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EXECUTIVE SUMMARY

A Site Stabilization Plan has been developed to address the existing dangers at
the Giant Mine site. The plan was developed in response to new information
regarding on-site risks and the extended timelines of the regulatory process. This
approach was identified as the best option to balance the on-site risks with
process risks (e.g. , legal, regulatory). This plan will demonstrate significant
progress towards the remediation of the site.
There are three main categories of work proposed under the Site Stabilization
Plan which include:
1. Site Stabilization
a. Immediate Risk Mitigation
b. Advanced Remediation of High Risks
2. Care and Maintenance
3. Essential Design Work
The first category of work in the plan is referred to as (1) Site Stabilization. This
category is subdivided into two main areas of work, (a) Immediate Risk Mitigation
and (b) Advanced Remediation of High Risks. Immediate Risk Mitigation work
elements are the urgent efforts that will be targeted for completion within the first
year. This work includes addressing the short-term risks associated with Baker
Creek, addressing the shifting ground near the B1 Pit, as well as other smaller
scale actions such as securing infrastructure, reducing the potential for
inadvertent access to the site, and the removal of deteriorating materials that
pose health and safety risks. The Advanced Remediation of High Risks are
larger elements of the remediation project that need to proceed on an urgent
basis in order to protect human health and safety as well as the environment.
This work will include the demolition of the Roaster Complex, the evaluation of
options to prevent mine flooding (i.e., potentially rerouting Baker Creek offsite),
significant stabilization of the underground, and the lowering of the Mill Conveyor.
These activities will be completed over the next two to three years. See
APPENDIX 1 for photos of the mine site and the elements of the stabilization
plan.
The next category of work is (2) Care and Maintenance. Beyond the basic
elements associated with care and maintenance (e.g., daily operations, site
security etc.), the work in this category also includes general capital and safety
improvements. This work needs to be completed to maintain the stability and
integrity of the site throughout the full remediation project. These activities
include improving site infrastructure, code mandated upgrades to the site-wide
electrical distribution systems as well as general repairs.
(3) Essential Design Work is the next main category of the plan. This includes

continuing to develop preliminary and detailed designs for the key project
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elements (e.g., the water treatment plant), the continuation and completion of the
Freeze Optimization Study as well as the preservation of historical mine records.
Other ongoing work includes
rovals consultations as well as

To successfully implement the plan, a number of requirements will need to be
met. The Project Team is working closely with the Department of Justice (DOJ)
to develop a strategic implementation approach for the plan that respects the
regulatory approvals process while proceeding with the urgent work that is
required to address the dangers on the site. In addition, a
communications/engagement strategy has been developed to secure the support
of key partners and stakeholders. Both of these requirements are necessary in
order successfully implement the Site Stabilization Plan.

schedule for the plan, see APPENDIX 3.

INTRODUCTION

This site stabilization plan has been developed in order to address the current
dangers and high risks at the Giant Mine site (see APPENDIX 1, photo A). While
working through the environmental assessment process, the project team
determined that certain elements of the remediation project now require a more
aggressive timeline in order to protect human health and safety and the
environment. This requires several project elements to proceed on an urgent
basis. As a part of ongoing risk management practices, the project maintains a
risk registry of all of the potential risks that could occur on the site. This registry is
reviewed on a regular basis by a team of expert engineers. In addition, the
project team conducted a failure modes analysis to assess larger scale risks and
how these impact safety, the environment and the project. As a result of these
practices, the timeline of the regulatory process and the continually deteriorating
site conditions, the stabilization plan was developed.
The work required under the plan has been divided into a number of different
categories of work. The first category of work is referred to as (1) Site
Stabilization. This category is subdivided into (a) Immediate Risk Mitigation and
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(b) Advanced Remediation of High Risks. The work in the Immediate Risk
Mitigation category will be conducted largely within the first year of the plan in
order to address the most immediate site risks. The Advanced Remediation of
High Risks category includes larger project elements that need to proceed on an
urgent basis. These elements will be addressed in the next two to three years.
The next main category of work is referred to as (2) Care and Maintenance. This
category includes the basic care and maintenance of the site (e.g., security) as
well as capital improvements. This involves work elements that are necessary to
maintain site integrity and stability throughout the full remediation project.
The final category is (3) Essential Design Work. This is the work required to
complete the preliminary and detailed design as well as establish cost estimates
for the key project elements that will proceed in 2015 (e.g., the water treatment
system, freezing of the underground chambers, mine record preservation). The
remaining categories of work include regulatory approvals, consultations, as well
as project management.

COST ESTIMATES

Although this plan is specifically designed to address the dangers and high risks
at the site, the nature of the site is such that new and unforeseen risks could
quickly arise (e.g. , decaying infrastructure). The project team continues to
monitor these conditions and address them as required through existing risk
management practices. Any evolving issues or changing circumstances have the
potential to elevate certain remediation activities thus
more immediate
action.

1. SITE STABILIZATION

There are a number of urgent activities that are required to stabilize the site.
These include actions that will improve the overall safety, security and integrity of
the site. The two sub-categories of this work are (a) Immediate Risk Mitigation
and (b) Advanced Remediation of High Risks.
(a) Immediate Risk Mitigation

The work in this category is required to address the urgent dangers/risks and will
take place within the first year of the plan (2011-2012).
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One of the site elements requiring urgent attention is Baker Creek. Some of this
work is in response to the Inspector's Direction
and must be completed prior to April 30, 2012. This involves covering the JoJo
Lake tailings as well as making improvements to the banks in the affected region
(see APPENDIX 1, photo B). Recent analysis has also shown that sections of the
creek do not meet the 500-year flood scenario that is now required for safety
purposes (standard was revised based on changing behaviour of the creek).
Given the significant potential risk of flooding the mine, the plan also includes
actions to increase bank levels and/or lower channel elevations in the areas of
concern.
Another prominent element of urgent work relates to the 81 Pit Wall Stability.
The ground around the B1 pit has . begun to settle and has produced a large
sinkhole (see APPENDIX 1, photos C and D). This failure is located adjacent to
the flood plain of Baker Creek. Significant failure could result in the flooding of
the mine. There are significant consequences for human health and the
environment in the event of the scenario where the mine floods. In this scenario
the risks would include: the loss of the ability to pump contaminated mine water,
the dissolving of a significant quantity of arsenic and the potential release into
adjacent waterways (e.g., Baker Creek and ultimately Great Slave Lake), in
addition there would be implications for underground stability. Investigations are
currently underway to assess the conditions related to the ground failure
surrounding B1 Pit. Preliminary assessments are evaluating whether this failure
is linked to the issue of underground stability. Mitigation measures will be taken
and are expected to include the removal of unstable fill and replacement with
more solid material. Efforts will also include the construction of a berm between
B1 Pit and Baker Creek.

The plan also includes a number of smaller elements that will reduce on-site
dangers and risks. These include the securing of infrastructure (e.g., C-Shaft),
additional measures to reduce the potential for inadvertent public access (e.g.,
fencing, signage, berms), the removal of deteriorating materials (e.g., mill and
warehou
and
ral water man ement
A1 Pit Ditch, C1 Pit
Channel).
(b) Advanced Remediation of High Risks

There are several project elements that are being considered as advanced
remediation of high risks. These are the larger scale elements of the overall
remediation plan that need to proceed in order to continue to protect human
health and safety as well as the environment. Work on these elements will take
place over the next two to three years. This timeline is necessary to allow the
requisite contracting and design work to be completed in advance of operations.
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The largest element of this work is the demolition of the Roaster Complex. This
building complex is highly contaminated with arsenic dust and asbestos (see
APPENDIX 1, photos e and f). Recent assessments of the complex continue to
identify degrading conditions of the buildings, including the deterioration of the
mortar on the stack, loose cladding and exposed edges of the walls and roof.
The demolition of this complex is being undertaken to prevent injury or death
from falling cladding, partial build'
colla
and/or arsenic and asbestos
ex[>osure to workers or the ublic.

One of the highest risks to the site and the remediation project is the flooding of
the mine caused by Baker Creek. As noted above, there are significant human
health and environmental consequences in the event of a serious flood at the
Giant Mine. This plan includes an Evaluation of Options to Prevent Flooding.
This evaluation will assess permanent solutions for Baker Creek including onsite
realignment or potentially re-routing the creek offsite. Reducing or eliminating the
flow of water across the mine site would significantly reduce on-site risks. The
plan includes expenditures for geotechnical investigations and assessments of
the
ible
ons for Baker Creek in the first

Linked to the risk of flooding is the issue of Underground Stabilization.
Assessments and investigations continue to identify several areas of the
underground mine that require stabilization. Some of the rock above the
underground chambers has been found to be thinner than previously thought. In
other areas the bulkheads, the concrete plugs that contain the arsenic within the
chambers, continue to require support and stabilization. The dangers associated
with an underground failure are significant as the ground could colla
Baker Creek which could result in the flood in of the mine.
An underground collapse resulting in arsenic being released into
deeper portions of the mine could also put the viability of the frozen block method
at risk. This would potentially require a new approach for the remediation of that
element of the site. To address these significant risks, stabilization activities
would be com
ic locations throughout the underground . •
This will be the beginning phase of
the larger and more costly underground work that will continue as a part of the
full remediation efforts beyond this site stabilization plan.
The Mill Conveyor is another significant on-site danger that requires
remediation. The mill conveyor is a large wood and steel structure that crosses
an active travel path on the site (see APPENDIX 1, photos g and h). Recent
assessments noted signs of structural instability and shifting. This presents a
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significant risk to on-site workers who pass underneath the conveyor several
times daily. The structure is adjacent to the Freeze Optimization Study (FOS)
infrastructure, and also acts as a fire continuation pathway between buildings. To
address these risks, sections of the conveyor would be lowered and set aside for
future remediation as a
of the Ia er

2. CARE AND MAINTENANCE

The next category of the plan is care and maintenance. To continue the daily
operations on the site, the project spends an annual amount on basic care and
maintenance. This work requires nearly 30 full-time site staff and includes all
aspects of keeping the deteriorating site in
and environmental
liance
site assessments, site security).

In order to maintain the stability of the site, there are also requirements to make
general improvements and upgrades to the existing infrastructure. These efforts
are needed to provide safe and efficient operations, as well as prepare the site
for full remediation . These activities include maintaining and upgrading site-wide
electrical systems, replacing and repairing infrastructure and equipment (e.g.,
pumps, motors, boilers) as well as general
airs
Effluent
Treatment Plant- tank liner replacement, 82 Dam).

3. ESSENTIAL DESIGN WORK

In order to develop and further the understanding of the complexities of some of
the project elements, the continuation of the engineering and design work is
required before proceeding to full remediation. This includes the work on the
design for the remainder of the underground wo
the freezin of the arsenic
chambers and the water treatment ..,,,.OT"'''"

A significant contribution to the final design will be made through the continuation
and completion of the FOS. The study is now operational, but research and trials
need to continue in order to establish the most effective and efficient process that
will be used for freezing each of the underground arsenic chambers. This
research will involve an extensive number of trials on the test chamber including
flooding, freezing and thawing. The trials will also include the final steps required
to effectively cap and freeze the chambers. The conclusion of the next phase of
the FOS will result in one frozen arsenic chamber and the results of the work
inform the approach that will be used for freezing the remaining chambers . •
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In order to preserve and utilize all mine site information, all paper documents and
records at the site need to be digitized. Operations at the site began in 1948, and
as a result, much of the key information that details the underground elements of
the mine exists only on paper. This information is critical to the responsible
custodianship of the site over the long term and will be an invaluable e
tool as the
·ect moves into detailed
·

The final element of this category of work is detailed design. The detailed design
stage follows the completion of preliminary design. The objective is to develop
contract read documents that can be used for the full scale remediation of the
site.

ONGOING ACTIVITIES

To support all of this work, the project team will need to continue with a number
of activities. These efforts will maintain the effective operation of the existing
activities and also prepare the site to proceed to full remediation as quickly and
efficiently as possible. These categories of expenses include regu
consultations and en
ment as well as

IMPLEMENTATION REQUIREMENTS

In order to successfully implement the site stabilization plan, a number of
requirements need to be met. The first is the establishment of a strategic
approach that will be developed through direct consultations with the Department
of Justice. This approach will be designed in a way that respects the regulatory
process while allowing the Project Tearn to proceed with the urgent work
required to address the on-site dangers and risks.
A communications strategy has also been developed for the rollout of the Site
Stabilization Plan. The Project team, in consultation with the Department of
Justice, has developed a plan that would introduce the site stabilization plan to
key partners and stakeholders. Timely and effective communication is essential
to obtaining the support of key groups and individuals. This includes early and
ongoing engagement and dialogue with the co-proponent of the project, the
Government of the Northwest Territories (GNWT), the Mackenzie Valley Land
and Water Board as well as the Mackenzie Valley Environmental Impact Review
Board. Early engagement is also required with regulators (e.g., Environment
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Canada, Department of Fisheries and Oceans, Aboriginal Affairs and Northern
Development Canada inspectors), as well as the interveners that are
participating in the environmental assessment, including the City of Yellowknife,
affected First Nations communities and non-governmental organizations. The
messaging of the plan focuses on the fact that action is bein~
nrr\T<:li~T human health and
as well as the environment. -

Although beneficial to the overall remediation to the site, the relocation of
Highway 4 (The Ingraham Trail) is outside the control of the Project Team . The
responsibility and management of the relocation rests solely with the GNWT. The
relocation would reduce public access to the site and allow for the safer
demolition of highly contaminated infrastructure (i.e., the Roaster Complex). The
project team continues to actively encourage the GNWT-Ied initiative to ensure
that it takes place as soon as possible.

CONCLUSION

The site stabilization plan has been developed in order to demonstrate that every
reasonable measure will be taken to address on-site dangers and risks in order
to protect human health and safety as well as the environment. The successful
implementation of this plan would result in significant progress being made
towards the remediation of the Giant Mine site. In collaboration with the
Department of Justice, the project team will work to develop the necessary
Is rocess while
strategic approach that respects the regulato
proceeding with the urgent work that is required.

8

9

APPENDIX 1- Photos of the Giant Mine Site
(A) Site Overview

(B) Baker Creek - Jojo Lake Tailings
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(C) 81 Pit

(D) 81 Pit
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(E) Roaster Complex

(F) Roaster Complex (Flues)
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(G) Mill Conveyor

(H) Mill Conveyor
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APPENDIX 3 - Schedule for Site Stabilization Plan
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September 12, 2011
Doug Townson, NWTAA, B. Arch.
Project Manager
Northern Contaminated Sites, Western Region
Public Works and Government Services Canada
4th Floor Greenstone Building, 5101- 50th Avenue
P.O. Box 518
Yellowknife, NT X1A 2N4
Dear Doug Townson:

Project No: 60162477
Document Number: 305-Demo Debris-15-LET -0003-Rev0_2011 0913
Regarding: Giant Mine- Structural Condition of Roaster Complex
Introduction
The purpose of this letter is to present a structural evaluation of the Roaster Complex at Giant Mine.
The complex consists of a total of 7 buildings as well as a series of exterior roaster flues, arsenic
storage silo and a 45 m tall exhaust stack. This evaluation was limited to reviewing PWGSC provided
information showing the structural condition of the structures, as well as reviewing information
presented in a 2009 Risk Management Report. Additional structural information on the roaster flues
was previously provided in an evaluation completed by AECOM in April2010. It should be noted that
AECOM has not completed an in person field inspection of all the structures referred to as the
Roaster Complex.

Background Information
The Roaster Complex consists of the following separate buildings and facilities:

•
•
•
•
•
•
•
•

Dorrco roaster
Cottrell roaster
AC Roaster/Pipe shop
Calcine Plant
Bag house
Silo-load out and silo
Stack fan house/ 45 m stack
Exterior roaster flues

It is understood that the majority of the buildings and structures within the Roaster Complex were
constructed in the late 1940's and 1950's and were in service until milling operations ceased at the
site (approx. 1999). The buildings were constructed using various construction methods and
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materials including wood and steel frames. It is understood that the buildings have not been used
and have been unmaintained since roasting ceased at the mine site. It is further understood that the
buildings contain large quantities of asbestos and arsenic trioxide dust.
The reference information that was reviewed in this evaluation was limited to:
•
•
•
•

"Structural Inspections Giant Mine- Various Buildings, Prepared by PWGSC, December
2007.
Indian and Northern Affairs Canada- 2009 Risk Registry, November 17, 2009.
AECOM Correspondence "Draft Roaster Flues Evaluation- Giant Mine" April 20, 2010.
"Site Inspection of Roaster Exhaust Stack for Royal Oak- Giant Mine, Yellowknife, NT" FSC
Group, December 1997.

Summary of Observations
In 2007 PWGSC completed a structural inspection of the Roaster Complex at Giant Mine. This report
indicated the following:
• The wood structure of the old roaster building does not show any significant signs of rot.
•
Some of the exterior asbestos paneling on the walls is not securely fastened and some of the
fasteners appear to be corroded. In some locations the panels have been damaged or have
been removed.
•
Gaps are present between panels in the roof of the complex; in some areas, the roof panels
were heavily corroded or missing.
•
Interior catwalks in some areas were not structurally sound and were not recommended for
use.
• There were no major signs of corrosion or deflection of the main structural elements.
In order to note any additional failures of the asbestos panelling and/or panel fasteners,
•
annual monitoring is recommended.
The November 2009 Risk Registry reported that there would be a High Community/Media Reputation
Risk and a High Consequence Risk if there was a partial structural failure in the Roaster Complex
which resulted in the release of asbestos or arsenic trioxide. The risk registry also reported a High
Community/Media Reputation Risk in the event there was a fire in the Roaster Building which resulted
in the release of asbestos and arsenic trioxide to the environment.
In 2010, AECOM completed an inspection of the exterior roaster flues. This report identified the
following items:
•

•

Due to the very poor condition of the metal flues located on the east side of the Cottrell
building, there is a high probability that the corrosion of the bottom of the flue will continue
and will eventually result in the failure of the bottom of the flue, which would release a large
quantity of arsenic trioxide dust. Due to the poor condition of the flues, this release could
occur without failure of a structural member, since the bottoms of the flues are partially
unsupported.
Due to the close proximity of the site to the adjacent highway as well as to other working
areas of the facility, there is the potential that on-site workers or off-site public could be
exposed to arsenic trioxide if there was an on-site release.
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Due to the presence of numerous openings in the buildings located in the Roaster Complex,
there is the potential for ongoing releases of arsenic and asbestos containing dust from the
buildings in the Roaster complex.
Large quantities of asbestos containing pipe insulation are currently falling off of the flues and
are being windblown around the area.
Openings (missing windows, broken building corners, etc.) in the Roaster Complex buildings
were present and friable asbestos insulation was visible. Wind gusts will potentially cause
the asbestos and arsenic dust to migrate into the environment.

This report recommended that the scattered asbestos debris should be collected and all building
openings covered. Different options for the removal of the different flue networks were also
presented.
The 1997 FSC inspection report on the exhaust stack identified the following deficiencies:
• There was erosion visible in the exterior and interior masonry with the interior being in worse
condition in the mortar at the top of the stack;
•
Due to the build up of a precipitate at the top of the stack, the steel cap at the top has come
apart and is being separated from it's mounting bolts; and
• A portion of the steel cap was also missing (i.e. fallen off) at the time of the inspection.
This report recommended:
• The stack be inspected on a regular basis, but not less than once per year;
• The stack be cleaned periodically to reduce the level of interior erosion; and
• The steel ring located at the top of the stack be remounted and bolted together.
Discussion
The background information indicates that there has been a noticeable amount of structural
degradation in various elements within the Roaster Complex. Degradation has been observed in
both non-structural (cladding) and in structural supports. Due to the length of time that has passed
since the last structural inspections were completed, additional degradation of the cladding and other
structural components on the exhaust stack, roaster flues and roaster buildings would be expected.
It is understood that there is a considerable volume of arsenic located in the abandoned flue network
located on the east side of the Roaster Complex. Based on the deteriorated condition of the flues
(especially the Cottrell flue) there is a considerable risk of a release of arsenic from the site if there
was a failure of the flue system. In addition, due to the presence of building openings in the adjacent
Roaster and Cottrell buildings, there is also a potential for further release to the environment of
arsenic and friable asbestos.
Recommendation
Since the structures located within the Roaster Complex are no longer used or maintained for their
original use, and they represent a potential risk to on-site users and the environment, it is
recommended that the structures be abated of hazardous materials and deconstructed Due to the
current condition of the different structures it is recommended that the deconstruction of the exterior
flues and exhaust stack be planned as a near term action item (i.e. within 1 year), while
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deconstruction of the remaining roaster complex structures should be completed within a long term
(i.e. within 2-3 years). Due to the potential for items to fall off the top of the exhaust stack, there is the
potential for on-site workers to be injured from falling objects. Therefore deconstruction of the stack
is required before the start of the deconstruction of the other exterior flues.
Due to the amount of asbestos and arsenic trioxide within the Roaster Complex, all future
deconstruction programs will need to be completed following a strict removal protocol by speciality
contractors. In order to avoid mobilization costs for these contractors, consideration should be given
to include the as much of the deconstruction of the roaster complex in a single contract.

Closing
Engineering judgment has been used in the preparation of this report and the conclusions and
recommendations are based solely on the information made available. If further information germane
to issues discussed in this report become available, AECOM Canada Ltd. reserves the right to revise
the contents and conclusions outlined herein.
The above report has been prepared for the exclusive use of the Government of Canada in
determining a course of action with respect to the issues outlined in this report. There are no
representations of any kind made by AECOM Canada Ltd to any party other than the Government of
Canada.
Should you wish to discuss this matter any further, please contact me at (780) 486-7000.

Sincerely,

AECOM Canada Ltd.

Bob Gillis, P.Eng.
,
JNU
Senior Project Engineer_.
~;r/ 5
Planning, Design & Development
"
bob.qillis@aecom.com

PERMIT TO PRACTICE
AECOM Canada Ltd.

Signature~
Date

~C/7//

~

PERMIT NUMBER: P639
NWT/NU Association of Professional
Engineers and Geoscientists
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June 17, 2011

INFORMATION REQUEST RESPONSE

EA No: 0809‐001

Information Request No: MVEIRB 12 (Qu 1, 2, 3, 4 & 5)

Date Received: February 21, 2011
Linkage to Other IRs: MVEIRB IR 8, 13, 14, 15 and YKDFN IR 5, 10
Date of this Draft: June 17, 2011

* Draft No: 2

Preamble
The DAR section on accidents and malfunctions only examines failures of individual elements of the
project in isolation. It describes what would happen assuming all design features, mitigation measures
and emergency response plans are functioning ideally. It does not address likelihoods and severity of
each risk. It provides no scenarios of larger events that could cause compound failures of several
elements, or consequences of domino effects within overall systems. This includes the larger events
described in section 9.
The risk assessment defines “credible” events as those that have a reasonable probability of occurring
within the first 25 years, based on the temporal scope of the EA. However, the temporal scope defines
the activities assessed, not the duration of effects of the project to be considered. The Board assesses
what happens because of development activities occurring within that time, not only the effects that
happen during that time. The developer’s definition of “credible” appears to exclude all long‐term risks
and low probability events.
Question 1: Please identify risks for the life of the project, beyond those occurring during initial
development activities.
Question 2: Please identify scenarios for events in short and long‐term which could cause multiple
failures of components of the project
Question 3: Please evaluate probabilities and severities and consequences (including costs) resulting
from those scenarios
Question 4: Please describe how failures of individual components would affect the larger systems they
are a part of
Question 5: Please describe probabilities, severities and consequences (including costs) for the events
discussed in section 19 plus any additional long‐term risks identified (see point 1, above).

Page 1 of 3

Giant Mine Environmental Assessment
IR Response Template
Round One: Information Request MVEIRB #12 (Qu1, 2, 3, 4 & 5)

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86

June 17, 2011

Reference to DAR (relevant DAR Sections): DAR s. 9, DAR s. 10
Reference to the EA Terms of Reference: ToR 2.3, ToR 3.2.5
* Is Issue within the scope of Terms of Reference? Yes
Question 1: Please identify risks for the life of the project, beyond those occurring during initial
development activities
Question 1 Response:
Three risk workshops were arranged and at the first session, Fault Trees were developed which
summarizes failure scenarios relevant to this project. These fault trees identify the initiating events for
the overall project, as well as the impact a component failure has on an overall system. Appendix A of
the attached report, “Failure Mode Effects Criticality Analysis (FMECA) ‐ Giant Mine Remediation ‐ Giant
Mine Remediation – Mackenzie Valley Environmental Impact Review Board – Information Request 12
Response,” presents these fault trees for the various systems and evaluates risk in both the short and
long term.
Question 2: Please identify scenarios for events in short and long‐term which could cause multiple
failures of components of the project
Question 2 Response:
Cascading Event Scenarios and Multiple Cause Scenarios were developed to assess how multiple failures
of components would affect the Giant Mine project in both the short and long term. A cascading event
scenario refers to a series of accidents and malfunctions occurring because of one initiating event; which
may cause another malfunction to lead to a series of other multiple malfunctions. The cascading event
scenarios developed for both the short and long term of the project are presented in Appendix B of the
attached report. Multiple cause scenarios were also examined in preparing the response for question 2.
A multiple cause scenario is a specific fault scenario which includes two or more initiating events
occurring simultaneously. These types of scenarios generally have a lower likelihood as they require two
unrelated causes to happen simultaneously. In the evaluation of multiple cause scenarios, focus was
placed on evaluating multiple cause scenarios for the freeze and water management systems. The
multiple cause scenarios developed for both the short and long term are presented in Appendix C.
Question 3: Please evaluate probabilities and severities and consequences (including costs) resulting
from those scenarios
To evaluate the probabilities, severities and consequences, experienced workshop participants reviewed
the hazards and risks from the Fault Trees and further examined consequences, probabilities and
severities through Failure Modes Effects Criticality Analysis (FMECA). The risks were broken down into
detail and were given a rating for the likelihood of occurring, and a risk rating for public safety,
environment and cost consequences. If the scenario posed risks at a level of moderate to high,
mitigating measures / design elements were applied and the risk rating was re‐evaluated. The FMECA
tables for the major systems are presented in Appendix D of the attached report.
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Question 4: Please describe how failures of individual components would affect the larger systems they
are a part of
The first of three risk workshops arranged developed Component Fault Trees which summarizes how a
component failure can affect an overall system of the Giant Mine project. Appendix A of the attached
report presents these component fault trees for the various systems and looks at risk in both the short
and long term.
Question 5: Please describe probabilities, severities and consequences (including costs) for the events
discussed in section 10 plus any additional long‐term risks identified (see point 1, above).
To evaluate the probabilities, severities and consequences discussed in section 10, the workshop
participants reviewed the risks from the Fault Trees and further examined consequences, probabilities
and severities through FMECA. The risks were broken down into detail and were given a rating for the
likelihood of occurrence, and a risk rating for public safety, environment and cost consequences. If the
scenario posed risks at a level of moderate to high, mitigating measures / design elements were applied
and the risk rating was re‐evaluated. The FMECA tables for the major systems are presented in
Appendix D of the attached report.
* Prepared By:
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Statement of Qualifications and Limitations
The attached Report (the “Report”) has been prepared by AECOM Canada Ltd. (“Consultant”) for the benefit of the
client (“Client”) in accordance with the agreement between Consultant and Client, including the scope of work
detailed therein (the “Agreement”).
The information, data, recommendations and conclusions contained in the Report (collectively, the “Information”):
is subject to the scope, schedule, and other constraints and limitations in the Agreement and the
qualifications contained in the Report (the “Limitations”)
represents Consultant’s professional judgement in light of the Limitations and industry standards for the
preparation of similar reports
may be based on information provided to Consultant which has not been independently verified
has not been updated since the date of issuance of the Report and its accuracy is limited to the time
period and circumstances in which it was collected, processed, made or issued
must be read as a whole and sections thereof should not be read out of such context
was prepared for the specific purposes described in the Report and the Agreement
in the case of subsurface, environmental or geotechnical conditions, may be based on limited testing and
on the assumption that such conditions are uniform and not variable either geographically or over time
Consultant shall be entitled to rely upon the accuracy and completeness of information that was provided to it and has
no obligation to update such information. Consultant accepts no responsibility for any events or circumstances that
may have occurred since the date on which the Report was prepared and, in the case of subsurface, environmental or
geotechnical conditions, is not responsible for any variability in such conditions, geographically or over time.
Consultant agrees that the Report represents its professional judgement as described above and that the
Information has been prepared for the specific purpose and use described in the Report and the Agreement, but
Consultant makes no other representations, or any guarantees or warranties whatsoever, whether express or
implied, with respect to the Report, the Information or any part thereof.
The Report is to be treated as confidential and may not be used or relied upon by third parties, except:
as agreed in writing by Consultant and Client
as required by law
for use by governmental reviewing agencies
Consultant accepts no responsibility, and denies any liability whatsoever, to parties other than Client who may
obtain access to the Report or the Information for any injury, loss or damage suffered by such parties arising from
their use of, reliance upon, or decisions or actions based on the Report or any of the Information (“improper use of
the Report”), except to the extent those parties have obtained the prior written consent of Consultant to use and rely
upon the Report and the Information. Any damages arising from improper use of the Report or parts thereof shall be
borne by the party making such use.
This Statement of Qualifications and Limitations is attached to and forms part of the Report and any use of the
Report is subject to the terms hereof.
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Introduction

Giant Mine is an abandoned gold mine which is currently under the care and maintenance of Indian and Northern
Affairs Canada (INAC) while preparations are made to implement the long term remediation plan for the site. The
Giant Mine Remediation project Developer’s Assessment Report (DAR) (SRK, 2010) is currently under review by the
Mackenzie Valley Environmental Impact Review Board (MVEIRB). The DAR outlines the overall remediation plan for
all aspects of the site. In addition, the preliminary design is currently being developed to expand on the overall plan
outlined in the DAR. The DAR includes Section 10 which assesses risks associated with the remedial plan outlined
in the DAR for the first 25 years of implementation.

1.1

Scope

The scope of this report is to address requests for information which were raised during the MVEIRB review of the
Giant Mine Remediation plan outlined in the DAR. The purpose of this report is to address the Information Requests
(IR) on the subject of risk by expanding on the risk assessment completed as part of the DAR development and
completing a Failure Mode Effects Criticality Analysis (FMECA). AECOM Canada Ltd. (AECOM) and Golder
Associates Ltd. (Golder) developed this report, which is a summary and compilation of risks identified and assessed
in workshops by a number of participants.

1.2

Information Request (IR)

Information Request #12 was developed by the MVEIRB Review Board and includes 5 questions which are listed
below.
1. Please identify risks for the life of the project, beyond those occurring during initial development activities.
2. Please identify scenarios for events in short and long-term which could cause multiple failures of
components of the project.
3. Please evaluate probabilities and severities and consequences (including costs) resulting from those
scenarios.
4. Please describe how failures of individual components would affect the larger system they are part of.
5. Please describe probabilities, severities and consequences (including costs) for the events discussed in
section 10 (of the DAR) plus any additional long term risks identified (see point 1 above).
This report supports responses to the above questions.

1.3

Workshops

Three workshops were held for the purpose of identifying and assessing risks. The following was the overall purpose
of the workshops.
Develop sequences of events over the short and long term that may lead to component failures and consequential
losses. Identify the causes of key component failure. Describe or develop mitigation measures or safeguards
included in the remedial design and management system to manage, mitigate or prevent these failures.
There were three workshops held to achieve the overall purpose. The workshop details are listed below including a
list of participating agencies. A detailed list of those that attended on behalf of each agency is attached in Appendix
E.
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Workshop 1:
March 22 to 24, 2011 in Vancouver
Participants: INAC, PWGSC, Department of Justice (DOJ), Golder, and AECOM.
Workshop 2:
April 4 to 6, 2011 in Vancouver
Participants: INAC, PWGSC, DOJ, Golder, AECOM, and SRK Consulting (SRK).
Workshop 3:
May 30 and 31, 2011 in Edmonton
Participants: INAC (including technical advisor, Brodie Consulting), PWGSC, Golder, and AECOM
The first workshop included a brainstorming session to identify events and major component failures. Participants
expanded on the consequences of each of the events identified and developed the first draft of the Failure Scenario
Analysis (FSA). Components which could result in major system failure were also identified in the FSA format.
Failure scenarios were developed through trees indentifying the sequence of events in the scenario. These failure
scenarios were used in the second workshop to analyze the risk associated with these scenarios. The third
workshop reviewed these risks as it applied to the short term and long term scope of the Giant Mine Project. Risk
mitigating measures were included in the risk estimates, and where appropriate, additional measures were
recommended and the risk was re-assessed.
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Risk Assessment Framework
Risk Timeline

2.1.1 Short Term
Short term risks, as defined for the purpose of this risk assessment, are risks which occur during the implementation
of the Giant Mine Remediation project. This timeline begins on day one of the remediation contract for that specific
system or component and ends when steady state has been achieved, for an approximate duration of 25 years. The
Giant Mine Remediation project will involve a series of remediation contracts which may not occur simultaneously,
therefore the short term risk timeline may vary from one system or component to another.
For example, the short term timeline for the existing structure demolition would begin on day one of the demolition
contract and would be complete once all the existing structures are decontaminated, demolished and the waste
sorted, transported and disposed of. The short term timeline for structural demolition may be less than the general
25 year timeline, depending on the sequencing of demolition.

2.1.2 Long Term
The risk of events which could occur after steady state is achieved is defined as long term for the purpose of this
assessment. The assumed endpoint of this timeline is 100 years, beginning after steady state is achieved. The
identification and assessment of these risks is limited to what the assessment team can envision for the next 100
years based on the current remediation plan. This 100 year period is the time in which the remedial components are
expected to function within specified parameters with ongoing maintenance. However, this time frame does include
low probability events, such as a 1 in 500 year rainfall event. If the remediation plan is changed, or at some future
point a new remediation technology is implemented, the long term risks would require reassessment.

2.2

Assumptions

Risks were identified and assessed within the scope of this report in the context of the following general
assumptions. Any specific assumptions for a particular failure mode or scenario are included in Section 3.4 of this
report.

2.2.1 Permits
All required permits or other approvals are assumed to have been attained prior to the start of project
implementation. Delays as a result of permit or approval application have not been included into the short term
timeline for the risks identified and assessed. Risks associated with permits and approvals have not been included in
the scope of this assessment.

2.2.2 Funding
Funding for the remediation is assumed to be in place prior to project implementation. Delays in the project and the
risks to the project as a result of funding delays have not been assessed, except as a total project failure scenario in
the assessment of institutional failures.

