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1 INTRODUCTION
Giant Mine is a former open pit and underground gold mine located as shown in Figure 1. The site produced gold
from 1948 until 1999 and ore for off-site processing from 2000 until 2004. In 1999 the owner of the site went into
receivership; care, custody, and control of the site was transferred to Crown-Indigenous Relations and Northern
Affairs Canada (CIRNAC) and the Government of the Northwest Territories (GNWT). Ongoing care and
maintenance and remediation of the Site is known as the Giant Mine Remediation Project.
Over the operating life, the majority of tailings have been deposited into Tailing Containment Areas (TCAs) that
cover an area of approximately 103 hectares (ha). The updated closure plan proposes to use a non-vegetated
rockfill cover that incorporates a low permeability geosynthetic barrier to maintain incident precipitation as noncontact water. Surface water runoff will be directed to spillways that will convey flows to the environment. The final
configuration of the cover, with an unvegetated rockfill surface was driven by input collected from affected parties
through Surface Design Engagement (SDE) process.
As part of closure and reclamation planning, Golder Associates Ltd. (Golder) was retained by Public Services and
Procurement Canada (PSPC), on the behalf of CIRNAC, to compile a Tailings Management and Monitoring Plan
(TMMP) that will cover the approach to managing the TCAs following construction of the closure measures, during
adaptive management and post-closure.
Beyond good practice, the TMMP is a requirement that resulted from the Environmental Assessment of the GRMP
in 2013 (MVIERB 2013). While a key focus of the TMMP is for the tailings cover, and was the motive for the EA
measures, it has been developed to be an overarching plan that include several other aspects of TCA closure,
such as spillways, water management, and portions of the TCAs that will be reclaimed as part of closure activities.
Many of the designs that support the closure plan for the TCAs are currently at a conceptual stage, with further
work planned to improve estimates and reduce uncertainty. As such, the TMMP will evolve over time as design
studies advance and further engineering analyses are completed. This work will refine the understanding of
anticipated performance and conditions in post closure, which will in turn permit the TMMP to be updated with
more detail.

1.1 Organization
The organization of the TMMP is divided into the following sections.
Sections 1.2 and 1.3 – Defines the role of the TMMP within the overall GMRP context and introduces other
monitoring and management plans that are either in place, or in development as part of the GMRP. Also highlights
specific plans that have direct linkages to the TMMP, which will be further described in later sections.
Chapter 2 – Summary of background information regarding the physical setting, current design of the TCA cover,
legal framework for the TMMP, closure objectives and criteria, and adaptive management approach. Also, direct
linkages to other monitoring and maintenance plans are also described.
Chapter 3 – Description of the approach and methods proposed to monitor the performance of the various closure
measures associated with the TCAs. The frequency of monitoring is discussed and includes the anticipated
timeframe for monitoring over the stages of the GMRP – from completion of construction to performance of the
cover (during adaptive management and post-closure phase).
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Chapter 4 – Description of the anticipated maintenance activities for the rehabilitation of the TCAs. Includes
activities that may be required at some point during the GMRP (planned maintenance), as well as those that may
occur in response to monitoring results (contingency maintenance).
Chapter 5 – Summary of the envisaged reporting of monitoring and maintenance activities associated with the
TCAs.

1.2 Scope of the Tailings Management and Monitoring Plan
The TMMP was specifically required by in Measure 23 of the Report of the Environmental Assessment (MVEIRB
2013). Although the TCA cover proposed in the CRP has changed from that originally proposed in the EA, the
TMMP was written to provide procedures for the ongoing management and monitoring of the TCAs.
The TMMP is written to reflect the approach to management and monitoring following closure of the TCAs
(i.e., during the adaptive management and post-closure phases). Monitoring and maintenance requirements
during the current care and maintenance phase, as well as during construction are beyond the scope of the TMMP.
As an example, monitoring of the engineered cover will only come into effect once its construction is complete.
Until construction commences, the current care and maintenance plan for the TCAs will govern monitoring needs.
During construction, construction monitoring will apply (dust, water management, etc.).

1.3 Linkages to Other Management and Monitoring Plans
As part of the GMRP, several management and/or monitoring plans are either already in use as part of the current
care & maintenance phase, or are in development as part of closure and reclamation planning. Some of these
have direct linkages to the TMMP.
In Table 1 the management and monitoring plans for the GMRP that have the most direct linkage to the TMMP
are summarized by title, reference, and linkage to the TMMP. Note that this is not an exhaustive list of all plans,
only those most closely related to the TMMP. There are several aspects within the TMMP that overlap with other
monitoring plans. To avoid duplication, references will be made to these plans and the TMMP will rely on other
plans for the execution of portions of maintenance and/or monitoring (e.g. monitoring of fugitive dust from the
TCAs will be covered within the Dust Management and Monitoring Plan). Within sub-sections, further discussion
of plans with direct links to the TMMP and identifies the aspects of management and monitoring that are covered
outside of the TMMP.
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Table 1: Other Management and Monitoring Plans
Management and/or Monitoring Plan
Title

Acronym for use in TMMP

Closure and Reclamation Plan

Reference

CRP

CIRNAC and GNWT 2019a

Water Management and Monitoring Plan

Water MMP

CIRNAC and GNWT 2019b

Operation, Maintenance and Surveillance Manual

OMS Manual

Parsons Forthcoming 2019

Operational Monitoring Program

OMP

CIRNAC and GNWT 2019c

Surveillance Network Program

SNP

CIRNAC and GNWT 2019d

Dust Management and Monitoring Plan

DMMP

CIRNAC and GWNT 2019e

Air Quality Monitoring Plan

AQMP

AECOM (2019)
Appendix to DMMP

Seepage Monitoring Plan

SMP

TBD

TMMP = Tailings Containment Area Monitoring and Maintenance Plan.
TBD = To be Determined

The TMMP provides information on geotechnical and water quality aspects of TCA management. Approaches for
the management and monitoring of water as it relates to TCAs are addressed at a conceptual level, with more
specific details and criteria provided in other plans.
Other plans with key linkages to the TMMP for water or other aspects include:
•

Water Management and Monitoring Plan

•

Operational Monitoring Program

•

Dust Management and Monitoring Plan

•

Operation, Maintenance, and Surveillance Manual

Linkages and battery limits between the TMMP and these plans are provided following sub-sections.

1.3.1 Water Management
Water management in general, and surface water runoff quality in particular are integral to the performance of the
TCA following the completion of closure works. The TMMP presents the high-level approach to management of
surface water runoff as it relates to the TCA closure, with water sampling locations and frequencies provided.
Specific details for the monitoring approach are provided in the site wide Water Management and Monitoring Plan
(Water MMP), which includes information such as:
•

Suite of parameters for water quality testing.

•

Procedures for sample collection and documentation.

•

Water quality criteria for surface water runoff that could be released to the environment.

Runoff quality criteria, as set in the Water MMP, will define when surface runoff from the completed TCA cover
and reclaimed South Pond area will be allowed to discharge directly to the environment. The Water MMP has
applied criteria from the Metal & Diamond Mining Effluent Regulations (MDMER) for sites in closure.
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1.3.2 Operational Monitoring Program
During existing conditions and adaptive management phases, water sampling will be carried out in support of
operations and analyses. Methods and procedures for this water sampling are outlined in the Operational
Monitoring Program (OMP). Monitoring results will inform water management within the site (such as if water
needs to be directed to Water Treatment Plant) and provide a means to the impacts of reclamation activities on
surface water.
Some water sampling locations proposed in the TMMP are also operational monitoring points. These are identified
in the TMMP, along with proposed monitoring frequencies appropriate for the scope of the TMMP. More specific
details as to sampling methods, procedures, and criteria are provided in the OMP.

