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Abbreviation

Definition

ALARP as low as reasonably practicable
CIRNAC Crown-Indigenous Relations and Northern Affairs Canada
CRP Closure and Reclamation Plan
GMRP Giant Mine Remediation Project
GNWT Government of the Northwest Territories
HDPE high-density polyethylene
MMP Management and Monitoring Plan
MVLWB Mackenzie Valley Land and Water Board
N/A not applicable
NWT Northwest Territories
QA/QC quality assurance / quality control
PSPC Public Services and Procurement Canada
Site Giant Mine Site
TCA Tailings Containment Area
WTP water treatment plant
Unit/Symbol Definition
% percent
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m metre
m?3 cubic metre
m3/h cubic metres per hour
m amsl metres above mean sea level
mbgs metres below ground surface
mg/kg milligrams per kilogram
mm millimetre
MPa megapascal
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1 INTRODUCTION
1.1 Purpose

The Giant Mine (Site) is located within the city of Yellowknife boundary, approximately 1.5 km from the community
of Ndilg and 9 km from the community of Dettah. The Site is situated on Commissioner’s Land administered by
the Government of the Northwest Territories (GNWT); Reserves (R622T and 85 J/8-257-2) have been established
to allow the implementation of the remediation of the Site. Ongoing care, maintenance, and remediation of the
Site is known as the Giant Mine Remediation Project (GMRP). For a history of the Giant Mine and planned
remediation activities, please refer to the Closure and Reclamation Plan (CRP).

The GNWT and Crown-Indigenous Relations and Northern Affairs Canada (CIRNAC) are in the process of
executing the GMRP under Water Licence MV2007L8-0031 and Land Use Permit MV2019X0007. This
Underground Design Plan has been developed by the GMRP Team to provide the Mackenzie Valley Land and
Water Board (MVLWB) with the information required to approve the GMRP to begin remediation of the
underground mine workings. This document presents the design plan for underground stabilization and backfill
activities, including soil processing for arsenic waste disposal into Chamber 15, closure of openings to surface,
grouting historical and project surface boreholes, design of a long-term access portal, routing surface runoff to the
mine pool through the underground, and monitoring requirements during remediation implementation in the
adaptive management phase post-construction. Concordance with the conditions of the Water Licence is
summarized in Appendix A.

1.2 Overview

The excavation of rock during mining operations resulted in the development of underground voids, referred to as
stopes, chambers, and access development drifts (Plate 1-1). The voids are commonly grouped by their
corresponding overlying open pit excavation except for the GKP area which is located at the northern extent of
the Site. Some of the underground development excavations are connected to surface, and these are referred to
as openings to surface. Some mined-out stopes are used as storage areas for arsenic trioxide; these are referred
to as arsenic stopes. Purpose-built arsenic storage chambers were also used to store arsenic trioxide. Crown
pillars (the mass of bedrock overlying an underground excavation) separate the stope and chamber voids from
the ground surface. Several arsenic and non-arsenic stopes have already been backfilled, having been identified
as posing an unacceptable risk if crown pillars were to fail.

As part of the remediation, selected remaining voids left by underground mining development will be backfilled to
stabilize the underground workings (Plate 1-1). The stabilization focuses on mined-out voids (stopes) near the
surface that, if failure occurs, could form hazardous sinkholes; selected deeper stopes that could pose a risk to
arsenic containment if they were to fail; and arsenic trioxide storage chambers and stopes that could form
hazardous sinkholes or release arsenic to the environment if they failed. These stopes and chambers will be
backfilled using flowable cemented fills (consisting of tailings or other granular material mixed with cement) or
cemented rock fill. In some cases, adjacent underground voids will also be backfilled to provide lateral support to
existing uncemented mine fill, promoting long-term stability in the event of minewater level fluctuations. Backfill
will also be added to the non-arsenic side of arsenic bulkheads in the underground openings connected to the
arsenic stopes and chambers to provide long-term support to them. Plates 1-2 to 1-4 show schematics of the
underground workings at the Site as they relate to surface, the current minewater level, connections to surface,
and other underground voids, particularly arsenic stopes and chambers.
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Backfill for underground Chamber 15 will be sourced from highly arsenic-impacted material excavated from around
the former roaster area. Where appropriate, the volume of material to be disposed of in Chamber 15 will be reduced
through “soil washing.” This process reduces the volume of arsenic-impacted material by removing the arsenic
dust from the coarse-grained material, concentrating the arsenic within the fine portions of the soil into a filter cake.
The arsenic concentrated filter cake is then processed into a flowable cemented fill that will be used to backfill
Chamber 15 following the stabilization methods used for other mined voids. Non-liquefiable arsenic-impacted
material may also be placed in Chamber 15 and will not be cemented. The coarse fraction remaining after soil
washing will be suitable for placement into a Tailings Containment Area (TCA) or open pit as per the Waste
Management and Monitoring Plan (MMP).