2.2.3 Care and Maintenance
The scope of this risk assessment does not include the care and maintenance period and the risks which could
occur before the start of the short term risk timeline. It is assumed that care and maintenance will continue until
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project implementation and that the remediation contracts will overlap with the care and maintenance contract and
all systems would be maintained as per current standards until the implementation starts.

2.2.4 Worker Health and Safety
Worker health and safety is not included in this assessment. Worker health and safety will change based on the
methods for completing the work, which the remediation contractor will decide. The assumption is that worker health
and safety will be assessed once the detailed remediation design is completed and all tasks would be performed
with appropriate health and safety plans by staff with appropriate training, in compliance with the applicable
regulations (eg. NWT Mine Health & Safety Act).

2.3

Definitions

The following terms are defined to closely align with the Developer’s Assessment Report (DAR) (SRK, 2010) and to
remain consistent with language used in the IR. These definitions will be used to describe the possible risks to
maintain consistency throughout this assessment.

2.3.1 Initializing Event / Cause
An initializing event or cause is the root of all failure scenarios and is the cause of system or component
failure. An initiating event can lead to either an accident or malfunction and includes natural events,
technological causes, or human error. A list of major initiating events or causes assessed for the Giant Mine
Remediation project is included in Section 2.4 of this report.

2.3.2 Accident
An accident is an unplanned event which leads to system or component failure. An accident could be a
result of a specific initiating event or cause. Examples of accidents include extreme weather, human error
and traffic accidents. Prevention measures could be implemented to decrease the likelihood of an accident
and mitigating measures could be implemented to reduce the effects of an accident.

2.3.3 Malfunction
A malfunction is the failure of a system, component or sub-component (eg. equipment) to function in a
manner for which it was intended. A malfunction can result from an initiating event or cause as defined
above.

2.3.4 Credible Event
A reasonable probability of occurrence based on professional judgement in the context of project-specific
conditions.

2.3.5 Failure Scenario
A failure scenario is a specific sequence of events starting with an initiating event or cause which leads to
system or component failure and corresponding impacts from that failure.

2.3.6 Cascading Events Scenario
A cascading events scenario starts with one initiating event or cause which causes the failure of multiple
systems or components.
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2.3.7 Multiple Cause Scenario
A multiple cause scenario starts with two or more unrelated initiating events or causes which occur
simultaneously and cause the failure of systems or components.

2.3.8 System Failure
A system failure within the Giant Mine Remediation project is a major design or operating system that can no
longer perform its function as required. System failures have the largest impact on the integrity of the project
and are major remediation design elements. Each system has the potential to fail through a variety of
initiating events or causes. A list of systems assessed for the Giant Mine Project is included in Section 2.5 of
this report.

2.3.9 Component Failure
A component failure within the Giant Mine Remediation project occurs when one or more parts or
components of a system can no longer perform its function as required. A list of all components assessed for
the Giant Mine Project is included in Section 2.5 of this report.

2.3.10 Mine Water Treatment Plant (Mine WTP) and Effluent Treatment Plant (ETP)
The Effluent Treatment Plant (ETP) is the current treatment plant at the Giant Mine Site. This treatment plant
is operational only seasonally. In the short term the ETP will be operational while the new Mine Water
Treatment Plant (Mine WTP) is being constructed. The Mine WTP will be operational on a full time basis in
the long term as part of the Water Management System.

2.4

Initiating Events at Giant Mine

The following have been identified as the major initiating events (accidents) or causes of failure scenarios at the
Giant Mine Remediation project. These initiating events may cause other accidents or malfunctions, which in turn
impact systems and components of the project. .
1.
2.
3.
4.
5.
6.

2.5

Environment (Extreme Weather)
Flood
Forest Fire
Power Failure
Seismic
Climate Change

Systems and Components at Giant Mine

The following have been identified as the seven major systems and associated components/subcomponents of the
Giant Mine Remediation project.
1. Water Management System
A. Water Storage
B. Piping
C. Existing Effluent Treatment Plant (ETP)
i. Settling/Polishing Pond
D. Mine Water Treatment Plant (eg. Chemical supply for operation)
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E. Diffuser
F. Pumps
G. Bay Assimilation Capacity (eg. Loss of capacity in receiving environment)
2. Underground System
A. Arsenic Chambers/Stopes
B. Non-arsenic Chambers/Stopes
C. Crown Pillars/Sills
D. Backfill
3. Baker Creek System
A. Banks
B. Creek Beds (Stability)
C. Stream Channel
i. Ice damming
ii. Blockages (Beaver Dams)
4. Freeze System
A. Freeze Implementation
i. Freeze Plant
ii. Passive Cooling Infrastructure Component
B. Drill Holes
C. Frozen Shell
D. Frozen Block
i. Passive Freezing (Monitoring System)
E. Intentional Thaw
5. Surface System
A. Tailings
i. Cover
ii. Dam
iii. Spillways
B. Open Pits/ Surface Openings
i. Site Security
C. Highway
6. Buildings (Short Term Only)
A. Roaster
B. Mill
C. Stack
7. Institutional System (Management of the Project)

2.6

Risk Assessment Methods

The following sections describe the methods used to assess risk over the short and long term that have the potential
to lead to system failure, component failures and consequential losses. These methods identify key initiating events
or causes and identify the potential impacts of system or component failures. Failure scenarios for each system are
then assessed for likelihood and severity of impact to public health, the environment and cost. A combination of the
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likelihood and severity of impact is used to categorize the risk associated with that particular failure scenario. Where
appropriate, a description of possible mitigation measures is included and a reassessment of the risk is completed.

2.6.1 Failure Scenario Analysis (FSA)
2.6.1.1

Description of FSA

As described in Canadian Standards Association’s Risk Analysis Requirements and Guidelines (CSA, 1991), Failure
Scenario Analysis (FSA) is a method of identifying and organizing conditions and/or factors that can contribute to a
specific undesired event. In this method, there is one initiating event (the root) with connecting accidents or
malfunctions that lead to system or component failures that are caused by the root event. Failure Scenario Analysis
(FSA) allows for a systematic analysis of how a variety of factors relate directly to the initiating event.
2.6.1.2

Process

The following steps outline the process of the FSA method.
1. Defining the undesired event to study;
2. Obtaining an understanding of the system;
3. Constructing a tree linking the scenario events;
4. Evaluating the tree; and
5. Identifying failure scenario controls (prevention and/or mitigating controls)..
The FSA process was completed at the first risk workshop, as described in Section 1.3. Participants of this workshop
identified the initiating events as well as the major systems and components failures of the Giant Mine Remediation
project.
2.6.1.3

Failure Scenario Tree

One of the advantages of using an FSA approach is the ability to clearly illustrate the sequence of events that can
take place or are required to take place for a failure to occur. This method effectively illustrates how resistant a
system is to single or multiple initiating events. Figure 1 displays an example of the layout of an initiating event
failure tree.
Figure 1: Initiating Event Failure Tree

Failure 1
Malfunction

Subsequent
Failure 1

Failure 2
Initiating
Events
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This method distinguishes time frames of the malfunction/accident being analyzed. The same malfunction can have
different results depending on whether it has occurred in the short term period of the project or the long term. To
decipher between these, pink events occur in the short term, blue events occur in the long term, and orange events
occur in both short and long term.
This method of analysis was also used to identify various credible initiating events and malfunctions/accidents that
can lead to one of the components of the Giant Mine to fail. Figure 2 illustrates this layout of a component failure
tree. The advantage to using this layout is it provides insight to all the different ways the major components can fail.

Figure 2: Component Failure Tree

Initiating Event
1

Malfunction
Initiating Event
2

Initiating Event
4

Failure 1

Initiating Event
3

Accident

Accident

Failure 2

Component
Failure

2.6.2 Failure Mode Effects Criticality Analysis (FMECA)
This section is an adaptation of Golder Associates, Introduction to the Systems FMECA Method for Risk
Assessment. (Golder, 2011)
2.6.2.1

Description of FMECA

Overview
The Systems Failure Modes and Effects Criticality Analysis (FMECA) method is an adaptation of the FMEA method
originally developed to assess the detailed risk associated with parts and components of equipment. This
adaptation includes studying large systems, rather than small components, identifying risk mitigation measures,
estimating and ranking the risk using the risk matrix and documenting the results in the FMECA tables. The
Systems FMECA method covers all of the standard risk assessment steps.
The Systems FMECA method allows teams of experienced personnel to evaluate large systems by identifying
analysis objectives, analysis processes, and failure modes. Credible failure modes and their associated
consequences were first identified using an assessment protocol and the knowledge base of the risk assessment
team. Controls and/or design elements to mitigate risk were also identified. Public safety, environment, and cost
risk (as defined in the objectives) was estimated for each failure mode and associated consequence using a risk
matrix approach.
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Team Workshop
The Systems FMECA method was based on a team of experienced personnel assessing risks in a systematic
workshop process. The team for Giant Mine included AECOM, Golder, SRK, PWGSC, INAC, and DOJ
representatives as detailed in Section 1.3 of this report. The experience of team members, along with key
documents, provided the knowledge base and the workshop format provided a method to build synergies given the
wide range of experience and knowledge.
Analysis
The first step in risk analysis involved defining the objectives and context for the assessment. Objectives focused on
the assessment of specific impacts that may include any number of risks to the public, the environment, or cost. The
scope of the analysis defined the system and how it can be divided into principal units to be analyzed separately
(and then as a complete system).
A Systems FMECA is a comprehensive process designed to identify potential significant and credible “failure modes”
associated with the system being assessed (e.g., an operating facility assessed unit by unit). The “failure mode”
describes how a system may fail and includes all possible causes ranging from natural events, such as earthquakes
to equipment failures, operator errors, and management system deficiencies. Potential public safety, environment,
or cost “effects”, as defined in the study objectives, are also identified for each failure mode. For example,
environmental “effects” may be measured in terms of environmental clean-up costs following a release from a
facility. A series of events usually needs to occur before a “failure mode” results in an “effect,” and therefore the
complete series of events or failure scenario is assessed. Following the identification of this series of events, the
risk or “criticality” is estimated using a Risk Matrix approach described in Section 2.6.2.2.
2.6.2.2

Risk Matrix

For each of the significant failure modes and corresponding consequences (failure scenarios) identified in the
Systems FMECA, a measure of the associated risk was estimated using risk matrix methodology. A risk matrix is
comprised of one index representing the measure of frequency and another index representing the measure of
consequence severity. When a failure mode and consequence scenario was identified, the associated risk was
estimated by locating it within the risk matrix.
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A number of attributes of the risk matrix are illustrated in Figure 3.
Figure 3: Risk Matrix Format

CONSEQUENCE SEVERITY
CATEGORY
A) Low
Low-level shortterm subjective
I) Public Safety

symptoms/ No
measurable
physical effect/ No
medical treatment

B) Minor
Objective but
reversible
disability/impairment
and/or medical
treatment injuries
requiring
hospitalization

C) Moderate
Moderate
irreversible
disability or
impairment to
one or more
people

D) Major

E) Critical

Single fatality
and /or severe
irreversible
disability or

Multiple fatalities

impairment to
one or more
people
Impact on valued
ecosystem

II) Environment

No impact

Minor localized or
short-term impacts

Impact on valued

component and

ecosystem

medium-term

component

impairment of
ecosystem

Serious long term
impairment of
ecosystem
function

function
III) Cost ($)

<100,000

100,000-1M

1.0M-10M

10M-50M

>50M

LIKELIHOOD
Index
1

Event/Years
More than once
every 5 years
Once every 15

2

years
Once every 30

3
4
5

years

Increasing Risk

Once every 100
years
Once every 1000
years

Likelihood Index
As shown in Figure 3, the likelihood or frequency index on the left of the matrix ranges from a “1” (Frequent) to a “5”
(Infrequent) event and is more formally defined in terms of frequency with an events/year value. The index is divided
into orders of magnitude with the expectation that the knowledge base of the team and the historical industry
performance record will be sufficient to estimate the level of risk to this accuracy.
Consequence Categories
In this matrix, 3 categories of consequences have been assessed for the Giant Mine Remediation project; public
safety, environment, and cost.
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The severity of effects for each category of consequence is defined by an index ranging from “Low” to “Critical.”
These indices are detailed with the definitions used for this risk assessment workshop. In total, there are three
separate risk matrices shown in Figure 3 (one for each consequence category), and each failure scenario would be
located in one or more of these three matrices as appropriate.
Risk Evaluation
Risk evaluations were completed following the identification of risk scenarios and measurement of consequences.
The evaluation of risk requires determining the acceptability of risk as defined through the different locations (or risk
values) within the risk matrix developed for the risk assessment.
The criteria for evaluating risks were developed for the risk management program and were useful for comparing
risks, such as those among different operations, or for prioritizing risks. The risk matrix shown in Figure 3 was
divided into five groups representing the criteria for managing risks. These groups were color-coded from Green
(lowest risk) to Yellow to Orange to Red to Dark Red (highest risk).
The high priority risk level (color-coded dark red and red) may be associated with a management action to “Reduce
Risk.” Action steps may involve more detailed study to improve the risk estimate and determine if it is actually lower
than estimated. In some cases, all mitigation options may prove to be uneconomic and senior management may
decide to accept the risk but actively manage it.
The intermediate risk levels (color-coded orange and yellow) may be associated with various management actions to
“Reduce Risk as Appropriate” and involve balancing the cost of mitigating risk with the benefits received. Action
steps may again involve further study to improve the risk estimate. They may also include prioritizing the application
of resources according to the identified risks and implementing measures to decrease risk either by decreasing
frequency, consequences, or a combination of the two. The risk matrix illustrates this concept of reducing risk.
Different cost implications are often associated with the choice of decreasing frequency, consequences, or a
combination of the two.
The lowest risk level (color-coded green) may be associated with the management action to “Monitor and Control
Risk” and involve accepting the risk as long as it is both monitored and controlled to ensure it does not creep up to
the next level.
2.6.2.3

FMECA Table

Results from the Systems FMECA are documented in an FMECA Table that includes the following information:
System, unit description
Component / Subcomponent
Risk Issue / Failure
Event / Causes
Potential Consequences (one or more for each failure mode)
Risk Estimate
Planned Mitigation / Controls / Management Measures
Evaluation
Residual Risk Estimate according to frequency and consequence location in each risk matrix
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A schematic of the FMECA Table format used, with an example for one failure scenario, is presented in Figure 4
below.
Figure 4: FMECA Table Format
CONSEQUENCE
SEVERITY

A

C

B

EVALUATION

Confidence
Estima te
Cost

PLANNED
MITIGATION/CONTROLS/
MANAGEMENT MEASURES

Environment

POTENTIAL CONSEQUENCES

LIKELIHOOD

EVENT/CAUSES

Public Safety

RISK ISSUE /
FAILURE

Cost

SUBCOMPONENT

Environment

COMPONENT

Public Safety

ID

LIKELIHOOD

CONSEQUENCE
SEVERITY

A

C

B

Short Term
SS-4

Ditches

Accident: Flooding

Extreme rainfall

Sediment discharge, erosion and
sediment release to Baker Creek.

3

Ditches will be upgraded to final
design standard including rip-rap
cover treatment on erodible fine
material.

Erosion and sediment control
during construction will reduce
the risk of sediment releases.

4

High

As shown, the above table documents a description of the failure scenario including existing safeguards, an estimate
of the residual risk for all relevant categories, and any further comments or background on uncertainty associated
with the assessment. Where appropriate, a follow up risk rating classification was completed after mitigating
measures were assessed. Uncertainty in the assessment (or risk rating) as a result of knowledge base, random
process, etc., are described qualitatively through the confidence index column (high, medium, or low).
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Risk Assessment Results
Identified Risks for the Giant Mine Remediation Project

3.1.1 Short and Long Term FSA
The Failure Scenario Trees developed in the first workshop are included in Appendix A. These trees summarize
credible failure scenarios relevant to the Giant Mine Remediation project. They identify both the effects of initiating
events on the overall project as well as the impact component failure has on overall systems of Giant Mine.
These Failure Scenario Trees address Question 1 of IR 12, as they identify the risk events for this project in both the
short and long term. The component failure trees address Question 4 of IR 12, as they identify how a component
failure can affect an overall system of the Giant Mine project.
These trees were used as a basis to develop the failure scenarios, cascading event scenarios, and multiple cause
scenarios assessed in the FMECA tables.

3.2

Cascading Events Scenarios

Cascading events refer to the series of accidents and malfunctions that may occur because of one initiating event.
One malfunction may cause another series of malfunctions which in turn can cause other undesirable results. The
time period of occurrence (during the short or long term) also has an influence on end results.
These cascading events scenarios for both the short and long term time frames are summarized in the tables
included in Appendix C.
The information in the tables addresses Question 2 of IR 12, as they identify multiple failure scenarios for both
system and components at Giant Mine in both the short and long term.

3.3

Multiple Cause Scenarios

Multiple cause scenarios are specific fault scenarios which include two or more initiating events occurring
simultaneously. These fault scenarios have a low likelihood of occurring because the likelihood of two unrelated
causes happening simultaneously is lower than that of the causes happening separately.
The identified multiple cause scenarios, included in Appendix D, focus on the freeze system and the water
management system. These are generally the systems which are associated with higher ratings for risk and will
continue to operate in the long term.
The information in these tables addresses Question 2 of IR 12, as they identify additional multiple failure scenarios in
the short and long term for both system and components.
The cascading events and multiple cause scenarios include a link in the tables to the appropriate FMECA risk
assessment for that scenario.
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Likelihood and Consequence Severity of Identified Failure Scenarios

3.4.1 Short and Long Term FMECA
The information in the FMECA tables addresses Questions 3 and 5 of IR 12. This assessment was completed for the
failure scenarios identified by the following methods:
1. The FSA;
2. The cascading event scenarios; and
3. The multiple cause scenarios.
The FMECA tables are included in Appendix B of this report. These tables are organized by major project system
and the short and long term risks for that system are included in the same table.
In failure scenarios where risks were moderate to high, additional mitigating measures were recommended and the
risk estimate was re-evaluated. If the risk estimate for a fault scenario was low to moderate mitigating measures may
have been recommended but a re-evaluation of the risk rating was not completed.

3.5

Summary

The assessment of risk for the Giant Mine Remediation project was completed by utilizing a Failure Scenario
Analysis (FSA) and a Failure Modes and Effects Criticality Analysis (FMECA) which follow the reference Canadian
Standards Association Risk Analysis Requirements and Guidelines (CSA, 1991). Workshops were held to carry out
this risk assessment be identifying the major systems and components for the Giant Mine Remediation project,
developing associated failure scenarios and assessing the associated risks.
The FSA method identified failure scenarios for specific initiating events and failure scenarios for specific
components, which effectively identifies risks in the short and long term for the Giant Mine Remediation Project. The
FSA method was used to develop failure scenarios, cascading event scenarios, and multiple cause scenarios.
These scenarios were then assessed using the FMECA method. The FMECA tables are organized according to the
major project systems identified in this assessment, listed below.
Underground System
Freeze System
Baker Creek System
Surface System
Water Management System
Institutional System (Management of the project)
Buildings (Short Term Only)
If the FMECA tables assigned risk levels as moderate to high, additional mitigating measures were recommended
and the risk estimate was re-evaluated. As a result of applying the mitigation, the re-evaluated risk generally
decreased, either through a decrease in the likelihood of the failure or a decrease in impacts to the public,
environment and/or cost.
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The purpose of this assessment was to identify risks which impact the overall objective of the Giant Mine
Remediation Project, which include:
Manage the underground arsenic trioxide in a manner that will minimize the release of arsenic to the
surrounding environment, minimize public and worker health and safety risks during implementation, and be
cost effective and robust over the long term;
Remediate the surface of the site to the industrial use guidelines under the NWT Environmental Protection
Act, recognizing that portions of the site will be suitable for other land uses with appropriate restrictions;
Minimize public and worker health and safety risks associated with buildings, mine openings, and other
physical hazards at the site; and
Restore Baker Creek to a condition that is productive as possible, given the constraints of hydrology and
climate.
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Failure 1
Malfunction

Subsequent
Failure 1

Failure 2
Initiating
Events

Initiating Event
1

Accident

Failure 3

Accident

Failure 4

Malfunction
Initiating Event
2

Initiating Event
4

Failure 1

Initiating Event
3

Accident

Accident

Failure 2

Component
Failure

Pink events are relevant in the short term

Orange events are relevant in short and long term

Blue events are relevant in the long term

A-1

Pit Slope Failure

See FSA-C
Pit Slope

Roaster, C-shaft
& A-shaft
Damage

See FSA-B
Building Collapse

Thin Crown Pillar
Collapse
Earthquake

See FSA-A Pillar
Failure

Sill Pillar
Collapse

Liquefaction of
Unfrozen Dust

See FSA-A Bulkhead/
Plug Failure
Water Plant Freeze Up
(either Effluent Treatment Plant
or New Mine WTP)

Extreme Cold
Increased Fuel
Supply Required
See FSA-02
Fire

Fire

Lightning

Arsenic Dust
Release
Extreme
Weather
High Winds

Building
Collapse

See FSA-B
Building Collapse
See FSA-03
Power Failure

Power Outage
Increased Site
Maintenance
Precipitation

Pit Slope Failure
(See FSA-C)

Increased Erosion
of Baker Creek

Environment
(FSA-01)

Extreme
Weather

Lack of
Precipitation

Re-suspension of
Contaminated Sediment

Vegetation
Stress

Drought

Cover Failure
Damage to
Landfill
Melting Ice Lenses
and Tailings Ponds
Passive Cooling
Insufficient to
Maintain Freeze
Climate Change
Extreme Weather

Thinning of
Ice at Diffuser
Increase Surface
Water Temperature in
Back Bay

Higher Probability
of Flooding

Loss of Capacity in
Receiving
Environment

Damage to
Tailings Cover

Impact to
Public Safety

Change in Capacity in
Receiving Water to Mix
Discharge
See FSA-04
Flood

Change Treatment Criteria

Progressive Deterioration of
Lake Quality for Other Uses

Underground
Instability

Minor Movement (Backfill
Stabilization)

Earthquake
Damage
Passive
Freeze System

No Impact to
Frozen Block
A-2

Dust Release

Impacts to
Public Health

Arsene Gas

Impacts to
Public Health

Roaster

Fire
(including Forest Fire)

Chemical
Explosion

Effluent Treatment
Plant

Non-Compliant
Discharge

Plant
In-operational

Power Failure
Electrical
System Fire

Loss of
Freeze

Underground

Power and Air
Distribution

Mobile
Equipment

Forest Fire

CO2 Levels Shut Down
Underground
See FSA-B
Building Collapse

Building
Collapse

Fire
(including Forest Fire)

Loss of Project
Records

Release of
Contaminated Fire
Fighting Water

Loss of Infrastructure
Capability
Utilidor Fire

Fire Spreads
Between
Buildings

Evacuation of
Personnel

Power Line
Damage

Fire
(FSA-02)

Fuel Tank Fire

Evacuation of
Operating Personnel

Public Health
and Safety

Fuel Tank

Fuel Spill

Regulatory
Involvement

Loss of Backup
Generators and
Heating Capability

Freeze up of
Facilities

Fire Suppression
Fails
Fire (including
Forest Fire)

New Mine
WTP

Plant
In-operational

Project Delay

Chemical
Explosion
Rising Underground
Water Levels

Non-Compliant
Discharge
A-3

Power to
Freeze Plant

Power Loss During
Chamber Flooding

Limited Work
Underground

Freeze Up of
Ramps

Loss of Underground
Ventilation

Loss of Arsenic Saturated
Water Through Fractures in
Chamber

Loss of Active Freezing
(approximately 3 months)

Failure of
Pumps

Increase in Arsenic
Concentration in Water

Mine Water
Level Rise

Pump Failure

Increase in Arsenic
Concentrate in Mine Water

Backup Generator
Provides Power
Power to Water
Treatment Plant

Water Level
Rise in Mine

Flood Up to Arsenic
Trioxide Dust

Instability of
Nearby Stopes

Effluent Treatment Plant
Unable to Treat Mine
Water

Permanent Loss of
Arsenic into Mine

Non Compliance
Discharge Water Through
Water Treatment Plant

Effluent Treatment Plant
Unable to Treat Mine
Water

Non Compliance
Discharge Water Through
Water Treatment Plant

Water Treatment Plant
Undersized to Treat
Mine Water

Failure of Backup
Generator
Freeze Up of Water
Treatment Plant and
Discharge Line

Fire Suppression
System Rebuild

Effluent Treatment
Plant of Mine WTP
Rebuild

Fire Suppression
System Freezes

Power
Failure
(FSA-03)

Loss of Fire
Suppression

Surface Collection
Systems Pump Back
Failure

Rise in
Water Level

Storage Capacity
Exceeded for
Underground

Effluent Treatment Plant
Unable to Treat Mine
Water

Non Compliance
Discharge Water Through
Water Treatment Plant

Building Services
Damaged

Loss of Power to Town/Loss of
Labour Force and Site Security

Loss of Power to Freeze
Plant

Loss of Labour Force
and Site Security

Loss of Monitoring
System - Minor

No Impact to
Frozen Block

A-4

Damage to
Dams

Bank Overflow
Loss of Channel

Local Flooding and
Loss of Tailings

Flow into Pits

Contaminated Water
Released to Downstream
Environment

Flow into and
Flooding of
Underground

Non Compliance
Regulatory

Loss of
Pumps

Flood Up to Arsenic
Chambers

Bulkhead Failure
Pre Freezing
Damages
Underground
Infrastructure

Flooding of
Underground
Bank Overflow
Loss of Channel

Flood
(FSA-04)

Flow into Pit
Underground
Instability

Non Compliance
Release
Major Arsenic
Release

See FSA-A
Underground

Overloading of
Water Treatment
Plant

See FSA-A
Underground

Damage to Surface
Infrastructure

Ditches

Damage to New
Hwy 4 Bridge

Pit Slope
Failure

Noncompliant
Release of
Sediment

Loss of Site
Access

Loss of Water
Treatment Supplies
for few Days

See FSA-C Pit
Slope Failure

A-5

Non Compliance
Inability to
Efficiently Respond
to Regulatory
Change

Project Delay

All Levels of
Government

Competing
Mandate Interests

Poor Project
Decisions

Limited Ability for
Project Planning and
Development
Regulatory Non
Compliance

Lack of Oversight and
Monitoring

Project Delay
and/or Failure

Lack of Governance

Project Delay
and/or Failure
Confused Roles and
Responsibilities

Competing
Interests

Project Delay
or Failure

Loss of Regulatory
Support

Lack of
Communication

Loss of
Credibility

Inadequate Training
and Emergency
Response Plans

Lack of Money

Governance
(FSA-05)

No Response to
Short Term Events

Delay Response to
Remediation of Site

Lack of
Personnel

Loss of Continuity
and Coordination

Loss of Political
Support for Project

Poor Project Mgmt and
Lack of Maintenance

Loss of Project
Knowledge

Site Becomes
Unstable
Remediation
Delay
Inadequate
Equipment

Inadequate Training
and Emergency
Response Plan

Inadequate Preparation
for Response to
Emergency Event

Low Reliability

Lack of Governance

Inappropriate Funding
Model for Multi Year
Project

Loss of
Continuity

Re Work
Design

Poor Project
Design
A-6

Legal
Challenges

External
Third
Party
Influences
(FSA-06)

Project Delays

Project Design
Becomes Infeasible

Project Failure

Plant Damage

Transportation
Third Party Access
Issues
Trespass/
Vandalism

Loss of Power
Damage to
Cover
Damage to
Infrastructure
Chemical
Spills
H&S

Fire

A-7

Gap Caused at
Crown

Arsenic
Seepage

Planned
Thaw of
Frozen
Block
(FSA-07)

Plug Failure

Sill Pillar
Instability

Crown Pillar
Instability
Increased
Permeability of
Rock Mass
Short Term High
Arsenic Water
Release
Mass Arsenic
Release to Mine
Water

Mass Arsenic
Release to Mine
Water

A-8

Design Re-Work

Regulatory
Change
(FSA-08)

Project Design No Longer
Compliant

New Project Components
Required

A-9

Transport
System Failure

Ammonia
Supply for
Freeze Plant

Loss of
Supply Chain

Minor Delays in
Freeze
Implementation
Fuel Spill
Affecting Site

Off Site
Accident

Road

Accident Near
Site

Site Access
Interruption

Fire Damage to
Site Infrastructure

Transport
System Failure

Loss of
Supply Chain

Water Treatment Plant Runs
out of Materials

Transportation
and Storage
(FSA-09)

Work Near Storage Facilities
Leading to Explosion

On Site
Accident

Worker
Accidents

Vehicle

Fuel and
Chemical
Spills

Air
A-10

B2 Dam Failure
(Short Term)

Channel Bank
Failure

Extreme Runoff
Permafrost
Degradation
Surface Failure
Pit Slope
Failure
Culvert/Bridge Failure
Beaver Damming/
Woody Debris

Ice Damming and
Landslide Damming

Crown Pillar
Failure

Loss of
Permafrost

Major Fractures
Below Alignment

Baker Creek
Loss of
Containment
(FSA-10)

Extreme Runoff
Exceeds Capacity

Underground
Failure

Extreme
Runoff

A-11

Flooding

Crown Pillar

Inadequate
Design

Rock Fall
Concrete
Deterioration
Flooding

Old Bulkhead
Failure
Deterioration or
Inadequate
Construction

Air Blast
Ice Pressure
and Ice Damage
During Freezing

Bulkhead
Failure
(FSA-11)

Pressure Exceeds
Design During Fill

Rock Fall

New Plug Failure
(Lower Drifts)

Deterioration of
Concrete

Improper Hydration of
Concrete Due to
Abnormal Conditions
A-12

Failure of
Wetting

Drilling Plan
Frozen Ice Core
Not Achieved

Model
Incorrect

Bulkhead Failure and
Arsenic Release to
Mine

Fault or Fractures
or Borehole

Time Dependent
Deterioration

Flooding

Unexplained Leak
from Chamber

H&S
Unmanageable
Pillar Failure and
Arsenic Release to
Mine

Failure of
Freeze Program
Implementation
(FSA -12)

Earthquake
Lack of Water for
Proper Freezing of
Shell

Unexpected
Drilling Conditions

Inaccuracy of Existing
Mine Plans

Freeze Plant
Arsenic
Contamination to
Worker

Release of
Arsenic or
Injury

Loss of Confidence
(Internal/External)
Major Accident

Drilling

Pressure to Advance with Incomplete
Knowledge

Pillar Failure

Inadequate
Design

Failure of
Freeze Pipes
Freeze Plant
Failure

Mechanical System
Failure

A-13

Inadequate/
Inability to
Monitor
Unknown Mine
Geometry
Earthquake
Deep Mine
Instability

Loss of Old Fill

Fill Flows to
Lower Mine

Unable to Achieve Tight or
Sufficient Fill

Poor Work
Sequencing

Flooding
Unknown Current
Fill Conditions
Fill
Compression

Dust and Fill in
Chamber Settles
During Wetting

Dust and Fill in
Chamber Settles
During Thawing

Inaccurate/Lack/
Loss of Records

Insufficient
Governance

Failure to
Implement
Crown and
Sill Pillar
Support
System
(FSA-13)

Unrecognized/Unstable
Pillars

A-14

Maintenance of
Passive System

Governance

Climate
Change

Thawing

Degradation Due
to Flooding
Long Term
Loss of Power

Sill Pillar Failure

Loss of Fill
Below Sills

Underground
Collapse

Frozen
Block
Failure
(FSA- 14)

A-15

Settlement
Overtopping
Major
Precipitation

Pillar Failure

Underground
Collapse

Earthquake
Quarry
Operations

Ground
Vibrations

Northwest
Pond and
Dam 1
Failure
(FSA-15)

A-16

Deep Rooted
Plants

increased
Infiltration

Consolidation

Ice Melting

Settlement

Geotextile
Failure
Short Term
Maintenance
Vegetation
Design
Drought

Vegetation
Failure

Mechanical
Erosion

Tailings
Cover
Failure
(FSA-16)

Fire

Burrowing
Animals

Water
Erosion
Wind

Frost Jacking
Deep Rooted
Plants

Boils

A-17

Lack of
Maintenance

Collapse of Shaft

Short Term Loss of Discharge
Piping from Underground to
Surface
Loss of Power

Power Failure
Underground
Failure

No Water Supply to
Plant

No Access to
Pumps (at
Present)

Maintenance

Fire
Main and Backup
Power Loss
Flood

No Fuel

Design
Parameter Error

Precipitation

Increased
Inflow

Creek Inflow

Plant Beyond
Design Life

Major
Component
Failure

Unavailability of
Operators
Land or Water
Impact Damage

Damage
Outfall
Unavailable
Frozen

Pillar Failure/Slope
Failure and Creek
In-Flow

Flooding,
Mudflow,Airblast

High TSS

Arsenic
Containment
Ground
Instability
Vehicle
Impact
Power and Heat
Loss

Hi Arsenic
Collection
System Failure

High Arsenic
Load

Freeze Damage

WTP
Failure
(FSA-17)

Human Error
Plant
Damage
Vandalism

Regional Fire

Vehicle

External
Source

Utilidor

Impact from
External Source

Fire

Electrical
Internal
Source

Transportation

Heating
System

No Reagents
Supply Chain

Borehole
Failure

No Water Supply to
Plant
A-18

Revised Remediation
Plan Required
Arsenic Solids
Released to Mine
Pool

Structural
Failure

Water Treatment Plant
Overloaded or Overflow Mine
Pool

Bulkhead/Plug
Failure
Release of High
Arsenic Water to
Mine Pool

Leakage

Damage to
Infrastructure or
Development

Temporary
Loss of Mine
Access

Non Compliant
Discharge

Non Compliant
Discharge
Higher Arsenic
Loading Toward
Treatment Plant

Potential Loss of
Control of High
Arsenic Water

Damage to Mine Water
Pumping System
Arsenic Dust
to Mine
Ventilation
System

Arsenic Sill and Rib
Pillar Failure

Underground
Infrastructure
Damage

Pillar Failure

Airborne
Contaminate/Human
Exposure

Surface Dust
Release

Impacts to
Public Safety

Water Treatment
Plant Interruption

Mine Inflow
from Surface
Water

Arsenic Crown
Pillar Failure

Pressure Shock to
Bulkheads

Underground
(FSA-A)

Bulkhead
Failure

Surface Dust
Release

Airborne
Contaminate/Human
Exposure

Highway
Collapse/
Fatality

Impact on
Highway Users
Ammonia
Release

Freeze System
Failure

Arsenic Sill and Rib
Pillar Failure

Loss of Horizontal
and Vertical Freeze
Pipe Containment
Major Loss of
Arsenic Solids to
Mine Pool
Damage to Pit
Slopes

Pillar Failure

Baker Creek
Inflow to Mine
Non Arsenic
Crown Pillar
Failure

Power
Interruption

Glycol Loss From
Freeze System

Hydrochloroflourocarbons(HCFC)
Release from Thermosyphon

Regulatory Noncompliance
Discharge
Impacts to Public
Health and Safety

Bulkhead Failure
(See Bulkhead Branch Above)

Impact Baker Creek/Flood, Power
Interruption, Surface Impacts, Highway
Impact, Public Health Impacts

Flood the Surface\Overload
Treatment Plant

Power Interruption High Voltage
(approximately 6 months)
(See FSA-03)
Power Interruption Low Voltage
(approximately 30 days)
(See FSA-03)

Damage to Surface Dams

Collapse of
Highway

Impacts to
Public
Safety

Failure Scenario Analysis
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Surface Water
and Soil
Contamination

Stack

Arsenic Dust
Release

Impacts Public
Health and
Safety
Regulatory
and Publicity

Surface Water
and Soil
Contamination
Roaster

Arsenic Dust and
Asbestos Release

Damage to
Underground
Infrastructure

Building
Collapse
(FSA-B)

C-Shaft
Headframe
Metal and
Asbestos Cladding
Release

A-Shaft

Mill Building

Asbestos Siding
Release

Asbestos Cladding
Release

Impacts Public
Health and
Safety
Regulatory
and Publicity
Damage to
Surrounding
Infrastructure
Impacts
Public Health
and Safety
Impacts
Public Health
and Safety
Damage to
Surrounding
Infrastructure

Impacts Public
Health and
Safety
A-20

Breaching of
Baker Creek

Direct
Discharge to
Underground

Overload Water
Treatment System

Public H&S
A1 & A2 Pit
Intersecting Wetland
Water in Mine

Highway
Damage

Pit Slope
Failure
(FSA-C)

See
Underground

Damage to Freeze
System
Infrastructure

See
Underground

Pit Slope Failure Cuts Off
Underground Access

See
Underground

Crown Pillar
Failure

Backfill Failure in
Pit Bottom

See
Underground

Destabilizing
Underground Stopes

See
Underground
Mudflow and
Air Blast

Impacts Water
Treatment

Damage to
Freeze System
Failure Plane Intersecting
Arsenic Stopes

Direct Release
of Arsenic to
Mine Water
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Appendix B
Failure Mode Effects Criticality Analysis (FMECA)

Risk Matrix

CONSEQUENCE SEVERITY
CATEGORY
A) Low

I) Public Safety

B) Minor

C) Moderate

Objective but reversible
Low-level short-term
disability/impairment
subjective symptoms/ No
Moderate irreversible
measurable physical
and/or medical treatment disability or impairment
effect/ No medical
to one or more people
injuries requiring
treatment
hospitalization

D) Major

E) Critical

Single fatality and /or
severe irreversible
disability or impairment
to one or more people

Multiple fatalities

Serious longterm
impairment of
ecosystem function

$ >50Million

II) Environment

No impact

Minor localized or shortterm impacts

Impact on valued
ecosystem
component

Impact on valued
ecosystem component
and medium-term
impairment of
ecosystem
function

III) Cost

$<100,000

$100,000- 1 Million

$1.0-10 Million

$10-50Million

LIKELIHOOD
Index

Event/Years

1)

More than once
every 5 years

2)

Once every 15
years

3)

Once every 30
years

4)

Once every 100
years

5)

Once every 1000
years

Risk Rating
Low
Moderate
Moderately High
High
Very High
Source: INAC NCSP Project Risk Management Guidance Document

B-1

FMECA - Giant Mine Remediation Program
Risk Scenario Event Sequences Chart: Underground System

POTENTIAL CONSEQUENCES

PLANNED MITIGATION/CONTROLS/
MANAGEMENT MEASURES

EVALUATION

Confidence
Estimate

Bulkheads

Bulkhead and horizontal
bulkhead failure during
construction prior to
freezing.