1.3.3 Air Quality Monitoring Plan
Air quality monitoring is not addressed in the TMMP. Air quality monitoring is addressed as part of the site wide
AQMP (AECOM 2019). This plan includes three levels of air quality monitoring which monitor fugitive dust for
arsenic concentrations and other metals, asbestos fibers, and particulate size:
•

Activity-specific—Air quality monitors are placed in the vicinity of an activity at the Site which has potential
to generate dust (e.g., building demolition).

•

Fence line—Air quality monitors are placed around the Site perimeter at designated locations.

•

Community—Three community monitors are managed by the GMRP to assess whether fugitive dust from
the Site reaches the community and whether a trigger of the community monitor is reflective of a dust event
at the Site (triggers of activity-specific and fence line monitors).

The completion of the planned closure measures at the TCAs should benefit site air quality. Any quantification of
the benefits will occur through the AQMP. No air quality monitoring specific to the TCAs is planned.

1.3.4 Dust Management and Monitoring Plan
During execution of the proposed remediation activities, including closure of the TCA, dust mitigation measures
will be implemented. Precautionary action levels would be set for visual dust and wind speeds to allow for the
possible mitigation of a dust event. These include preventative actions, such as wetting mineral materials, roads,
and tailings, as well as stop-work actions if wind speeds exceed a threshold likely to result in a dust event. Sitewide dust and air quality monitoring are included in the DMMP submitted to the MVLWB with the Post-EA
Information Package.

1.3.5 Operation, Maintenance and Surveillance Manual
Monitoring of dams will be addressed in the Operation, Maintenance, and Surveillance (OMS) Manual. The
development and use of an OMS Manual is common practice for operating and closed mines in Canada. In normal
practice, this document is kept up-to date by the party responsible for actively monitoring the dams and is
periodically reviewed by a Professional Geotechnical Engineer. This is typically the Engineer of Record. The OMS
Manual normally specifies annual inspections of the dams by the Engineer of Record. As part of these inspections,
the current conditions of the dams are assessed and the monitoring requirements are reviewed. Periodically, the
monitoring requirements are updated in consideration of changes to operating conditions or the performance of
the dams.
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The TMMP includes the expected monitoring philosophy of the OMS Manual but does not provide specific
monitoring criteria or approaches specific to any of the dams. As the TCAs transition to post-closure, the OMS
Manual will be updated by the Main Construction Manager accordingly, with technical input from the Engineer of
Record, to reflect any operational changes to the dams.
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2 BACKGROUND
Within this Chapter, background information relevant to the TMMP is summarized. The sections provide brief
overview of background and the reader is referred to reference documents for further details. Below, the
organization of background sections are provided, along with a brief description of the contents included.
Section 2.1 – Describe the physical setting of the TCAs within the Giant Mine project area.
Section 2.2 – Summary of the closure and reclamation plan for the TCAs.
Section 2.3 – The closure and reclamation plan for the TCAs and the TMMP were developed within a legal a
regulatory framework. This section provides the context in which these plans were developed.
Section 2.4 – Guidelines relevant to TCAs and monitoring plans are summarized.
Section 2.5 – Closure objectives and criteria for the TCAs.
Section 2.6 – The adaptive management approach and framework as it is applied to the TMMP is introduced.

2.1 Physical Setting
Giant Mine is located in the Northwest Territories, roughly 5 km north of the City of Yellowknife. As shown in
Figure 1, the site is located west of Yellowknife Bay, which is an inlet of Great Slave Lake. Baker Creek, a major
surface hydraulic feature, traverses the site generally north to south.
There are two TCAs located at the site: the Original and Northwest TCAs, shown in Figure 2. The Original TCA is
located between Yellowknife Bay to the east, and Baker Creek to the west. The Northwest TCA is located north
of Baker Creek and is east of Trapper Lake.
The Original TCA is located roughly in the centre of the site and consists of five individually named ponds: North,
Central, South, Settling, and Polishing Ponds. Tailings are contained by a combination of topography (typically
bedrock outcrops) and perimeter earth fill dams. The topography of the tailings surface is sloped such that water
flows in the direction from the South Pond to the North Pond. The North Pond contains surface water runoff from
these three ponds. Topography in the Settling Pond is sloped towards the Polishing Pond.
The Northwest TCA is also constrained by bedrock outcrops and perimeter dams. The eastern perimeter is
primarily bedrock outcrops. The north, south, and western perimeters are almost exclusively retained by dams.
The exception in this sector is a roughly 250 m stretch of bedrock outcrop on the western side of the pond.
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2.2 Tailings Containment Area Closure Plan
Closure of the TCAs includes remediation of the perimeter dams, dewatering of supernatant water, relocation of
the South Pond into the Central and North ponds, construction of spillways, development of temporary water
management areas, and construction of an engineered cover over the TCAs. The TCAs will also be used for the
disposal of relocated materials such as tailings and contaminated soils. The TMMP addresses the monitoring and
maintenance that will be required for the engineered cover, as well as for other aspects of the closed facility. This
section provides a general summary of the closure plan for the TCAs, with a more in-depth description provided
in the site closure and reclamation plan (CIRNAC and GNWT 2019a).
The engineered cover will physically isolate the tailings from the environment with a geosynthetic membrane and
a 0.7 m thick rockfill layer. To protect the geomembrane during construction, a 0.3 m thick protective bedding layer
will be placed on the geosynthetic prior to placement of the rockfill. The geosynthetic will provide for incident
precipitation to be shed from the TCAs as non-contact water, while the rockfill provides a durable protective layer
that will discourage the development of vegetation while protecting the geosynthetic from damage by agents such
as burrowing animals or all-terrain vehicles.
As part of closure, tailings and contaminated soils will be disposed of in TCAs, below the engineered cover. The
majority of tailings will come from the South Pond, which will be excavated and reclaimed as part of the CRP.
Contaminated soils will come from several areas within the site (e.g. soils excavated from the townsite and the
Dam 3 spill area).
Figure 3 shows the final configuration of the TCAs in post-closure, following the complete implementation of
closure works. The engineered cover will be sloped to convey surface water runoff to spillways, where water will
be transported outside of the TCA footprint. In the short-term, the final discharge of runoff will be temporarily
managed in water management areas. For the discharge from the Original TCA (North, Central, Settling, and
Polishing Pond) the water management areas will consist of the B3 Pit, with provision for discharge of water from
the pit to the underground if required. For the Northwest Pond, a water management area will be located to the
west of the TCA.
During the adaptive management phase, water collected in the water management areas will either be discharged
to the environment in a controlled manner or treated if required. Once the water quality is shown to meet discharge
criteria, the water management areas will be reconfigured to allow discharge to directly flow into Baker Pond as
shown in Figure 3.
Removal of tailings and dams from the South Pond area will reduce the overall TCA footprint and remove tailings
from a watershed that flows towards Yellowknife Bay. Similar to water from the TCA spillways, water from the
reclaimed South Pond area will be retained and managed prior to discharge during the adaptive management
phase. It is expected that for the first years of the adaptive management phase runoff could require treatment as
residual arsenic from the reclaimed area may affect water quality. It is anticipated that the water quality will
eventually be suitable for discharge, without need for cover placement in the former South Pond area. However,
if after several years the runoff quality is not seen to be improving, additional rehabilitation activities may be
undertaken.
The perimeter dams of the TCAs will require monitoring for physical stability in post-closure. Some dams may
need stabilization prior to closure to achieve the minimum factors of safety expected under CDA guidance
(CDA 2013). While the dams are part of the TCA system overall, the monitoring and maintenance of them is not
directly addressed by this TMMP. As per CDA (2013) guidance, they will be monitored and maintained in
accordance with the site-specific OMS Manual.
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2.3 Legal Framework
The performance of care and maintenance, and closure activities at Giant Mine occurs within the legal and
regulatory framework of the Mackenzie Valley Resource Management Act (Government of Canada 1998). The
TMMP is a requirement of the environmental assessment of the GRMP (Section 2.3.1). The current operation and
maintenance of the TCAs is also subject to several monitoring and maintenance requirements (Section 2.3.2).