Existing openings from the surface to the underground will be closed. The openings will either be capped with a
concrete slab or securely filled with backfill so that subsidence will not pose a future hazard. This backfilling will
include historical boreholes that connect surface to underground. Where they can be identified and located, these
boreholes will be backfilled with cementitious grout to prevent the flow of water to underground workings.

The High Test System is a network of underground ditches, channels, sumps, piping, and pumps designed to
isolate infiltrating water which contains high concentrations of arsenic. The goal is to isolate this water from workers
and the overall mine pool. The underground High Test System will be decommissioned prior to abandonment of
the underground after stabilization work is completed. Some existing piping systems will be changed and protected
so that remnant contaminated flows are routed away from the C Shaft submersible pumping system that will feed
water to the water treatment plant (WTP), starting in 2026.

The current portals that lead to the underground are located in areas that will either be closed or will be inaccessible
after remediation activities are completed. Therefore, a new access portal, lockable to prevent unauthorized entry,
will be developed to allow re-entry into the underground should access be required.
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Plate 1-1: Location of Underground Workings
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Plate 1-4: Schematic Vertical Sections of Arsenic Stope C212 and Arsenic Chamber 10 Area to
Describe Common Underground Terminology (existing conditions)
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Linkages to Other Project Components

The work described in the Underground Design Plan is linked to other project components (Table 1-1).

Table 1-1: Underground Key Linkages to other Project Components

Project Component

Inter-dependency

Sequence Implications

Arsenic trioxide frozen
shell

Provides improved stability to arsenic
stopes and chambers

Arsenic bulkhead support backfill needs to be
placed in front of arsenic bulkheads prior to drilling
of thermosyphon holes.

Underground stabilization and placement of fill
material in B1 Pit must occur prior to construction of
AR 4 freeze pad.

The AR1 freeze pad must be excavated before
Chamber 15 can be backfilled.

The AR1 thermosyphon holes can be drilled and
thermosyphons installed before filling of Chamber
15, however, they must not be charged until
Chamber 15 is backfilled.

Open pit

Provides stabilization below pits to
support placement of pit fill

Closure of pits includes drainage of
runoff water to the mine pool in a
manner that limits build up of water in
pit fills and on a pathway that
minimizes impacts to underground
stability

Underground stabilization under pits must occur
prior to the majority of pit filling work.
Infrastructure associated with directing pit basin
runoff to designated underground areas is to be
installed prior to backfilling underground workings
and loss of access to the underground.

Contaminated soils and
sediment

Arsenic-contaminated soil from around
the roaster area will be processed and
used to backfill Chamber 15

Roaster area soils must be excavated and
processed prior to backfilling Chamber 15.

Heavily arsenic-impacted roaster area soils must be
excavated prior to excavating underlying arsenic
impacted soils.

Baker Creek and Surface
Water

Provides stabilization under some
reaches of Baker Creek

N/A

Tailings Containment
Areas

Underground stabilization will use
tailings to produce flowable cemented
backfill

Excess material from soil washing may
be relocated to the Tailings
Containment Areas.

Underground stabilization work that requires
cemented paste backfill which uses tailings must
occur prior to completion of work on North, Central,
and South tailings ponds.

Excess material from soil washing must be
relocated prior to final grading.