Accident and/or Malfunction:
Accelerated deterioration or
damage to bulkheads.

Damage or deterioration of
bulkheads may allow arsenic to be
released to main mine area.
Potential exists for arsenic dust to
be released into the mine pool with
an increase in the amount of arsenic
laden water that will require
treatment.

4

A

A

C

The care and maintenance of the bulkheads
and underground water management
occurring prior to the start of the project will
continue until all identified bulkheads are
stabilised through priority sequencing.
Bulkhead surveillance program will continue
in the short term and emergency action will
be taken where necessary to stabilise
bulkheads. Construction activities will be
coordinated to minimize risk to arsenic
containment. Pressure relief will be installed
as necessary during the construction phase.
Should bulkhead failure or plug leakage occur
the Water Treatment Plant is sized and
operated to accommodate the additional
arsenic concentration to prevent release of
arsenic to the environment.

This risk is present with the current dry
conditions of the arsenic dust contained
behind bulkheads. Pressure relief is
anticipated to be effective during
construction phase. Measures will reduce
risk, but likelihood is not materially
changed before frozen conditions in the
stopes/chambers are established. Plugs
serve to reduce the risk of a failure
scenario with water inflow from Baker
Creek. (See Baker Creek System and
Water Management System). It is
anticipated that a new plug failure will only
be a partial failure. Where exterior plugs
are installed to contain arsenic dust, these
will be designed to withstand not only dry
conditions but for the fully saturated head
of wetted, but not yet frozen dust.

High

UGS-2

Plugs

New plug failure during
construction.

Malfunction: Improper hydration of
concrete due to abnormal
conditions, deterioration of
concrete, rock fall, pressure
exceeds design during
stope/chamber wetting, ice
pressure and ice damage during
freezing resulting in partial plug
failure.

Partial failure may allow arsenic to
be released to unfrozen mine areas.
Potential exists for thousands of
tonnes of arsenic dust released into
the mine pool with a substantial
increase in the amount of arsenic
laden water that will require
treatment.

5

A

A

C

The care and maintenance of the bulkheads
and underground water management
occurring prior to the start of the project will
continue until all identified bulkheads are
stabilised through priority sequencing.
Bulkhead surveillance program will continue
and emergency action will be taken where
necessary to stabilise bulkheads.
Construction activities will be coordinated to
minimize risk to arsenic containment.
Pressure relief will be installed as necessary
during the construction phase. Should
bulkhead failure or plug leakage occur the
Water Treatment Plant is sized and operated
to accommodate the additional arsenic
concentration to prevent release of arsenic to
the environment.

This risk is present with the current dry
conditions of the arsenic dust contained
behind bulkheads. Pressure relief is
anticipated to be effective during
construction phase. Measures will reduce
risk, but likelihood is not materially
changed before frozen conditions in
stopes/chambers are established. Plugs
serve to reduce the risk of a failure
scenario with water inflow from Baker
Creek. (See Baker Creek System and
Water Management System). It is
anticipated that a new plug failure will only
be a partial failure. Where exterior plugs
are installed to contain arsenic dust these
will be designed to withstand not only dry
conditions but for the fully saturated head
of wetted, but not yet frozen dust.

High

UGS-3

Crown Pillar

Crown pillar failure at
arsenic chambers during
construction.

Accident: Collapse through to
ground surface.

Release of arsenic dust to
atmosphere.

3

B

C

C

Backfilling the void under the crown pillar.
Maintenance of site accident controls. In the
event of a substantial dust release, a
community notification protocol will be
followed.

Tight backfilling of voids is planned.

Non-arsenic crown pillar
failure during construction

Accident: Collapse through to
ground surface.

Potential for impact to highway,
public areas and parking lot over
unsupported voids, as well as
damage to pit slopes and Baker
Creek.

4

D

A

C

Void under crown pillars will be filled. Further Backfilled voids will not present a risk of
serious collapse.
site characterization will continue to identify
all voids requiring backfilling. Where
subsidence may occur, backfilling will be
completed.

Cost

UGS-1

Environment

Public Safety

EVENT/CAUSES

LIKELIHOOD

RISK ISSUE /
FAILURE

Cost

SUBCOMPONENT

Environment

COMPONENT

CONSEQUENCE
SEVERITY

Public Safety

ID

LIKELIHOOD

CONSEQUENCE
SEVERITY

Short Term

UGS-4

5

B

C

C

High

5

B

A

C

Moderate

B-2

UGS-5

Sill Pillar

Sill pillar failure at arsenic
chambers during
construction

Accident: Collapse due to rock or
ground support degradation

Loss of arsenic dust to mine pool
and to the ventilation system.
Potential exists for thousands of
tonnes of arsenic dust released into
the mine pool with a substantial
increase in the amount of arsenic
laden water that will require
treatment.

3

B

B

D

Voids under sill pillars will be backfilled. This
will include cementatious backfill in critical
areas, and additional support for sill pillars
where required. In the event of a sill pillar
collapse that results in an increase in arsenic
concentration in the mine water pool the
Water Treatment Plant is sized and operated
to accommodate the additional arsenic
concentration to prevent release of arsenic to
the environment. To minimize the release of
arsenic dust to the atmosphere the mine
ventilation system will be shut down following
a sill pillar collapse. In the event of a
substantial dust release a community
notification protocol will be followed.

All sill pillars are currently subject to longterm monitoring. This will continue during
the remediation phase. Despite the loss of
a sill pillar an attempt will be made to
freeze the affected chamber. Stress
increase to the sill pillars from wetting
would not occur until after backfilling and
frozen shell thus minimising the risk of a
failure event.

5

A

A

C

Moderate

Sill pillar failure at arsenic
chambers

Accident / Malfunction: Collapse
due to rock or ground support
degradation and water movement
causing instability.

Loss of immediate support to backfill
under arsenic chambers.

4

A

A

C

More backfill will be added.

Long-term monitoring will continue. All
chambers will be frozen and voids
backfilled minimizing the risk of
occurrence and consequences.

5

A

A

C

Moderate

Movement of non-arsenic
related backfill due to large
fluctuations in minewater
level.

Such an event has the potential to
Accident: Upset condition
associated with Baker Creek (See affect both water storage and
Baker Creek System for Scenarios) treatment. A flood event will
increase the amount of water stored
underground and subsequently
treated.

5

A

A

C

The length of time to reach mine storage
The volume of water treated through the
capacity is uncertain.
Water Treatment Plant may temporarily
increase to draw down the mine pool water to
the target level. Discharged water will remain
compliant.

Low

Non-arsenic Crown Pillar
Failure.

Accident: Collapse through to
ground surface.

5

C

A

C

Backfilled voids will not present a risk of
More backfill will be added. Where
subsidence may occur post-backfilling will be serious collapse.
completed.

Moderate

Long Term
UGS-6

Sill Pillar

UGS-7

UGS-8

Crown Pillar

Potential for impact to highway,
public areas and parking lot through
loss of immedate support to backfill
under stopes.

B-3
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Confidence Estimate
Cost

EVALUATION

Environment

PLANNED MITIGATION/CONTROLS/
MANAGEMENT MEASURES

Public Safety

POTENTIAL CONSEQUENCES

LIKELIHOOD

EVENT/CAUSES

Cost

RISK ISSUE /
FAILURE

Environment

SUBCOMPONENT

CONSEQUENCE
SEVERITY

Public Safety

COMPONENT

ID

LIKELIHOOD

CONSEQUENCE
SEVERITY

Drilling Failure (Single Drill
Hole)

Malfunction: Inaccuracy of existing mine Drilling circulation may be lost. Arsenic dust
plans may mean that some holes are
may be released to surface, if there is
initially drilled too close or too far from
drilling into a chamber or stope.
chambers. Unexpected drilling
conditions such as discontinuities in the
rock or intersecting an existing drill hole
or shear zone may be encountered.

1

A

A

B

Failures will be single events and will not
Where a drill hole intersects the freeze
substantially affect the timing or ability to
hole, layout will be refined and the hole
establish a frozen block.
redrilled. Where a drill hole enters a
chamber, shut-down and control
procedures will be followed to minimise the
release of dust. In the event of a dust
release, a community notification protocol
will be followed.

4

A

A

B

Moderate

Drilling Failure (Entire Freeze
Program)

Malfunction: Inaccuracy of existing mine Failure of a substantial number of drill holes
plans, unexpected drilling conditions,
has the potential to delay the establishment
find existing drill hole or shear zone.
of the frozen blocks. Multiple failures
present the same risks as single hole
failures.

1

A

A

C

The drilling results would be used to refine
freeze hole layout. Holes would be
redrilled and the project schedule
amended accordingly. Where a drill hole
enters a chamber, shut-down and control
procedures will be followed to minimise the
release of dust. In the event of a dust
release, a community notification protocol
will be followed.

Failures will be single events. While
timing will be affected, drill failures will not
impact the ability to establish frozen block.
Up to 5% of holes are anticipated to be
redrilled to account for unexpected
conditions.

3

A

A

C

Moderate

Short Term
FS-1

Drill Holes

FS-2

FS-3

Active Freeze System

Extended time to establish a
frozen shell

Malfunction and/or Accident: Vibration
from quarrying operation or earthquake
leading to damage of the active freeze
system.

Delay in establishing frozen block and
increase in cost.

5

A

A

C

Time to freeze the shell will be recalculated
and the project schedule amended
accordingly. Grouting of rock fractures will
be completed.

While timing will be affected, only the
length of time and potentially an increase
in the energy required to freeze the shell
will be required. No resulting
consequences.

High

FS-4

Frozen Shell

Extended time to establish a
frozen shell

Accident: Water in the rock higher than
predicted.

The latent heat and flow of this water
causes an extension in the freeze time.

4

A

A

B

Time to freeze the shell will be recalculated
and the project schedule amended
accordingly. Grouting of high groundwater
flow will be completed.

While timing will be affected, only the
length of time and potentially an increase
in the energy required to freeze the shell
will be required. No resulting
consequences.

Moderate

Planned Thaw Causes Failure Natural thaw, the application of heat by Degraded rock quality, crown pillar and sill
(Engineered)
reversing the cooling system or other
pillar failure fractured during freezing causes
unknown method.
increased permeability of rock mass
increasing groundwater capture, allowing
high concentration arsenic contaminated
water to reach mine pool. Additional water
from thawing puts stress on plugs.

5

A

A

C

Water Treatment Plant is sized and
operated to accommodate the additional
arsenic concentration to prevent release of
arsenic to the environment. Until
additional plant components are
constructed that can process contaminated
water to achieve compliant discharge
water will be stored underground.

As this would be a planned, engineered
event, it is anticipated that the risks of
such an undertaking would undergo a
separate full review and assessment. A
thaw would be very slow, taking decades.

High

FS-6

Unplanned Thaw Causes
Failure

Accident: Climate Warming

Degraded rock quality, crown pillar and sill
pillar failure fractured during freezing causes
increased permeability of rock mass
increasing groundwater capture, allowing
high concentration arsenic contaminated
water to reach mine pool.

5

A

A

C

The current freeze system is designed to
exceed the prediction for climate change.
In the event that local climate warming far
exceeds modeled predictions the passive
freeze system would be expanded with the
option of supplementing the passive
cooling with active cooling.

Ground and air temperature and mine
water monitoring would detect early signs
of change to the frozen block, before
actual melting would start to occur.
Remedial action could be taken for one or
all of the blocks before any thaw. A thaw
would be very slow, taking decades.

High

FS-7

Unplanned Thaw Causes
Failure

Malfunction: Failure of freeze system

Degraded rock quality, crown pillar and sill
pillar failure fractured during freezing causes
increased permeability of rock mass
increasing groundwater capture, allowing
high concentration arsenic contaminated
water to reach mine pool.

5

A

A

C

The freeze system will be repaired or
upgraded as necessary and reestablished. The Water Treatment Plant is
sized and operated to accommodate the
additional arsenic concentration to prevent
release of arsenic to the environment.

Ground and air temperature and mine
water monitoring would detect early signs
of change to the frozen block, before
actual melting would start to occur.
Remedial action could be taken for one or
all of the blocks before any thaw. A thaw
would be very slow, taking decades.

High

FS-8

Unplanned Thaw Causes
Failure

Malfunction: Long-term loss of power
and passive cooling ineffective

Degraded rock quality, crown pillar and sill
pillar failure, fracturing due to freezing,
increased permeability of rock mass,
increased arsenic load to water, increase in
groundwater capture, release of arsenic
contaminated water to mine pool.

5

A

A

D

The freeze system will be repaired or
upgraded as necessary to maintain
effective cooling and re-established. The
Water Treatment Plant is sized and
operated to accommodate the additional
arsenic concentration to prevent release of
arsenic to the environment.

Ground and air temperature and mine
water monitoring would detect early signs
of change to the frozen block, before
actual melting would start to occur.
Remedial action could be taken for one or
all of the blocks before any melting would
start to occur. A thaw would be very
slow, taking decades and would not
impact restoration of power or the frozen
block.

High

Repairs to the cooling and monitoring
systems are required.

5

A

A

C

Vegetation will be controlled around the
passive cooling piping.

Repairs would easily be made before any
frozen block thaw. Thaw would be very
slow, taking decades. No resulting
consequences.

High

5

A

A

D

The freeze infrastructure will upgraded as Ground and air temperature and mine
necessary to maintain effective cooling and water monitoring would detect early signs
re-established.
of change to the frozen block, before
actual melting would start to occur.
Remedial action could be taken for one or
all of the blocks before any melting.
Thaw would be very slow, taking decades
and would not impact restoration of the
frozen block.

High

Long Term
FS-5

FS-9

FS-10

Frozen Block

Passive Cooling
Infrastructure

Wildfire damages the passive Accident: Wildfire
cooling system

Warming from climate change Accident: Global warming vastly greater Upgrade to current freeze infrastructure.
exceeds cooling capacity of
than maximum predictions. Reduced
existing passive cooling
efficiency of passive freezing system.
infrastructure
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Confidence
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PLANNED MITIGATION/CONTROLS/
MANAGEMENT MEASURES

Environment
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Environment
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LIKELIHOOD
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Baker Creek overflows during
construction.

Accident: Channel partially or
completely blocked with ice, rock
and / or beaver dams.

Water would overflow into pits, spill into the
underground and flood the underground
workings. Mine water arsenic concentration
would potentially reach levels 100 times
current values. Erosion off tailings in Baker
Pond impacts water quality in the creek.

4

A

D

C

Ice build-up in the channel will continue to
be monitored and cleared as possible.
Damage to dykes will be repaired.
Supplies of emergency response materials
will continue to be maintained on-site, such
as aquadams, liners, and equipment. See
Water Management System table for
measures related to mine inundation.

Channel wall failure occurs during
freshet; Impractical to mediate during
flow; Pumping system is
overwhelmed; Current channel
capacity is a 1:200 year event with
no ice dam or other blockage.
Adding 1m of fill over 100m length at
C1, capacity moves close to 1:500
year storm. Good information base.

5

A

D

C

High

Bank damage during construction

Accident and/or Malfunction:
Machine damage or other
mechanism resulting in sediment
being released into environment.

Impact to fish or fish habitat.

1

A

C

B

Construction will be scheduled to occur
outside of restricted periods. Erosion
control measures will be in place for all
works in and around the creek.
Construction monitoring will address
deficiencies. An emergency response plan
will be in place.

It is typically difficult to prevent all
sediment release during proposed
local re-alignment. All construction
impacts around Baker Creek are
anticipated to be short-term.

3

A

B

B

High

Ground vibration from quarrying
Malfunction and/or Accident:
operation or earthquake leading to Vibration from quarrying operation
the collapse of a crown pillar
or earthquake.
compromising pit wall stability
leading to a compromise of pillars
under creek which results in the loss
of containment of Baker Creek
which now flows into the
underground mine during
construction.

Water would overflow into pits, spill into the
underground and flood underground
workings. Mine water arsenic concentration
would potentially reach levels 100 times
current values.

5

A

D

C

Should mine inundation occur the new
Water Treatment Plant will be sized and
operated to accommodate the additional
arsenic concentration to prevent the
continued long-term release of arsenic to
the environment. Emergency pumping
capacity would be sourced and installed.

There is a short period of exposure
to this risk: 2 years for the
construction for Baker Creek local realignment. Risk rating does not
change with mitigation as they are
responses not preventions.

BCS-4

Accident: Loss of ground support at
Baker Creek loses channel
C1 Pit and A2 Pit Raise
containment during Freshet
resulting in large inflows to the mine
underground workings.

Water would spill into the underground and
flood underground workings. Mine water
arsenic concentration would potentially
reach levels 100 times current values and
flood to surface in open pits with potential
release to the environment. Loss of current
mine dewatering system. Initiation of backfill
instability.

3

B

D

E

Conduct additional investigations to confirm
stability assessments (previous and
current) and implement monitoring
program. Consider alternative creek
alignment options to those in remedial plan
that minimizes risk, balances restoration
and fisheries objectives with site and
project cost restraints. Emergency
upstream flow diversion to prevent from
continuous inflow.

Based on delayed care and
maintenance cost and increased
water treatment cost. Potential
significant underground instability
issues that require mitigation. Likely
suspended sediment discharge into
watercourse with emergency stream
diversion. This assumes that
underground backfilling has not
taken place yet at A2 Pit Raise.

3

B

C

D

Low

BCS-5

Seepage from Baker Creek floods
Stope C212 and/or Chamber 14
during construction.

Accident: A new seepage pathway
develops, through a mechanism
such as an existing drill hole or
subsidence near pit crest that is
connected to the underground.

Bulkhead failure (plug construction in
progress) with arsenic dust lost into lower
portion of mine. Water from Baker Creek
flows into the mine resulting in major
addition of water to the mine. Arsenic
concentration could potentially be 1000
times higher than current levels. However,
water is contained within the mine and does
not overflow to the environment. Chamber
cannot be frozen as planned. Major cost
consequence as chamber cannot be frozen
and therefore there is a significant increase
in water treatment costs. Water stored
underground until water treatment capacity
is increased, consequently there is no
release to the environment.

4

A

A

D

Ongoing seepage monitoring at bulkheads.
Where monitoring results indicate pressure
build up, relief valves could be installed.
Plugs will be installed in C212, B208 and
Chamber 14 with pressure release valves.

This scenario results in less water
entering the mine due to the limited
flow from seepage vs. a freshet
flooding event. There is a short
period of exposure to this risk: 2
years for construction of plugs in
C212, B208 and Chamber 14 drifts.
No malfunction scenario anticipated
as the result of Baker Creek local realignment.

5

A

A

D

High

Bank Overflow

Accident: Stable channel overflows No inflow to the mine up to nominal 1:500
year flood event. Accumulation of additional
during large flow greater than the
water in mine pool. No release to the
design flows.
environment.

4

A

A

B

Long-term maintenance of Baker Creek to
maintain flood design capacity. Surplus
volume above the 1:500 flood can be
stored in the mine and can be treated in the
water treatment system. No impact to
frozen stopes/chambers.

Short Term

BCS-1

Baker Creek Channel
Integrity

BCS-2

BCS-3

Creek Bed

Long Term

BCS-6

Bank

High

High

B-5

POTENTIAL CONSEQUENCES

PLANNED MITIGATION/CONTROLS/
MANAGEMENT MEASURES

EVALUATION

Confidence
Estimate

A

A

B

Long-term maintenance of Baker Creek to
maintain channel integrity during winter
months. Tailings covered in Baker Pond.

Likelihood reflects observation of
recent events.

High

Ground Collapse Breaks Through to Accident: Earthquake.
Surface Under Baker Creek

No mechanism leading to collapse as
backfilling of critical mine openings
completed.

5

A

A

A

All critical mine openings are backfilled and
/ or stabilized; Backfill designed against
liquifaction; Consider alternative creek
alignment options to those in remedial plan
that minimizes risk, balances restoration
and fisheries objectives with site and
project cost restraints; Long-term
maintenance as necessary.

All critical mine openings are
identified through historical search
and review of current data and/or
investigation.

High

BCS-9

Channel Deterioration

Sediment release, loss of rip-rap, channel
configuration (loss of flood plain and risk of
overflow into mine).

4

A

A

B

Long-term maintenance of Baker Creek to
maintain channel integrity.

Ground ice to be addressed during
construction if encountered.

High

BCS-10

Accident: Loss of ground support at
Baker Creek loses channel
C1 Pit and B2 Pit
containment during Freshet
resulting in large inflows to the mine
underground workings.

Water would spill into the underground and
flood underground workings. Loss of mine
dewatering system. Water floods frozen
stopes, chambers and workings and to
surface via pits. Non-compliant discharge
from Water Treatment Plant and potential
release to the environment via pits.

3

B

C

C

Consider alternative creek alignment
options to those in remedial plan that
minimizes risk, balances restoration and
fisheries objectives with site and project
cost restraints.

BCS-8

Creek Bed

Accident: Glaciation of channel
through mine site area.

Accident: Permafrost thawing and
erosion.

5

B

C

Cost

3

Bank Overflow

Environment

Overflow into mine at various points.
Accumulation of additional water is
contained in mine pool. No release to the
environment.

BCS-7

Public Safety

EVENT/CAUSES

LIKELIHOOD

RISK ISSUE /
FAILURE

Cost

SUBCOMPONENT

Environment

COMPONENT

CONSEQUENCE
SEVERITY

Public Safety

ID

LIKELIHOOD

CONSEQUENCE
SEVERITY

C

Moderate
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POTENTIAL CONSEQUENCES

PLANNED
MITIGATION/CONTROLS/
MANAGEMENT MEASURES

EVALUATION

LIKELIHOOD

EVENT/CAUSES

Confidence Estimate

Major precipitation.

Release of untreated water from
tailings ponds. Short term water
treatment failure and reduced capacity
to store water underground.

5

A

C

C

Ponds maintained with a 1 meter
The 1 meter freeboard allows for
free board that allows for major storm substantial storage for a major
rainfall event. In the event of the
events.
freeboard being exceeded, water
will be discharged into the
underground. Implications to
underground water storage and
water treatment addressed on the
Water Management System sheet.
No resulting consequences.

High

Accident / Malfunction: Ground
vibrations.

Earthquake or quarrying operations.

Accelerated settlement and potential
overtopping.

5

A

C

C

Monitored blasts at quarry as part of The dams are stable structures. In
quarry operations.
the event of overtopping, water will
be discharged into the
underground. Implications to
underground water storage and
water treatment addressed on the
Water Management System sheet.
No resulting consequences.

High

Accident: Flooding

Major storm causing flood.

Damage to Dam 21B and Dam 1, local
flooding and minor loss of tailings
downstream and into surrounding
environment.

5

A

C

C

Ponds maintained with 1 meter free
board that allows for major storm
events. In the event of serious
damage, water retained by Dam 1
would be discharged to underground.

Unlikely event for rainfall not
exceeding the 24-hour, 100 year
storm event. No resulting
consequences.

Extreme rainfall

Sediment discharge, erosion and
sediment release to Baker Creek.

3

A

C

B

Ditches will be upgraded to final
design standard including rip-rap
cover treatment on erodible fine
material.

Erosion and sediment control
during construction will reduce the
risk of sediment releases.

4

A

C

B

High

Cost

Accident / Malfunction: Release of
ponded water by overtopping.

Environment

Cost

RISK ISSUE /
FAILURE

Environment

SUBCOMPONENT

Public Safety

COMPONENT

LIKELIHOOD

ID

Public Safety

CONSEQUENCE
SEVERITY

CONSEQUENCE
SEVERITY

Short Term
SS-1

Dams

Dam 1, Dam 21 and 22

SS-2

SS-3

Dam 21B and Dam 1

High

SS-4

Ditches

Accident: Flooding

SS-5

Tailings Covers
(including spillway)

Accident: Consolidation / Settlement Permafrost melting, consolidation, or Potential for localized disruption of
geotextile failure.
surface water drainage, minor exposed
tailings, localized increased infiltration.

3

A

A

C

Monitoring during construction and
reconstruction as necessary.
Construction sequencing.

No off-site sediment or tailings
transport. No resulting
consequences.

4

A

A

C

High

SS-6

Accident: Development of Boils

Frost jacking.

Potential for localized failure and minor
tailings exposure.

2

A

A

C

Monitoring during construction and
reconstruction as necessary.
Construction sequencing.

No off-site sediment or tailings
transport. No resulting
consequences.

4

A

A

C

High

SS-7

Accident: Erosion

Extreme rainfall on recently
completed cover or on cover during
construction.

Potential for erosion creating run-off
channels, sediment release and tailings
exposure.

2

A

A

B

Monitoring during construction and
reconstruction as necessary.
Construction sequencing.

Impacts will be limited by the
selection of tailings cover material
and revegetation plan.

High

Risk eliminated

No resulting consequences.

High

Long Term
SS-8
Dams
SS-9

Ditches

SS-10

Public Safety

SS-11

Tailings Covers

Dam 1, Dam 21 and 22
Failure

No Long Term Ponds so risk
eliminated. Ponds are covered.

Long term configuration constructed. Final erosion protection measures
Long term erosion maintenance as will reduce the risk of sediment
releases. No resulting
necessary.
consequences.
Site security and additional physical Measures will limit the risk of an
measures such as fencing, capping incident.
and berms will be maintained around
hazards such as steep slopes and
open pits.

High

Accident: Flooding

Extreme rainfall

Sediment discharge, erosion and
sediment release to Baker Creek.

4

A

C

B

Accident: Injury or fatality

Unauthorized public access to site
hazards such as open pits.

Injury or fatality.

5

D

B

B

Accident: Consolidation / Settlement Permafrost melting, consolidation,
geotextile failure

Surface water drainage, exposed
tailings, localized increased infiltration.

4

A

A

C

Long term maintenance as
necessary.

No off-site sediment or tailings
transport. No resulting
consequences.

High

SS-12

Accident: Development of Boils

Frost jacking, deep rooted plants

Localized failure and minor tailings
exposure.

4

A

A

C

Long term maintenance as
necessary.

No off-site sediment or tailings
transport.

High

SS-13

Accident: Erosion

Water and wind

Erosion of run-off channels and
sediment release.

4

A

A

B

Long term maintenance as
necessary.

High

SS-14

Accident and/or Malfunction: Limited No maintenance / poor vegetation
vegetation success
design (local plants and vegetation),
drought, mechanical erosion, fire,
burrowing animals.

Erosion creating run-off channels,
sediment release and tailings
exposure.

3

A

A

B

Long term maintenance as
necessary.

Impacts will be limited by tailings
cover material and revegetation
plan.
No resulting consequences.

Public Access

5

B

A

A

Moderate

High
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SS-15

Malfunction: Incompatible land-use

Change in land-use damages cover.

Exposure of tailings.

3

A

A

B

SS-16

Accident and/or Malfunction: Cover
penetration

Deep-rooted invasive species.

Increased water infiltration and metal
uptake in plants.

4

A

A

B

Restrict land use to compatible uses.
Where an incompatible use is
proposed undertake necessary site
measures to protect the tailings
cover.
Removal of deep rooted plants as
necessary.

EVALUATION

Confidence Estimate
Cost

PLANNED
MITIGATION/CONTROLS/
MANAGEMENT MEASURES

Environment

POTENTIAL CONSEQUENCES

LIKELIHOOD

EVENT/CAUSES

Cost

RISK ISSUE /
FAILURE

Environment

SUBCOMPONENT

Public Safety

COMPONENT

LIKELIHOOD

ID

Public Safety

CONSEQUENCE
SEVERITY

CONSEQUENCE
SEVERITY

Preventing the development of
incompatible land uses depends
on continued governance of the
site. No resulting consequences.

High

Monitoring and maintenance is
anticipated to minimise invasive
deep rooted plants in damaging
tailings covers. No resulting
consequences.

High
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EVALUATION

Confidence
Estimate
Cost

PLANNED MITIGATION/CONTROLS/
MANAGEMENT MEASURES

Environment

POTENTIAL CONSEQUENCES

LIKELIHOOD

EVENT/CAUSES

Public Safety

RISK ISSUE /
FAILURE

Cost

SUBCOMPONENT

Environment

COMPONENT

CONSEQUENCE
SEVERITY

Public Safety

ID

LIKELIHOOD

CONSEQUENCE
SEVERITY

4

A

A

C

The construction of the planned news water treatment A short-term replacement plant will likely be
unnecessary given that water can be stored
plant would be accelerated. Temporary water
underground for this time period.
treatment system established as required.
Contaminated water would remain in the mine pool
until a new plant is constructed.

A

A

C

3

A

A

B

Ongoing maintenance of the existing plant will
continue until the new plant is operational.

Past maintenance has been effective in maintaining
plant operations.

High

Short Term
WMS-1

Existing Plant

Treatment Capacity

Inability to treat water

Accident: Existing plant is substantially
No water treatment in the year of the fire;
destroyed by fire, either by forest fire or other Contaminated water remains in the
underground water pool.
causes.

No water treatment for two months.

5

High

WMS-2

Malfunction: Mechanical failure

WMS-3

Malfunction: Plant deterioration

3

A

A

B

Mechanical systems will be repaired or replaced as
necessary to maintain treatment functions.

This is consistent with current practice and will
continue.

High

WMS-4

Accident: Freeze up

3

A

A

B

In the event of loss of heating at the plant, systems
would be drained to prevent damage. In the event of
a freeze event damaging plant components these
would be rebuilt to restore plant function.
Contaminated water would remain in the mine pool
until the plant is operational.

Specific procedures will be developed as part of the
Water Treatment Plant operating system, including
emergency response and recovery actions.

High

WMS-5

Malfunction: Current re-agent supplier
unable to meet demand.

3

A

A

B

More than one supplier of the reagent is available.
Reagents would be sourced from several suppliers.
Reagents inventory held onsite. Contaminated water Cost to change is unknown, but is conservatively
would remain in the mine pool until the plant is again estimated.
operational.

High

High

WMS-6

Existing Plant

Power Supply

Loss of power supply to the plant Accident and/or Malfunction: Loss of the
No water treatment for one month
power line to the plant causing a disruption in requiring storage of untreated water
the power supply to the plant for one month. underground in the mine.

3

A

A

B

Contaminated water would remain in the mine pool
until power is restored.

WMS-7

Settling/ Polishing

Polishing Pond

Malfunction: Upset in settling system
Suspended solids are not
effectively removed in the settling
and polishing ponds

Discharge to the environment would not
be possible. Possible to re-suspend
sediment in Spring.