2.3.1 Environmental Assessment
In 2013, the Mackenzie Valley Environmental Impact Review Board (MVEIRB) established two legally binding
measures for the monitoring of the TCAs (MVEIRB 2013). Measure 23 relates to the requirement for the GMRP
to provide a TMMP as part of regulatory approvals, while Measure 24 outlines a requirement to monitor the
effectiveness of closure works to prevent the access of all-terrain vehicle access to the TCAs. The closure works
for the TCAs as presented in the Developer’s Assessment Report (INAC and GNWT 2010) and reviewed by the
MVEIRB differed significantly from the current design, which is described in Section 2.2. The previous design
incorporated fine-grained soils at the ground surface, with vegetation acting as an integral part of the cover. In
accordance with stakeholder input received through the SDE process, the cover concept was revised to the
durable rockfill cover with an underlying geosynthetic membrane, as described in Section 2.
The full text of the MVEIRB (2013) measures, that were developed based on the original design, are provided
along with a description of how the measure is addressed in the TMMP.
Measure 23: 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 B2 pit cover as applicable.
While the design of the cover has changed significantly, Measure 23 remains largely applicable. While the rockfill
cover will be much less susceptible to erosion-related failure mechanisms, monitoring will be needed to address
other theoretically possible failure mechanisms, such as those associated with differential settlement and
deformation of the cover. The new cover does not rely on vegetation to meet its design intent (i.e. physical barrier
and minimize impact of tailings on environment), and considerations such as the sustainability of vegetation,
optimum species selection, weed control, and contaminant uptake in vegetation are no longer applicable.
Experience at analogous sites in the Northwest Territories suggests that volunteer vegetation will grow over the
cover to some extent. Such vegetation will neither benefit nor put at risk the cover performance.
Measure 24: 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 24 arose due to concerns that the vegetated cover will be sought out as an area for recreational allterrain vehicle access, and that this access will damage the vegetation and the cover, impeding the effectiveness
of the cover. With the revision of the tailings cover design, the durable rockfill cover will dissuade the establishment
of vegetation. The rockfill cover will also be much more resistant to erosion from the action of all-terrain vehicles
than the previous cover design (vegetated fine-grained soil at surface). It is also considered less likely that all-
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terrain vehicle users will be attracted to rocky and angular surface of the tailings cover, compared to the previous
grassed design. Therefore, adoption of the revised cover design largely achieves Measure 24.
Measure 22, to verify that cover thickness adequate to not be compromised by vegetation growth has been
effectively addressed by the change in the cover design. As TCA cover now consists of rockfill and a geosynthetic
barrier, the likelihood for vegetation to reach the tailings is low. Refer to Section 5.6.5.1 of the CRP for further
discussions as to why this Measure is considered to have been effectively addressed by the change in the cover
design.

2.3.2 Existing Monitoring and Maintenance Commitments
Existing monitoring and maintenance commitments from the DAR (INAC and GNWT 2010) have also been
included in the TMMP. While the overall cover concept has been revised since the DAR was issued, these
commitments are still applicable to the revised cover design. The commitments from the DAR are (INAC and
GNWT 2010):
•

Water draining from the TCAs will be directed to the mine water collection system for treatment until such time
that water quality meets the arsenic concentration discharge criterion. Direct discharge (e.g., to Baker Creek)
of surface drainage that does meet the arsenic discharge criterion will be permitted.

•

Monitoring wells will be installed within the sludge and TCAs to permit long-term water level measurements
and collection of pore water samples for analysis.

•

The occurrence of an earthquake with a magnitude of 5.0 or greater will prompt a geotechnical inspection of
the tailings covers, dams, conveyance channels and other potentially vulnerable structures.

2.4 Relevant Guidelines
There are two guidelines that are relevant to the closure of TCAs in the Northwest Territories and in cold climate
regions. These are:
•

Guidelines for the Closure and Reclamation of Advanced Mineral Exploration and Mine Sites in the Northwest
Territories (MVLWB/AANDC 2013).

•

Cold Regions Cover System Design and Technical Guidance Document – MEND Report 1.61.5c
(O’Kane 2012).

These guidelines are directly applicable to the GMRP and the TMMP. Both guidelines are authored for use in the
Northwest Territories and in cold climate regions. The MVLWB/AANDC (2013) guidelines address the regulatory
aspects of mining and communicate the expectations for the content of Closure and Reclamation Plans, including
post-closure monitoring. O’Kane (2012) provides technical guidance for practitioners engaged in cold region cover
system design.
The TMMP, as well as the TCA closure plan, were developed considering the two guidelines. Suggested postclosure monitoring approaches (MVLBW/AANDC 2013) and the use of state-of-practice methods (O’Kane 2012)
have been included in the TMMP, with direct measurement of cover system field performance. The measurement
of field performance which will be used to track progress towards achieving closure objectives. In addition to
monitoring, the TMMP recognizes that some maintenance will need to be completed in the short-term, and
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provisions for routine maintenance and adaptive management have been incorporated, all while recognizing that
the long-term goal is a low maintenance cover.

2.5 Closure Objectives and Criteria
The monitoring activities proposed are the means to measure and evaluate the performance of the closure
activities in meeting closure objectives and criteria.
In Table 2 a brief summary of the closure objectives and criteria for the TCAs are provided, along with links to how
they would be monitored in post-closure. The objectives and criteria are provided for context, but the reader is
referred to Table 5.6-3 within the Closure and Reclamation Plan for the closure objectives and criteria in their
entirety. If there is any discrepancy between the summary in the present document and the CRP, the version in
the CRP is to take precedence.
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Table 2: Objectives, Criteria, and Monitoring for Tailings Containment Areas.
Objective
I.D.

T1

T3

T4

T5

T6

Description

Arsenic loading from the TCAs to the
environment is reduced

Criteria

Approach to Monitoring

I.D.

Description

Description

T1-1

Design engineering drawings are signed and sealed by a Qualified Professional and the specifications
outlined therein are met, such that arsenic loading to the environment is reduced.

No monitoring required

T1-2

Runoff water quality from North Pond, Central Pond, and Northwest Pond meets or is lower than
applicable surface runoff quality criteria as per the approved Water Management and Monitoring Plan

Water samples are collected from locations near the outlet of the spillways from the TCAs. Discussion in Section 3.3.2.

T1-3

Runoff water quality from former South Pond area meets or is lower than applicable surface runoff
quality criteria for direct discharge to Yellowknife Bay. as per the approved Water Management and
Monitoring Plan.

Water samples are collected from the reclaimed South Pond Water Management Area. Discussion in Section 3.3.3.

T3-1

Dams meet applicable CDA stability criteria.

T3-2

Design engineering drawings for dam reinforcement works are signed and sealed by a Qualified
Professional and the specifications outlined therein are met.

No monitoring required

T4-1

Design engineering drawings are signed and sealed by a Qualified Professional and the specifications
outlined therein are met

No monitoring required

T4-2

Cover meets minimum 0.5% grade for site drainage

T5-1

The total tailings impoundment footprint is reduced by approximately 90,000 m2.

No monitoring required

T6-1

Cover is constructed in accordance with design specification including a rough surface on TCA’s and
coarse gradation of material.

No monitoring required

T6-2

Site inspections verify area access is limited; confirm no damage to the cover by ATV or other
vehicles.

Visual inspections completed. Discussion in Section 3.3.1.

SI3-2

(Refer to Site Infrastructure SI3-2) Security log records reduction in number of trespasser sightings in
restricted areas

Occurrence of trespassers observed on TCA cover reported. Annual reported Discussed in Section 5.0.

Visual inspections completed to confirm performance is as expected. Discussion in Section 3.3.5, with additional
documentation in OMS Manual.

Dam stability is maintained

Avoid surface water ponding on Tailings
Containment Areas.
Footprint of tailings is reduced

Access to tailings cover areas is discouraged

Readings from instrumentation recorded. Discussion in Section 3.3.5, with additional documentation in OMS Manual.