Borrow material

Underground stabilization requires
borrow for cemented rock fill

Borrow material is required prior to backfilling
stopes in the A2 and B4 open pit areas with
cemented rock fill.

Water treatment plant
and outfall systems

Water from High Test System could
affect influent

Re-routing the water to the mine pool away from
C Shaft prior to commissioning of water treatment
plant.

Buildings and site
infrastructure

Roaster area soil excavation will be
conducted adjacent active site
buildings including C-Dry

Access to site buildings may need to be replaced
after highly contaminated soil is excavated from the
Roaster Complex / C-Dry area.

Non-hazardous waste
landfill

N/A

N/A

N/A = not applicable.
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2 PROJECT ENVIRONMENT

The environmental conditions at the Site, including location and topography, drainage, groundwater, geology,
geochemistry, and permafrost, are described in Section 2 of the CRP. Two brief updates related to the drainage
and geology are provided below.

Investigations into underground void geometry and condition were conducted in winter 2018/2019 and are
summarized in the Underground Design Basis (Appendix B1). Investigations consisted of inspections of travel
ways and stopes using a combination of visual inspections, laser scanners (LiDAR), cavity monitoring surveys,
and unmanned aerial vehicle surveys. These tools provided high resolution spatial data to assist in planning
underground backfill placement approaches. Unmanned aerial vehicle and cavity monitoring system scans
allowed collection of spatial data beyond line of site into open voids.

An additional relevant observation is that ice was identified at the A1 portal. Characterization of the area was
completed. Work is underway as part of care and maintenance of the Site to eliminate this ice to allow access to
the portal.

The Water Licence requires a summary of erosional site assessments. This is not relevant to this design plan as
the main components are underground and the underground void stability assessments outlined below and in
Appendix B1 are more relevant.

For other background information specific to this Project Component please refer to CRP Chapter 5.1 and
Appendices B1 and B2 of this document.
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3 DESIGN CONSIDERATIONS AS REQUIRED BY WATER LICENCE
3.1 Environmental Assessment Measures

The following environmental assessment measures inform the underground stabilization design:

e Measure 5—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:

. explicit acceptability thresholds, determined in consultation with potentially affected communities

. anexamination of risks from a holistic perspective, integrating the combined environmental, social, health
and financial consequences

. possible events of a worst-case / low frequency high consequence nature

. additional considerations specified in Appendix O of the Report of EA [Report of Environmental
Assessment and Reasons for Decision; MVEIRB 2013]

From this, the Developer will identify any appropriate Project improvements and identify management

responses to avoid or reduce the severity of predicted unacceptable risks.

The Quantitative Risk Assessment is discussed in Section 3.4.

3.2 Engagement Outcomes Since the Closure and Reclamation Plan

Engagement in relation to the underground mine workings is summarized in the CRP and the GMRP Engagement
Log. Since the CRP was filed in 2019, engagement in relation to the underground mine workings consisted of the
following:

e Discussions during the Water Licence proceedings during technical sessions and hearings

e Closure criteria in development engagement with the Giant Mine Working Group in October 2020
e Quantitative Risk Assessment workshops and meetings (April 2018 to April 2019)

e Brief discussions during the new Aquatic Advisory Committee meetings (September 2020)

The key outcomes of engagement that informed design comprised the following:

e No trial minewater elevation raise—The trial minewater elevation raise is removed from the CRP
(Appendix 5.1B). During Technical Session 1 of the Water Licence proceedings, 9 to 12 July 2019, rights
holders and stakeholders expressed concern about the risks of a possible reclamation research plan to
investigate a raise of the existing minewater level. The Yellowknives Dene First Nation outlined that this was
not an acceptable risk. In a 14 August 2019 letter to the MVLWB, CIRNAC on behalf of the GMRP requested
removal of the trial minewater elevation raise from the CRP.
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e Changes to closure criteria—During the Water Licence proceedings in the Closure Criteria Workshop in
September 2019, discussions about the underground closure occurred and edits were made to the original
criteria. These edits were provided to the MVLWB in October 2019 as part of Information Request 1 and were
conditionally approved in the CRP with the issuance of the Water Licence. During the Closure Criteria
Workshop, further concerns were raised by reviewers about closure criteria that were not yet finalized. The
GMRP Team committed to engaging further on closure criteria in development prior to submission of the
Underground Design Plan. On 9 October 2020, the GMRP Team provided information to the Giant Mine
Working Group about the underground closure criteria in development from the CRP. On 23 October 2020,
the GMRP Team engaged with the Giant Mine Working Group on the closure criteria in development for the
underground, as well as the non-hazardous waste landfill. The GMRP Team proposed deleting two criteria in
development (Appendix A, Table A-2) as redundant to other criteria, and reviewers did not disagree.
Reviewers provided comments requesting additional clarity about thickness of underground stopes, and a
commitment was made to provide thickness in the Underground Design Plan. Revisions to the closure criteria
in development were made by the GMRP Team and are included in this design plan for approval (see
Table 4-1 below and Table A-2 in Appendix A).

e Quantitative risk assessment—Extensive discussions about the stability of the underground post-closure
occurred during the Quantitative Risk Assessment workshops. Key feedback included concerns over sinkhole
formation on surface and the minewater level rising and causing flooding (see Section 3.4 for more detail).

Additionally, during the first Aquatic Advisory Committee meetings (17 September 2020) about Baker Creek, the
Yellowknives Dene First Nation reinforced the importance of underground stability and flood protection. They
commented that stabilization of the underground and protection of the underground arsenic chambers was
paramount.

3.3 Traditional Knowledge

The consideration of Traditional and Community Knowledge has been integrated into project planning, wherever
relevant and available. The CRP outlined how this knowledge influenced project decisions. The Engagement Plan,
specifically Appendix C, summarizes the Traditional and Community Knowledge provided to date. The GMRP
Team is committed to continuing to incorporate Traditional and Community Knowledge into the implementation of
remediation and future versions of this plan, where information is available and appropriate. Since the CRP was
filed, the GMRP did not receive Traditional and Community Knowledge specific to the underground design beyond
the concepts already included into the Project. Instead, local and Traditional Knowledge holders reinforced the
critical need for protection of the environment through stabilization of the underground.

3.4 Quantitative Risk Assessment Findings

A Quantitative Risk Assessment was conducted to meet Measure 5 of the Report of Environmental Assessment
and Reasons for Decision (MVEIRB 2013). The Quantitative Risk Assessment was initiated in 2018 and included
seven community engagement sessions. The assessment is focused on residual risks that might remain on the
Site after the remediation is complete (residual risk). The Quantitative Risk Assessment identified several risk
scenarios related to the underground that were of concern to people, either through Indigenous Way of Life or to
general health, environment, socio-economic, or financial considerations. The Quantitative Risk Assessment
viewed the network of underground openings generically as a single unit with a conglomerated risk of collapse.
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The Quantitative Risk Assessment first screened risk scenarios such as crown pillar collapse using a qualitative
screening method. Any scenario that was rated as “Moderate-High Hazard or higher” was then assessed using a
quantitative approach. Risks were rated as unacceptable, as low as reasonably practicable (ALARP), or negligible.
Full details may be found in the report of results (Wood 2020), which was provided to the MVLWB in May 2020.

Key finding related to the underground—The Quantitative Risk Assessment identified underground hazards
associated with crown pillar collapse due to an instability underground and then a subsequent release of
contaminated water to the environment. It was assessed that this would have risk to both human health (fatality)
and socio-economics (financial impacts). Crown pillar failure due to non-backfilled stopes was the primary driver
of risk identified by the Quantitative Risk Assessment, accounting for 94% of the assessed risk of future failure.
The remaining 6% of the crown pillar collapse risk was determined to be due to movement of fill or to inadequate
fill. The reason stopes were thought to remain “un-backfilled” was because of potential errors and omissions in
mine plans whereby previously unidentified stopes exist that would not have been stabilized (backfilled). Simply
put, it was thought there could be risks that a crown pillar could collapse in the event that the GMRP did not know
about a stope and did not backfill it or a crown pillar could collapse because a stope should have been filled.