3

A

A

B

Monitoring of suspended solids will be maintained to Regular monitoring is a built-in mitigation to limit the
ensure flocculent levels are adequate. Equipment will likelihood of discharging poor quality water.
be maintained to limit risk of an upset. If TSS in
exceedance of discharge standards are encountered
the water in the ponds will be recirculated for
treatment before discharge.

High

WMS-8

Underground
storage

Concentration of arsenic in Bulkhead Failure and/or leaking
from plug failure during
mine water pool.
construction prior to freezing.

Partial failure may allow arsenic to be
released to main mine area. Potential
exists for thousands of tonnes of arsenic
dust released into the mine pool with a
substantial increase in the amount of
arsenic laden water that will required
treatment through the Water Treatment
Plant.

4

A

A

C

The care and maintenance of the bulkheads and
underground water management occurring prior to the
start of the project will continue until all identified
bulkheads are stabilized or plugs constructed through
priority sequencing. Bulkhead surveillance program
will remain ongoing and emergency action will be
taken where necessary to stabilize bulkheads.
Construction activities will coordinated to minimize risk
to arsenic containment. Pressure relief will be installed
as necessary during the construction phase. Should
bulkhead failure or plug leakage occur the Water
Treatment Plant will be sized and operated to
accommodate the additional arsenic concentration to
prevent release of arsenic to the environment.

This risk is present with the current dry conditions of
the arsenic dust contained behind bulkheads. Where
exterior plugs are installed to contain arsenic dust
these will be designed to withstand not only dry
conditions but for the fully saturated head of wetted,
but not yet frozen dust. In the short-term risk is
reduced but likelihood is not materially changed
because frozen conditions have not been
established. Scenarios involving mechanisms of
water inflow are covered in the Baker Creek System.

High

5

A

A

C

Plug design will take into account hydration factors,
ice pressure impact and deterioration factors. Design
of plugs will be such that they will not be able to
completely fail. Should plug leakage occur the Water
Treatment Plant will be sized and operated to
accommodate the additional arsenic concentration to
prevent release of arsenic to the environment.

Where exterior plugs are installed to contain arsenic
dust these will be designed to withstand not only dry
conditions but for the fully saturated head of wetted,
but not yet frozen dust.

High

3

B

B

D

Voids under sill pillars will be backfilled. This will
include cementatious backfill in critical areas, and
additional support for sill pillars where required. In the
event of a sill pillar collapse that results in an increase
in arsenic concentration in the mine water pool the
Water Treatment Plant will be sized and operated to
accommodate the additional arsenic concentration to
prevent release of arsenic to the environment. To
minimize the release of arsenic dust to the
atmosphere the mine ventilation system will be shut
down following a sill pillar collapse. In the event of a
substantial dust release, a community notification
protocol will be followed.

All sill pillars are currently subject to long-term
monitoring. This will continue during the remediation
phase. Despite the loss of a sill pillar an attempt will
be made to freeze the affected chamber. Stress
increase to the sill pillars from wetting would not
occur until after backfilling and frozen shell have
been completed, thus minimizing the risk of a failure
event. A visible dust release may result in a
perception that impacts are higher than actual.

Accident and/or Malfunction: Accelerated
deterioration or damage to bulkheads or
partial plug failure.

WMS-9

New Plug Failure During
Construction

Malfunction: Improper hydration of concrete
due to abnormal conditions, deterioration of
concrete, rock fall, pressure exceeds design
during fill, ice pressure and ice damage
during freezing resulting in partial plug
failure.

WMS-10

Sill Pillar Failure at Arsenic
Chambers/Stopes During
Construction

Accident: Collapse due to rock or ground
support degradation.

Loss of arsenic dust to mine pool and to
the ventilation system. Potential exists for
thousands of tonnes of arsenic dust
released into the mine pool with a
substantial increase in the amount of
arsenic laden water that will required
treatment through the Water Treatment
Plant.

A short-term replacement plant will likely be
unnecessary given that water can be stored
underground for this time period.

5

A

A

C

Moderate
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Confidence
Estimate

4

A

A

D

Accelerated construction of a new plant will take six
Water Treatment Plant is sized and operated to
accommodate the additional arsenic concentration to months. Water can be stored underground for this
prevent release of arsenic to the environment. Until a time period.
plant is constructed that can process contaminated
water to achieve compliant discharge, water will be
stored underground.

Vibration from quarrying operation Malfunction and/or Accident: Collapse of a
or earthquake.
crown pillar compromising pit wall stability or
pit slope stability leading to a compromise of
pillars under creek which results in the loss
of containment of Baker Creek which now
flows into the underground mine during
construction.

Potential release to the environment.
Mine water arsenic concentration
potentially reaching levels 100 times
current values.

5

A

D

C

Should mine flooding occur the new Water Treatment There is a short period of exposure to this hazard as
Plant will be sized and operated to accommodate the the re-alignment of Baker Creek is anticipated to be
additional arsenic concentration to prevent the release complete within two years of the start of the project.
of arsenic to the environment. Emergency pumping
capacity would be sourced and installed while new
permanent pumping capacity is built.

High

Pumps

Overflow of pump back at 22B

Overflow into environment affecting
Trapper Lake.

5

A

B

A

Local diesel backup generators will be used.

Moderate

New WTP

Malfunction: Plant under designed for the
Inability to produce compliant
effluent water and maintain water treatment volumes and arsenic
concentrations.
level in the mine

Underground storage in the mine will be
used up over time as the plant will not
have the capacity to process all of the
contaminated water for release as
compliant effluent.

4

A

A

C

Robustness will be built into the system, limitations will With the creation of the frozen block flows will be
further reduced. Additional studies are planned to
be relevant around capacity. The plant will be
designed for flow and concentration at the beginning improve on current mine storage calculations.
of the remediation phase, when inflow is the highest.
If the plant is found to be undersized additional
treatment capability will be added to the plant. The
plant will be modified as necessary during the periodic
recapitalization of the facility (every 25 years).

Low

No water treatment for 3 months.

5

A

A

B

Fuel management will occur around the plant and
power line to minimize the change of impact from a
forest fire.

Fuel management and a fire suppression plan will
maintain the risk as low over the very long term.

High

Concentration of arsenic in Significant increase in mine water Accident: Seepage from Baker Creek floods
mine water pool.
C212 and/or B208 and/or Chamber 14
arsenic concentration from the
during construction
failure of an arsenic
chamber/stope.

Accident: Local power failure, site power
failure

Seep will dry up in the long-term after tailings are
covered.

5

Cost

EVALUATION

Environment

PLANNED MITIGATION/CONTROLS/
MANAGEMENT MEASURES

LIKELIHOOD

POTENTIAL CONSEQUENCES

Public Safety

EVENT/CAUSES

Hydrostatic pressure in a flooded chamber
causes a bulkhead failure before or during
plug construction resulting in the loss of
arsenic dust as a slurry into the lower
portion of mine. Arsenic concentrations in
the mine water pool have the potential to
reach 1000 times higher than current
concentration. Chamber cannot be frozen.
Major cost consequence as chamber
cannot be frozen and therefore there is a
significant increase in water treatment
costs. Water stored underground until
water treatment capacity is increased,
consequently there is no release to the
environment.

Underground
storage

WMS-12

WMS-13

RISK ISSUE /
FAILURE

Cost

SUBCOMPONENT

Environment

WMS-11

COMPONENT

CONSEQUENCE
SEVERITY

Public Safety

ID

LIKELIHOOD

CONSEQUENCE
SEVERITY

A

A

D

High

Long Term
WMS-14

WMS-15

Power Supply

Main and Backup Power Loss

Accident: Forest fire

WMS-16

Malfunction: Maintenance failure

5

A

A

B

A maintenance management program and a
recapitalization plan will be established for the plant.
Mechanical systems will be repaired or replaced as
necessary to maintain treatment functions.

Recapitalization is expected to occur every 25 years.

High

WMS-17

Malfunction: No generator fuel

5

A

A

B

Back-up generation capacity will be standard for all
key components of the project.

In the event of a prolonged power outage water will
remain underground. With the creation of the frozen
block contact water will be eliminated.

Moderate

WMS-18

Malfunction: Lack of grid power

5

A

A

B

Back-up generation capacity will be standard for all
key components of the project.

In the event of a prolonged power outage water will
remain underground. With the creation of the frozen
block contact water will be eliminated.

Moderate

4

A

A

C

A maintenance management program and a
recapitalization plan will be established for the plant.
Mechanical systems will be repaired or replaced as
necessary to maintain treatment functions.

Recapitalization is expected to occur every 25 years.

High

WMS-19

Major Water Treatment Outage

Malfunction: Failure of mechanical systems

No water treatment for 3 months

WMS-20

Malfunction: Plant freeze up

4

A

A

C

In the event of loss of heating to the plant, systems
would be drained to prevent damage. In the event of
a freeze event damaging plant components these
would be rebuilt to restore plant function.
Contaminated water would remain in the mine pool
until the plant is again operational.

The operating plan for the plant will include an
emergency and recovery component to limit the
down time of the plant in the event of an accident. In
the event of a prolonged plant outage water will
remain underground. With the creation of the frozen
block contact water will be eliminated.

High

WMS-21

Malfunction: Reagent supplier unable to
meet demand

4

A

A

C

Reagents would be sourced from a new supplier.
Contaminated water would remain in the mine pool
until the plant is again operational.

More than one supplier of the reagent is available.
Cost to change is unknown, but is conservatively
estimated

High

WMS-22

Malfunction: Lack of maintenance.

4

A

A

C

A maintenance management program and a
recapitalization plan will be established for the plant.
Mechanical systems will be repaired or replaced as
necessary to maintain treatment functions.

Recapitalization is expected to occur every 25 years.

High

5

A

A

C

The volume of water treated through the water
With the creation of the frozen block, contact water
treatment plan may temporarily increase to draw down will be eliminated.
the mine pool water to the target level. Discharged
water will remain compliant. Surface subsidence
where it presents a hazard will be filled.

WMS-23

Underground
Storage

Concentration of arsenic in Movement of non-arsenic related Accident: Upset condition associated with
mine water pool.
backfill due to large fluctuations in flooding from Baker Creek.
minewater level

Such an event has the potential to affect
both water storage and treatment. A flood
event will increase the amount of water
stored underground.

High
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POTENTIAL CONSEQUENCES

PLANNED MITIGATION/CONTROLS/
MANAGEMENT MEASURES

EVALUATION

LIKELIHOOD

EVENT/CAUSES

Confidence
Estimate

5

A

A

C

Expansion of freeze system to overcome the warming. Natural thawing would affect all chambers. Freeze
system is designed for consequences of climate
This work would be completed well in advance of
change. Passive cooling does not rely on long term
chambers thawing out.
power for continued function.

WMS-25

Frozen Block Thawing -Malfunction: Failure of freeze
system

Release of arsenic contaminated water to
Malfunction: Degraded rock quality, crown
mine pool and ultimately to water
pillar and sill pillar failure fractured during
treatment plant
freezing causes increased permeability of
rock mass increasing ground water capture,
allowing high concentration arsenic
contaminated water to reach mine pool.
Additional water from thawing puts stress on
plugs.

5

A

A

C

The freeze system will be repaired and re-established.
In the event that this is not selected or is not possible,
the Water Treatment Plant will be re-sized and
operated to accommodate the additional arsenic
concentration to prevent release of arsenic to the
environment. Until additional plant components are
constructed that can process contaminated water to
achieve compliant discharge water will be stored
underground.

A malfunction of the freeze system is likely only to
affect a single block. Monitoring of the frozen block
temperatures and mine water quality will allow for
early detection and pinpointing of failure. It is
assumed that thawing in such an event would be the
result of natural thawing, not from the intentional
application of heat to the frozen blocks.

High

Mine inundation

Accident: Flood from Baker Creek

4

A

A

B

The volume of water treated through the water
treatment plant may temporarily increase to draw
down the mine pool water. Discharged water will
remain compliant.

With the creation of the frozen block contact water
will be eliminated.

High

Thinner ice cover around diffuser Malfunction: Diffuser operation in a warmer Safety issue for people utilizing area
winter. Modelling does not accurately predict because ice is thinner than expected.
the effect of discharge on ice cover

3

D

A

A

Ice thickness around the diffuser location will be
monitored. The location of the diffuser will be marked
to alert travelers of its location. If monitoring indicates
that thinning of ice to unsafe levels is occurring from
the diffuser discharge effluent will be cooled prior to
discharge through longer retention in the settling and
polishing system.

Modelling taking into account the depth of the
diffuser and the anticipated temperature of the
discharge water predicts that there will be no affect
on ice thickness.

Assimilation Capacity

Detectable increase in arsenic the Malfunction: Long term changes in lake
conditions and/or modeling inaccuracy.
in receiving environment (Back
Bay)

Small incremental increase in arsenic
concentration in Back Bay

5

A

B

A

The execution of the remediation plan will reduce the
No change in detectable arsenic levels in Back Bay
area expected due to the large assimilation capacity, amount of arsenic entering the environment from
however, ongoing monitoring will allow early detection current levels.
of any changes. Changes, if any would not show up
for decades and action to address such would likely
require a detailed level of assessment at that time to
determine options.

Discharge Regulations

Water Remediation Criteria
become more stringent

Re-design and construct new Water
Treatment Plant.

3

A

A

C

In the event of more stringent discharge criteria,
expand/redesign the Water Treatment Plant to meet
the new criteria.

Underground
storage

WMS-27

Diffuser

WMS-28

Receiving
Environment

WM-29

Storage Volume

Malfunction: Regulatory changes, design
criteria become more stringent

Accumulation of additional water in mine
pool. No release to the environment

Design and operation of the plant will conform to
changes in regulations to maintain compliant
discharge as part of recapitalization.

Cost

Frozen Block Thawing -- climate Accident: Degraded rock quality, crown pillar Release of arsenic contaminated water to
change
and sill pillar failure fractured during freezing mine pool and ultimately to Water
causes increased permeability of rock mass Treatment Plant.
increasing ground water capture, allowing
high concentration arsenic contaminated
water to reach mine pool. Additional water
from thawing puts stress on plugs.

Environment

WMS-24

WMS-26

Public Safety

RISK ISSUE /
FAILURE

Cost

SUBCOMPONENT

Environment

COMPONENT

CONSEQUENCE
SEVERITY

Public Safety

ID

LIKELIHOOD

CONSEQUENCE
SEVERITY

High

4

A

A

A

High

High

4

A

A

B

High
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B

C

EVALUATION

Cost

A

PLANNED
MITIGATION/CONTROLS/
MANAGEMENT MEASURES

Environment

POTENTIAL CONSEQUENCES

Public Safety

EVENT/CAUSES

CONSEQUENCE
SEVERITY
LIKELIHOOD

RISK ISSUE /
FAILURE

Cost

SUBCOMPONENT

Environment

COMPONENT

Public Safety

ID

LIKELIHOOD

CONSEQUENCE
SEVERITY

A

B

C

Confidence Estimate

Short Term
IS-1

Governance

Governance Failures

Malfunction: Competing
mandates within INAC
(regulatory and funding),
between departments in GoC,
territorial government (funding
and regulatory)

Slow reaction time to situations
consequence is a project delay (3
months)

3

Project management systems,
contingency funding, risk
management program, project
structure, cooperation agreement
b/w government, appropriate ERP,
appropriate contracting, different
contracting rules

Assumed that in the event of a
significant risk to humans or the
environment, rapid action by the
government would take place. Also
assumes contractor delay cost. The
perceived impacts may be higher.

4

High

IS-2

Governance

Governance Failure

Malfunction: Lack of external
communication

Loss of regulatory support; Loss of
credibility

2

A

A

A

Additional activities and consultation
would be conducted

IS-3

Governance

Governance Failure

Malfunction: Lack of oversight
and monitoring

Confused roles and responsibilities
within the Remediation Team leads
to the temporary discharge of
inadequately treated water

4

A

B

B

INAC's project management quality
control / quality assurance is in
place; Independent engineer
engaged

Moderate

IS-4

Governance

Governance Failure

Malfunction: Loss of political
support for frozen block option

Lack of funding for freeze
component requiring stabilization
and pump and treat

3

A

A

A

IS-5

Governance

Governance Failure

Malfunction: Inadequate training Primary consequence is discharge
and emergency response
of inadequately treated water into
Back Bay

3

A

A

A

Ensure quality assurance program is Assumed short term perceived impacts
on the recreational use of Back Bay was
in place (i.e. check training of staff
identified; No drinking water impacts. A
and monitoring program)
Surveillance Network Program would be
in place.

IS-6

Governance

Governance Failure

Malfunction: Loss of continuity
and coordination

Loss of project knowledge

2

A

A

B

Data control and mentoring of
personnel. Governance structure
firmly in place and is embedded in
project delivery.

IS-7

Regulatory

Water Remediation Criteria become Malfunction: Regulatory
more stringent
changes

Plant expansion/redesign, additional
parameters to treat

4

A

A

C

Ensure plant design is expandable
and plant re-capitalization every 25
years (treatment technology
improvements incorporated into
future plants)

Malfunction: Lack of external
communication
Malfunction: Lack of oversight
and monitoring

Loss of regulatory support; Loss of
credibility
Confused roles and responsibilities
within the lead agencies lead to the
temporary discharge of
inadequately treated water

Regular consultation and ongoing
investment in communications
Governance structure firmly in place;
Ongoing monitoring and QA as per
the Water License; Planned
redundancy within the water
treatment process; Year-round water
treatment reduces concentration and
flow rate

Moderate

Malfunction: Inappropriate
funding model for multi-year
project

Moderate

The scenario assumed is as worst case;
The perceived impacts may be higher.

Moderate

Leads to substantial cost savings. The
perceived impacts may be higher.

Moderate

Moderate

3

A

A

B

Moderate

Moderate

Assumed that an existing plant is in
place, plant expansion / re-design
required to meet new standards.

Long Term
IS-8

Governance

Governance Failure

IS-9

Governance

Governance Failure

2

A

A

A

4

A

B

B

IS-10

Governance

Governance Failure

Funding cycle leads to inability to
develop long term contracts and
high turnover of staff which results
in upsets of treatment of noncompliant water

3

A

A

A

Governance structure firmly in place; Short term, localized impacts that are
Ongoing monitoring and QA as per readily mitigated.
the Water License; Planned
redundancy within the water
treatment process; Year-round water
treatment reduces concentration and
flow rate

IS-11

Governance

Malfunction: Loss of continuity
and coordination by
management

Operation and Maintenance and
monitoring commitments can no
longer be fulfilled; Leads to noncompliant discharge of a period of
approximately 2 months

4

A

B

B

Governance structure firmly in place;
Ongoing monitoring and QA as per
the Water License; Planned
redundancy within the water
treatment process; Year-round water
treatment reduces concentration and
flow rate

IS-12

Governance

Remediated Mine Components

Malfunction: End land use
changes

Additional remediation required

4

A

B

D

Governance structure firmly in place; Assumed end change of land use
Ongoing monitoring and QA as per requiring remediation causing localized
site disturbance to establish ecosystem.
the Water License

IS-13

Regulatory

Water Remediation Criteria become Malfunction: Regulatory
more stringent
changes

Plant expansion/redesign, additional
parameters to treat

3

A

A

C

Ensure plant design is expandable
and plant re-capitalization every 25
years (treatment technology
improvements incorporated into
future plants)

Moderate

Moderate

Assumed discharge into Back Bay not
caught due to monitoring no longer
occurring; Reporting to authorities on a
monthly basis is a requirement.

Assumed existing plant in place, plant
expansion / re-design required to meet
new standards.

5

A

B

D

Moderate

4

A

A

C

Moderate
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PLANNED
MITIGATION/CONTROLS/
MANAGEMENT MEASURES

EVALUATION

Confidence Estimate

Accident: Extreme weather/high
winds

Strong wind exposes arsenic and friable
asbestos

3

A

A

A

Care and maintenance will continue
for this structure until demolition.
During demolition work areas will
be contained or isolated.

INF-2

Weather damage

Accident: Extreme weather/high
winds

Strong wind results in building debris
blown towards highway with the potential
to injure.

4

C

A

A

Care and maintenance will continue Long term - all buildings will be
for this structure until demolition.
demolished which will eliminate the
Impacts may be perceived as high. risks associated with this structure.
Impacts may be perceived as higher.

High

INF-3

Earthquake

Accident: Earthquake (max. 6.0
magnitude for the region)

Building damage that exposes
contaminants and complicates demolition.

5

A

A

B

During demolition work areas will
be contained or isolated.

High

INF-4

Complcations encountered during
demolition

Malfunction: Building removal failure

Building damage

3

A

A

B

This structure will be
Long term - all buildings will be
decontamininated prior to
demolished which will eliminate the
demolition. Care and maintenance risks associated with this structure.
will continue for this structure until
demolition. During demolition work
areas will be contained or isolated.

High

Earthquake

Accident: Earthquake (max. 6.0
magnitude for the region)

Collapses on Roaster

5

A

A

B

During demolition work areas will
be contained or isolated.

Long term - all buildings will be
demolished which will eliminate the
risks associated with this structure.

High

Complcations encountered during
demolition

Malfunction: Building removal failure

Building damage

3

A

A

B

During demolition work areas will
be contained or isolated.

Long term - all buildings will be
demolished which will eliminate the
risks associated with this structure.

High

Weather damage

Accident: Extreme weather/high
winds

Strong wind results in building debris
blown towards highway with the potential
to injure.

4

C

A

A

This structure will be
Long term - all buildings will be
decontamininated prior to
demolished which will eliminate the
demolition. Care and maintenance risks associated with this structure.
will continue for this structure until
demolition. During demolition work
areas will be contained or isolated.
Cladding to be removed in 2011.

High

INF-8

Weather damage

Accident: Extreme weather/high
winds

Asbestos cladding is disturbed and
asbestos released into the air.

3

B

B

A

During demolition work areas will
be contained or isolated.

Long term - all buildings will be
demolished which will eliminate the
risks associated with this structure.

High

INF-9

Complcations encountered during
demolition

Malfunction: Building removal failure

Building damage

3

A

A

A

During demolition work areas will
be contained or isolated.

Long term - all buildings will be
demolished which will eliminate the
risks associated with this structure.

High

Weather damage

Accident: Extreme weather/high
winds

Strong wind exposes friable Asbestos

3

A

A

A

This structure will be
Long term - all buildings will be
decontamininated prior to
demolished which will eliminate the
demolition. Care and maintenance risks associated with this structure.
will continue for this structure until
demolition. During demolition work
areas will be contained or isolated.

High

Complcations encountered during
demolition

Malfunction: Building removal failure

Building damage

3

A

A

A

Care and maintenance will continue Long term - all buildings will be
for this structure until demolition.
demolished which will eliminate the
During demolition work areas will
risks associated with this structure.
be contained or isolated.

High

Weather damage

Accident: Extreme weather/high
winds

Strong wind results in building debris
blown towards highway and injures a
person

4

C

A

A

This structure will be
Long term - all buildings will be
decontamininated prior to
demolished which will eliminate the
demolition. Care and maintenance risks associated with this structure.
will continue for this structure until
demolition. During demolition work
areas will be contained or isolated.

High

Weather damage

Accident: Extreme weather/high
winds

Asbestos cladding is disturbed and
asbestos released into the air

3

B

B

A

Care and maintenance will continue Long term - all buildings will be
for this structure until demolition.
demolished which will eliminate the
During demolition work areas will
risks associated with this structure.
be contained or isolated.

High

Cost

Weather damage

Environment

Public Safety

POTENTIAL CONSEQUENCES

Cost

EVENT/CAUSES

LIKELIHOOD

RISK ISSUE /
FAILURE

SUBCOMPONENT

Environment

COMPONENT

CONSEQUENCE
SEVERITY

Public Safety

ID

LIKELIHOOD

CONSEQUENCE
SEVERITY

Short Term
INF-1

INF-5

Buildings

Roaster

Stack

INF-6

INF-7

INF-10

C-Shaft Headframe

A-Shaft Headframe

INF-11

INF-12

INF-13

Mill

Long term - all buildings will be
demolished which will eliminate the
risks associated with this structure.
Impacts may be perceived as higher.

Long term - all buildings will be
demolished which will eliminate the
risks associated with this structure.
Impacts may be perceived as higher.

Moderate
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PLANNED
MITIGATION/CONTROLS/
MANAGEMENT MEASURES

EVALUATION

Confidence Estimate

Accident: Earthquake (max. 6.0
magnitude for the region)

Minor building damage

5

A

A

B

During demolition work areas will
be contained or isolated.

Long term - all buildings will be
demolished which will eliminate the
risks associated with this structure.

High

INF-15

Complcations encountered during
demolition

Malfunction: Building removal failure

Building damage

3

A

A

B

Care and maintenance will continue Long term - all buildings will be
for this structure until demolition.
demolished which will eliminate the
During demolition work areas will
risks associated with this structure.
be contained or isolated.

High

General Buildings

Forest fire, large grass fire or other
large scale fire on site.

Accident: Lightning, human error

Loss of C dry, WTP, freeze system and
other structures

5

B

B

C

Fire response plan for the site will
be maintained. The loss of the
WTP and freeze system are
covered under failures on the
Water Management and Freeze
System Sheets.

Heat value of forest fire is low for
area, reasonable fire breaks between
structures currently existing except
WTP. Arsene gas requires high
temperatures to ignite and therefore
presents little risk.

High

Loss of scoop tram or electrical systems
underground

4

A

A

B

Fire response plan for the site will
be maintained. In the event of
damage, critical components will be
repaired/replaced.
Fire response plan for the site will
be maintained. Site controls such
as speed limits and barriers to
prevent vehicle accidents will be in
place. Spills will be remediated.

Any impact to the freeze program will
be short term.

High

Site controls and emergency planning
are anticipated to minimise the
occurrence and consequence of
accidents.

High

Cost

Earthquake

Environment

INF-14

INF-16

Public Safety

POTENTIAL CONSEQUENCES

Cost

EVENT/CAUSES

LIKELIHOOD

RISK ISSUE /
FAILURE

SUBCOMPONENT

Environment

COMPONENT

CONSEQUENCE
SEVERITY

Public Safety

ID

LIKELIHOOD

CONSEQUENCE
SEVERITY

INF-17

Underground
Equipment

Scoop Tram

Underground Fire

Accident: Accident leads to fire

INF-18

Fuel Storage

Tanks

Fuel tank rupture and fire

Malfunction and/or Accident: Collision or
Accident
other accident
leads to release and combustion
of fuel

5

A

B

B

Transportation

Fuel spill on-site

Malfunction: On-site accident
involving the transportation of fuel.

Contaminated soil and contaminated
water, potentially affecting Baker Creek

4

A

C

C

Site controls such as speed limits
and barriers to prevent vehicle
accidents will be in place. Spills will
be remediated. A spill response
emergency plan will be maintained
and spill response supplies will be
stored on site.

Site controls and emergency planning
are anticipated to minimise the
occurrence and consequence of
accidents.

High

Malfunction: On-site accident

Contaminated soil and contaminated
water, potentially affecting Baker Creek

4

A

C

C

Site controls such as speed limits
and barriers to prevent vehicle
accidents will be in place. Spills will
be remediated. A spill response
emergency plan will be maintained
and spill response supplies will be
stored on site.

Site controls and emergency planning
are anticipated to minimise the
occurrence and consequence of
accidents.

High

Freeze up of infrastructure, which may
include Water Treatment Plant, and Office
Complex; Interruption in freeze
operations. Details of consequences are
addressed under the Water Management
System Sheet and Freeze System.

3

A

A

B

Emergency response and recovery
planning for key systems, including
the installation of emergency
generation capacity and protocols
for Water Treatment Plant shut
down and restart. Details of
measures are addressed in the
Water Management System and
Freeze System .

Emergency response and recovery
plans and the addition of emergency
generation capacity for key systems
will minimise the impacts of site power
failure.

High

INF-19

Long Term
INF-20

Mine Water
Treatment Plant

INF-21

Buildings

Reagent Storage On-site ferric sulphate spill

Freeze up of infrastructure, which
Accident: Site power failure
may include Water Treatment Plant,
and office complex and interruption in
freeze operations
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Appendix C
Cascading Event Scenarios

Failure Mode Effects Criticality Analysis (FMECA)Giant Mine Remediation – Mackenzie Valley
Environmental Impact Review Board – Information
Request 12 Response

Giant Mine - Risk Assessment of Remediation Program
Cascading Event Scenario - Short Term (Implementation) - Table 1
Failure Sequence ----------->

Initiating Event
Earthquake

Component Failure:
Arsenic Crown Pillar
Failure

Earthquake

Component Failure:
Crown Pillar Failure

Earthquake

Component Failure:
Baker Creek Failure
(base of creek
collapses)

Baker Creek flows
into mine

Increase in
arsenic
concentration in
minewater

Flood

Component Failure:
Baker Creek Bank
Overflow

Flow into mine

Rise in minewater

Result

Component
ETP and Mine
Arsenic solids
Pressure shock to
Increase in arsenic
Failure: Bulkhead released to mine
WTP not design
bulkheads
concentration in minewater
Failure
pool
to high test water
Crown pillar
Increase in
Component Failure:
failure leads to pit Collapse under
arsenic
Baker Creek
Baker Creek flows into mine
Baker Creek
slope or pit wall
concentration in
Failure
instability
minewater
Minewater flood
damages
underground
infrastructure

Component Failure: Mine
dewatering pumps fail

Component Failure:
Increase in arsenic
concentration in Underground instability (wet
minewater
conditions)

Component Failure:
ETP and Mine WTP
Failure

Increase in cost. Release
to the environment.

Component
ETP and Mine WTP
Failure: ETP and
not design to high
Mine WTP Failure
test water

Mine floods to
surface

Release of
arsenic to mine
pool

ETP under designed
to handle
concentration levels

New Mine WTP
not operational
yet

Component
Failure: ETP
treatment not
effective

FMECA
Reference
UGS-3
followed by
UGS-1

Release to the environment

WMS-12

Release to the
environment. Baker Creek
Canal re-alignment
required. Underground
pumping system
replacement required.

BCS-4

Impact to environment.

BSC-1
followed by
UGS-5

C-1

Giant Mine - Risk Assessment of Remediation Program
Cascading Event Scenario - Long Term (Post-Construction) Table 2
Failure Sequence -------------->

Initiating Event
Extreme
Weather (Global
Warming above
anticipated
levels)

Component
Failure: Passive
Freeze System
Failure

Thaw of frozen block

Underground
Instability

Earthquake

Component
Failure: Baker
Creek Failure
(base of creek
collapses)

Baker Creek flows
into mine

Increase in
arsenic
concentration in
minewater

Release of arsenic
Component
Minewater
Failure: Sill Pillar contaminated water requires more
Failure
treatment.
to mine pool

Minewater flood
damages
underground
infrastructure

Component
Failure: Mine
dewatering pumps
fail

Mine floods to
surface

Mine WTP
throughput
decreases

Component
Failure: Mine
WTP requires
upgrades

Result

FMECA
Reference

Increase cost

WMS-24

Non-compliant discharge to the
environment. Baker Creek Canal realignment required. Underground
pumping system replacement
required.

BCS-10

C-2

AECOM

Public Works and Government Services Canada

Appendix D
Multiple Cause Scenarios

Failure Mode Effects Criticality Analysis (FMECA)Giant Mine Remediation – Mackenzie Valley
Environmental Impact Review Board – Information
Request 12 Response

Giant Mine - Risk Assessment of Remediation Program
Multiple Cause Scenario - Short Term (Implementation) - Table 3

Multiple Cause
Scenario
Number

Failure Sequence -------------->

Initiating Events

Effluent Treatment Plant
(ETP) Supply of Chemicals
Interrupted (2 months)
MCS-1
Failure of Baker Creek base
during freshet

Wetting Plan for Freeze
System Not Effective.
Saturated Unfrozen in
Chambers
MCS-2
Sill Pillar Failure

Flood up to underground
pumping system
Component
Failure: Baker
Creek Base
Collapse

Component
Failure:
Underground
Stability Failure

Component Failure:
Underground Pump Failure

Mine floods to surface

Component Failure: ETP
Major loss of would require upgrades or
additional temporary
arsenic
treatment would be required
slurry into
to treat the elevated arsenic
mine
in minewater.

FMECA
Reference

Increase in cost
Release to environment.

BCS-4

Increase in cost

UGS-5

Replace pumping
system

Flood into
mine
New Mine WTP not
operational yet

Result

Loss of arsenic into
mine pool

Component
Failure: ETP
Treatment not
Effective

Component Failure: Re-design
of Underground Stability
Program
Component Failure: Loss of
arsenic into other portions of
the mine (previously nonarsenic containing) would
require a re-design of a portion
of the freeze system
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Giant Mine - Risk Assessment of Remediation Program
Multiple Cause Scenario - Long Term (Post-Construction) - Table 4
Multiple
Cause
Scenario
Number

MCS-3

New Mine Water Treatment Plant
(Mine WTP) is down for annual
general maintenance (1 week)
Extreme weather causes a flood
event over the designed capacity of
Baker Creek and a power outage
Snow and ice of tailings cover melts
creating higher then normal run-off

MCS-4

Failure Sequence ------------>

Initiating Events

Greater than anticipated
consolidation occurs on tailings
cover
Loss of Long Term Power

MCS-5
Passive Freeze System Failure

Component
Failure: Baker
Creek Bank
Overflow

Flood into mine

Component
Failure: Tailings
Cover
(Geotextile) Fails

Run-off does not
migrate off-site

Component
Failure: Passive
Freeze System

Degraded rock quality

Flood up to
underground
pumping system
Flood up to frozen
arsenic chambers

Component Failure:
Underground Pump
Failure

Replace pumping
system

Arsenic residue lost into
minewater

Nominal increase
concentration of
arsenic in
minewater

Mine WTP (on backCrown and sill pillar Increase arsenic loading
up power) increases
failure
to minewater
treatment rate

Result

FMECA
Reference

Increase in cost
No impact to Mine
WTP

BCS-6, WMS-23

No impact

SS-11

Increase in cost

FS-8

D-2
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Appendix E
List of Participants for Workshops

Failure Mode Effects Criticality Analysis (FMECA)Giant Mine Remediation – Mackenzie Valley
Environmental Impact Review Board – Information
Request 12 Response

Workshop 1:
i.
ii.