Visual inspections completed. Discussion in Section 3.3.1.
Surveys of cover completed periodically. Discussion in Section 3.3.1.
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2.6 Adaptive Management
Each of the closure works for the TCA will be developed with supporting engineering design and analysis, and
associated performance expectations. However, there may be elements of uncertainty with regards to limited
aspects of the expected performance. To address this uncertainty, an adaptive management approach is proposed
for specific aspects of the TCA closure. Adaptive management is considered for uncertainties and failure
mechanisms where there will be opportunities to undertake corrective measures if the design element does not
perform in accordance with expectations.
In Figure 4, a flow chart shows the generic adaptive management process for the TMMP. Adaptive management
may occur at any time following the completion of construction when performance criteria are not met, and if
necessary, maintenance implemented.
Figure 4: Adaptive Management Flowchart
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Following the design and subsequent construction, monitoring for the adaptive management (and later postclosure) phase will be undertaken. The monitoring will be carried out using specific methods and at set intervals.
Results of monitoring will be compared against performance criteria, which may be quantifiable or qualitative.
In cases where expectations are met, the monitoring will show that the monitored condition meets expected
criteria. In this case, monitoring will continue to establish a history of performance, which may later be used as a
basis to consider re-evaluation of the monitoring program. In contrast, when performance is outside the expected
range, further management may be required: either further monitoring, including potentially increasing the
frequency of monitoring or maintenance activities. At some point, if monitoring and maintenance continues to show
that performance does not meet expectations, the design of further remedial approaches could become necessary.
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3 MONITORING ACTIVITIES
The overarching approach to the closure of the TCAs is to physically isolate the tailings from the physical
environment (air and water), flora and fauna, and from human contact. Monitoring and maintenance will address
the principal components of the closure including the engineered cover, spillways, perimeter dams, temporary
water management areas, and the reclaimed South Pond area. Monitoring of all these aspects will be carried out
to assess the performance and to determine if the closure objectives are being satisfied.
Within this section, discussion of the monitoring activities are summarized into sub-sections as follows.
Section 3.1 – Monitoring Methods: An overview of the methods proposed to perform the monitoring activities.
Section 3.2 – Performance Categories: Aspect of the performance addressed by the monitoring.
Section 3.3 – Monitoring Plans: For each aspect of TCA closure, the proposed monitoring activities and
schedules are described in the following sub-sections:
Section 3.3.1 – TCA Cover
Section 3.3.2 – Spillways
Section 3.3.3 – Water Management Areas
Section 3.3.4 – Reclaimed South Pond
Section 3.3.5 – Perimeter Dams
Section 3.3.7 - Sumps
Section 3.4 – Contingency Monitoring: Presents strategies for additional monitoring to be implemented if design
expectations are not met. As part of the adaptive management approach, additional monitoring is a typical first
response in assessing results that do not meet expectations.
Section 3.5 – Roles and Responsibilities: Identifies the parties involved in the execution of the TMMP and
provide overview of their responsibilities.

3.1 Monitoring Methods
Monitoring methods for the TCA are grouped in the following four categories:
•

Visual inspection

•

Topographic surveying

•

Sampling

•

Instrumentation

In sub-sections below, the general approach to each monitoring method are described. For further detail on how
monitoring may be applied to specific aspects of TCA closure and how frequently, refer to the monitoring plan for
that respective aspect (Sections 3.3.1 to 3.3.5).
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3.1.1 Visual Inspections
Visual inspections will be carried out on foot by personnel with the appropriate training and experience in the
applicable technical discipline. Formal inspections to evaluate the performance of technical aspects (e.g. annual
inspections), will typically be carried out by an experienced professional engineer, geoscientist, or geologist.
Additional supplemental inspections could be carried by other staff with appropriate site-specific training.
Visual inspections will be documented in the form of field notes and photographs. In some circumstances,
inspections may be supplemented using hand held or manual equipment to record locations and field level
quantitative readings.
In post-closure visual inspections would be carried be carried out at a pre-determined frequency. However, special
inspections would be required in response to abnormal conditions. Special inspections would be triggered by either
an abnormal climate (e.g. high precipitation event and/or spring freshet) or seismic event. Thresholds for triggering
a special inspection would be prescribed in the detailed design.

3.1.2 Topographic Surveying
Various surveying methods will be used to collect topographic data, which will be used to monitor locations,
elevations, and slopes of various aspects of the TCA closure. The specific survey method used will depend on the
scale of the closure element being monitored. Surveys are to be completed by a Professional Surveyor.
For surveys spanning large surface areas, such as TCA covers, aerial surveying methods such as LiDAR or drone
assisted surveys will be carried out. This allows for large areas to be covered quickly with a resolution that is
sufficient for project needs. Localized surveying using conventional surveying methods may be occasionally
carried out to verify or calibrate aerial surveys.
For small surface areas and specific points, conventional surveying methods will be used. Certain types of
geotechnical instrumentation, such as settlement plates and monuments, will require conventional surveys at
regular intervals, in order to provide the resolution needed for meaningful interpretation of results. Other terrain
features (e.g. documenting of cracks or sinkholes) may also require the accuracy and precision that conventional
surveying provides.

3.1.3 Sampling
As part of TCA monitoring, water samples will be collected from surface water and groundwater monitoring
locations. Monitoring wells for the collection of groundwater samples will be defined as part of site wide water
quality monitoring programs. Water quality in all samples will be evaluated with field and laboratory methods. The
suite of parameters to be tested will be decided during the regulatory approval process, and through establishment
of the site wide Water Management and Monitoring Plan. It is expected that laboratory analysis of samples will
include as a minimum total dissolved arsenic, total suspended solids, and nitrogen species. Refer to the Water
Management and Monitoring Plan for further water sampling requirements.
Sampling of air will not be carried out specifically for the TCA monitoring. This sampling is part of the site wide
Dust Management and Monitoring Plan. Soil sampling may be carried out upon the completion of certain TCA
closure activities to evaluate the effectiveness of remediation, but on-going sampling as part of post-closure
monitoring is not planned as part of the TMMP.
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3.1.4 Instrumentation
Instrumentation will be installed for the monitoring of various aspects of closure. Depending on the type of
instrument, and the frequency of readings required, either an automated data logger or manual readings by
personnel will be used to collect data. All instrumentation will require periodic inspection.
The types of instruments that will be included as part of the TMMP, as well as their intended use are described
below.
Vibrating wire piezometers: electronically measure the pore pressure and temperature of the surrounding
material at a single location. Data will be used to estimate depth of groundwater table and in situ stress regime.
Standpipe piezometer (groundwater monitoring well): measurement of water level within surrounding column
of material. Water samples can also be collected from these instruments, provided installation is designed for this
purpose. Will be used to evaluate groundwater quality and depth to groundwater table.
Soil Suction/Moisture Sensors: used to measure the degree of saturation of unsaturated soils, either through
measurements of negative porewater pressures, or through measurement of moisture content. These will be used
to provide indications of changing moisture conditions under the cover and infer seepage.
Thermistor string: measure the temperature of material at several locations along a length of cable. Used to
evaluate the depth of freeze/thaw cycles, and where applicable, the potential for thawing of frozen sub-surface
material.
Settlement plates, anchors, and survey monuments: Measure the horizontal and vertical location of a
reference point. To assess deformation and movement overtime.
Inclinometers: A vertically installed casing used to measure horizontal displacement. Used in the assessment of
slope stability.
Remote monitoring of instruments can be commissioned for vibrating wire piezometers, soil suction/moisture
sensors, and thermistor strings. Readings can be recorded automatically, and data transferred either remotely via
wireless transmitter, or by visiting the data loggers and manually downloading data. Periodic maintenance of the
data loggers is required to replace batteries or clear debris from solar cells.
For inclinometers and standpipe piezometers, manual readings will be required for the duration of their use.
Readings are typically taken by a technician, but can be taken by labourers that have been given task specific
training. Monitoring of settlement plates, anchors, and monuments can be done remotely, but can be a challenge
and expensive for large surface areas due to the need for direct line of sight. For these instruments, readings will
typically be taken by a trained surveyor.

