast Surveys
Wildlife Incident Investigations

25

WWHMMP
Proposed Reporting for Continual Improvement
• Wildlife Logs submitted to GNWT ENR
• Monthly and Annual Reports submitted to MVLWB for information
• Comprehensive Report following three years of monitoring submitted
to MVLWB for information
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WWHMMP
Reviewer Comments
•
•
•
•

GNWT Role
Report Review Process
Updating of Tables in Plan
Small Mammals/Insects
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Questions?

28