March 22 to 24, 2011 in Vancouver
Participants:
INAC
INAC -Ben Nordahn
Department of Justice – Carla Conkin
PWGSC
PWGSC – Henry Westermann, P.Eng.
PWGSC - Corrine Stokowski
PWGSC - Norm Quail
PWGSC - David Abernathy
PWGSC - Desmond O’Connor
PWGSC - Doug Townson, NWTAA, B.Arch.
PWGSC - Lisa Dyer, P.Eng.
PWGSC - Mark Cronk, P.Eng.
DXB Projects
DXB Projects - Dave Bynski, P.Eng, PMP
AECOM
AECOM - Robert Boon, P.Eng.
AECOM - David Knapik, P.Eng.
AECOM - Rudy Schmidtke, M.Sc, P.Eng.
AECOM - Jennifer Singbeil, P.Eng.
Golder
Golder - John Hull, P.Eng.
Golder - Cameron Clayton, M.Eng, P.Geo.
Golder - Darren Kennard, P.Eng.(BC)
Golder - David Caughill, P.Eng.
Golder - Katharine Harrison
Golder - Randa Salameh
Golder - Richard Beddoes, P.Eng.
Golder - Nathan Schmidt, Ph.D., P.Eng.

Workshop 2:
i.
ii.

April 4 to 6, 2011 in Vancouver
Participants:
INAC
INAC –Michael Nahir, M.Eng., P.Eng.
INAC - Martin Gavin, P.Eng.
INAC - Adrian Paradis
Department of Justice – Carla Conkin
Government of the Northwest Territories (GNWT) – Ken Hall
Brodie Consultants Ltd. – John Brodie, P.Eng.
SRK Consulting (SRK) – Daryl Hockley, P.Eng.; Peter Mikes, P.Eng.
SENES – Bruce Halbert
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PWGSC
PWGSC - Henry Westermann, P.Eng.
PWGSC - Corrine Stokowski
PWGSC - Norm Quail
PWGSC - David Abernathy
PWGSC - Desmond O’Connor
PWGSC - Lisa Dyer, P.Eng.
PWGSC - Mark Cronk, P.Eng.
PWGSC - Chris Doupe
PWGSC - Sharon Nelson
DXB Projects
DXB Project - Dave Bynski, P.Eng., PMP
AECOM
AECOM - David Knapik, P.Eng.
AECOM - Rudy Schmidtke, M.Sc, P.Eng.
AECOM - Gordon Woollett, P.Eng.
AECOM - Barry Williamson, P.Eng.
Golder
Golder –.John Hull, P.Eng.
Golder - Ross Hammet, P.Eng.
Golder - Richard Beddoes, P.Eng.
Golder - David Caughill, P.Eng.
Golder - Katharine Harrison
Golder - Brian Griffin, B.A.Sc
Golder - Nathan Schmidt, Ph.D., P.Eng.
Workshop 3:
i.
ii.

May 30 and 31, 2011 in Edmonton
Participants:
INAC
INAC –Michael Nahir, M.Eng., P.Eng.
Brodie Consultants Ltd. – John Brodie, P.Eng.
PWGSC
Norm Quail
Mark Cronk, P.Eng.
DXB Projects
DXB Projects - Dave Bynski, P.Eng., PMP
Golder
Golder - John Hull, P.Eng.
Golder - Darren Kennard, P.Eng. (BC)

E-2

AECOM
AECOM - Rudy Schmidtke, M.Sc, P.Eng.
AECOM - David Knapik, P.Eng.
AECOM - Jennifer Singbeil, P.Eng.
AECOM - Jillian Roth, EIT
AECOM - Larissa Wall
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EXECUTIVE SUMMARY
At the Giant Mine in Yellowknife, Northwest Territories, Canada, approximately 237,000 tonnes of
arsenic trioxide dust is stored in stopes (underground openings where mining took place) and
chambers in the upper 250 feet of underground mine workings. Remnants of the dust remain in the
Roaster Complex. Concrete bulkheads are used to contain the arsenic trioxide dust in the stopes
and chambers. Water containing arsenic trioxide in solution, or in a paste of arsenic trioxide dust,
seeps through, or past, some of these bulkheads. Seepage can occur through the bulkhead, at the
bulkhead-rock contact, or in natural or mining-induced rock fractures adjacent to the bulkhead.
Increased migration of arsenic trioxide dust from the underground stopes and chambers could occur
as a result of flooding of the underground mine workings. Flooding could result for a number of
reasons including ice build-up and blockage, channel failure, or extreme flood events, in Baker Creek
which flows across the mine site. Migration of arsenic trioxide dust from the Roaster Complex could
occur as a result of a fire in the complex. Any additional arsenic trioxide dust migration would result
in negative public and media comment, increased remediation costs, and in possible impacts to
human health and the environment.
The proposed final remedy as described in a 2007 Giant Mine Remediation Plan includes: (a)
rerouting of Baker Creek to increase its flow capacity and to prevent any overtopping and flow into
the open pits and hence flow into the underground workings; (b) freezing of those parts of the
underground mine where arsenic trioxide dust is contained behind bulkheads in stopes and
chambers to prevent migration of arsenic trioxide; (d) long-term pumping and treatment of arsenic
impacted mine waters; and (e) demolition of the Roaster Complex and disposal of contaminated
materials in an underground chamber;
Implementation of the site remediation has been delayed pending completion of an Environmental
Assessment in accordance with the Mackenzie Valley Resource Management Act. As a result of
abandonment by Royal Oak Mines, Indian and Northern Affairs Canada (INAC), Northern Affairs
Contaminated Sites Program, has taken responsibility for the Giant Mine. They are concerned that
the risks and consequences of increased migration of arsenic trioxide dust during this delay may be
high enough to warrant exercising the Crown’s prerogative to proactively implement the remediation
plan. Accordingly, they requested that an Independent Experts Panel (IEP) undertake a formal risk
assessment of the arsenic issues and provide: (a) its evaluation of whether continuing with the
Environmental Assessment results in risk that, in their experience, is inadvisable; and (b)
recommendations for any appropriate risk mitigation measures.
The IEP, comprised of five technical specialists in risk assessment and mining technologies (rock
mechanics, concrete technology, hydrology, groundwater and mine reclamation) relevant to the
issues performed a review of available information and studies, including the 2007 Remediation Plan,
and undertook a mine-site inspection. They conducted a Failure Modes and Effects Analysis (FMEA)
to identify and make quantitative and qualitative assessments of the likelihood and consequences of
failures. This assessment, together with their experience related to risk assessments for mines and
mine remediation forms the basis for their findings.
The IEP finds, that while there is risk of additional arsenic trioxide dust migration from the
underground stopes and chambers and from the Roaster Complex, these risks can be mitigated, and
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the resulting level of the risks (i.e., the likelihood and resulting consequences) do not justify preempting the environmental process.
Accordingly the IEP recommends that INAC review the findings of the formal risk assessment
workshop and in particular consider implementing the mitigation measures identified by the
participants of the formal risk assessment workshop.
The risk assessment and findings are based on the assumption that the Environmental Assessment,
followed by implementation of the remediation plan to a stage where the risks currently identified
would be effectively eliminated, would take between five and ten years. The IEP cautions that the
current findings may not be valid in the event of longer delays, as this would increase the risks
identified. Delays much longer than ten years to the start of the remediation program may justify preemptive action by the Crown to limit excessive mitigation costs and risks to human health and the
environment.

Report No. 126006/1

Robertson GeoConsultants Inc.
30/04/2010

Giant Mine Risk Assessment

Independent Experts Panel Report

Table of Contents
EXECUTIVE SUMMARY ................................................................................................................................. 1
1

INTRODUCTION ....................................................................................................................................... 1
1.1
1.2
1.3
1.4

2

GENERAL ...................................................................................................................................1
PROJECT BACKGROUND .............................................................................................................1
PROJECT OBJECTIVES ................................................................................................................2
REPORT LAYOUT ........................................................................................................................3

SITE DESCRIPTION ................................................................................................................................. 4
2.1
GENERAL ...................................................................................................................................4
2.2
THE MINE AND ITS HISTORY ........................................................................................................4
2.2.1
Location and Current Status.......................................................................................................... 4
2.2.2
Mine Development......................................................................................................................... 5
2.2.3
Processing ..................................................................................................................................... 5
2.3
ROASTER COMPLEX ...................................................................................................................5
2.3.1
General Description ...................................................................................................................... 5
2.3.2
Current Status................................................................................................................................ 5
2.3.3
Hazardous Materials Concerns ..................................................................................................... 6
2.3.4
Mitigation ...................................................................................................................................... 6
2.3.5
Final Remedy................................................................................................................................. 7
2.4
BAKER CREEK ............................................................................................................................7
2.4.1
Location and Description .............................................................................................................. 7
2.4.2
Flooding ........................................................................................................................................ 7
2.4.3
Remediation Plan .......................................................................................................................... 8
2.5
BULKHEADS ...............................................................................................................................8
2.5.1
General Description ...................................................................................................................... 8
2.5.2
Current Condition........................................................................................................................ 10
2.5.3
Dust Migration ............................................................................................................................ 11
2.5.4
Bulkhead Functionality................................................................................................................ 11
2.6
UNDERGROUND MINE WATER ...................................................................................................11
2.6.1
Openings from Surface to Underground...................................................................................... 11
2.6.2
Mine Inflow.................................................................................................................................. 11
2.7
CROWN PILLARS ......................................................................................................................12
2.8
REMEDIATION PLAN ..................................................................................................................12

3

PREVIOUS RISK ASSESSMENTS ........................................................................................................ 14
3.1
3.2
3.3

4

GENERAL .................................................................................................................................14
REMEDIATION PLAN ..................................................................................................................14
RISK MANAGEMENT REPORT ....................................................................................................14

RISK ASSESSMENT................................................................................................................................ 15
4.1
4.2

GENERAL .................................................................................................................................15
SITE VISIT ................................................................................................................................15

Report No. 126006/1

Robertson GeoConsultants Inc.
30/04/2010

Giant Mine Risk Assessment

ii

Independent Experts Panel Report

4.3
RISK ASSESSMENT ...................................................................................................................15
4.3.1
General ........................................................................................................................................ 15
4.3.2
Technical Approach..................................................................................................................... 15
4.4
RISK ASSESSMENT METHOD .....................................................................................................17
4.5
EVENTS EVALUATED IN FORMAL RISK ASSESSMENT WORKSHOP ................................................18
4.5.1
General ........................................................................................................................................ 18
4.5.2
Roaster Complex.......................................................................................................................... 18
4.5.3
Baker Creek. ................................................................................................................................ 19
4.5.4
Bulkheads .................................................................................................................................... 19
4.5.5
Underground Rock Failures. ....................................................................................................... 20
4.6
RESULTS OF FORMAL RISK ASSESSMENT ..................................................................................20
4.7
MITIGATION MEASURES ............................................................................................................21
5

INDEPENDENT EXPERTS PANEL FINDINGS.................................................................................. 22
5.1
5.2

6

SPECIFIC RISKS THAT MERIT ACTION.......................................................................................... 25
6.1
6.2
6.3
6.4
6.5
6.6
6.7

7

GENERAL .................................................................................................................................22
IEP FINDINGS ..........................................................................................................................22

GENERAL .................................................................................................................................25
BAKER CREEK CHANNEL BLOCKAGE .........................................................................................25
BAKER CREEK EXTREME EVENT FLOODING ...............................................................................26
FLOODING OF CHAMBERS &/OR STOPES CONTAINING ARSENIC TRIOXIDE DUST ..........................26
ACCESSIBLE BULKHEAD CONCRETE (CHAMBERS & STOPES)......................................................26
INACCESSIBLE BULKHEADS (CHAMBERS & STOPES)...................................................................27
STOPES BENEATH ARSENIC STORAGE AREAS ...........................................................................27

RECOMMENDATIONS .......................................................................................................................... 29
7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8

GENERAL .................................................................................................................................29
REMEDIATION PLAN ..................................................................................................................29
ROASTER COMPLEX .................................................................................................................29
BAKER CREEK ..........................................................................................................................29
BULKHEADS .............................................................................................................................30
ARSENIC CHAMBERS/STOPES ...................................................................................................31
MINE DEWATERING ..................................................................................................................31
STOPES BENEATH ARSENIC-TRIOXIDE-CONTAINING STOPES OR CHAMBERS ...............................32

8

SIGNATURES ........................................................................................................................................... 33

9

REFERENCES .......................................................................................................................................... 34

Tables
Table 1
Table 2
Table 3
Table 4
Table 5

Independent Experts Panel Members
Formal Risk Assessment Workshop Participants
FMEA – Giant Mine (Nov 25, 2008) Bulkheads at Stopes
Mitigation Measures
FMEA – Giant Mine (Nov 25, 2008) Roaster Complex

Report No. 126006/1

Robertson GeoConsultants Inc.
30/04/2010

Giant Mine Risk Assessment

Independent Experts Panel Report

REPORT NO. 126006/1

Indian and Northern Affairs Canada
Department of Indian Affairs and Northern Development

Giant Mine
Independent Experts Panel Risk Assessment of
Roaster Complex, Baker Creek, and Bulkheads Related to
Arsenic Trioxide Migration
1
1.1

INTRODUCTION
General

This report is prepared by Robertson GeoConsultants, Inc. (RGC) for Indian and Northern Affairs
Canada (INAC) at the request of Mr. Michael Nahir, P. Eng. of INAC. This report describes
conditions at the Roaster Complex, Baker Creek, and underground bulkheads at the Giant Mine,
Yellowknife, NT as they pertain to potential migration of arsenic trioxide dust. The report then
proceeds to document the following:

1.2



A Risk Assessment of the potential for increased migration of arsenic trioxide dust.



The recommendation of this Independent Experts Panel (IEP) whether to


proceed to immediate implementation of remedial works due to the severity
of the risk,



or to implement select mitigation and/or remedial works to address specific
risks,



or to delay implementation of remedial works pending completion of an
environmental assessment of the proposed final remedy because the risks
are being adequately managed for the short-term.

Project Background

In 2007 the Giant Mine Remediation Plan (Remediation Plan) (SRK, 2007) was issued. The plan
calls for the following actions at the mine facilities included in the IEP Risk Assessment:


Bulkheads: Freeze the underground mine stopes and specially-constructed
chambers that contain arsenic trioxide dust which is stored behind a series of
concrete and/or cemented-tailings bulkheads. This activity is the essence of the
remediation plan for the Giant Mine.

Baker Creek: Relocate and improve Baker Creek to reduce the likelihood of
overtopping the creek banks during extreme flood events and subsequent flooding of
the underground mine workings—the proposed relocation and creek-upgrade is
Report No. 126006/1
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planned to be undertaken after relocation of a section of the highway that passes
through the mine site.


Roaster Complex: Decontaminate and demolish the complex and place
contaminated debris in an existing empty underground chamber.

Approval of the Remediation Plan and its implementation (the establishment of permanently frozen
conditions) could take a decade or more. In the meantime, the site is managed to limit arsenic
trioxide migration from the roaster complex and the underground chambers and stopes where
arsenic trioxide dust is stored behind bulkheads.
An annual risk assessment has been conducted by others using INAC’s risk assessment protocol
(INAC, 2008a.) That work has identified the following high-level risks associated with mine facilities:


Roaster Complex: Damage to the complex by fire, wind, or vandalism resulting in
dispersal of arsenic trioxide dust and other contaminants.



Baker Creek: Flooding of the creek resulting in increased seepage directly into the
mine workings or flowing into the open pits adjacent to the creek and hence flowing
through the bottom of the pits into the underground mine workings.



Bulkheads: Ongoing deterioration or failure of the bulkheads resulting in increased
migration of arsenic trioxide dust or arsenic contaminated water to the underground
mine workings and/or off site. Failure of a bulkhead is most likely if flooding of the
mine workings causes increased pressures on the bulkhead. Failure of a bulkhead
could, however, occur due to time-dependent deterioration of the concrete or
cemented tailings that constitutes the mass of the bulkhead.



Crown Pillars, Stope Walls, and Stope Filling: Ongoing deterioration of open
and/or tailings-backfilled stopes may add to the risk of mine flooding and/or loss of
containment of the arsenic in the chambers.

INAC is concerned that during the extended period involved in approving the Remediation Plan and
subsequent implementation of the selected remedy, a sequence of events may occur that could lead
to a release and/or additional migration of arsenic trioxide dust or impacted waters, with the result
that remediation costs are increased, implementation of the Remediation Plan is compromised or
infeasible, or there is an adverse impact on human health and the environment.
1.3

Project Objectives

The objective of the risk assessment project described in this report is to revisit, revise, expand, and
update prior risk assessments pertaining to the Roaster Complex, Baker Creek, the bulkheads and
migration of arsenic trioxide dust to the environment and receptors, and/or the underground mine
workings and groundwater.
The panel of independent experts (Table 1) was asked by INAC to prepare a report to INAC and
other decision makers on risks pertaining to the following courses of action, and to provide an opinion
based on their mining remediation experience of the acceptability of such risk in implementing one or
more of the following courses of action:
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Continue As-Is, i.e., proceed as-is with the currently anticipated schedule for review
of the Remediation Plan and implementation of the selected remediation option. In
other words, undertake no remediation until the approval process mandated by the
Mackenzie Valley Resource Management Act is complete.



Expedited Action, i.e., exercise the right of the Crown to undertake immediate
action to address a real and current situation that requires attention, including preemptive remedy implementation.



Mitigation, i.e., institute additional interim (temporary) mitigation measures pending
implementation of the final remediation plan that may reduce the likelihood and/or
consequences of migration of arsenic trioxide from the Roaster Complex and/or
underground chambers & stopes.

Report Layout

In addition to this introduction, this report includes these sections:


Section 2 – Site Description including a brief description of the site and facilities
specifically those relevant to the risk assessment of the Roaster Complex, Baker
Creek, and the bulkheads.



Section 3 – Previous Risk Assessments including a description of risk assessment
undertaken by other parties preceding this risk assessment.



Section 4 – Conduct of the Risk Assessment including a description of the parties
involved in the formal risk assessment workshop, their deliberations, and the results
of the risk assessment. Note that the formal risk assessment workshop (i.e., the
formal process of identifying and evaluating risks and mitigation measures) included
the members of the IEP, INAC staff, a specialist consultant to INAC, staff from
PWGSC, and Giant Mine staff.



Section 5 Independent Experts Panel Findings (IEP) in which the key findings of
IEP are listed.



Section 6 - Specific Risks that Merit Action in which the higher risk failure modes
are discussed together with the potential mitigation measures that may be
considered to reduce such risk.



Section 7 – Recommendation of the IEP including the recommendations of the IEP
and reasons for these recommendations. Note that only members of the IEP
contributed to, and concur with, the contents of this section.



Risk Assessment Matrices, summarizing the failure modes considered, and results
of the risk assessments for each of these are provided on a separate CD; this is
done as the matrices are large and not amenable to convenient incorporation in this
report.
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SITE DESCRIPTION

2.1

General

This section is a brief description of the site and the facilities considered in the risk assessment1.
Some of the potential failure modes evaluated in the FMEA, that contribute to on-going risk at this
site are mentioned. Accordingly, this section includes the following subsections:

2.2
2.2.1



The Mine and Its History, including a brief overview of the mine location, history,
and the layout of the above-ground facilities. This subsection is brief as considerable
additional detail is readily available in the references



The Roaster Complex, including a description of its current condition and factors
that affect an assessment of the risk of additional release of arsenic trioxide dust.



Baker Creek, including a description of its layout, flow characteristics, and potential
for flooding.



Underground Bulkheads, including a description of their locations, construction,
and current conditions as is relevant to potential failure resulting in increased release
of arsenic trioxide dust confined in stopes and chambers behind the bulkheads.



Underground Mine Waters, including a description of the pathways by which
surface waters may enter the mine workings and flow to the stopes and chambers
that contain arsenic trioxide dust.



Crown Pillars, including a description of the condition of the crown pillars and
stopes that surround and underlie the stopes and chambers that contain arsenic
trioxide dust.



The Final Remedy, as described in the Remediation Plan is summarized in the final
subsection of this section.

The Mine and its History
Location and Current Status

The Giant Mine is within the municipal boundary of and in close proximity to the city of Yellowknife,
Northwest Territories, Canada. The mine produced gold from 1948 to 1999 when the mine went into
receivership and was transferred to the Department of Indian Affairs and Northern Development
(DIAND). DIAND entered into an agreement with Miramar Mines Ltd. who continued to operate the
mine from 1999 until 2004. When mining ceased in 2004, DIAND again took control of the site.
DIAND continues to control the site and on behalf of INAC, PWGSC has contracted with the
Deton’Cho-Nuna Joint Venture to continue maintenance and environmental management.

1

The valuable assistance of John Brodie, consultant to INAC, in locating and understanding site conditions is
acknowledged.
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Mine Development

Underground mine development began in 1945 with sinking of the A-Shaft. The B-Shaft was sunk in
1946 and C-Shaft in 1949. C-Shaft was connected to the A- and B-Shafts via the 750 level by 1952.
Open pit mining began in 1974. Five open pits were developed. Baker Creek was relocated to allow
for mining of the open pits.
Underground mining involved both cut and fill and open stoping. Waste rock and natural gravel
excavated on surface were used as stope fill until 1957, when mill tailings became the primary
backfill material. Tailings backfill continued until 1978.
15 of the stopes and specially mined chambers contain arsenic trioxide dust and the security of these
deposits and the storage areas are determined by the stability of mine workings, as well as potential
inflows of surface water that may transport arsenic out of the storage areas.
Underground mine dewatering was performed during mining operations, which maintained water
levels below the 2,000 level. Dewatering was discontinued in 2005 and mine flooding has occurred
to 800 level at which level new pumps maintain the flooded level.
Maintenance of dewatering is
required to prevent flooding of the arsenic trioxide storage chambers.
2.2.3

Processing

Processing of the Giant Mine ore involved roasting which created arsenic trioxide dust as a waste byproduct. The dust is about 60 percent arsenic. Approximately 237,000 tonnes of the dust were
produced and stored in fifteen purpose-built chambers and mined-out stopes located above the 250
level.
2.3
2.3.1

Roaster Complex
General Description

The Roaster Complex consists of interconnected buildings ranging in height from one to three
stories. The exteriors of the buildings are wood and/or asbestos paneling. One building is woodframed; the rest are steel-framed. Floors are concrete. The buildings enclose a complex system of
mezzanines, catwalks, steel platforms, interior steel frames, and equipment.
The Remediation Plan (SRK, 2007) notes that the Roaster Complex includes these components:
roaster plant, kiln plant, carbon plant, baghouse, stack, arsenic trioxide silo, and truck loading shed.
2.3.2

Current Status

An inspection of the Roaster Building Complex in 2007 (Public Works, 2007) notes the following
about the condition of the complex:


The wood structure shows no signs of significant rot.



No evidence of corrosion or “deflection” of the main structural elements, e.g., beams,
columns, and trusses.



Loose and/or damaged exterior asbestos panels are present.
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Gaps in the roofing, corrosion of fasteners and panels, and a concern that excess
wind loading could lead to compromise of the roof’s integrity.



Corrosion of parts of the catwalk.

The inspection report recommends monitoring of asbestos panels and keeping the catwalks out of
bounds. The report states that repair of the wood finish, asbestos panel finish, and catwalks is not
warranted due to the cost and because the building is not used for its original function.
2.3.3

Hazardous Materials Concerns

The Remediation Plan summarizes hazardous material concerns at the Roaster Complex, noting
these materials are present:


Asbestos Containing Material: Non-friable construction materials, including large
quantities of friable insulation material.



Arsenic Containing Material: Large quantities of process residues, with high
soluble arsenic contents.



PCB Materials: Possible small quantities of solid PCB materials.

The Remediation Plan notes that in the Roaster Complex are approximately 700 tonnes of process
residues containing greater than 10,000 mg/kg total arsenic. The Remediation Plan also notes that
an additional 1,500 tonnes of process residues in the Mill and Roaster complexes may be expected
to contain less than 10,000 mg/kg total arsenic.
2.3.4

Mitigation

Mitigation of risks associated with the Roaster Complex has been undertaken. This quote from the
Remediation Plan notes:
The site buildings were inspected in 1998. The purpose of the inspections was to visually
identify the types and approximate amounts of hazardous materials associated with each
building. The inspections identified asbestos materials, lead-based paints, and potential for
PCB contaminated materials as remediation concerns. Asbestos containing materials
identified included non-friable construction materials, such as siding and roof shingles found
on all of the older site buildings, and friable asbestos materials used for insulation. Large
quantities of friable asbestos were found in the process buildings associated with the roaster
and roaster-gas handling systems.
Most of the buildings have been painted on the exterior and interior surfaces, and since lead
was widely used in the manufacture of paints until 1977, lead-based paints were probably
used. Non lead-based paints have been applied over the original paint on most interior and
some of the interior surfaces. The original paint on many exterior surfaces is now peeling,
cracked, or flaking, which could result in lead contamination of soils immediately adjacent to
the older buildings.
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Final Remedy

The Remediation Plan (SRK, 2007) calls for all buildings and infrastructure to be removed. Arseniccontaminated materials will be removed and placed in an empty underground chamber. The
following are details from the Remediation Plan (SRK, 2007)
All of the site buildings without a continuing function will be demolished. Hazardous
materials and potential contaminants will be removed from the buildings prior to demolition,
when this is safe and practical. Some hazardous materials may need to be left in the
buildings while they are partially or completely demolished. For example, some of the
arsenic contaminated process residues and process equipment would have to be handled
using large equipment, and it may not be possible to gain safe access to these materials with
the building standing. Measures will be taken to control dust generated during the
demolition, when it is likely to be contaminated with arsenic or asbestos.
Hazardous materials removed from the buildings before demolition, or recovered from the
demolition debris, will be handled and disposed of according to industry best practices and
the GNWT regulations. The preferred disposal location for materials with high soluble arsenic
is the empty chamber 15, which would then subsequently be frozen.
Some of the friable asbestos materials in the Roaster complex may be expected to contain
arsenic contaminated dust, and could also require secure disposal within the areas described
above. Waste asbestos materials that are not contaminated with arsenic would be buried in
tailings at the Northwest Pond.
The demolition of all the buildings on the site is expected to generate a total of approximately
90,000 cubic meters of waste. The majority of the waste volume is expected to consist of
non-hazardous construction materials and equipment, or materials that can be cleaned to
remove contaminants. Stable non-hazardous demolition waste will be deposited in the B1
Pit, outside the frozen zone. The remaining non-hazardous demolition waste would be
placed in a new facility constructed on the Northwest Pond.
2.4
2.4.1

Baker Creek
Location and Description

Baker Creek flows across the mine site. A portion of the creek was diverted in 1983 to make way for
excavation of the C-1 open pit. Its course has also been altered as a result of development of pit A2,
and to reduce seepage to the underground mine. Normal flow in the creek is contained within the
creek that is bounded by cuts into the natural soils of the area, rock slopes, and soil dikes and berms.
Short reaches of the creek have been lined with an impermeable liner to control seepage from the
creek bed. The creek passes through a culvert under the highway where it leaves the mine property.
2.4.2

Flooding

During the winter ice builds up in the creek. It is currently not always possible to remove the ice that
builds up. Ice build-up restricts flow of the spring freshet in the creek, and it is possible that a
combination of unremoved ice and a higher than average spring freshet flow could result in water
flooding the ice-affected creek and overtopping of the banks of the creek. Depending on where this
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occurs and the quantity of flood waters escaping the creek, flooding of the underground mine
workings could occur.
Extreme floods generally greater than those associated with a one in three-hundred year recurrence
interval may flood the creek, causing an exceedance of flow capacity with attendant escape of water
that may erode dikes and berms and cause flooding of the underground mine workings.
2.4.3

Remediation Plan

The Remediation Plan notes with regard to Baker Creek that the public highway through the site may
have to be relocated to facilitate demolition of the Roaster Complex and in particular facilitate
relocation of Baker Creek. This is what the plan says in this regard:
Highway No. 4 (the Ingraham Trail), and the Vee Lake Road run through the Giant Mine site
along a 60-meter wide right-of-way. The road is used by residents of homes on the Ingraham
Trail, and by other members of the public for recreational purposes. The road is owned and
maintained by the Government of the Northwest Territories. The road passes close to several
key site components, such as Baker Creek, the A2 and C1 Pits, and the Roaster Complex.
The road also passes close to or directly above several of the underground mine trioxide
storage chambers and stopes.
The route of the relocated highway is not yet established; there are a number of very different
alternatives under discussion. Accordingly the route of the proposed relocated Baker Creek is not
currently established. It will not be possible to relocate Baker Creek to a final route until the highway
is relocated.
2.5
2.5.1

Bulkheads
General Description

Arsenic trioxide was placed in ten specially mined chambers and in five selected stopes that were
initially mined to extract ore. Both chambers and stopes developed for storage have been sealed by
the construction of bulkheads. Since stopes are located in areas affected by mining, while chambers
are located outside the influence of other mining activities, a distinction is drawn between bulkheads
for chamber and bulkheads for stopes. There is a greater risk that mining-induced rock deformation
could affect the performance of stope bulkheads as compared to chamber bulkheads.
Of the 71 bulkheads in the mine, 20 are not associated with containment of arsenic trioxide dust. Of
the remaining 51, 38 are accessible and 13 are inaccessible. Of the accessible bulkheads, 26 are
categorized as upper bulkheads and 12 are lower bulkheads. All of the 13 inaccessible bulkheads
are lower bulkheads, as summarized in the table below.
Lower bulkheads are those that could be subjected to internal or external water pressure; they are
accordingly at risk for release of arsenic trioxide dust or affected waters. Bulkheads are further
differentiated by their geometry and construction. Bulkheads constructed into near-horizontal drifts
are referred to as “vertical bulkheads”. Bulkheads constructed to seal inclined or sub-vertical raises
are referred to as “horizontal bulkheads.” There is at least one mild-steel pipe through most of the
vertical bulkheads. Historically, the pipes were used to bleed water accumulation behind the
bulkheads. Only lately have some been used to get pressure readings or monitoring of some
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description. In the case of upper bulkheads; various pipes were for injection of arsenic dust and
exhaust of air, Other potential openings in the lower vertical bulkheads include holes installed to
inject grout into the contact zone between the bulkhead and surrounding rock or into the subtended
chamber or stope.
Inaccessible lower bulkheads are summarized as follows:
Area

Inaccessible
Lower
Bulkhead #

Type

Comment

AR1

None

-

-

AR2

47

Vertical

Could be accessed by mining

48

Vertical

Could be accessed by mining

49

Horizontal

Could be accessed by mining

56

Vertical

Within zone contained by BH 58

1

Vertical

Within zone contained by BH’s 10 – 15

3

Vertical

Within zone contained by BH’s 10 – 15

5

Vertical

Within zone contained by BH’s 10 – 15

10

Horizontal

Limited access recently achieved

11

Horizontal

Limited access could be achieved

12

Horizontal

Limited access could be achieved

33

Horizontal

-

34

Horizontal

Limited access through 3-10/202 stopes

35

Horizontal

AR3

AR4

-

Vertical and horizontal bulkheads are most likely to have different performance characteristics due to
the nature of their construction. In general, horizontal bulkheads are expected to provide better
containment because:


Any cold joints which may be present due to the sequence of construction are
perpendicular to potential seepage pathways, rather than parallel.



The natural slumping of the concrete tends to form a tight seal on all 4 sides, unlike
vertical bulkheads where the concrete can slump away from the roof,



Debris (loose muck or formwork cuttings) will not be present on the sides of a
horizontal bulkhead in the way that it could be present on the floor of a horizontal
bulkhead.
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Bulkheads for containment of arsenic were constructed over a period of nearly 40 years under the
direction of several engineers. This resulted in different approaches being taken in the design and
construction. Some key differences include:


Plug and semi-plug bulkheads, where the bulkhead length approaches the width of
the drift or raise being sealed,



Use of cemented tailings for several bulkheads,



Thin slab design with heavy reliance on steel rebar for structural capacity.

Despite these variations, all of the lower bulkheads were designed to resist the hydraulic thrust of the
hypothetical situation where a chamber was filled with water to the ground surface. Furthermore, the
plug type design (which applies to all lower bulkheads except #68 which is accessible) provides a
very high factor of safety (>10) against complete failure even with deteriorated concrete. All of the
bulkheads have the potential to leak arsenic-bearing water, and in many cases a paste of wet arsenic
dust could ooze past the bulkhead, However, complete catastrophic failure of a bulkhead is
improbable.
Many of the upper bulkheads are access/inspection ports generally kept closed by a thin metal plate.
These inspection “ports” originally were meant to confine the dust, with rubber gaskets and tightened
to make the chamber/stope “airtight” so the exhaust system worked. They provide some water
management capacity, if they were rehabilitated to original condition. In the current arrangement,
they could easily allow inflow of water to a chamber if there were a mine flooding situation.
2.5.2

Current Condition

The following lower bulkheads are of particular concern:


Bulkheads 10, 11, and 12. Bulkheads 11 & 12 are inaccessible for inspection.
Failure of these bulkheads would lead to uncontrolled release of dust into the
underlying stopes.



Bulkhead 36. Year-round seepage (less than one litre per minute) has been
observed from the north end of stopes B212, 213, and 214. Failure of bulkhead 36
would lead to uncontrolled release of dust into the underlying workings. Water
pressures at bulkhead 32 are being monitored and resulting hydrostatic pressures
are used to predict conditions at bulkhead 36.



Bulkheads 47, 48, and 49. The condition of these bulkheads is not known. They
are located under stope C212 and Baker Creek. Water draining from the creek could
cause fluctuating pressures on these bulkheads.



Bulkhead 68. This lower, vertical bulkhead seals chamber 14 which is located in
proximity to the current alignment of Baker Creek. This bulkhead has experienced
chronic seepage and leakage of arsenic sludge.
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Dust Migration

Observations by mine personnel are that arsenic trioxide paste has squeezed or flowed past two of
the lower bulkheads2 and has been deposited outside the chambers. Seepage or evidence of it has
been observed at the majority of accessible bulkheads. The most significant seepage was observed
along the bulkhead concrete to rock contact. The rate of seepage increases in the weeks and
months following the spring freshet. Testing of the seepage water indicates a high arsenic content,
i.e., about 2,000 to 4,000 mg/L As.
2.5.4

Bulkhead Functionality

Accessible bulkheads are inspected on a regular basis. Generally they are considered to be currently
functional. Some bulkheads, however, are characterized by seepage and/or physical deterioration;
accordingly, mitigation measures have been implemented as potential ways to promote the continued
functionality of accessible bulkheads pending implementation of a final remedy. These mitigation
measures include:

2.6
2.6.1



Reduce water flow into the arsenic dust chambers, (such as draining the mill pond
and pumping out B1 pit)



Drain or release any water from the chamber to prevent a build-up of water pressure
in the chamber. (such as the gravity and pumped discharge system for B208)



Reinforce the bulkheads to increase their resistance. (such as the construction of BH
14a in front of BH14)



Additional bulkheads could also be installed if the need arises.