3.2 Performance Categories
For the purpose of the TMMP, five performance categories are used to describe the aspect of performance
addressed by the monitoring.
Physical Stability: Stability of the TCA closure in terms of structural integrity (e.g. slope stability) and resistance
to erosion. Will be evaluated through visual inspections, interpretation of topographic surveys, and analysis of
instrumentation data.
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Free Draining: Avoidance of generating areas of isolated water ponding, with incident precipitation (i.e. rainfall
and snow) having a clear path for conveyance either to water management areas or to the environment. The
maintenance of free draining conditions will be evaluated based on visual inspections and assessment of
topographic surveys.
Thermal Stability: The closure configuration of the TCA will need to be resistant to the effects of freeze/thaw
cycles, or changes to permafrost conditions. The development of new permafrost areas is not required for the
design to function, but could be beneficial. Thermal stability will be evaluated through instrumentation (thermistor
strings) and may also be inferred from visual inspections and other geotechnical instrumentation.
Vegetation: The development, type and density of vegetation will be observed. In some areas, such as the
reclaimed South Pond area, vegetation growth will be desirable for stabilizing fine-grained soils. For the
engineered cover, vegetation growth is undesirable based on the closure objectives. This performance will be
evaluated based on visual inspections (which may include evaluation of growth indices) and by the interpretation
of high resolution aerial photographs.
Water Quality: A key indicator of performance for the TCA closure is water quality, particularly for runoff from the
TCA covers and from the former South Pond area. Water quality will be evaluated based on the result of testing
of water samples for a suite of water quality parameters.

3.3 Monitoring Plans
In Table 3 an overall summary of the approach to monitoring the aspects of the TCA closure is provided. It shows
which performance criteria categories are applicable to each of the five design aspects. For each design aspect,
there is a corresponding sub-section that describes in more detail the monitoring activities that will be required to
document the performance.
Table 3: Summary of Monitoring
Performance
Criteria Category

Engineered
Cover

Physical Stability
Free Draining
Thermal Stability
Vegetation
Water Quality

X
X
X
X

Spillways

Water
Management
Areas

X
X

X

X

X

Reclaimed
South Pond

Perimeter
Dams

Sumps

X
X

X

X

X
X

X
X
X

X – Indicates that monitoring to confirm the performance is proposed.
Blank entries indicate that monitoring is not planned.

In Figure 5 approximate locations for water sampling are shown for the adaptive management phase as two types:
operational sampling locations and Surveillance Network Program (SNP) locations. During adaptive management,
water sampling will be carried out at the outlet of spillways, prior to flowing into the water management areas and
within the water management areas themselves. Also, water samples will be collected from four sump locations,
designated as SNP 43-29 through SNP 43-32 in Figure 5. The sampling location for the reclaimed South Pond
area at Dam 7, labelled as SNP 43-29 will serve both the operational and SNP monitoring requirements.
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In post-closure, surface water runoff will flow directly in the environment as shown in Figure 3. This will happen
after water quality from the TCAs and the reclaimed South Pond area is demonstrated to meet discharge criteria.
Water quality monitoring will be carried out in accordance with the sampling methodology presented in the site
wide Water Management and Monitoring Plan (CIRNAC and GNWT 2019b). It is planned that the operational and
SNP locations would be decommissioned in post-closure.
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3.3.1 Tailings Containment Area Cover
To meet the closure objectives, the tailings cover is to maintain a physical barrier for isolation of the tailings,
impede the growth of vegetation and shed incident precipitation as non-contact water. Reducing the infiltration into
the tailings is a benefit of the cover selected, but it is secondary in importance to maintaining incident precipitation
as non-contact water.
Some deformation of the cover due to differential settlement of the underlying tailings is anticipated. Excessive
deformation may result in a loss of free-draining conditions over the cover, or damage to the cover. A key element
of cover monitoring is to track deformation and provide the data necessary to assess if deformation is impeding
the meeting of design objectives.
Table 4 presents a summary of the monitoring plan for the engineered cover. On the left hand side, performance
categories are shown, with the proposed monitoring methods shown in columns. Key performance categories are
the physical stability and that the surface be free draining. These will be monitored by a combination of visual
inspections, surveying, sampling, and instrumentation readings. Monitoring of vegetation, or the establishment of
volunteer vegetation, will be carried out by visual inspection. Evaluation of surface water runoff quality will not be
from sampling on the TCA cover itself, but from the spillways and water management areas, as described in
Sections 3.3.2 and 3.3.3
Table 4: Summary of Engineered Cover Monitoring Plan
Performance
Criteria Category
Physical Stability
Free Draining
Thermal Stability
Vegetation
Water Quality

Monitoring Method
Visual Inspection

Surveying

X
X
X
X

X
X

Sampling

Instrumentation
X
X
X

X

X – Indicates that monitoring activity performed
Blank entries indicate that monitoring activity not planned

In Table 5, the schedule for monitoring the engineered cover after completion of construction is shown. Monitoring
in the first 5 years after construction will be between quarterly and annually, depending on the specific monitoring
activity. Beyond 5 years, the monitoring frequency will be reduced or discontinued, depending on the observed
performance. If trends observed during the first 5 years suggest concerns with the performance indicators, the
monitoring schedule will be adjusted accordingly.
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Table 5: Engineered Cover Monitoring Plan Schedule

“-“

Frequency of Monitoring

Performance Criteria
Category

Years 0 - 2

Years 2 - 5

Years 5 - 10

Years 10 - 20

Year >20

Visual Inspection
Surveying
Sampling
Instrumentation

Annually
Quarterly(a)
Quarterly(a)
Quarterly

Annually
Twice per year
Twice per year
Twice per year

Annually
Annually
Annually
Annually

Every 2 years
Every 2 years
-

Every 5 years
-

– Indicates that monitoring activity not proposed or planned to be discontinued after certain period of time.
(a) In months with snow cover, surveying would likely be limited to that of pre-established monuments that have been installed to account
for snow pack. Topographic surveys of entire TCA cover, such as those to develop contour maps, would be limited to months without
significant snow cover.

Visual inspections listed in Table 5 will be completed by a Professional Geotechnical Engineer. Additional visual
inspections may be required by personnel working on site at Giant Mine to supplement the annual inspection.
During these inspections, additional monitoring requirements could be recommended based on the observed
conditions.
Surveying proposed as part of the monitoring plan will be done by a combination of aerial and conventional
surveying methods. The majority will be via aerial surveys, as the estimated area to be covered is roughly
94 hectares in surface area (Golder 2017). Specific locations (e.g. survey monuments) will be surveyed using
conventional methods, as well as for specific instrumentation locations (e.g. settlement plates).
Sampling would consist of water samples collected from monitoring wells installed through the TCA cover and into
the underlying tailings and natural soils. Up to six potential locations are shown in Figure 5. Monitoring results
would provide data to characterize and monitor groundwater quality in the TCA area. Specific monitoring locations
within the TCA for the instrumentation will be established through detailed design and will be updated to
incorporate observations made during construction. Instrumentation clusters will be established (a minimum of
one per pond) of one or several vibrating wire piezometers, thermistors, soil moisture/suction sensors, a standpipe
piezometer, and settlement plates or survey monuments. These clusters will primarily be used to evaluate the
geotechnical performance of the cover in specific locations. Single instrumentation locations may also be used to
supplement the instrument clusters. Single point monitoring could include any of the instruments listed in
Section 3.1.4, but most likely are settlement plates and survey monuments.