Both fatality and socio-economic risks related to crown pillar collapse were determined to be within the ALARP
range. However, the Quantitative Risk Assessment recommended that the GMRP demonstrate that the risks have
been mitigated to the extent practicable as outlined below.

Addressing Risks Identified by QRA—To address the risks identified in the Quantitative Risk Assessment, the
GMRP Team conducted a mine records/field investigation and re-evaluated the risks (qualitatively and semi-
quantitatively) in an engineering assessment of each stope, rather than the underground ‘as a whole’ as was done
through the Quantitative Risk Assessment. The results of these are reported in Appendix B1 and summarized
below.

Identifying if there are unknown backfilled stopes—The GMRP addressed the risk of potential errors or
omissions in mine plans by completing a comprehensive assessment of the available historical mine survey
records along with underground investigations of travel ways and connecting stopes and chambers. During the
investigations, some stopes or underground travel ways that could pose a hazard were identified but could not be
reached either by foot or with unmanned aerial vehicles due to safe access considerations. In these cases,
exploratory drilling was completed along with borehole camera surveys and cavity monitoring surveys. These
investigations showed that the potential for large, previously unidentified underground voids was minimal
(see Appendix B1 for the results of these investigations and assessments).

Confirm which stopes to fill (Stope-specific risk assessments (qualitative)—The Quantitative Risk
Assessment identified the risk of future crown pillar collapse as within the ALARP range based on mitigation
activities of the CRP being completed. The CRP required stabilization of near surface non-arsenic stopes (defined
as less than 35 m below ground surface), arsenic stopes and chambers crown pillars, and non-arsenic stopes
under and adjacent to arsenic-containing voids and open pits, primarily through placing backfill. Increased
amounts of backfill generally resulted in lower residual risks. The CRP outlined backfilling of near surface stopes
to mitigate potential surface impacts based on a risk ranking to be completed during detailed design. To create
this risk ranking, engineers completed a “stope-specific qualitative risk assessment” of each near surface stope
and chamber, both arsenic and non-arsenic, as well as selected deeper non-arsenic stopes which underly critical
site features such as freeze infrastructure, arsenic stopes and chambers, or Baker Creek.
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The ‘stope specific quantitative risk assessment’ determined consequence and likelihood categories for each
stope with risk categories of Low, Moderate, Moderate High, High and Very High (see Table 3-1 for risk to human
health and Table 3-2 for financial risk). Previously backfilled stopes (e.g., those filled during the Site Stabilization
Program) were generally not re-assessed, provided that the level of backfilling was consistent with the current
backfilling approaches (Section 4.5.3). Note that previous backfilling programs done in the Site Stabilization
Program targeted high risk stopes and chambers, and therefore no stope or chamber was identified as “high or
very high risk” in the stope specific assessment. This includes arsenic stopes B208 and the B212/13/14 arsenic
stope complex. Details on the assessment are found in Appendix B1.

The result of the ‘stope-specific qualitative risk assessment’ was that stopes which presented a Moderate or higher
risk for either human health or financial risk were recommended for backfilling; this is noted as any stopes above
the purple line in Tables 3-1 and 3-2. No stopes were recommended for backfilling on the basis of risk to human
health (Table 3-1) and twenty-six stopes were recommended for backfilling on the basis of financial risk
(Table 3-2). This will further reduce the risk at surface and mitigate risks to the extent practicable as outlined by
the Quantitative Risk Assessment.
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Table 3-1: Human Health Risk Assessment Results for Underground Stopes

Consequence Severity

Likelihood Permanent lliness or Permanent lliness or
Minor Ailment, No Treatment Treatall)rl'gulllness or Injury Limits Some Injury Stops Daily People Die
jury Activities Activities
Very Likely
Likely Moderate

possibi

Very
Unlikely

Note: Stopes assessed above the purple line represent a moderate or higher risk (Table 18, Appendix B1) and were identified for further review. Also note there are no stopes that fall in the category of “high to very high”; C509 was a higher risk stope and it has been already filled during
Site Stabilization.