Underground Mine Water
Openings from Surface to Underground

There are numerous openings from the surface to the underground mine workings. The openings
include intercepted raises, tunnels, man-ways, and adits. Some have been capped or blocked. Many
stopes connect to the open pits. These stopes were backfilled prior to open pit mining. There are
subsidence areas in the C1 pit where the bottom intersects backfilled stopes. In the event of surface
flooding, one or more of these openings could act as conduits for the flow of surface water to the
underground mine workings.
2.6.2

Mine Inflow

Sources of water entering the underground mine workings include limited seepage from groundwater
in the saturated bedrock that surrounds the mine workings, infiltration through soils and bedrock in
the mine area, runoff flowing into the open pits, seepage from Baker Creek, and seepage from the
tailings containment areas.
In the past, water that entered the mine, ultimately drained into the mine dewatering system located
at the C-Shaft. Routine pumping of water was to the NW Pond for storage prior to treatment. During

2

Bulkheads 68 and 14 which was rebuilt in 2004.
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periods of high mine inflow in the spring and summer, minewater was periodically pumped to the
surface through the C-Shaft and discharged to the South Pond.
In 2008, a new mine dewatering system was installed to control the mine water after flooding to the
750 Level. This system was installed near the Aikatcho Shaft and discharges mine water to the
northwest tailings pond. This system was operational in October and started pumping in late October
2008 when the mine water reached the approximately the 800 Level.
Flooding of the lower levels of the mine was started in July 2005 when pumps on the 2000 Level at
the bottom of the mine were shut down and removed. Before flooding of the lower mine levels, the
dewatering rate averaged about 2,400 cubic meters per day with peak dewatering rates as high as
4,000 cubic meters per day during the freshet period (SRK, 2005.)
2.7

Crown Pillars

The stability of the crown pillars over the stopes and chambers containing arsenic trioxide dust was
investigated in 2004 and 2005 (SRK, 2005). Evaluations using three different methods of stability
assessment indicated that the B208 stope, the B235/B236 stopes and the combined B212 to B214
stopes are in a “state of marginal stability, if the lower range of rock properties” control stability. SRK
2005 recommended remediation measures to the B212 stope because of the possibility that failure of
this area would develop a connection between the stope and Baker Creek.
The Remediation Plan (SRK, 2007) states that the crown pillars above the chambers that contain the
arsenic trioxide dust are relatively thick and failure is considered to be unlikely. The Remediation
Plan notes that the crown pillars above the stopes are not as thick and their stability may be a
concern.
Evidence of collapse of tailings and waste-rock-filled mine workings in stope C5-09 was observed at
an accessible location by the IEP members during a site visit in late November 2008.
2.8

Remediation Plan

The Remediation Plan (SRK, 2007) calls for all buildings and infrastructure to be removed. Arseniccontaminated materials will be removed and placed in an empty underground chamber.
The Remediation Plan (SRK, 2007) calls for the arsenic trioxide dust and the rock around each
chamber and stope to be frozen and to be maintained completely frozen in perpetuity.
For an undetermined period following ground freezing, contaminated minewater will continue to be
extracted through a series of wells, piped to a new water treatment plant, treated to remove
contaminants, and then discharged to Yellowknife Bay.
After remediation, the site will consist of a small surface area that will need to remain under active
management which will include maintenance of the ground freezing system and long-term treatment
of contaminated minewater.
In the absence of remediation, arsenic releases from the site could increase to many thousands of
kilograms per year. Remediation is expected to decrease but not eliminate arsenic release from the
site. Arsenic releases from the site will decrease from the current level of approximately 500
kilograms per year to less than 200 kilograms per year.

Report No. 126006/1

12

Robertson GeoConsultants Inc.
30/04/2010

Giant Mine Risk Assessment

Independent Experts Panel Report

Implementation of the remediation was anticipated in 2007 to commence in 2009. Most surface work
was anticipated to be complete within five years. Ground freezing which develops over time was
anticipated to be substantially complete within ten years. It is currently not known when remediation
is likely to begin. The IEP selected to evaluate the risk of failure over either a 5 or 10 year period
when performing the FMEA.
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PREVIOUS RISK ASSESSMENTS
General

A risk management program is in place at the Giant Mine. The findings of previous risk assessments
are used to make site management decisions and to undertake control and mitigation activities.
However it has not proven to be feasible to mitigate all the risks that are identified. For example,
many bulkheads are inaccessible. Work is in progress to evaluate stope stability as it may be
affected by loss of backfill in the area of stope C5-09.
In addition to risks associated with the mine, INAC has identified that the physical deterioration of the
roaster and the potential for fire in the roaster is a risk with associated potential for distribution of
arsenic dust.
3.2

Remediation Plan

The Remediation Plan (SRK, 2007) does not explicitly characterize or quantify the risk of specific
events. However, it notes these key concerns as the basis for selection of the preferred remedy:

3.3



The potential for uncontrolled release of arsenic following reflooding of the mine.



The possibility of water ingress and spreading of arsenic dust following physical
instability of the crown pillars in the area of the dust storage areas.



The possibility of significant release of arsenic dust and water quality impact
following failure of one or more of the bulkheads that hold back the dust in chambers
and stopes.

Risk Management Report

The Risk Management Report (INAC, 2008a) notes the following risks that are relevant to this report:


A2 Baker Creek rock cut: Failure could lead to creek overtopping the mine road
and discharging into open pit A2, hence flowing to the mine workings. The likelihood
is rated as “possible. The reputation and cost consequences are rated as
“moderate” and “major” respectively.



C1 Baker Creek Diversion. Failure would result in uncontrolled flow of water into
open pit C1 and to the mine workings. The likelihood is rated “possible.” The
environmental impact is rated “major.”



Arsenic trioxide behind bulkheads. Collapse of a bulkhead would release arsenic
trioxide to the underground and this would lead to an overload of the water
management system.
The likelihood is rated “possible.”
The reputation
consequences are rated as “major.”
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RISK ASSESSMENT

4.1

General

The risk assessment workshop participants (Table 2) included the IEP, INAC and PWGSC staff, mine
personnel, and John Brodie, an independent consultant to INAC. While INAC, PWGSC, and mine
personnel participated in the formal risk assessment workshop, they did not participate in subsequent
private deliberations by the members of the IEP (Table 1), nor did they formulate opinions, findings,
or recommendation as described in Sections 5 to 7 of this report. The FMEA forms that record the
risk assessments that were completed are provided in Tables 3 and 5 for the Mine and Roster
Complex respectively.
4.2

Site Visit

Through November 26 to 28, 2008, members of the IEP visited the site accompanied by INAC and
mine staff. The following was the scope of their site observations:

4.3
4.3.1



Roaster Complex: Only the outside of the complex was observed as it was
considered unsafe to enter the complex.



Baker Creek: The site and the creek were covered by snow at the time of the site
visit. Water was observed to be flowing in the lower part of the creek. The general
site and creek topography, adjacent rock slopes, and soil dikes and embankments
were able to be observed in general outlines. An understanding of creek access and
ice-formation potential was gained.



Bulkheads: Selected accessible vertical bulkheads were observed. In particular,
the following conditions as described in detail in the references were observed:
deteriorated concrete, seepage of water at the juncture between the bedrock and the
bulkhead, and the small to moderate (tens of kilograms) quantity of arsenic trioxide
dust/paste that had migrated passed the bulkheads (primarily BH 68).



Underground Mine Workings: General rock conditions were observed. The upper
part of stope C5-09 was observed.

Risk Assessment
General

Subsequent to the site visit, a formal risk assessment was undertaken. This section summarizes the
process and the results of that risk assessment.
4.3.2

Technical Approach

The risk assessments described in this report were conducted using a modified INAC risk
management approach (INAC, 2008b). The following are two definitions of risk management from
INAC, 2008b:
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The culture, processes and structures that are directed towards realizing potential
opportunities whilst managing adverse effects.



The systematic application of management policies, procedures and practices to the
task of communicating, establishing the context, identifying, analyzing, evaluating,
treating, monitoring and reviewing risk.

The INAC risk management approach includes these steps:


Establish the Context: Establish the internal and external context process, identify
risk tolerances of the organization and develop definitions accordingly.



Identify Risks: What could go wrong, where, and when? Develop a broad range of
risk scenarios (events) for all aspects of the project.



Analyze the Risk: What are the consequences of these events and how likely are
they to occur? How does existing control affect the risk levels?



Evaluate Risk: Is the risk acceptable? Risks are evaluated relative to the risk
tolerance of the organization. The ALARP (As Low as Reasonably Practical)
principle is applied.



Treat the Risk: Each level of risk triggers a predetermined level of action. Identify
and assess options. Develop and implement risk treatment/mitigation plans.
Evaluate residual risk.



Monitor and Review: Review factors that may affect consequences and likelihood
that may have changed. Monitor progress against risk treatment plans (performance
measurement.) Monitor implementation of the process.

The INAC risk management approach considers these consequences of the potential realization of a
risk:


Human health and safety



Legal obligations



Environmental impacts



Special considerations (including impacts on traditional land use)



Community, media, and reputation



Cost.

The following are specific risks related to underground mine workings and contaminant release listed
by INAC, 2008b:


Presence of hazardous materials in uncontrolled underground setting leads to
community concern.



Seepage from underground hazardous material storage area leads to contaminant
discharge into receiving waters.



Mine water seepage leads to contaminant discharge into receiving waters.
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Catastrophic release of toxic material (e.g., arsenic trioxide) from controlled
underground storage facility.



Bulkhead failure leads to release of mine water into unflooded underground areas.

Risk Assessment Method

Some changes were made to the INAC risk assessment process to accommodate the specific issues
associated with the Roaster Complex, Baker Creek, and the bulkheads. In particular the scales for
the likelihood and for the cost consequences were adjusted (RGC, 2008) to better reflect the times
for remediation and the cost consequences of risk actualization. The following are some examples of
the changes:


Periods Considered: Risks were assessed for two specific periods, namely 5 and
10 years. Five years represents the anticipated time to review and start
implementation of the proposed remediation plan. Ten years represents the time
likely to elapse before remediation has progressed to the extent that in essence the
risks can no longer be actualized. The likelihood of an event occurring increases the
longer the period. Thus if the start and/or substantial completion of remediation is
delayed and is longer than five and ten years respectively, the likelihood of the event
increases more or less in proportion to the increased period of delay.



Likelihood Scale: The following likelihood scale was used. One difference is that
the scale used in the current risk assessment provides for a range of probabilities of
occurrence (likelihood), whereas the INAC scale focuses on single point values of
occurrence. In our experience, participants in a risk assessment review tend to have
difficulty applying the point value approach. The revised scale also has a shift in the
scale to allow for differentiation between events of very low likelihood.



Expected, i.e., the likelihood of occurrence during the period of assessment (five to
ten years) exceeds 10 per cent. Compare this to the INAC scale of likelihood in
which the highest likelihood category is “almost certain” implying a frequency of
occurrence of more than once every five years.



High, i.e., the likelihood of occurrence is between 1 and 10 percent. This implies that
the likelihood of the event occurring in the period of interest is between one in ten
and one in a hundred. The corresponding INAC likelihood descriptor (likely) implies
an occurrence once in every 15 years.



Moderate, i.e., the likelihood of occurrence is between 0.1 and 1 percent. This
implies the event could occur in the period of interest with a likelihood of between
one in 100 to one in 1,000. The corresponding INAC descriptor (possible) implies an
occurrence once every 30 years.



Low, i.e., the likelihood of occurrence is between 0.01 and 0.1 percent or the event
has a probability of occurrence of between 1 in 10,000 to 1 in 1,000. The
corresponding INAC likelihood descriptor (unlikely) implies an occurrence one in
every 100 years, or about 1 in 10 during a 10-year period (10%).
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Not Likely, i.e., the likelihood of occurrence is between 0.001 and 0.01 percent or
the event has a probability of occurrence in the period of interest of less than I in
10,000. Compare this to the INAC descriptor of likelihood in which the lowest scale
of likelihood is “Very Unlikely” implying a frequency of occurrence of once every
1,000 years or approximately 1 in 100 during a 10-year period (1%).



Cost Consequence Scale: The following cost consequence scale was used—note
that it differs in some categories from the INAC cost consequence scale. The
change was made to reflect the much higher potential cost consequences of the
occurrence of a risk at the Giant Mine associated with migration of arsenic trioxide
dust than is generally associated with other mines under INAC care and
management.



Negligible, i.e., a cost consequence of less than $100,000. This is the same as the
INAC scale.



Low, i.e., a cost consequence of between $0.1 and $1 million. The corresponding
INAC category ranges from $0.1 to $0.5 million.



Moderate, i.e., a cost consequence of between $1 and $10 million.
corresponding INAC category is $0.5 to $2.5 million.



High, i.e., a cost consequence of between $10 and $100 million. The corresponding
INAC category is between $2.5 and $10 million.



Extreme, i.e., a cost consequence of greater than $100 million. The corresponding
INAC category is greater than $10 million.

The

The above modified scales are both order of magnitude geometric progressions so that the product
of likelihood and consequence is also a geometric progression and preserves the order of magnitude
step difference between the resulting risk ratings.
A similar comparison between the other consequence severity categories is not described here, but
may easily be done by the reader. In all cases the scales adopted for this risk assessment are
considered to better reflect the ranges of likelihood and consequences applicable to migration of
arsenic trioxide dust at the Giant Mine.
4.5
4.5.1

Events Evaluated in Formal Risk Assessment Workshop
General

The following events were defined and evaluated in the formal risk assessment workshop---see RGC
2008 for details:
4.5.2

Roaster Complex.

Two specific events evaluated are:


Catastrophic failure resulting from a fire. This would result in damage and release
of arsenic to the environment.
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Human Exposure. A trespasser or vandal may access the complex and suffer
acute exposure to high levels of arsenic through ingestion, direct contact and
inhalation. Alternatively or in addition the trespasser or vandal might suffer physical
harm from falling or falling objects.

Baker Creek.

The following events were evaluated:

4.5.4



Extreme flood events. This would occur if an extreme flood overtops the channel
bank, and flows into a pit and underground mine workings. This event excludes
flows directly into chambers and/or stopes that contain arsenic trioxide dust as such
flows are considered separately. The result of creek flooding by the creek could be
one or more of the following: (a) water rising to below the lowest bulkhead--the
requiring that the dewatering system undertake additional water pumping and
treatment; (b) water rising above lower bulkheads but below the lowest upper
bulkhead; (c) water rising above lowest upper bulkhead but remains below surface;
and (d) water rising to surface and discharges at the surface. These different results
or outcomes are considered separately as they have different likelihoods and
consequences.



Channel Blockage. This includes overtopping of channel banks as a result of
blockage by ice jams, or channel bank failure, or debris, with subsequent flooding
into adjacent pits or other areas causing flow into the underground mine workings.
Again this event excludes flows directly into dust chambers. Results are as for
extreme flood events.



Structural Failure of a slope or dike or embankment that defines the creek channel
cross section. An example is Pit C1 slope failing during an extreme flow event and
causing inflow to pit and underground mine workings.

Bulkheads

Separate risk assessments were undertaken for the chambers and for the stopes as there are some
differences in the scenario, risk, likelihood, and consequence for chambers as compared to stopes.
The chambers were designed and constructed in solid rock in areas not generally underlain by mine
workings, whereas the stopes are simply the result of normal mine development and are underlain by
other mine workings. The following failure modes were evaluated for both:


Internal flooding of a chamber or stope subtended by an intact, functional
bulkhead. Examples of chambers in this category include chambers in Areas AR1
(The driver is chamber 14, with Bulkhead 68) and AR3. Examples of stopes in this
category include stopes in Areas AR2, AR3, and AR4; the risk rating is highest for
stope C212. Effects examined include: (a) order-of-magnitude increase in seepage
of arsenic impacted water to underground workings by either bypassing and/or
failure of bulkhead/s; (b) increased discharge of arsenic paste (by either bypassing
and/or failure of bulkhead/s) that can still be cleaned up (approximately order of
magnitude increase); and (c) discharge to deeper mine workings of increased
volumes of arsenic paste (by either bypassing and/or failure of bulkhead/s). In the
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eventuality of consequence (c); while the freezing remedy can still be applied to the
bulk of the arsenic retained in the failed chamber, the remedy becomes only partially
effective, requiring long-term treatment of water with a greatly increased arsenic
concentration. It is noted that an escape to the environment is not contemplated –
the consequence is additional cost for long-term monitoring and treatment, not a
large environmental or health and safety impact.

4.5.5



Drawdown of water after external flooding of the mine workings. This event
includes the possibility that the mine flood waters in the mine workings exterior to the
stopes and chamber will be drawn-down at a faster rate than the flood waters in the
chamber or stope. The impact would be that the fluid pressures in the stope or
chamber would exceed the fluid pressure exterior to the stope or chamber. The
result could be an increase in the rate and quantity of arsenic trioxide paste or
contaminated waters seeping from the stope or chamber. The possible levels of loss
would be similar to the previous case.



Drawdown After Internal Flooding of a Chamber or Stope with a Deteriorated
Bulkhead. In this case the failure of the deteriorated bulkhead would result in
migration of a greater quantity of arsenic trioxide from the chamber or stope than
would occur had the bulkhead been intact. The possible levels of loss would be
similar to the previous case.



Migration Past a Deteriorated Bulkhead- No Flooding. This event assumes that
current seepage conditions result in migration of contaminated water and/or arsenic
trioxide dust (as a paste) past a bulkhead as a result of the deterioration of the
bulkhead. Examples include the stopes in Areas AR2 (C212 and include chambers
9 and 10), AR3, and AR4.



Unrecognized Failure of an Inaccessible Lower Bulkhead. This event assumes
that an inaccessible bulkhead may fail due to any one or more of the abovedescribed events considered for accessible bulkheads and/or other events.
Examples include stopes and chambers in Areas AR1, AR2, and AR3. Assessment
is of necessity based on knowledge relating to the accessible bulkheads tempered
by the recognition that there is an added level of uncertainty associated with the
inaccessibility and lack of ability to inspect these bulkheads.

Underground Rock Failures.

These include two possible events:

4.6



Surface Crown Pillar failures that breach the integrity of the dust storage chambers.
Consequences are as for (c) in the first failure mechanism in 4.5.4 above.



Internal Crown Pillar failures that breach integrity of the dust storage chambers.
Consequences are as for (c) in the first failure mechanism in 4.5.4 above.

Results of Formal Risk Assessment

The FMEA work sheets that record the results of the risk analyses are included as Tables 3 and 5.
Both the INAC risk assessment process and that adopted for this risk assessment employ a color
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coding system to identify events that warrant attention as compared to events that do not. Both
systems code events blue, green, yellow, orange, or red. Generally blue coded events have both low
likelihoods of occurrence and low to moderate consequences. Conversely red events are both likely
and have major to critical consequences. The reader is referred to INAC, 2008 and/or RGC, 2008 for
the complete system.
Most events were assessed to have a combination of relatively high likelihoods but with low to
moderate consequences and coded blue, green, or yellow, and therefore generally do not represent
a risk requiring immediate and urgent management attention. A factor limiting consequences is that
almost all failure mechanisms result in arsenic releases within the mine where it is contained and not
released to the environment and do not represent a significant risk to human health and safety for
either the public or workers. The quantity of water that would have to removed from the mine for
treatment would not be materially increased but the arsenic concentration and hence the cost of
treatment and sludge disposals would. In most cases a failure would result in only a partial release
of arsenic trioxide from one chamber/stope and the proposed remediation of freezing could still be
applied to immobilize the remainder arsenic trioxide. If release is to the mine then consequences of
most concern are the increases in future costs to cover
The current risk assessment identified no RED events: events that are both expected and of extreme
consequences.
The events that coded ORANGE and, to a lesser extent, those coloured yellow, are the risks of
greatest consequence.
The findings of the IEP regarding these risks as well as a discussion of
potential mitigation measures to reduce these risks and recommendations for risk mitigation are
described in Sections 5 to 7.
4.7

Mitigation Measures

Included in Tables 3 and 5 are a listing of potential mitigation measures for those failure modes with
higher risk. The potential risk reduction that is expected occur after such mitigation measures are
applied were evaluated for the bulkheads in the mine and the reassessment results are provided as
second set of risk assessment columns on Table 3.
While the recommended mitigation measures are formulated primarily to address orange-coded
events, the same mitigation measure will also address blue-, green-, and yellow-coded events.
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INDEPENDENT EXPERTS PANEL FINDINGS
General

This section describes the findings of the members of the IEP relating to technical matters. Aspects
relating to social, stakeholder expectations and legal aspects are not addressed. All members
concur in these findings. Neither INAC nor mine staff participated in the formulation of these findings.
5.2

IEP Findings

In order to reach the conclusions that follow, we have:


Examined selected documents pertaining to the Giant Mine and its proposed
remediation.



Observed representative parts of the site and the underground workings.



Participated in discussions with our peers and those familiar with the current
conditions at the Giant Mine relative to this report and its findings.



Facilitated and participated in a formal risk assessment workshop.

On the basis of these activities we note as follows:


Considerable work has been done by other parties to characterize the site, to identify
risks & mitigation measures, and to identify and compare alternative remediation
approaches.



Considerable risk mitigation work has been done, is in progress, is planned, or could
still be done and such mitigation work has and can substantially limit or eliminate the
risks previously and currently identified and documented.

The current conditions at the site are such that one or more of the following individual events or a
sequence of such events could occur in the next five to ten years. 5 and 10 years assessment
periods were selected for this review as representing the shortest and longest terms likely to be
required to the normal process of remediation option review and permitting and for implementation of
the remediation option to the extent that the on-going risks are materially reduced:


Ice build-up or rockfalls in Baker Creek with subsequent overtopping due to the
spring freshet causing partial or complete flooding of the underground workings
(including arsenic-trioxide-containing chambers and stopes.)



Overtopping of Baker Creek due to extreme flow events causing partial or complete
flooding of the underground workings (including arsenic-trioxide-containing chambers
and stopes.)



The passage of surface waters to the underground mine workings where the arsenic
trioxide dust is stored thereby causing pressure build-up in those arsenic-trioxidecontaining chambers and stopes.



Deterioration of a bulkhead impounding arsenic trioxide dust causing increased
leakage of contaminated seepage and/or arsenic trioxide dust.
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Passage of increased quantities of arsenic trioxide dust, paste, and/or contaminated
waters through the bedrock discontinuities associated with the bulkheads and
surrounding bedrock.



Collapse of a crown pillar above or below arsenic-trioxide-containing chambers or
stopes thereby compromising the integrity of the bulkheads or the foundation of a
chamber or stope.

Probability of occurrence was assessed and in most cases is moderate to high. In the event that one
or more of these events or a sequence of such events were to occur, we believe the consequences
could include:


Partial or complete flooding of the Giant Mine (and connected open pits) and
discharge of mine water with elevated arsenic concentrations into Baker Creek and
Great Slave Lake for a limited period. It is noted that the likelihood of complete
flooding of the mine to the extent that mine water is discharged is much less that the
likelihood of some mine flooding. Thus the likelihood of a discharge to the lake is
low.



The presence of arsenic trioxide in an uncontrolled release to underground portion of
the mine results in deterioration of mine water quality and increased community
concern and increased water treatment costs. However it does not result in
significant increased public or worker health and safety.



Release of arsenic-contaminated seepage from arsenic chambers and/or stopes into
flooded and/or unflooded areas of the underground mine workings has a high
probability. Small amounts of seepage is currently occurring, which is collected and
treated. This failure event considers substantially larger rates of leakage that could
bypass the collection facilities.



Increased remediation costs resulting from the increased need to deal with released
and migrating arsenic trioxide, including cleanup and/or extended periods of
treatment of contaminated mine waters.

While the identified risks are real and significant, we do not believe that they are significantly different
from those that have existed for a long time at the site. Furthermore; based on our experience with
risk assessment and criteria with which we are generally familiar, we do not believe that the risks are
at a level that demands immediate remediation. In particular, we do not believe that the risks are so
high that they requires expedited action to implement the proposed final remedy or that it is
necessary for the Crown to undertake immediate action to implement substantial parts of the final
remedy.
Specifically, with regard to the INAC, 2008b consequence categories and severity ratings we find as
follows:


Environmental Impact: Arsenic is currently being released from the site and will
continue to be released from the site albeit at a significantly lower rate even after
implementation of the proposed remediation.



Human health and safety. We believe that identified risks involve low-level shortterm risks and thus are manageable in the normal course of events.
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Special Considerations, Legal and other Obligations and Community, Media, and Reputation impacts
were not in the review mandate of IEP.
We emphasize that our findings are based on our readings and observations about current site
conditions, current engineering studies, and the assumption that the start of implementation of
remedial action could be delayed for up to five years resulting in a period of ten years before
remedial action has progressed to a sufficient extent that the risks and consequences we identified
are no longer likely. If ongoing studies and the implementation of the mitigation works we
recommend result in a delay of longer than five and ten years, we note that the risks could increase,
but the magnitude of those increases cannot be determined/predicted at this time.
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SPECIFIC RISKS THAT MERIT ACTION
General

In this section we bring discuss specific issues that were identified by the formal risk assessment
workshop to require attention.
6.2

Baker Creek Channel Blockage

Ice builds up in parts of the creek during the winter. Because of the difficult access conditions, the
ice is not cleared over the full length of the channel. There is a risk that normal to high spring freshet
runoff cannot pass down the channel because of the ice blockage, and hence the creek flow overtops
the creek banks (possibly into an open pit) and hence floods the underground mine workings.
Although there are several locations where this risk exists (B1 pit, C1 pit, and A2 pit), the risk is
greatest at C1, where the channel freeboard is the least and the dike between the pit and channel is
a narrow roadway. This roadway consists of mine waste and/or insitu till that is believed to be up to 1
metre thick. This section of the channel has less than 2 metres freeboard from the nominal water
level to the crest of the channel. A breach of this section of the channel would result in a portion of
the flood overtopping into the C1 pit. Access to close the breach would be very limited during the
period of flooding.
If this were to occur, in a manner in which most or all of the flow were directed into the open pit and if
it occurred for a sufficiently long time before the blockage were noted, cleared, and the channel
repaired, then it is possible that there would be a discharge of arsenic-contaminated water to Baker
Creek and the Great Slave Lake.
The consequences of flooding of the mine workings would include a negative public reaction, media
scrutiny, and possibly detrimental impacts on human health and the environment resulting in an
increase in the cost of implementing the final remedy. The probability of this event may be reduced
by one or more of:


Modifying the dike along the C1 pit to reduce the risk of overtopping and/or a breach



Immediately improving access to those parts of the creek where ice build-up has
traditionally occurred, and implementing a program of ice build up monitoring and
proactively doing ice clearance when ice build up is deemed to pose a threat to mine
flooding,



Developing a resource list of people and equipment that can be mobilized together
with an emergency response plan to implement should all preventative measures
fail.

Based on the field inspection of site conditions and the IEP’s experience with the anticipated
remedial actions, any period of mine inflow during flooding that may occur would be of limited
duration.
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Baker Creek Extreme Event Flooding

Extreme flood events in Baker Creek could cause flood flow over the creek banks, possibly flooding
into an open pit, and hence flooding of the underground mine workings. As for ice-blockage, the
potential to fill the mine workings depends on the percentage of the flow that leaves the creek and
the period before the inflow is noticed and response measures implemented.
The consequences of flooding of the mine workings would include a negative public reaction, media
scrutiny, and possibly detrimental impacts on human health and the environment resulting in an
increase in the cost of implementing the final remedy.
The probability of this event could be mitigated by increasing the flow capacity of the creek by one or
more of:

6.4



installing additional berms, and/or strengthening berms, and/or increasing existing
berm heights, and



preparing and implementing a Flood Response Plan that would provide for
monitoring of winter snow build-up and provision of flood control equipment.

Flooding of Chambers &/or Stopes Containing Arsenic Trioxide Dust

Water ingress and/or accumulation has been occurred in recent years in all 4 storage areas (AR1-4).
Excessive inflows could result in increased migration of arsenic trioxide dust, paste, or contaminated
waters to the mine workings adjacent to and below the stopes.
The result could range from a minor increase in water treatment costs to conditions that cannot
readily or cost-effectively be cleaned up or included in the proposed remediation plan.
Mitigation of this event would include, in order of priority:

6.5



Implementation of means to reduce water inflows, (It is understood that this has
been done to the extent practicable at this time).



installation in vulnerable stopes and chambers of both of pressure monitoring
instruments and dewatering facilities to control and limit pressure build-up that could
increase arsenic trioxide migration rates.



Minimize or preferably eliminate all blasting in the vicinity of chambers/stopes which
are known to have internal water accumulation. (The IEP understands that blasting in
the vicinity of B208 resulted in liquefaction of arsenic dust and release of arsenic
paste past BH 14 before it was repaired.) If blasting is necessary, water pressure in
the chamber/stope should be relieved before blasting commences.

Accessible Bulkhead Concrete (Chambers & Stopes)

The observed chemical and bacterial-induced concrete degradation of both cement and cemented
tailings bulkheads may also affect the concrete at the juncture of the bulkhead and the surrounding
rock. Under increased pressure conditions in a chamber or stope resulting from the presence of
excess seepage from surface and/or underground flooding, additional quantities of arsenic trioxide
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paste could rapidly displace deteriorated concrete, escape the chamber/stope, and pass to the lower
mine workings.
This would result in the development of a pool of mine water with highly elevated arsenic
concentrations (about 2,000 to 4,000 mg/L) in the mine workings that underlie the failed bulkhead.
The consequence would include public concern, media attention and criticism, and probably a
significant increase in the duration and cost of remedy implementation.
The probability of this event and its potential consequences can be reduced and mitigated by:

6.6



Implement recommendations 1, 2 and 3 as per Section 6.4, above,



implementing a bulkhead evaluation and testing program to determine the extent to
which deterioration has occurred,



reinforcing afflicted bulkheads (if needed) and/or



providing additional facilities to pump and treat excess contaminated mine waters
from the mine workings and from within any flooded chambers or stopes.

Inaccessible Bulkheads (Chambers & Stopes)

The condition of these bulkheads is not known. It is likely that they are in a state that is similar to
accessible bulkheads that were constructed at more or less the same time and in a similar way.
Unforeseen conditions are, however, possible. It is neither practical nor cost-effective to access them
to observe their condition.
Thus there is a risk that they may not be able, under normal and particularly extreme events
(specifically mine flooding), to contain the arsenic trioxide dust. Failure of one or more of the
inaccessible bulkheads would first be noticed by an increase in arsenic concentrations in the pool of
mine water which is monitored in the C-Shaft and/or in the mine water pumped to surface at the
Aikatcho Shaft.
Mitigation of the likelihood and consequences of this event would include:

6.7



Implement recommendations 1, 2 and 3 as per Section 6.4, above, and



the provision of additional pump and treat capacity as for the accessible bulkhead
failure mode discussed above.

Stopes Beneath Arsenic Storage Areas

Loss of fill at C5-09 during flooding of the underground mine workings and consequential roof
collapse could undermine a stope and its associated horizontal bulkhead. This could result in the
development of a pool of mine water with highly elevated arsenic concentrations (~2,000 to 4,000
mg/L As) in the mine workings underlying the collapsed bulkhead.
Consequences would include adverse public and media comment, loss of containment of the arsenic
trioxide dust, and increased remediation costs.
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To reduce this risk, it may be possible to backfill vulnerable stopes where the loss has already
occurred. However, it is not possible to mitigate against stopes failing where fill loss may yet occur3.

3

We note that SRK is currently further evaluating conditions and potentially necessary actions in this regard.
Accordingly, we do no more than note it here for the sake of completeness.
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RECOMMENDATIONS
General

On the basis of our reading of referenced documents, site observations, participation in the risk
assessment workshop, and peer deliberations, we make recommendations as described below for
ongoing activities at the Giant Mine.
7.2

Remediation Plan

We recommend that INAC implement risk mitigation measures identified during the FMEA and allow
the review of the Remediation Plan to proceed in accordance with regulation and practice, and
specifically to support the preparation of an Environmental Assessment Report in compliance with
the Mackenzie Valley Resource Management Act.
7.3

Roaster Complex

We acknowledge that demolition of the Roaster Complex and disposal of contaminated debris in an
existing chamber that is part of the area to be frozen is part of the Remediation Plan and thus is
rightly included in our recommended approach to ongoing Remediation Plan review and preparation
of an Environmental Assessment Report.
Nevertheless, we recommend that demolition should proceed subject to approval being obtained
regarding a disposal location, funding being available and rigorous H&S procedures.
Reasons for this recommendation include:


We consider that the likelihood of events (notably a fire) that could cause substantial
impacts on health and environment is not high. However, the consequences could
be substantial.



Ongoing maintenance and mitigation of risk at the complex is costly and potentially
unsafe for workers.



Storage of the demolition material in an existing underground chamber can be done
provided a chamber can be prepared by isolation or freezing so that migration of
arsenic dust can be prevented. To avoid risk to users of the highway, it would be
preferable to delay demolition until such time as the highway has been re-located.

Accordingly we believe that the Crown is justified in pre-empting the normal process of community
deliberation and exercising Crown prerogative to proceed with demolition in the interests of human
health and safety and cost reduction.
7.4

Baker Creek

We acknowledge that implementation of the Remediation Plan involves relocation of Baker Creek in
conjunction with the relocation of the highway. We acknowledge that relocation of the highway and
hence Baker Creek is the subject of considerable discussion amongst stakeholders and that this
discussion may take considerable time to bring to conclusion.
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Nevertheless because of the risks associated with flooding and overtopping in the creek and
subsequent impact on mine workings and arsenic trioxide-containing chambers and stopes, we
recommend immediate implementation of risk mitigation measures including those that are neither
conducive to nor consistent with the final remediation plan.
Mitigation measures that we recommend include preparation and execution of three focused plans,
namely:


Baker Creek Plan Capacity Improvement Plan to fully assess the capacity of the
creek for various storm and snow-melt events and identify appropriate and
necessary engineering and hydraulic works that would improve the capacity of the
creek to pass flows without a significant risk of overtopping likely to result in flooding
mine workings leading to impact.