3.3.2 Spillways
The primary requirement for the spillway is that they be free draining and physically stable. While the majority of
the spillways are anticipated to be excavated through bedrock, portions will be excavated into soil, and therefore
may be susceptible to erosion.
In Table 6 the proposed monitoring plan for the spillways is shown. The primary need is to verify that the spillways
are free draining and clear of debris, so to allow conveyance of water. In particular, it is important that the spillways
are clear of debris prior to the occurrence of the spring freshet. For water quality, samples would be taken near
the spillway outlet to evaluate the surface water runoff quality from the TCAs. In Figure 5 the sampling locations
are shown as orange coloured circles.
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Table 6: Summary of Spillway Monitoring Plan
Performance
Criteria Category
Physical Stability
Free Draining
Thermal Stability
Vegetation
Water Quality

Monitoring Method
Visual Inspection

Surveying

Sampling

Instrumentation

X
X

X (a)

X
X

X – Indicates that monitoring activity performed
Blank entries indicate that monitoring activity not planned
(a) optional flow monitoring at the discharge weir.

In Table 7 the proposed monitoring schedule for the spillways is shown. Monitoring will primarily be carried out for
the first five years following the completion of the spillway. While visual inspections are planned from years 5 to
10, the frequency and duration of the inspections may be reduced depending on the performance.
Table 7: Spillway Monitoring Schedule
Performance Criteria
Category
Visual Inspection
Surveying
Sampling
Instrumentation

Frequency of Monitoring
Years 0 - 2
2 times per
year(a)
Weekly to
monthly(b)
Hourly

Years 2 - 5

Years 5 - 10

Years 10 - 20

Year >20

annually

annually

-

-

-

-

-

-

Monthly(c)

Quarterly

-

-

Daily

-

-

-

“-“ – Indicates that monitoring activity not proposed or planned to be discontinued after certain period of time.
(a) To be carried out before and after the spring freshet.
(b) During spring freshet, samples collected weekly. From June to October, monthly, provided surface water flow is present. Not required
during November to March.
(c) From June to October, provided surface water flow is present.

During the first two years, monitoring will be scheduled around the annual spring freshet, which typically occurs
sometime in April to May. Initially, visual inspections will be carried out before the spring freshet to confirm that
the spillways are clear of debris and that upon thaw, water will be conveyed through the spillway as designed.
Following freshet, the inspection will look for signs of erosion or instability, and if required, maintenance prescribed.
Water samples will be collected weekly during the spring freshet, and then reduced to monthly for the months of
June to October.
Instrumentation (optional) would consist of flow meters at the spillway outlet. As these will be digital, the monitoring
will be carried out hourly to daily during times of flow.
After two years, it is anticipated that the frequency of inspection and sampling can be reduced and eventually
discontinued. The frequency of water sampling will be re-evaluated based on the results from the first 2 years.
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The location of water samples will be from the spillway discharge. A temporary discharge weir may be installed to
facilitate sample collection, as well as flow measurement. Figure 5 shows the approximate locations of spillway
water sampling locations.

3.3.3 Water Management Areas
The water management areas are intended to provide a temporary contingency control on the discharge of runoff
water from the TCAs. This water is expected to be non-contact and comply with discharge criteria. The principal
aspect of monitoring for the water management areas will therefore be for water quality.
In Table 8 and Table 9 the monitoring plan and schedule for the Water Management Areas are shown. Monitoring
will consist of water quality sampling, as well as visual inspections. The sampling will indicate if the water needs
to be retained and treated, or if it could be allowed to flow into the environment in a controlled manner. Visual
inspection will be for the physical stability, identifying any areas of erosion that may require maintenance. Further
details for water quality sampling procedures are provided in the Water MMP.
The water management areas are intended to be temporary, with a currently anticipated lifespan of 5 years, after
which they will be decommissioned. Monitoring is planned for the full 5-year period. If monitoring results show
that water quality requirements are not being met, the extension of the water management area operation and
monitoring will be evaluated. Figure 5 shows the approximate location for water sampling. For the Water
Management Area associated with the Northwest TCA, the actual monitoring location will be selected to ensure
that the flow sampled is representative of spillway discharge, and not influenced by flow from Trapper Creek.
Table 8: Summary of Water Management Area Monitoring Plan
Performance
Criteria Category
Physical Stability
Free Draining
Thermal Stability
Vegetation
Water Quality

Monitoring Method
Surveying
Sampling

Visual Inspection
X

Instrumentation

X

X – Indicates that monitoring activity performed
Blank entries indicate that monitoring activity not planned

Table 9: Water Management Area Monitoring Schedule
Performance Criteria
Category
Visual Inspection
Surveying
Sampling
Instrumentation

Years 0 - 2
2 times per
year(a)
Weekly to
monthly(b)
-

Years 2 - 5

Frequency of Monitoring
Years 10 - 20
Years 5 - 10

Year >20

annually

-

-

-

-

-

-

-

Monthly(c)

-

-

-

-

-

-

-

“-“ – Indicates that monitoring activity not proposed or planned to be discontinued after certain period of time.
(a) To be carried out before and after the spring freshet.
(b) During spring freshet, samples collected weekly. From June to October, monthly, provided surface water flow is present. Not required
during November to March.
(c) From June to October, provided surface water flow is present.
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3.3.4 Reclaimed South Pond Area
Once the South Pond has been reclaimed, monitoring will be required to confirm the stability of the remaining
natural soil and to track the surface water runoff quality.
In Table 10 the monitoring plan for the reclaimed South Pond is shown and Table 11 shows its anticipated
monitoring schedule. The primary need for monitoring is for surface runoff quality. While the vast majority of
material containing arsenic will have been removed, some residual contamination will likely persist in bedrock
cracks and in isolated natural soil, which may affect surface runoff quality. Visual monitoring will be to check that
the reclaimed topography is stable and that major erosion is not occurring, and evaluate the re-establishment of
vegetation.
Table 10: Summary of Reclaimed South Pond Area Monitoring Plan
Performance
Criteria Category
Physical Stability
Free Draining
Thermal Stability
Vegetation
Water Quality

Monitoring Method
Visual Inspection

Surveying

Sampling

Instrumentation

X
X
X
X

X – Indicates that monitoring activity performed
Blank entries indicate that monitoring activity not planned

Table 11: Reclaimed South Pond Area Monitoring Schedule
Performance Criteria
Category
Visual Inspection
Surveying
Sampling
Instrumentation

Frequency of Monitoring
Years 0 - 2
2 times per
year(a)
Weekly to
monthly(b)
-

Years 2 - 5

Years 5 - 10

Years 10 - 20

Year >20

annually

annually

-

-

-

Monthly(c) to
Quarterly (d)
-

-

-

-

-

-

-

Monthly(c)
-

“-“ – Indicates that monitoring activity not proposed or planned to be discontinued after certain period of time.
(a) To be carried out before and after the spring freshet.
(b) During spring freshet, samples collected weekly. From June to October, monthly, provided surface water flow is present. Not required
during November to March.
(c) From June to October, provided surface water flow is present.
(d) Performance permitting, frequency may be reduced to quarterly. If water quality shows trend of improvement over time, but does not yet
meet water quality discharge criteria, frequency could be reduced from monthly to quarterly.
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For the first 2 years water quality sampling will be carried out weekly to monthly. Figure 5 shows the approximate
location for surface water sample collection. During the spring freshet, surface water runoff will be sampled weekly.
Thereafter, sampling will be collected monthly from the months of May to September. This will document the
variability and evolution of surface runoff water quality from the area. After 2 years, monitoring frequency will be
re-evaluated based on the results to date, with an anticipated reduction in monitoring frequency to monthly. At
year 5, the required frequency will be re-evaluated. If water quality is inconsistent, or is not meeting discharge
criteria, monitoring will continue at a frequency of monthly and potentially trigger contingency remediation work to
further improve water quality. Sampling frequency may be reduced to quarterly if a trend of improvement in water
quality is observed. If water quality consistently meets discharge criteria, sampling may be suspended.
Visual inspection will be done to confirm that erosion of the reclaimed area is within acceptable limits, and that
surface water runoff flows is adequately controlled. For the first two years, inspections will be carried out twice per
year: in the spring after the completion of the freshet and in the fall, before snowfall. After two years, the inspection
frequency will be re-evaluated, and may be reduced to annual.