Table 3-2: Financial Risk Assessment Results for Underground Stopes

Consequence Severity

Likelihood

Low Minor Moderate Major High
<$100 K $100K-$1 M $1M-$10M $10M-$30M| >$30M
Very Likely
Likely Moderate
. 2-67W, 2-69, 2-69W, 3-02, 3-58, 2-06, 3-60, 3-61, 2-19, 2-20N, 2-20S,
Possible

2-22N, 2-22S*, 3-24N, 3-24S, 1-18EA, 2-06, 1-37, 1-37W, 1-38 Lower

Unlikely 3-01, 1-26S Upper, 1-43 Upper CH15

Very
Unlikely
Note: Stopes assessed above the purple line represent a moderate or higher risk (Table 18, Appendix B1) and were identified for further review. Also note there are no stopes that fall in the category of “high to very high”; C509 was a higher risk stope and it has been already filled during
Site Stabilization.

*Confirmed filled by borehole camera survey — does not require further backfilling.
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Stope-specific assessments (semi-quantitative)—In addition to the ‘stope-specific qualitative risk
assessments’, stope-specific semi-quantitative risk assessments were also conducted. These semi-quantitative
risk assessments used the same categories of unacceptable, ALARP, and negligible used in the Quantitative Risk
Assessment (Wood 2020). This semi-quantitative assessment utilized human exposure levels identified in the
Quantitative Risk Assessment and likelihoods of crown pillar collapse as the primary drivers to calculate an annual
probability of a given stope creating a sinkhole causing a fatality. Similar work was done for infrastructure to
determine the likelihood of significant financial consequences from a crown pillar collapse. See Appendix B1 for
further detail on this assessment.

The result of the stope-specific semi-quantitative risk assessment was that any stope which ranked within the
ALARP range for human health or financial hazard was recommended for backfilling (Appendix B1, Table 18). No
stopes were found to rate in the ALARP or unacceptable range for financial risk based on this assessment but,
fifteen stopes (2-06, 1-31, 2-69, 2-15, 1-37, 1-37W, 3-01, 3-24S, 2-05, 1-38 Lower, 3-02, 3-58, 2-19, 2-20N and
Chamber 15) plotted within the ALARP range for human health risk and were selected for backfilling. Note that,
except for the 2-05 stope in the B1 Pit area, these stopes were previously selected for backfilling on the basis of
a Moderate or higher qualitative financial risk.

Additional mitigation—Arsenic stopes and chambers, and stopes underlying critical surface infrastructure such
as Baker Creek, tailings dams, pit covers, and public roadways, were also determined to require backfilling. This
was not based on the various risk assessments but based on conservative engineering judgement and to support
site-wide criterion SW3-1 in reducing perpetual care requirements with low probability of failure of engineering
controls. Therefore, all ten arsenic stopes and chambers which currently contain arsenic trioxide and are not
currently frozen or previously backfilled were selected for backfilling. These stopes and chambers are:
Chamber 11, Chamber 12, Chamber 14, C212, Chamber 9, B230, B233, B234, B235 and B236. Chamber 15 as
well as DWC-05, 2-07, DWC-06, 1-38 Upper, 2-28, 1-35, 1-43#1, 2-18, UBC, 1-26#5, 1-26S, 3-12S, 3-06N, 2-05
were selected for backfilling on the basis of overlying infrastructure for fifteen additional stopes. Stope specific
reasoning is provided in Table 18 of Attachment B1.

Summary—In summary, the stope-by-stope assessments building on the Quantitative Risk Assessment resulted
in a series of “decisions” that inform design and are used to select stopes for backfilling:

e Stopes which rank Moderate or higher risk on the ‘stope-specific qualitative risk assessment’ will be filled
(Table 3-1 and Table 3-2).

e Stopes which have a risk ranking of ALARP or higher on the ‘stope-specific semi-quantitative risk assessment’
will be filled.

e All arsenic stopes and chambers will be filled (except Chamber 10 which is already frozen through the Freeze
Optimization Study and chambers B208, B212/13/14 which were previously backfilled)

e Stopes which were identified based on engineering judgement considering project risk tolerance to protect
overlying features such as pit covers, arsenic stopes and chambers or freeze infrastructure and dams or to
provide support to existing underground fill wi