Surface Water Management Plan to fully identify surface water features and events
that may be conducive of increasing the likelihood of increased flow to the
underground mine workings and hence to formulate engineering works that may
reduce or eliminate such features and events.



Ice Removal Plan, to evaluate and specify detailed activities to be undertaken to
facilitate access to those parts of the creek where ice build up causes a restricted
flow and where it would be prudent and necessary to remove such ice buildup prior
to the occurrence of the freshet.

We recognize that the issues that we recommend be addressed in these plans overlap and that
some of the engineering works may be common to one or more plan. Thus we recommend that
consideration be given to preparing these plans as an integrated whole. Regardless of the specific
scope of one or more plans on the general issues of surface water management, we recommend
specific attention be paid to the need for, engineering details of, and the cost of the following works
that we recommend be considered and constructed, in order of priority:

7.5



Road B1 Raising (recently completed)



Road A2 Raising and Creek Clearing (recently completed)



C1 Pit diversion channel can be stabilized by installing an in-pit buttress and liner to
the channel



General channel rock removal in areas of flow restriction



Ice removal access road.



Other surface water control facilities



Mill pond sealing and drainage improvements if feasible and economic. (partially
completed)

Bulkheads

We acknowledge past and ongoing work on inspection and maintenance of the bulkheads.
Nevertheless, we recommend additional evaluation and testing of the condition of the bulkheads and
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implementation of additional maintenance, repair, and upgrade work as established to be necessary
and cost-effective pursuant to the recommended evaluations and testing.
In particular, we recommend preparation and implementation of a bulkhead evaluation and upgrade
plan. As a minimum this would include, in order of priority:


Install water pressure monitoring equipment &/or means to relieve excess water
accumulation in chambers/stopes



Bulkhead testing and concrete quality evaluation



Selected bulkhead upgrades



Selected stope and chamber backfilling, e.g., B3-06 and/or C5-09

We recommend further detailed consideration of the independent report (AMEC, 2008) on the
bulkheads by Dudley Morgan (Table 2), one of the Technical Experts contributing to this report. In
summary, he recommends that cores be extracted from areas of softened concrete on the bulkheads
so that petrographic analyses can be conducted to determine the depth of softening and whether
concrete deterioration extend deeper into the concrete. On the basis of the findings of this work, a
program should be implemented to remove deteriorated concrete and contaminants, installing dowels
to stabilize and reinforce affected bulkheads, and, as appropriate and necessary, installing a wet-mix,
macro-synthetic fiber-reinforced, silica-fume-modified shotcrete to further enhance the performance
of affected bulkheads.
7.6

Arsenic Chambers/Stopes

We acknowledge past and ongoing work to monitor and control water levels/pressures in the
chambers and stopes containing arsenic trioxide dust. However, this program currently does not
cover all stopes and chambers for which it is advisable.
We accordingly recommend expansion of this program to encompass all chambers and stopes where
the potential for water pressure increases exists, including those with inaccessible bulkheads. Where
excessive pressure in chambers or stopes are observed these should be alleviated to protect the
bulkheads.
7.7

Mine Dewatering

We acknowledge that mine dewatering, including ongoing pump and treat of affected waters from the
mine, is part of the long-term remediation approach. We note that current mine dewatering and
treatment facilities will, as described in the Remediation Plan, be upgraded.
We recommend, as a proactive risk mitigation measure, that the mine dewatering facilities be
upgraded in a manner that is, as far as practical, cost-effective, and conducive to and consistent with
the final remedy. Site management should undertake a detailed review of the existing system
capacity in light of risks identified here, and modify the mine dewatering & treatment plan accordingly.
This may include pumping systems, augmentation of mine water treatment capacity, temporary
storage of arsenic-trioxide-affected wasters in lined or unlined ponds, facilities to collect arsenic
trioxide paste, etc.
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In particular, we recommend preparation of a Mine Dewatering Plan and of an Arsenic Trioxide
Control and Collection Plan. We recommend that in preparing these plans, the following facilities
and/or equipment be considered, designed, and as appropriate, constructed and/or installed:
Temporary lined area in tailings pond

7.8



Some additional pumps and piping to improve capacity and reliability



Arsenic paste collection facilities



Monitoring facilities



Pumps (e.g., additional submersible pumps in C-Shaft and associated piping.)



Expanded water treatment facilities.

Stopes Beneath Arsenic-Trioxide-Containing Stopes or Chambers

We are concerned about the implications of the potential that conditions such as those observed at
C5-09, i.e., loss of fill during flooding, could lead to roof collapse and undermining of overlying stopes
that contain arsenic trioxide dust.
Accordingly, we recommend expedited evaluation of the condition at C5-09 and other similar areas, a
study we understand is currently underway. As established by such recommended evaluations,
remedial plans should be formulated and implemented.
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SIGNATURES

We the undersigned, as members of the IEP, concur with the findings of the formal risk assessment
and the findings of the IEP as documented in this report.

__________________________________
Andrew McG Robertson P. Eng.

________________________________
Ian Hutchison, P.E.

_________________________________
Christoph Wels, P. Geo.

_______________________________
Dudley R. Morgan, P. Eng.
.
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Table 1. INDEPENDENT EXPERTS PANEL (IEP) MEMBERS

Andrew MacG. Robertson, P.Eng., Ph.D.,
Andrew Robertson is a civil engineer with a Ph.D. in rock mechanics. He has worked as a consultant
to the mining industry for ~30 years specializing in rock mechanics and slope stability, tailings dam
design and mine waste management, acid rock drainage, control and closure planning, risk
assessments and risk management. His project role is to lead the team.

Ian Hutchinson, P.E., Ph.D.
Ian Hutchinson is a civil engineer with over 35 years experience in mining, environmental
engineering, and surface water management. His project focus is surface water and in particular the
potential for flooding of Baker Creek.

Christoph Wels, P. Geo., Ph.D., M.Sc.
Christoph Wels is a senior hydrogeologist and a principal of RGC. He has a M.Sc. in Watershed
Hydrology and a Ph.D. in Hydrogeology with over 15 years experience in applied academic research
and professional consulting.. His project focus is groundwater and the migration of surface water to
and through the underground mine workings.

Dudley R. Morgan, P.Eng., Ph.D.
Dudley Morgan is a civil engineer with more than 40 years of experience in mining and structural
engineering. His project focus is the concrete of the bulkheads and the overall integrity and stability
of the bulkheads.

Jack Caldwell, P.E., MSc(Eng), LLB
Jack Caldwell has over 35 years experience in mine-related civil and geotechnical consulting. As an
engineer with Robertson GeoConsultants. He consults to mines in Canada and the United States on
tailings and mine waste. He also writes for InfoMine on the science, technology, and engineering of
mining. He is the primary author of this report.
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Table 2. FORMAL RISK ASSESSMENT WORKSHOP PARTICIPANTS
Mike Nahir, Manager, Engineering Services, INAC
Bill Mitchell, Manager Giant Mine Remediation Project, INAC
Martin Gavin, Manager Giant Mine Remediation Project (Designate), INAC
Ben Nordahn, Mine Services Officer, INAC
Des O’Connor, PWGSC Project Officer, PWGSC
Mark Cronk, PWGSC Senior Project Manager, PWGSC, YK
John Brodie, Geotechnical Engineer, Brodie Consulting Ltd.
Andrew MacG. Robertson, Civil & Geotechnical Engineer, Robertson GeoConsultant
Ian Hutchinson, Civil & Hydraulics Engineer, Strategic Engineering and Science
Christoph Wels, Professional Geologist & Groundwater Specialist, Robertson GeoConsultants
Dudley Morgan, Chief Materials Engineer, AMEC Earth & Environmental
Jack Caldwell, Civil & Geotechnical Engineer, Robertson GeoConsultants
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TABLE 4. MITIGATION MEASURES 4
BAKER CREEK
Prepare Plans
Baker Creek Capacity Improvement Plan
Surface Water Management Plan
Ice Removal Plan
Construction
Road B1 Raising
Road A2 Raising and Creek Clearing
C1 Pit diversion channel, buttress and liner
General channel rock removal
Ice removal access road.
Other surface water control facilities
Mill pond sealing and drainage improvements
BULKHEADS
Prepare Plans
Bulkhead evaluation and upgrade plan
Construction
Bulkhead testing and concrete quality evaluation
Selected bulkhead upgrades
Install pressure monitoring equipment
Selected stope and chamber backfilling, e.g., B3-06 and/or C5-09
MINE DEWATERING
Prepare Plans
Mine dewatering plan
Arsenic control and collection plan
Construction
Temporary lined area in tailings pond
Additional pumps and piping
Arsenic paste collection facilities
Equipment

Monitoring facilities
Pumps (e.g., additional submersible pumps in C-Shaft and associated piping.)
Treatment facilities.

4

John Brodie, independent consultant to INAC, has costed these works. His costs are not included but are
available from INAC on request.
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Executive Summary
The Roaster Complex decontamination and deconstruction work will generate four primary waste streams:
hazardous or potentially hazardous wastes, non-hazardous materials, mineral waste, and contact water. The project
requires the establishment of on-site temporary storage areas since the deconstruction of the Roaster Complex is
scheduled to occur prior to construction of the non-hazardous waste landfill. Potential waste storage areas were
identified based on areas that were:
1. Relatively flat, cleared or already disturbed
2. Relatively accessible using existing road networks
3. Currently used for waste or debris storage
Each storage location was evaluated using a set of criteria designed to identify the optimal storage location for the
deconstruction wastes. The evaluation criteria identified for the selection of an on-site waste storage location
include location, surface conditions, proximity to public roads, proximity to water bodies, and future operations.
Thirteen potential waste storage areas were identified and evaluated. The following table summarizes the
evaluation of the proposed locations relative to the evaluation criteria.
Summary of Waste Storage Locations
Approx.

Suitability of Location

Suitability of

Proximity

Distance from

Consideration of

Subgrade

to Public

Water Bodies

Future

ra
ft

Storage

Location Size (m2)

Roads

STOR-02

5,930

12,080

Operations

Site is located across the Potential poor

Limited

Reasonable

Should not impede Currently being used as

current public highway,

conditions since

visibility

distance from

future operations

near the Northwest

located on top of

water bodies

storage for approx. 1600
drums of arsenic trioxide

Tailings Pond. Access is tailings pond

waste. Would require

provided by existing

hauling across public

mine roads.

highway and is the longest

D

STOR-01

Comments

haul distance of identified
areas.

Site is located across the Subgrade

Very close Reasonable

Should not impede Previously used as a

current public highway,

conditions are

to public

distance from

future operations

near the Northwest

adequate

road, and

water bodies

propane storage facility.
Area is fenced but open to

Tailings Pond. Access is

located a

view along well-travelled

provided by existing

large

public road. Would require

public and mine roads

distance

hauling across public

from active

highway and is a long haul

portion of

from the work area.

Site
STOR-03

1,290

Located near the

Subgrade

Not close

Reasonable

Location may

Located on a hill that is

proposed location of the

conditions are

to public

distance from

conflict with future

visible to the public. The

roads

water bodies

NHWL, on a hill adjacent adequate

STOR-04

3,720

work, and would

area is small and currently

to the TRP facility.

likely require

cluttered.

Access is provided by

moving of adjacent

existing mine roads

storage shed.

Located near the

Subgrade

Not close

Reasonable

Location may

Located on a hill that is

proposed location of the

conditions are

to public

distance from

conflict with future

visible to the public. The

roads

water bodies

work

warehouse / building on

NHWL, on a hill adjacent adequate but
to the TRP facility.

area would
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require levelling.

storage potential. The area

existing mine roads

is small and currently
cluttered.

STOR-05

6,360

Located near the existing Potentially
B1 Pit; access may/may

Visible

Reasonable

unstable ground. from public distance from

not be an issue

highway

water bodies

Location may

Located in close proximity

conflict with future

to B1 Pit. The stability of

work

this location would have to

depending on the

be investigated prior to

condition of the B1 Pit

material storage. Would
require crossing the public
highway at its current
alignment.

STOR-06

9,360

Located on a reclamation Reclaimed area

Not close

Reasonable

Should not impede Located on existing tailings.

test area of existing

with dense

to public

distance from

future operations

tailings, near the

vegetation growth roads

proposed location of the

overlying old

use contaminated soil for

NHWL. Access is

tailings. Ground

surface grading and ground

provided by existing

is well-drained

preparation. It is also less

mine roads

due to

desirable to re-disturb the

vegetation, and

densely re-vegetated site.

water bodies

Given that it is reclaimed, it
would not be appropriate to

ra
ft

compacted.

Some fill would
be required to
level surface.

STOR-08

2,990

Located close to the

Subgrade

Within view Reasonable

Should not impede Storage area is on a slope

designated work area.

conditions are

of public

distance from

future operations

Access to the site is

adequate

highway

water bodies

2,180

(a drop of 4 m over 75 m).
Removal of the Conveyor

provided by existing

current

must occur prior to use of

mine roads

alignment.

this location for waste

D

STOR-07

storage. May be in the way
of deconstruction activities.

Located close to the

Subgrade

Not close

Reasonable

Should not impede May be better used as an

designated work area.

conditions are

to public

distance from

future operations

Access is provided by

adequate

roads

water bodies

equipment lay down area
for the deconstruction

existing mine roads

contractor, rather than for
material storage. Removal
of the Conveyor must occur
prior to use of this location
for waste storage

STOR-09

6,710

Due to proximity to

Portions of the

designated work area,

subgrade may be to public

Not close

be a water body at future operations

the stack and potentially

limited hauling would be

undisturbed.

the centre of the

exclude the northern

required

Improvements to

area that is either

portion of this area for

surface drainage

very shallow or

health and safety reasons

may be required

dry. This should

roads

There appears to

be investigated
prior to using the
site for waste
storage
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STOR-11

6,940

39,000
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Located close to the

Subgrade

Not close

Reasonable

Should not impede Partially enclosed by a

designated work area

conditions are

to public

distance from

future operations

adequate

roads

water bodies

fence

Previously disturbed

On tailings. Area Not close

Reasonable

Should not impede Secure site, close to final

area and close to final

is low and

to public

distance from

future operations.

waste disposal site. Area

waste disposal area.

receives surface

roads

water bodies

Surface runoff

large enough to

Large area available for

water from other

from other ponds

accommodate all wastes

waste storage.

areas of tailings

would need to be

generated from Roaster

Accessed by existing

ponds, so is soft

redirected.

Deconstruction program.

mine roads.

and wet. A
significant
amount of fill and
run-on control
would be
required for use.

18,000

Previously disturbed and On tailings. Area Not close

Reasonable

Should not impede Secure site, close to final

adjacent to final waste

is generally dry

to public

distance from

future operations.

disposal area. Large

but has some

roads.

water bodies.

area available.

localized

Accessed by existing

drainage ditches

mine roads.

from run-on along

waste disposal location.
Area is large enough to
accommodate all waste.

ra
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STOR-12

east side.

STOR-13

22,000

Previously disturbed.

On tailings. Area Not close

Reasonable

Should not impede Secure site, close to final

Large area available.

is dry and fairly

to public

distance from

future operations.

Would require some

well compacted.

roads.

water bodies.

upgrading to existing

Minimal drainage

mine roads for use.

control would be

Longer haul than most

required.

other areas.

waste disposal location.
Area is large enough to
accommodate all waste.
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The following recommendations are made based on the identified decontamination and deconstruction wastes, as
well as the available on-site waste storage locations:
The waste resulting from the decontamination and deconstruction of the Roaster Complex should be handled,
stored, and transported in a manner that complies with all applicable regulatory requirements – federal and
territorial.
The deconstruction materials should be segregated into four waste streams for on-site storage and off-site
disposal: hazardous or potentially hazardous wastes, non-hazardous materials, mineral wastes and contact
water.
Due to the presence of cyanide in two of the onsite buildings, abatement activities and work procedures will
need to take in account the potential to generate hydrogen cyanide gas.
Hazardous or potentially hazardous wastes will be generated during building decontamination. Building
deconstruction should not proceed until all hazardous or potentially hazardous materials have been removed.
During decontamination activities, the buildings should be sealed to prevent release of airborne contaminants to
the surrounding environment. Workers completing decontamination work should be supplied with the necessary
personal protective equipment (PPE) to protect them from exposure. Air quality monitoring should be ongoing
inside and outside the building during work that will generate airborne contaminants (dust removal and asbestos
abatement). Wastes should be containerized at the source area during decontamination. The specifications
should require that hazardous waste containers meet the requirements of the Transportation of Dangerous
Goods Regulation (TDGR) and the Export and Import of Hazardous Waste and Hazardous Recyclable Materials
Regulation.
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Use of water for cleaning will also be permitted; however, the contractor will need to include provisions for the
collection of all wash water. Upon collection, the recovered wastes will be transferred to a certified container for
storage. Due to the presence of arsenic in this waste, it is recommended that this material be handled and
stored as an arsenic containing waste.
Arsenic trioxide dust and any other hazardous waste items contaminated with arsenic trioxide dust (such as
asbestos) should be stored on-site for eventual disposal with the rest of the arsenic trioxide waste at the site.
Any non-arsenic contaminated asbestos should be double-bagged and disposed of at the Northwest Tailings
Pond, which is an asbestos disposal location that is approved with the GNWT Environment and Natural
Resource Division.
All hazardous or suspected hazardous waste should be shipped off-site for disposal at a licensed facility during
the course of the deconstruction work according to applicable TDGR. Suspected materials that cannot be
readily sampled will be simply treated as hazardous waste.
The exterior of any containers destined for off-site disposal or on-site storage should be cleaned to remove
residual amounts of cyanide, asbestos and arsenic for safe handling purposes.
The non-soluble arsenic containing mineral wastes remaining from ore processing activities including: residual
semi-processed ore materials located in process vessels, tanks and piping; water located in floor sumps and
calcine should be disposed of in the tailings ponds.
Due to potential residual contamination on any of the non-hazardous materials and liability associated with
ownership transfer, salvage of materials should not be allowed.
Decontamination of non-hazardous materials should be done to the extent that it meets the applicable criteria for
classification as non-hazardous waste by vacuuming, wiping, or other means deemed adequate prior to storage,
with confirmatory testing as necessary
To guard against creation of physical hazards, the contract specifications should stipulate that waste must be
neatly stacked, bundled, and organized.
Any water used to remove or control dust in buildings should be collected and held in tanks. The water should
be sampled for total suspended sediments and arsenic, and compared to the current effluent into the Northwest
Pond. If wash water is below the standards suggested for disposal into the Northwest Pond, it should be
discharged into the Northwest Pond and passed through the current treatment system. If wash water exceeds
the standards suggested for disposal into the Northwest Pond, water should be stored on-site for transport,
treatment and disposal off-site.
The Roaster Complex decontamination and deconstruction work will require the establishment of temporary
storage areas since the deconstruction of the Roaster Complex is scheduled to occur prior to the construction of
the non-hazardous waste landfill. The different waste streams identified in the previous section should be
segregated for storage. Hazardous waste storage areas should have restricted access with signage at all
possible access points identifying the area as containing hazardous waste. A detailed inventory should be
maintained and the information stored on-site. The areas should be inspected on, at minimum, a monthly basis.
Of the thirteen potential waste storage areas identified on the Giant Mine site, the preferred location for the
temporary storage of the wastes generated from the Roaster Deconstruction project is STOR-12 located on the
Central Tailings Pond. The Central Tailings Pond is a large relatively flat area that is very secure and would not
be visible to the public. If required there may also be the option of expanding the storage areas into the South or
North Tailings Pond. This potential waste disposal site is also very close to the proposed landfill site; therefore
the haulage requirements to move the waste into the future landfill would be limited.
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Introduction
Background

Giant Mine has an inventory of over 100 buildings which require deconstruction as part of the Giant Mine
remediation program. The existing buildings were constructed between the 1940s and 1990s in various areas of the
mine property. Currently the Site Stabilization Program is being developed to support the Giant Mine Remediation
plan. Included in this program is the demolition of the buildings referred to as the Roaster Complex. The Roaster
Complex is a group of structures at the Giant Mine site which were used in the ore milling process to remove arsenic
and to handle arsenic trioxide off gases. The Roaster Complex includes the following structures, which are shown in
Figures 1 and 2 in Appendix A.
Mill Pipe Shop/AC Roaster Building
Cottrell Precipitator Building
Roaster Stack and Roaster Stack Fan House
Calcine Plant
Dorrco Roaster Building
Silo Load-Out and Weight Scale
Bag House
Exterior Flue Network
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The Giant Mine Roaster Complex buildings are contaminated with large amounts of arsenic trioxide dust and
asbestos containing materials to differing levels. Other hazardous materials include but are not limited to; mercury
containing items, sodium cyanide residues, polychlorinated biphenyls (PCB) containing products, mill process
chemicals, mine process wastes and petroleum oil and lubricants (POL). In some buildings, the arsenic trioxide,
cyanide wastes and asbestos fibers have been mixed together. Non-hazardous materials located within the
buildings include; concrete, brick, wood, glass, drywall, steel, ore process equipment, electrical and mechanical
equipment. It is understood that during recent inspections of the Roaster Complex deteriorating structural elements
and building envelopes have been identified. The deteriorating condition of the exterior cladding, structural
members as well as insulation materials, is allowing precipitation to enter the buildings and quicken the rate of
deterioration. Other hazards include damaged and/or missing catwalks, as well as numerous tripping hazards. Due
to the change in condition of this infrastructure, there is the potential for significant impacts to the environment and
injury to humans (falling cladding, partial building collapse, arsenic and asbestos exposure to workers or the public).

Summary of Existing Reports

A number of assessments and previous reports have been completed on the buildings located as part of the Roaster
Complex. AECOM and Golder have completed work associated with structural deconstruction and waste audits as
part of the Giant Mine Remediation preliminary design. Included below is a list of previous reports and assessments
completed on the Roaster Complex.








Site Inspection of Roaster Exhaust Stack for Royal Oak – Giant Mine, Yellowknife, NT, Ferguson Simek Clark,
December 1997
Prioritization of Demolition Sequence for Site Remediation of Miramar Giant Mine, Yellowknife, NT, GAIA
Contractors, March 2001
An Examination of Arsenic Contamination in the Roaster and Gas Handling Complex at the Giant Mill, North
West Consulting Limited, 2003
Structural Inspections, Giant Mine-Various Buildings, Yellowknife, NT, PWGSC, December 2007
Flue Structural assessment letter, AECOM, March 2010
Roaster Flue Emergency Response Plan, Golder, September 2011
Roaster Flue Specification and Drawing package, AECOM, April 2011
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Project Objectives

The objective of the Roaster Deconstruction portion of the site stabilization program includes the award of a
deconstruction contract for all the Roaster Complex buildings including removal of the hazardous materials and to
decontaminate the buildings and equipment to a degree that will allow for the safe deconstruction of the structures,
on-site storage of the arsenic trioxide and asbestos wastes, as well as the off-site disposal of all non-arsenic trioxide
containing hazardous wastes. All arsenic trioxide containing wastes as well as all non-hazardous wastes will be
moved to a temporary storage location on the Giant Mine site. These wastes will be re-located (under separate
contract) to a permanent disposal area once the Greater Remediation Plan receives the necessary regulatory
authorizations. The Greater remediation plan includes:





Offsite site disposal of all non-arsenic containing hazardous wastes
Disposal of mine process residues in a tailings pond
Management of all arsenic containing wastes by placement within a frozen zone
Disposal of all non-hazardous materials in a landfill to be constructed on the mine site

Work of the Roaster complex demolition contract will include:
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Removal and containerization of all arsenic trioxide dusts, and asbestos containing materials.
Completion of the abatement work to remove sodium cyanide in the AC Roaster and Dorrco Roaster Buildings.
Collection and containerization and off-site shipping and disposal of all non-arsenic trioxide containing
hazardous wastes (i.e. PCBs, mercury, oils, petroleum products, miscellaneous designated substances,
chemicals) at approved facilities.
Preparation of on-site storage area(s) located at the Giant Mine site.
Transportation of all arsenic trioxide containing hazardous waste to a temporary storage area located at the
Giant Mine site. Structural and mechanical building materials that are coated with arsenic dusts will be cleaned
to allow them to be stored as inert construction wastes.
Collection and disposal of semi-processed ores and mine process wastes, currently located in process vessels
to a tailings pond.
Transportation of all physically cleaned non-hazardous wastes (wood, steel, paper, concrete rubble, plastic,
glass, etc.) generated from the deconstruction of the buildings to a temporary storage area.
Collection and filtration of any water used to clean contaminated materials or to control dust, followed by
discharge to the Northwest Tailings Pond to be treated in the Giant Mine water treatment plant.

D





The successful deconstruction contractor will be required to prepare a detailed deconstruction plan that will outline
Safe Work Procedures, describing the proposed removal method for each type of hazardous material (asbestos,
arsenic trioxide dust, cyanide, PCBs, etc.). The plan is to detail decontamination/abatement methodologies and
processes and personal protective equipment (PPE) requirements for each building. A deconstruction plan will be
required to outline methods to safely demolish each building. The contractor will also be required to submit a
detailed health and safety plan, environmental protection plan, and spill contingency plan.

1.4

Scope of Work

Public Works and Government Services Canada has retained AECOM Canada Ltd. (AECOM) and, as a subconsultant, Golder Associates Ltd. (Golder) to complete a deconstruction audit and prepare deconstruction
specifications and drawings for the Giant Mine Roaster Complex. The main objectives of the project include the
following:




Prepare a comprehensive work plan and health and safety plan
Conduct a deconstruction audit including a designated substances survey
Prepare Class “B” (substantive) cost estimates
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Prepare 50%, 99% and Issued for Tender Design Specifications and Drawings
Attend a bidders tour
Prepare Class “A” cost estimates
Assist with project tendering
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According to the Terms of Reference (ToR) Demolition Audit and Engineering Specifications/Tender Documents for
Roaster Complex Demolition, the Waste Options Report was to be prepared to evaluate different options to remove
the hazardous materials and methods of disposal. The report is to evaluate potential storage areas where the
wastes generated from the deconstruction of the Roaster Complex will be temporarily stored on the Giant Mine site
and include discussions of the project background, scope of work, applicable regulations and guidelines,
identification of decontamination and deconstruction wastes, evaluation of abatement methods, evaluation of storage
locations, and relevant conclusions and recommendations.
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Regulatory Framework
Current Regulatory Regime

The Giant Mine property is located on lands administered by the Government of the Northwest Territories (GNWT);
however, the property has been transferred to the federal department of Aboriginal Affairs and Development Canada
(AANDC). Due to their shared responsibilities AANDC and GNWT are co-proponents of the Giant Mine Remediation
Plan. Currently the mine operates following the NWT Mine Health and Safety Act. The NWT Workers Safety
Compensation Commission (WSCC) is the regulatory agency that enforces the Mine Health and Safety Act (through
the GNWT Mines Inspector). Federally operated facilities are required to follow the Canada Labour Code Part II Occupational Health and Safety, specifically in areas related to hazardous materials and asbestos.

2.2

Waste Classification Criteria

ra
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The decontamination and deconstruction of the Roaster Complex will generate wastes. Methods for handling
wastes will be consistent with the Waste Management Plan prepared for the Water License application for the Site
stabilization project. Specifically, wastes will be handled, stored, and transported in a manner that complies with all
applicable regulatory requirements. In particular, the standards for non-hazardous and hazardous waste handling,
storage, transport and disposal are set by the following legislation and guidelines:
Asbestos - Materials containing asbestos greater than one percent (1%) by weight are considered asbestos
containing materials in accordance with the Northwest Territories Guideline for the Management of Waste
Asbestos, September 1998. Disposal of asbestos waste is governed by the Environmental Protection Act –
R.S.N.W.T. 1988, c. E-7, Guideline for the General Management of Hazardous Waste in the NWT and the
Guideline for the Management of Asbestos Waste. Further information relating to the classification, removal and
disposal of asbestos materials is presented in the GNWT Public Works and Services Department publication
“General Guidelines for Asbestos Removal and Disposal” and the WSCC Northwest Territories “Codes of
Practice for Asbestos Abatement”.



Mercury Containing Equipment - Disposal of mercury waste falls under the NWT Environmental Protection Act
1988 and the Guideline for the General Management of Hazardous Wastes in the NWT. According to the
General Safety Regulations of the Northwest Territories, special precautions are required during demolition
activities to monitor that worker exposure to mercury does not exceed the limits outlined in the regulations.
Mercury is commonly found in pressure regulated valves, switches, controls, thermostats, high intensity lamps
and fluorescent light tubes.



Ozone Depleting Substances - The federal legislation for the use and disposal of ozone depleting substances
(ODS) is the Canadian Environmental Protection Act, Ozone Depleting Substances Regulations, 1998. The
Northwest Territories guideline related to ODS is the Guideline for Ozone Depleting Substance, 1998.



PCB Containing Equipment – According to the Canadian Environmental Protection Act, equipment and paints
containing PCBs with a concentration of greater than 50 parts per million (ppm) are considered to be PCB
containing. PCB containing items need to be treated as hazardous wastes and will require disposal at an
approved location.



Lead Materials and Lead Amended Paints – In the NWT, disposal of lead waste falls under the NWT
Environmental Protection Act – R.S.N.W.T.1988 c. E-7, Guidelines for the General Management of Hazardous
Wastes in the NWT and Guideline for the Management of Waste Lead and Lead Paint, with the use of a total
lead concentration as the criteria for classification as hazardous waste. Waste disposal regulations for all other
jurisdictions in Canada dictate that waste with leachable lead concentrations greater than five milligrams per litre
(mg/L) is considered as hazardous waste, with the Toxicity Characteristic Leaching Procedure (TCLP) test as
the preferred evaluation method. AECOM completed an evaluation of disposal methods utilized on other

D
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northern remediation projects as well as legislation throughout North America related to the disposal of materials
painted with lead amended paints. This evaluation recommends that TCLP method to determine leachable
levels of lead be utilized as the governing criteria for determining if materials should be considered as hazardous
or not at the Giant Mine Site.


2.3

Non-Hazardous Wastes - Non-hazardous wastes consist of solid waste that, when disposed of in a landfill or
re-used, is not expected to undergo physical, chemical or biological changes to an extent as to produce
substances that may cause an adverse effect. Non-hazardous wastes at the Giant Mine site consist of
demolition debris, scrap metal, wood, glass, concrete, fibreglass insulation and paper products.

Waste Disposal Guidelines

The following documents were used to identify waste disposal requirements for the Giant Mine site.


Guideline for Industrial Waste Discharges in the NWT
The purpose of this guideline is to establish standards that can be followed in the discharge of waste into
municipal systems (including landfills). The guideline is intended to:

o

Provide direction for the management and discharge of industrial wastes
Protect the environment
Protect municipal infrastructure, such as sewage systems and solid waste modified landfills, from
immediate and long term environmental problems
Protect workers and the public from improper industrial waste discharge

ra
ft

o
o
o

Schedule IV attached to this guideline presents maximum leachable standards for solid wastes placed in landfills
in the NWT. The NWT standard for leachable arsenic is 2.5 mg/L.


Guidelines for the Planning, Design, Operations and Maintenance of Modified Solid Waste Sites in the
Northwest Territories.



D

The purpose of this document is to guide planners, designers, operators and regulators of modified landfill
facilities in the Northwest Territories. The guidelines are intended to be applied at municipal solid waste sites to
ensure the protection of public health and the environment. Items include facility planning, regulatory
requirements, surface and groundwater monitoring, design, operation and closure of solid waste facilities. The
guidelines do not provide details on the design, construction or operation of a non-hazardous landfill that will not
be utilized for municipal solid waste.
Indian and Northern Affairs Canada (AANDC), Northern Affairs Organization Contaminated Sites
Program, Abandoned Military Site Remediation Protocol (AMSRP), March 2009.
The purpose of this document is to provide sufficient background information to understand the environmental
issues present at the sites included in the AANDC Contaminated Sites Program and to describe the guiding
principles for their assessment and remediation. Sections specific to this preliminary design package relate to
site debris and demolition waste classification, buildings/structures inventory, geotechnical requirements in
regard to landfill siting, and landfill development as they are presented in this protocol document. Key
information from these sections was used for Giant Mine and is discussed further as Best Practices.

2.4

Best Practices

Best Practices were also obtained from the AANDC Abandoned Military Site Protocol (AMSRP). These concepts
include:


A detailed waste inventory should be prepared that includes dimensions, building materials, foundation
materials, estimated volume and mass of waste and any assumptions used in the estimates.

003-DISO Roaster Demo-DISO-RPT-0002-Rev2_20120808

5

AECOM



Giant Mine Roaster Complex Deconstruction
Abatement/Waste Disposal Options

Site debris shall be collected and segregated into hazardous and non-hazardous waste streams for disposal.
The volume of non-hazardous materials shall be minimized through crushing or shredding prior to placement in
an on-site engineered landfill.
Hazardous waste/materials such as PCB containing, mercury, petroleum products, chemicals and ozone
depleting substances, shall be disposed of off-site in accordance with the current regulations governing the
handling and disposal of hazardous materials

D
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Identification of Waste Streams
Assessment Activities

During March 14 to 23, 2012 a survey of the buildings located in the Roaster Complex was completed by an
AECOM /Golder field team. The purpose of the survey was to identify and quantify hazardous materials
located in each Roaster Complex building as well as to estimate the volume of wastes that would be generated
0
during the demolition of the structures. Due to the cold temperatures (approx. -20 degrees Celsius [ C]), the
duration of the daily assessment activities, as well as the amount of building material decontamination trials
that could be completed, was limited. All assessment activities followed the work procedures outlined in the
Golder prepared health and safety plan titled, “Comprehensive Work Plan and Safety Plan – Roaster Complex
and Demo Audit, March 2012”. To support this assessment work, a three stage decontamination unit was
installed on the east side of the AC Roaster Building.

ra
ft

Due to potential safety concerns relating to the structural condition of staircases and elevated catwalks, not all
areas of the AC Roaster and Dorrco Roaster buildings were accessible to the field assessment team. Due to
safety concerns related to the structural condition of the Roaster Stack, detailed inspections were not
completed within a 10 metre (m) radius of the stack; therefore no assessments were completed on the interior
of the fan house building.