3.3.5 Dams
Details of the monitoring and maintenance for the TCA perimeter dams will be provided in the OMS Manual. The
overall monitoring approach for the dams is as follows:
Visual inspections:
•

The Surface Care and Maintenance Contractor will periodically inspect the dams for evidence of ground
movement, disturbance, and erosion. Observations will be recorded and document in visual inspection logs.
If observations require, the Engineer of Record will be notified. Inspection logs will be reviewed annually by
the Engineer of Record as part of the Annual Geotechnical Inspection.

•

A Professional Geotechnical Engineer, typically the Engineer of Record, will visually inspect the dams for
evidence of ground movement, disturbance, and erosion as part of an Annual Geotechnical Inspection.
Observations will be recorded and documented in a report, where recommendations for future monitoring and
any required maintenance are provided. The scope of the visual inspections will be similar to those carried out
presently for the dams as part of existing conditions.

Instrumentation: Data collected from instrumentation in the dams will be collected by the Surface Care and
Maintenance Contractor. This data will be provided to a Professional Geotechnical Engineer for review and
analysis as part of the Annual Geotechnical Inspection reporting. Instruments may include those listed in
Section 3.1.4.

3.3.6 Sumps
In the adaptive management phases four sumps are anticipated to be in operation. These locations are shown in
Figure 5 and they are individually designated SNP 43-29 through SNP 43-32. In post-closure, these sumps would
be decommissioned, as shown conceptually in Figure 3, and no longer monitored.
In Table 12 and Table 13 the monitoring plan and schedule for the sumps are shown. Monitoring will consist of
visual inspection and sampling for water quality. Visual inspection will be to for the physical stability of the sump
and to identify any areas of erosion that may require maintenance.
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The sumps are anticipated to be monitored for up to 5 years. Provided that sampling has demonstrated that water
quality meets the discharge criteria, the sumps would then be decommissioned. For each sump, the monitoring
term of 5 years would begin after completion of cover placement in the area monitored through the sump. As an
example, the monitoring period for sump SNP 43-31 would be begin once the cover of the North Pond had been
placed, independent of the cover in the Central Pond.
Table 12: Summary of Sump Monitoring Plan
Performance
Criteria Category
Physical Stability
Free Draining
Thermal Stability
Vegetation
Water Quality

Monitoring Method
Visual Inspection

Surveying

Sampling

Instrumentation

X

X

X – Indicates that monitoring activity performed
Blank entries indicate that monitoring activity not planned

Table 13: Sump Monitoring Schedule
Performance Criteria
Category
Visual Inspection
Surveying
Sampling
Instrumentation

Frequency of Monitoring
Years 0 - 2
2 times per
year(a)
Weekly to
monthly(b)
-

Years 2 - 5

Years 5 - 10

Years 10 - 20

Year >20

annually

-

-

-

-

-

-

-

Monthly(c)

-

-

-

-

-

-

-

“-“ – Indicates that monitoring activity not proposed or planned to be discontinued after certain period of time.
(a) To be carried out before and after the spring freshet.
(b) During spring freshet, samples collected weekly. From June to October, monthly, provided surface water flow is present. Not required
during November to March.
(c) From June to October, provided surface water flow is present.

3.4 Contingency Monitoring
If monitoring fails to show that the closed TCAs are performing in accordance with expectations, additional
monitoring may be undertaken as part of the adaptive management approach outlined in Section 2.6. The nature
of the additional monitoring will depend on the type of deviation from expected performance observed.
Section 3.4.1 provides an overview of the general approach to contingency monitoring, while Section 3.4.2
provides examples of specific scenarios are described where contingency monitoring may be required.
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3.4.1 Generic Approach
Contingency monitoring approaches may include one or some combination of the following approaches:
Increasing the frequency of monitoring: Potential contingency monitoring may include more frequent visual
inspections, surveys, sampling, and/or reading of instrumentation. This can allow for more precise interpretation
and analysis of factors that are hypothesized to be mechanism(s) behind the unexpected performance.
Increasing the number of locations or points for monitoring: Potential contingency monitoring may include
more instrumentations, new sampling locations, or specific areas that require more detailed topographic surveys.
This may include the addition of instrumentation to areas that were previously subject only to visual inspection.
Implementing alternative methods: This could include introducing different types of instrumentation, moving
from aerial to traditional survey methods, or adjusting sample collection methods.

3.4.2 Specific Scenarios
The scope of the this TMMP does not include an exhaustive evaluation of failure mechanisms and defining
contingency plans. However, two scenarios have been identified which are tied to key project uncertainties and
the overall objectives of the TCA closure measures. These are:
•

Deformation of the engineered cover; and

•

Water quality not meeting criteria for discharge to the environment.

While detailed design and construction will provide information that will further inform the contingency plans for
these scenarios, the current conceptual design provides sufficient information for a preliminary identification of the
likely contingency monitoring approaches, as described below.
Excessive Deformation of Engineered Cover
Excessive differential settlement of the TCA cover could result in horizontal and/or vertical deformation beyond
that anticipated in the design, which could put excessive strain on the geosynthetic membrane. The tolerance for
strain will depend on the material selected and the designed geometry.
If monitoring of settlement trends suggests that differential settlement in excess of allowable limits may take place,
contingency monitoring could include:
•

More frequent surveys or surveying of monuments or settlement plates;

•

Installation of additional survey monuments or settlement plates;

•

If phreatic conditions are interpreted to be a contributing mechanism, installation of piezometers to monitor
changes in groundwater conditions; and/or

•

If a specific layer is interpreted to be a contributing mechanism, installation of inclinometers to monitor
horizontal deformation.

The above contingency monitoring actions can help in improving the precision of the differential settlement
measurements, as well as improve understanding of the mechanism(s) involved.
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By improving the precision of differential settlement measurements, it might be determined that the deformation is
within reasonable limits in light of the additional monitoring data. Understanding of the mechanisms through
additional monitoring may provide information that allows better prediction of the anticipated limits to the
settlement, or information to be used in the selection of appropriate maintenance or remediation measures.
Water Quality Exceeds Discharge Criteria
In post closure, surface water runoff from the TCAs, sumps and former South Pond area is expected to be
discharged to the environment. During the adaptive management phase, runoff will be contained, monitored and
(if required) treated prior to discharge. Water quality monitoring is expected to demonstrate that water quality in
the surface runoff will meet discharge criteria or will trend towards discharge criteria over the duration of the
adaptive management phase. If water quality is not trending to meet criteria, contingency monitoring will be
planned. While the nature of the contingency monitoring will be dependent on the observed water quality, location,
and trends, the main elements of the monitoring could include:


More frequent sampling to determine seasonal variations and provide additional resolution for data trends;



Addition of sampling locations, to determine the water quality originating from specific areas; and/or.



Installation of automated water quality samplers or flow meters, where appropriate.

Depending on the constituents observed, additional sampling and testing of potential sources may be undertaken
as well (i.e. soil/rock sampling)

3.5 Roles and Responsibilities
The parties involved in management and monitoring of the TMMP are shown in Figure 6, and include the site
owner, site staff, and consultants. Roles associate with site staff and consultants will generally be the most active
in carrying out the TMMP, with key responsibilities resting with the site owner.
Table 14 presents the responsibilities for the parties identified in Figure 6. These may evolve as active remediation
progresses.
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Figure 6: Organization Chart
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Table 14: Summary of Role and Responsibilities
Role

Parties

Site Owner
CIRNAC,
GNWT, PSPC

MCM
Site Staff
SCMC

Responsibilities
•

Provision of budget and resources to perform work tasks associated with
TMMP

•

CIRNAC ultimately responsible for the completion of TMMP tasks.

•

Provide safe access to site

•

Procure and manage contracts for the performance of the TMMP

•

Perform routine Visual Inspections

•

Record monitoring data

•
Collect representative samples
Responsible for the dams, which includes:
Engineer or
Record

•

Completion of Annual Geotechnical Inspection of dams

•

Review and analysis of monitoring data

•

Authorization of any maintenance in and around the dams

•
Other responsibilities as listed in the OMS Manual.
Responsible for the TCA cover, spillways, water management areas, sumps, and
reclaimed South Pond, which includes

Consultants
Professional
Engineer and/or
Scientist

•

Completion of Annual Geotechnical Inspection of TCA cover, spillways, water
management areas, sumps, and reclaimed south pond

•

Review and analysis of monitoring data

•

Authorization of any maintenance
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4 MAINTENANCE ACTIVITIES
Maintenance for the TCA closure includes anticipated routine maintenance (which is relatively limited), and
contingency maintenance, that would be undertaken if some aspect of the closure is not meeting design needs.
In Section 4.1 routine maintenance work that could be carried out is described. For the engineered cover, a specific
discussion of potential routine maintenance is included. In Section 4.2 aspects of possible contingency
maintenance are described, with a focus on scenarios that could potentially apply engineered cover and reclaiming
of the South pond area.
Performance of routine maintenance will be expected to be executed by contractors and equipment that could be
sourced locally. Contingency maintenance may be done by local contractors or may require specialized
contractors and equipment either due to the complexity or scope of the maintenance required.

4.1 Routine Maintenance
During the adaptive management phase, maintenance is expected to compensate for variable ground conditions
and short-term changes in site conditions. Maintenance activities are expected to be most extensive in the first
years following completion of construction, with a decreasing frequency over time as equilibrium conditions are
attained.
The following provides a summary of routine maintenance tasks that may be applicable for any aspect of the TCA
closure, followed by a summary of maintenance tasks associated specifically with the engineered cover.

4.1.1 Typical Closure Maintenance
Regrading surface topography – This may be needed to maintain flow via gravity to designated areas for water
management and/or conveyance via spillways and to prevent localized ponding of water outside of designated
areas. Work to be conducted with standard earth-moving equipment. Depending on site conditions, may require
cut and fill, cut only or fill only.
Fill placement – May be needed to restore grades in the event of settlement or counterbalance the effects of
erosion. Work to be conducted with standard earth-moving equipment. The type of fill will be selected based on
the maintenance need. Fill may be sourced from on or off-site borrow areas, depending on needs and the status
of on-site borrow sources at the time of maintenance.
Removal of debris – Typically would be required where organics or soil are deposited as a result of erosion and
could potentially block water conveyance areas and weirs, or reduce the storage volume significantly in water
storage areas. Depending on the volume of debris, this may be done with standard earth-moving equipment or
manual labour.
Instrumentation upkeep – Typical maintenance need for any instrumentation, that may include replacement of
batteries, cleaning solar cells, repairing or replacing damaged equipment or wiring.
Revegetation – Exposed soil will be revegetated for erosion control purposes (e.g. fine-grained soil in the
recovered South Pond area following removal of tailings). If vegetation does not establish in accordance with
needs, revegetation maintenance could include additional seeding, fertilization, hydroseeding, weeding, mulch
placement, or other activities.
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4.1.2 Engineered Cover Maintenance
Regrading surface topography – Some settlement of the cover over the TCA is expected. If the differential
settlement of the TCA cover is within acceptable limits for the selected geosynthetic, but could result in areas of
ponding, additional material may be placed to maintain positive drainage.
Vegetation – Vegetation is expected to eventually establish on the rockfill cover. The establishment of vegetation
will not negatively impact cover performance.

4.2 Contingency Maintenance
If monitoring fails to show that the closed TCAs are performing in accordance with expectations, contingency
maintenance works may be undertaken as part of the adaptive management approach outlined in Section 2.6.
The nature of the contingency maintenance will depend on the type of deviation from expected performance
observed.
The scope of the this TMMP does not include evaluation of failure mechanisms and defining contingency plans.
However, two scenarios have been identified which are tied to key project uncertainties and the overall objectives
of the TCA closure measures. These are:


Excessive deformation of engineered cover.



Water quality of surface water runoff does not meet discharge criteria.

These are the same scenarios that were discussed previously in the context of contingency monitoring
(Section 3.4).
Excessive Deformation of Engineered Cover
Excessive differential settlement of the TCA cover could result in horizontal and/or vertical deformation beyond
that anticipated in the design. They could put excessive strain on the geosynthetic membrane. The tolerance for
strain will depend on the material selected and the designed geometry.
If monitoring of settlement trends suggests that differential settlement in excess of allowable limits has taken place,
repairs may or may not be required, depending on the area affected. Site-specific plans for contingency
maintenance could include:


Excavation of rockfill and bedding layer. Will expose the surface of the geomembrane to allow for visual
inspection.



Inspecting geosynthetic membrane, to visually confirm extent of damage.



Repairing geosynthetic membrane. The repair approach will depend on degree of disturbance and type of
geosynthetic. It may include welding patches or reinforcing portions that may be at risk if further deformations
occur, or adding material. Depending on cause of deformation, additional instrumentation may be installed to
monitor post-repair deformations and performance of repairs.



Placing of fill. Placing bedding layer and rockfill cover, in a manner similar to that during original construction.
May include the installation of additional survey monuments or settlement points to monitor performance of
the cover post repair.
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Water Quality Exceeds Discharge Criteria
If routine or contingency water quality monitoring demonstrated that water quality is not meeting discharge criteria,
contingency measures can be evaluated for addressing the exceedances. The selection of the appropriate
measures will depend on the cause and type of exceedance, as evaluated through the contingency monitoring.
Likely approaches to addressing water quality could include contingency measures for source control, and for
treatment. If the source of impacts is known, it may be possible to remove, cover, or otherwise isolate the source.
Alternatively, it may be possible to treat impacted water in the short or longer term, with consideration given to
approaches such as passive treatment within the water management areas.
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5 MONITORING AND MAINTENANCE REPORTING
Following the completion of closure activities, the results from the TMMP will be reported annually. A single
consolidated report will document all monitoring and maintenance activities completed during the previous year
and summarize the results of the monitoring. Results of the monitoring will be compared to applicable operational,
design, and water quality criteria. The report will conclude with an assessment of the performance of the
constructed work and provide recommendations for future monitoring (including changes in monitoring frequency)
and if required, maintenance. Stakeholders will have the opportunity to review the annual report and to provide
their comments to the Mackenzie Valley Land and Water Board.
The TMMP annual report will focus on the engineered cover, but it will also contain results from monitoring of the
spillways, water management areas, and reclaimed South Pond area. For the spillways, water management areas,
and reclaimed South Pond area, the report will include geotechnical and surface water aspects. It will not include
reporting of water quality results, which will be documented in reporting associated with the site wide Water MMP.
The TMMP annual report will reference the Water MMP’s annual report, due to the linkages between the two.
Reporting of monitoring for the perimeter dams will be under a separate Annual Geotechnical Inspection Report,
which will link to the OMS Manual for the dams.
Where criteria are not met, or trends suggest that criteria will not be met in the desired time frame, the TMMP
annual report will include recommendations for adjustments to the monitoring plan. These adjustments may
include increasing monitoring frequency, additional monitoring locations, or changes to methodology. The TMMP
may also include recommendations for contingency maintenance works or the design remediation activities,
depending on the observed conditions.
Closure of the TCA is multi-disciplinary, and reporting will require input from qualified professionals with experience
in geotechnical engineering, mine waste management, surface water hydrology, water quality, amongst others.
Therefore, the TMMP annual report may include content from several authors.
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