D

Based on the results of the field inspection, the Roaster Complex decontamination and deconstruction work
will generate four primary waste streams: hazardous or potentially hazardous wastes, non-hazardous
materials, mineral waste, and contact water. Diagram 1 on the following page illustrates the division of the
waste in to the four waste streams. During the inspection, the field team observed that essentially all interior
surfaces in all the roaster buildings are coated with various amounts of arsenic trioxide dust and/or asbestos
fibers. In some areas, sodium cyanide dusts are also present. As a result, in order to separate the wastes into
their respective waste stream, all waste materials need to be abated of arsenic trioxide, asbestos and/or
cyanide containing materials. Photographs of the various waste materials observed during the field survey are
presented in Appendix C.
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Deconstruction Waste Streams

Arsenic-Impacted Wastes Including
building materials and other items
which cannot be cleaned of arsenic
trioxide

Package for arsenic trioxide and
asbestos containment using longterm packaging.and store

Hazardous Wastes - non-arsenic ,
solids and liquids containing;
PCBs, lead, POLs, mercury,
chemicals, ODS, etc.

Classify and package hazardous
waste according to applicable TDG
Regulations. Ship off site for
disposal.

Hazardous Wastes - arsenic
containing solids and liquids, that
cannot be cleaned of arsenic
trioxide; including recovered dust,
mineral wastes, asbestos waste,
etc.

Assume uncharacterized liquids
are hazardous wastes. Sample and
package according to applicable
TDG Regulations. Ship off site for
disposal.

Non-Hazardous Materials

Cleaned Demolition Rubble
Including Steel, Wood, Brick,
Plastic, Etc.

The material will stockpiled in
designated storage location and
sampled for TCLP to determine if
on-site disposal in the nonhazardous landfill is feasible.

Non-Soluble Arsenic Mineral
Waste

Mineral Waste/semi processed ore
materials located in tanks, vessels
and piping that does not contain
soluble arsenic. Items to be
cleaned and wastes to be collected
and containerized

Dispose of material in the on-site
tailings ponds

ra
f

t

Hazardous or Potentially
Hazardous Waste

D

Decontamination/Deconstruction
Waste

Contact water
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If analytical results pass the
requirements.

Water to be placed in northwest
tailings pond for treated using
existing mine water treatment
system.

If analytical results do not pass the
requirements.

Store water on site for offsite
disposal.

Hold in storage tank and sample
for TSS and Arsenic to compare to
current parameters for storage in
the Northwest Tailings Pond.
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Hazardous or Potentially Hazardous Wastes

Hazardous or potentially hazardous wastes will be generated during building decontamination. Building
deconstruction will not proceed until all hazardous or potentially hazardous materials have been removed. The
following hazardous or potentially hazardous materials have been identified in the Roaster Complex:

3.3

ra
ft





















Arsenic trioxide dust
Asbestos containing insulation coated with arsenic trioxide dusts
Asbestos containing wall and ceiling insulation, exterior siding
Asbestos containing pipe and process vessel insulation
Asbestos containing floor products
Asbestos containing gaskets
Sodium cyanide dusts
Sodium cyanide containers potentially containing residual quantities
Containers of motor oil and grease
Cans of paint and spray paint
De-greasers and miscellaneous cleaning products
Cans of glue/adhesives
Wooden and steel building materials and process equipment stained with chemicals/mill process residues
including sodium cyanide
Mercury containing control valves
Mercury containing light tubes
Dielectric fluids in transformers (potentially PCB containing)
PCB containing light ballasts
Arsenic trioxide contaminated refractory brick
Fuel storage tanks and piping, potentially containing sludges, residual quantities
Granular sulphur
Barrels of sodium hydroxide
Barrels of penetrating asbestos encapsulate
Antifreeze
Small quantities of lab chemicals (silver nitrate, potassium iodide, potassium permanganate, pH buffer solutions)
Citrex cleaner
Partially full barrels of unknown liquids, not labeled
PPE coated with asbestos and arsenic trioxide dusts
Water coolers potentially containing chlorofluorocarbons (CFCs)/ozone depleting substances (ODS)
Batteries in emergency lighting
Lead acid batteries
Lead sheeting
Mineral waste with soluble arsenic

D















Non-Hazardous Materials

Non-hazardous building materials and equipment will be generated during building deconstruction. The following
non-hazardous items have been identified in the Roaster Complex:









Structural steel
Wooden materials
Plastics materials
Steel piping, machinery, tanks and spare parts
Steel exterior siding
Glass
Rubber hose and gaskets
Electrical panels and wiring
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Furniture
Paper products
Fiberglas insulation
Concrete (raised pads on floor slabs)
Tools
Scrap metals/pipe/pipe fittings

Due to potential residual contamination on any of these items, and liability associated with ownership transfer,
AECOM understands that AANDC does not want to allow for salvage of materials.
Non-hazardous materials should be stored on-site for eventual disposal with other non-hazardous waste generated
from remediation activities in the proposed on-site landfill. A discussion of proposed waste storage locations for both
non-hazardous and arsenic/asbestos containing wastes is presented in Section 6.0.

3.4

Mineral Wastes

3.5

Contact Water

ra
ft

The Roaster Complex contains some mineral wastes remaining from ore processing activities including: residual
semi-processed ore materials located in process vessels; residuals located in the carbon-in-pulp leach tanks; scale
located on tanks, piping and in process thickeners and water located in floor sumps. This material is chemically
similar to the ore itself or the tailings; therefore disposal of this material is recommended in one of the tailings ponds.
However, in some of the mineral waste is contaminated with arsenic trioxide due to its presence in the roaster
complex. Only semi-processed waste that does not have soluble arsenic (arsenic trioxide) will be considered as
mineral waste.

D

Contact, or wash water, refers to any water used in the decontamination/hazardous material abatement process to
control or remove dust, which is contaminated with arsenic trioxide and asbestos. Any water required for such use
should be taken from the Polishing Pond located near the Effluent Treatment Plant. No fresh water from local
surface water bodies should be used. Note that no water should be used in buildings containing cyanide.
Any water used to remove or control dust in buildings should be collected and held in tanks. The water should be
sampled for total suspended sediments and arsenic, and compared to the current effluent into the Northwest Pond.
If wash water is below the standards suggested for disposal into the Northwest Pond, it should be discharged into
the Northwest Pond and passed through the current treatment system. If wash water exceeds the standards
suggested for disposal into the Northwest Pond, water should be stored on-site for transport, treatment and disposal
off-site.
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Waste Characterization

During the completion of the hazardous material survey that was completed on the Roaster Complex buildings, a
total of 22 samples of interior dusts and building materials were sampled and analyzed for leachable arsenic using
the TCLP method. In addition 61 samples of building materials were submitted to determine asbestos content. The
complete results of the hazardous material survey are presented in a separate stand alone document. A copy of the
Golder Associates Hazardous Material Assessment Report is presented in Appendix B. Based on these results the
following comments were made.
Loose Dusts
Based on field observations, it is assumed that loose dust located in the Roaster Complex buildings will consist but
not be limited to the following materials;
Waste mine rock dust
Process residual dust
Arsenic trioxide
Asbestos containing materials and fibers
Sodium cyanide
Sodium hydroxide
Flakes of paint
Other process chemicals
Rusts and corroded metals

ra
ft











Dusts were observed on all exposed surfaces located inside the buildings including floors, walls, structural support
members, process equipment, piping, tanks, vessels, roof trusses, window frames, staircases, etc. Dusts were also
identified in control rooms, on furnishings, inside storage cabinets as well as inside electrical cabinets/equipment.
Photographs of the typical surfaces coated with dust are presented in many of the photograph included in Appendix
C, but Photos 1, 2, 9, 17 and 18 in particular. As indicated in the analytical summary tables presented in
Appendix B, dust products that contained leachable levels of arsenic above the NWT standard of 2.5 mg/L were
identified in the following buildings:
AC Roaster
Calcine Building
Dorrco Roaster
Cottrell Precipitator
Baghouse
Silo Control Room

D








Due to snow coverage at the time of the inspection, no dust samples were collected inside the weigh scale building.
No interior dust samples were collected inside the Fan House due to safety concerns relating to the Roaster Stack.
Bulk Materials located in Piping and Vessels/Tank Scale
During the inspection, various amounts of residual process wastes/pipe scale were identified on ore process
equipment, in piping and in tanks. Various examples of the materials included:






Process residuals and chemical scale on wooden tanks were observed near the Carbon in Pulp tanks in the AC
Roaster Building, Photos 5 and 6
The precipitator rods located in the Cottrell building are heavily coated with arsenic scale - Photo 11
Scale was noted inside process piping as well as on process vessels and tanks - Photo 13
Arsenic scale was noted on the precipitator building floor and precipitator hopper - Photo 14
Residual process ore wastes were noted inside vessels and piping - Photo 15 and 16
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Stained/Saturated Wood Products
During the inspection various wood products were identified that had been stained from onsite processes. The
stained wood included; tanks and associated structural supports, elevated wooden platforms and floors (joists and
flooring), catwalks, staircases and exterior walls. Photographs of the stained wood products are presented in
Appendix C, Photos 3, 4, 5, 6 and 12.
During the completion of the hazardous materials survey, attempts were made to clean dust covered wood and steel
products in the AC Roaster Building. The purpose of this test was to determine if interior surfaces could be
sufficiently cleaned to allow the dust covered object to be disposed of as a non-hazardous waste product. Due to
0
the cold interior temperatures (approx. <-20 C), the field team was unsuccessful in removing dust using wetted
surface wipes as they froze to the object surfaces.
During the hazardous material survey, samples of a wooden sill located in an exterior wall, as well as a wooden tank
located in the AC Roaster Building, were recovered and analyzed for leachable metals using the TCLP method. As
indicated in the hazardous material summary tables (Appendix B), the leachate test results for the wooden exterior
wall and storage tank were 16.2 mg/L and 313 mg/L respectively. Based on these leachable arsenic results the
wood materials should be disposed of as a hazardous waste.
Hazardous Building Materials
Asbestos containing items

ra
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Analytical testing confirmed that spray applied asbestos containing insulation was identified in the following
building elements.

o

o
o

o
o
o
o

Exterior paper siding containing asbestos insulation was identified on the AC Roaster Buildings as well
as the soffits of the Fan House.
Exterior transite panels were identified on the exterior walls of the Fan House, Calcine Dorrco Roaster
and Cottrell buildings. The interior walls were typically applied with a spray applied asbestos containing
insulation. The spray applied insulation typically contained chrysotile; however, amosite and crocidolite
were also identified.
Asbestos insulation was used to insulate all exterior surfaces of the baghouse assembly located inside
the Baghouse Building.
Large amounts of asbestos insulation were identified inside the Cottrell Precipitator Building. The
insulation was identified on the walls and bottom hoppers of the precipitator unit as well as on the large
air feed and exhaust ducts.
Asbestos containing pipe insulation was commonly identified in very poor shape with the bulk of the
insulation observed to have fallen off the pipes onto the floor surface below.
Previous assessments identified the presence of asbestos insulation on the exterior flue network located
on the east and west sides of the Cottrell Precipitator building.
Numerous process vessels, roaster, exhaust ducts, piping, flooring materials and gaskets were also
identified to contain asbestos materials.
Potential asbestos containing vermiculite insulation was identified in one wall of the Calcine Building.

D

o

Photographs 7 to 10 present some of the asbestos containing materials. There were no asbestos containing
insulation materials identified in the walls of the Bag House or Weight Scale buildings. Numerous other
asbestos containing materials were identified in the Roaster buildings including;
o
o
o

Exterior wall and roof panels
Pipe insulation
Gaskets
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o Exterior paper siding
o Flooring materials
o Vermiculite wall insulation
o Wall texture
Chemicals
Various chemicals were identified during the hazardous material survey. These chemicals consisted of;
o Laboratory chemicals (<1 litre (L) silver nitrate, potassium iodide, potassium permanganate) - Photo 12
o Bags of soda ash
o Small quantities of paints, solvents, adhesives and cleaners located in cabinets - Photo 19
o Partially full 205 L barrels of antifreeze - Photo 20
o 205 L barrels of asbestos encapsulant - Photo 21
o Open and partially full 205 L barrels of sodium hydroxide - Photo 22
o 25 kilogram (kg) bags of granular sulphur - Photo 29
o Empty sodium cyanide barrels, potentially containing residual quantities - Photo 30
PCBs
PCBs are potentially located in the oils located in the switch gear/transformer oils in the electrical rooms. All
electrical equipment, including ballasts that are suspect to contain PCBs will need to be removed prior to
building demolition. Photographs of potential PCB containing electrical equipment is presented in Photo 23 and
24.

ra
ft
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Mercury
A number of potentially mercury containing control devices and thermostats were identified during the hazardous
material inspection. The buildings that were identified to contain mercury included the Baghouse, Calcine Plant,
Dorrco Roaster, and Cottrell Precipitator. All mercury devices including fluorescent light tubes and high intensity
lights should be removed prior to the deconstruction of the building. It should be noted that spilled mercury was
observed on the concrete floor in the Dorrco Roaster. Cleanup and removal of the spilled mercury will need to
be completed prior to the removal of other waste and dust materials located in the control room. Photos
presenting some of the mercury containing equipment are presented in Photo 27 and 28 in Appendix C.



ODS
During the recent inspection, a number of potential ozone depleting substances were identified in water coolers.
It is recommended that all refrigerants in these buildings be removed from all chillers prior to the demolition of
the structures.



Petroleum, Oils and Lubricants (POLs)
Miscellaneous containers containing small volumes (<20L) of petroleum products, oils or lubricants were
observed in the majority of the onsite structures. In some buildings unlabelled containers potentially containing
oils and lubricants were observed (Photo 20). Based on site observations it is expected that some of the
process equipment will also contain compressor oils/hydraulic fluids (e.g. AC Roaster Compressor Room,
Cottrell Precipitator). Located in the Calcine building is an aboveground fuel storage tank (approx. capacity 1500 L) which supplied fuel to the rotary kiln. Prior to the demolition of this storage tank, the contractor will be
required to inert the tank and remove residual amounts of fuel/sludge. The above ground tank is presented in
Photo 25. Photo 26 shows the compressor which potentially contains oils.

D
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Deconstruction and Hazardous Material Abatement
General

It is understood that the majority of the on-site structures are contaminated to differing levels with asbestos, cyanide,
arsenic trioxide and other hazardous building materials. Due to the existence of the hazardous materials it is
recommended that the deconstruction be completed in two stages; decontamination and deconstruction. The
following sections provide recommendations for decontamination and structural demolition.

5.2

Objectives

The objective of the decontamination process is to remove the hazardous materials and to decontaminate the
buildings to a degree that will allow for the safe deconstruction of the structures and the transport of waste materials
to a storage/disposal location. The decontamination process should be documented in a plan prepared by the
contractor with assistance from an industrial hygienist. The contractor will be expected to submit a decontamination
plan describing safe work procedures for the removal of each type of hazardous material (e.g. asbestos, arsenic
dust, cyanide dust, PCBs) as well as details on the proposed air quality monitoring program. The plan is to detail
work procedures, decontamination methodologies and PPE for each building and should identify the following:





Recognition of legislated worker exposure limits and that decontamination work will be completed within the
limits
Recognition of required level of decontamination to classify structural building components and/or equipment as
non-hazardous waste
Determine requirements for air quality monitoring (for both on-site workers and for general public) during
demolition activities
Identify what decontamination and demolition methods are being proposed to be utilized

ra
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The Roaster complex will require specific hazardous material removal plans which include extensive health and
safety measures. These measures may include enclosure of the structures, the creation of a negative airspace and
potentially supplied air for workers within the enclosure.

Regulatory Requirements

D

5.3

All abatement activities will need to follow the requirements of applicable federal and territorial regulations in order to
protect onsite workers and in order to not have an adverse impacted on the environment. Further discussion of
some of the applicable regulations was previously discussed in Section 2.0. Some of the regulations, codes and
standards that will need to be adhered to include, but are not limited to the following:












The Northwest Territories Safety Act and Applicable Regulations
The Northwest Territories Mine Health and Safety Act
Northwest Territories Asbestos Safety Regulation
ENR Guidelines for the Management of Waste Asbestos
Guidelines for the General Management of Hazardous Waste in the NWT
General Guidelines - Asbestos Removal and Disposal, GNWT Public Works and Services
Code of Practice – Asbestos Abatement, Northwest Territories & Nunavut, Workers’ Safety and Compensation
Commission
Canadian Occupational Health and Safety Regulations
Canadian Environmental Protection Act, 1999 (CEPA)
Transportation of Dangerous Goods Act, 1992 (TDGA)
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Occupational Exposure Limits

According to the Canadian Occupational Health and Safety Regulation, employees shall be free from exposure to
airborne concentrations in excess to the threshold limit values (TLVs) published by the American Conference of
Governmental Industrial hygienists (ACGIH) in the document titled “Threshold Limit Values and Biological Exposure
Indices”. In order to monitor airborne concentrations, representative air samples will be collected and analyzed by
an approved laboratory.
For asbestos containing materials, it is recommended that the 8 hour occupational exposure limit (OEL) of
0.1 fibers per cubic centimetre (f/cc) which is outlined in the Northwest Territories Public Works and Services
publication, “General Guidelines for Asbestos Removal and Disposal (February 2009) be utilized.
3

For arsenic, it is recommended that the ACGIH OEL of 0.01 milligrams per cubic metre (mg/m ) be utilized.
3
Currently the ACGIH has not established an 8 hour OEL for cyanide; however, a TLV ceiling limit of 5 mg/m has
been developed for hydrogen cyanide. Ceiling limits are maximum concentrations that must not be exceeded during
the exposure period.

5.5

Decontamination/Abatement Methods

ra
ft

During decontamination activities, the buildings will be sealed to restrict access and prevent release of airborne
contaminants to the surrounding environment. To accomplish this, the buildings will be placed under a negative air
environment. Workers completing decontamination work will be supplied with the necessary PPE to protect them
from exposure. Air quality monitoring will be ongoing inside and outside the buildings. Wastes will be containerized
at the source area during decontamination. The specifications will require that hazardous waste containers meet the
requirements of the Transportation of Dangerous Goods Regulation (TDGR) and the Export and Import of
Hazardous Waste and Hazardous Recyclable Materials Regulation. This will provide stringent, environmentally
protective containment standards, regardless of whether the material is being transported off-site. Where possible,
suspected hazardous waste will be tested to confirm classification and containerization requirements as per TDGR,
but most suspected materials that cannot be readily sampled will be simply treated as hazardous waste.

D

Arsenic trioxide dust and any other waste item contaminated with arsenic trioxide dust (such as asbestos) will be
stored on-site for eventual disposal with the rest of the arsenic trioxide waste at the site. Any non-arsenic
contaminated asbestos will be double-bagged and disposed of at the Northwest Tailings Pond, which is an asbestos
disposal location that is approved with the GNWT Environment and Natural Resource Division.
Field observations have identified that asbestos wastes are known to be mixed with arsenic trioxide dusts or other
ore and chemical dusts inside the buildings. It is further understood that the exterior walls in the Calcine, Cottrell,
and Dorrco Roaster buildings are constructed of rigid transite cement board and the interior surfaces have been
coated with a sprayed on asbestos insulation (typically chrysotile); however crocidolite and amosite have also been
identified in other buildings. Field observations indicated that a penetrating encapsulant has been commonly applied
to the sprayed on asbestos insulation on the interior surface of the exterior walls as well as on some of the process
vessels. This encapsulant helps prevent accidental damage to the asbestos insulation; however, by applying this
material to the underlying insulation, arsenic trioxide dust would now be trapped within the asbestos insulation.
Based on the presence of arsenic trioxide on the underlying asbestos containing insulation and the potential difficulty
in removing the sprayed on insulation from the transite material, it is recommended that the entire exterior walls
should be considered as an arsenic trioxide waste. The abatement methods also have to consider restricting
potential work activities (such as cutting torches) that have the potential to develop arsene gas.
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It is recommended that the asbestos materials that are impacted with arsenic be recovered using protocols typically
used for the asbestos materials; however, due to the presence of cyanide in some areas of the buildings, the
abatement of the cyanide impacted areas will need to be completed without the use of water. Recovered dusts and
wastes should be bagged and containerized for storage on the property. Background reports have also documented
that a large volume of arsenic scale is located inside the Cottrell Building (Building No. 134), the Roaster Buildings
(Buildings No. 110, 162, 143, 1054, and 148), and the Roaster Flues and Stack. In order to remove the arsenic to
allow for the disposal of the equipment, it is estimated that the arsenic scale will be required to be removed using
manual or mechanical means including scrapping and vacuuming. The other option is to leave the arsenic scale in
place and dispose of the impacted equipment as arsenic waste. Washing will reduce the amount of waste which
requires disposal within a frozen zone, but will create wastewater with high concentrations of arsenic trioxide for
treatment in the existing mine water treatment system.
Located adjacent to the Roaster complex is the 45 m tall exhaust stack. It is known there are structural issues
related to the upper courses of bricks as well as top steel cap. Previous inspections have identified that upper
courses of bricks have become loose and portions of the cap have fallen off the stack. The schedule should
consider prioritization of the demolition of the stack prior to the surrounding Roaster Complex Buildings. Due to
safety concerns, an inspection of the stack was not completed during the March 2012 field program.

Other Hazardous Materials

ra
ft

Any water used to decontaminate materials and workers would be filtered to remove asbestos fibers and will be
treated using the existing Effluent Treatment Plant.
As part of the deconstruction program all miscellaneous hazardous materials or potentially hazardous materials (ore
process chemicals, oils, paints, CFCs, potential PCB containing equipment, mercury containing equipment, lead
containing materials) will be removed, containerized and shipped offsite for disposal.

D

During the abatement process, air quality monitoring will be required to confirm the work meets territorial standards
and on-site workers are not being exposed to potentially dangerous or harmful conditions. Contractors will also have
to follow strict worker and equipment decontamination procedures. Detailed records and the use of manifests will be
required to record the shipping and disposal of all hazardous wastes.
Mineral Wastes

The roaster complex contains some quantities of mineral wastes remaining from ore processing activities including:
residual semi-processed ore materials located in process vessels, tanks and piping, water located in floor sumps
and calcine. This material is considered to be similar in nature to the tailings; therefore it is recommended that all
recovered process residues other than the residues located in the roaster exhaust gases ducts, be disposed of in the
tailings ponds while all residues in the ducts be containerized and handled as an arsenic trioxide waste.

5.6

Abatement Verification

In order to provide effective direction to the deconstruction/abatement contractor as well as for contract
management, there is need to have a method to verify that the abatement activities are satisfactory completed. The
method of verification has to be clearly understood by all parties and ideally should not create any unnecessary
delay to the contractor for the completion of the scope of work. For this deconstruction/abatement project, the
following procedure should be followed to confirm the building components and equipment are sufficiently cleaned to
remove all cyanide, asbestos, arsenic, chemical and ore process residues and to allow them to be disposed of as a
non-arsenic containing waste. The method of verification will be based on previous procedures utilized on other
northern mine sites that have had cyanide contamination as well as following standard procedures used for the
abatement of asbestos containing materials.
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5.6.1

Cyanide Contaminated Areas

5.6.1.1

Bulk Removal

Giant Mine Roaster Complex Deconstruction
Abatement/Waste Disposal Options

Sodium cyanide was known to have been stored and used in both the Dorrco Roaster and AC Roaster Buildings.
Due to the presence of residual amounts of cyanide, bulk removal of the waste material is required. Bulk removal
includes removal of sodium cyanide containing solids and cyanide containing process solids/mine wastes. Work
procedures will need to take in account the potential for the generation of hydrogen cyanide gas. Potential methods
include scraping, wire brushing, use of power tools and waste collection utilizing a vacuum process. Due to the
presence of other contaminants, bulk removal will also include the removal of asbestos as well as arsenic containing
dusts and wastes. Upon collection, the recovered wastes will be transferred to a certified container for storage. Due
to the presence of arsenic in the recovered wastes, it is recommended that this recovered waste be handled and
stored as if it was an arsenic waste. The bulk removal process will include:





Openings plugged with process solids will be bored or punched out
Where plates/shrouds/ flanges/bolts, etc. are separated or removed during equipment dismantling, any
underlying process solids will be removed
Flaking paint does not require removal unless the flakes are encrusted with process cyanide containing process
solids
Any surfaces below flaking paint, fused rubber, gaskets, seals do not require any cleaning
Oxidized or pitted steel does not require wire brushing or grinding

ra
ft




All reasonable efforts will be made to remove the cyanide containing process solids, in the event that solids cannot
be removed due to access restrictions (such as inside a pipe or inside a tank) or potentially unsafe conditions, the
cyanide containing solids will remain on the equipment and the item will be wrapped/plugged in order to prevent the
release of cyanide containing materials.
5.6.1.2

Worker Exposure Air Monitoring

5.6.1.3

D

Completion of surveillance monitoring will be required to determine exposure concentrations. Items analyzed
include hydrogen cyanide, asbestos and total arsenic.
Visually Clean Inspection

A visual inspection will be completed to determine if the bulk materials have been removed from waste items, with a
pass/fail grading. The inspection will include a pass or fail grading for all inspected items. If additional bulk
materials are identified, items will be rejected and additional cleaning will be required. Upon acceptance, items will
be inventoried in order to document that they are cleaned of cyanide.
5.6.1.4

Cyanide Clearance

Once all areas and items have passed the visually clean inspection, clearance will be granted.

5.6.2

Arsenic and Asbestos Contaminated Areas

5.6.2.1

Bulk Removal

Once the cyanide has been removed or in buildings that do not contain cyanide, bulk removal to remove asbestos
fibers, asbestos containing materials, arsenic trioxide dusts, arsenic containing process solids and ore process
solids/mine wastes will be required. All building surfaces, as well as surfaces of equipment and debris including
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containers containing hazardous waste, will need to be cleaned and/or removed. Bulk removal may be completed
utilizing using power and hand tools. Potential methods include scraping, wire brushing and waste collection with a
vacuum process. Due to the potential for the generation of arsene gas, the contractor will need to develop a safe
work procedure if cutting torches are utilized prior to the completion of the arsenic abatement activities. Use of water
for cleaning will also be permitted; however, the contractor will need to include provisions for the collection of all
wash water. Upon collection, the recovered wastes will be transferred to a certified container for storage. Due to the
presence of arsenic in this waste, it is recommended that this material be handled and stored as an arsenic
containing waste. The bulk removal process will include.






Openings plugged with process solids will be bored or punched out
Where plates, shrouds, flanges, bolts, etc. are separated or removed during equipment dismantling, any
underlying process solids will be removed
Flaking paint does not require removal unless the flakes are encrusted with process cyanide containing process
solids
Any surfaces below flaking paint, fused rubber, gaskets, seals do not require any cleaning
Oxidized or pitted steel does not require wire brushing or grinding

5.6.2.2

ra
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All reasonable efforts will be made to remove process solids. In the event that solids cannot be removed due to
access restrictions or potentially unsafe conditions, the solids will remain on the equipment for disposal as an
arsenic containing waste. In the event that hazardous items cannot be removed from the building/equipment
surfaces, the item is to be removed and packaged according to the hazardous waste that it contains.
Worker Exposure Air Monitoring

Completion of surveillance monitoring will be required to determine exposure concentrations. Items analyzed
include asbestos and total arsenic. Additional monitoring for cyanide is also recommended in order to identify if
other areas with cyanide contamination are encountered.
5.6.2.3

Visually Clean Inspection

5.6.2.4

D

A visual inspection will be completed to determine if the bulk materials have been removed from waste items, with a
pass/fail grading. If additional bulk materials are identified, items will be rejected and additional cleaning will be
required.
Spot Checks

To help provide additional information, spot checks consisting of the analysis of wipe samples may be collected to
help document the level of clean up that was achieved and if additional cleaning effort is required. Wipe samples
would be collected to analysis residual dusts on building material and equipment surfaces. Since there is no
regulatory standard for this type, further research would be required to identify a standard that applicable for this
testing work.
5.6.2.5

Washing/Encapsulant Spray

In order to reduce dust levels to concentrations that will be below the regulator criteria, there is the potential there
will be a requirement to complete additional cleaning utilizing wash water following with the application of a
penetrating encapsulant spray. The encapsulant will glue any remaining asbestos fibers/dust to the surface thus
reducing the potential for worker exposure during the structural demolition and waste storage phase.
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Aggressive Air Sampling

Following final washing and/or encapsulant application, an aggressive air sampling program will be completed.
Sampling procedures will follow standards for aggressive air sampling utilized in asbestos abatement projects.
Representative air samples will be collected and analyzed to determine that residual amounts of asbestos and total
arsenic are below the applicable regulatory criteria.
5.6.2.7

Final Abatement Clearance

Once all areas have passed the aggressive air sampling testing methods, clearance will be granted and structural
demolition will be allowed to commence.

5.7

Demolition Methods

D

ra
ft

The buildings in the roaster complex are either a wood frame building with wood columns, beams and roof trusses or
they consist of structural steel frame with rigid transite board used as the exterior siding or metal siding. It is
assumed that the on-site structures will be demolished using properly sized heavy equipment after all of the
hazardous materials have been removed. Prior to the commencement of the structural demolition the contractor will
be required to submit a Demolition Plan to document the proposed Safe Work Procedures that will be utilized in the
demolition program. A pre-demolition inspection will be completed prior to demolition; the purpose of this inspection
is to confirm that all hazardous materials have been removed. The demolition contractor will also be responsible for
the control of dusts that are released during demolition. The following table presents a summary of the method of
construction of each building included in the Roaster Complex.
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Summary of Building Construction Methods

Building Name

Construction Method
Multi level wood frame structure, concrete floor and foundation, pitch felt roof,
asbestos containing exterior paper siding.

Cottrell Building

Steel frame, multi level structure, rigid transite board siding and roofing, sprayed
on asbestos containing insulation on exterior walls and ceiling, concrete floor.
Building contains the Cottrell electrostatic precipitator which contains
approximately 8,400 rods that are coated with arsenic trioxide scale.

Dorrco Roaster

Steel frame, multi level structure, rigid transite board siding and roofing.

Calcine Plant

Steel frame, rigid transite board siding and roofing, multi levels, concrete floor
with a portion being dirt. Asbestos insulation on roof panels and walls has been
delaminating. Insulation debris is scattered throughout building. Building
contains arsenic trioxide waste.

ra
ft

Mill Pipe Shop/
AC Roaster Building

Robertson style steel frame building, double walled, metal siding/roof, concrete
floor/foundation.

Baghouse

Roaster Stack

Brick structure, potentially contains arsenic trioxide dust. Current safety concern
since portions of steel collar have fallen off top of stack.
Steel frame, rigid transite board siding, concrete floor. Area could not be
assessed due to proximity to Roaster Stack.

Fan House

Steel silo and un insulated pre fabricated steel structure used as weight scale
building.

D

Silo load out and
Weight Scale

Exterior Flue Network

5.8

Elevated steel pipe – wrapped in asbestos containing insulation in poor
condition, steel and wood supports are in poor structural condition. Flue from
Baghouse to Fanhouse is fiberglass wrapped in insulation and metal siding.

Waste Storage

During decontamination activities, the buildings should be sealed to prevent release of airborne contaminants to the
surrounding environment. Workers completing decontamination work should be supplied with the necessary PPE to
protect them from exposure. Air quality monitoring should be ongoing inside and outside the building during work
that will generate airborne contaminants (dust removal and asbestos abatement). Wastes should be containerized
at the source area during decontamination. The specifications should require that hazardous waste containers meet
the requirements of the TDGR and the Export and Import of Hazardous Waste and Hazardous Recyclable Materials
Regulation. This will provide stringent, environmentally protective containment standards, regardless of whether the
material is being transported off-site. Where possible, suspected hazardous waste should be tested to confirm
classification and containerization requirements as per TDGR, but most suspected materials that cannot be readily
sampled will be simply treated as hazardous waste.
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Arsenic trioxide dust and any other hazardous waste item contaminated with arsenic trioxide dust (such as asbestos)
should be stored on-site for eventual disposal with the rest of the arsenic trioxide waste at the site. Any non-arsenic
contaminated asbestos should be double-bagged and disposed of at the Northwest Tailings Pond, which is an
asbestos disposal location that is approved with the GNWT Environment and Natural Resource Division.
All other hazardous or suspected hazardous waste should be shipped off-site for disposal at a licensed facility during
the course of the deconstruction work. There is some miscellaneous, uncharacterized liquid waste present in
buildings of the Roaster Complex, including materials such as used oils. For this miscellaneous material, it would be
advantageous to assume that the material is hazardous waste, and therefore dispose of off-site. Samples of these
liquids should be collected and analyzed in order to comply with TDGR. The exterior of the containers will need to
be cleaned to remove residual amounts of asbestos and arsenic and to allow them to be disposed of offsite.

5.9

Material Recycling

D

ra
ft

All of the facilities and buildings contain large amounts of building materials (structural steel, metal cladding, plate
steel, wood timbers and copper wire) that could be salvaged and recycled. However, due to the cost to
decontaminate these materials to a level that will allow for recycling, as well as due to potential liability issues,
recycling of any waste generated during the deconstruction program is currently not being considered.
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Evaluation of Waste Storage Locations
General

During the completion of the hazardous material abatement program as well as following the building deconstruction
program, the waste materials will be separated into their respective waste streams. Non-arsenic containing
hazardous wastes will be hauled offsite for disposal, arsenic and asbestos containing wastes will be
packaged/containerized and stored temporarily on-site, while wastes that are able to be cleaned and confirmed to be
non-arsenic/asbestos containing will be stockpiled and temporarily stored on-site. All wastes that are placed in
storage will be disposed of once approval of the Giant Mine Remediation Program is granted and the larger program
proceeds.

6.2

Non-Hazardous Waste

6.3

Hazardous Waste

ra
ft

Once the non-hazardous waste has been cleaned of arsenic trioxide, asbestos and cyanide, the material will not
pose a risk to the environment. Decontamination of non-hazardous materials should be done to the extent that it
meets the applicable criteria for classification as non-hazardous waste, with confirmatory testing as necessary.
Material should be cleared of dust by vacuuming, washing, wiping, or other means deemed adequate prior to
storage and representatively sampled and submitted for the TCLP to determine whether disposal in the on-site nonhazardous waste landfill is appropriate. The non-hazardous material should be visually inspected by an authorized
individual to confirm its cleanliness. To guard against creation of physical hazards, the contract specifications should
stipulate that waste must be neatly stacked, bundled, and organized. This should also improve the aesthetics of the
waste piles, even though one of the storage area selection criteria is that it is not visible to the public.

6.4

D

Waste materials that cannot be cleaned of arsenic trioxide and/or asbestos will need to be packaged in accordance
with the NWT Guidelines for Asbestos Removal and Disposal. Due to the potential length of time that the materials
will be stored, and in order to prevent deterioration of the any polyethylene bags/wrap used to bag/wrap the waste, it
is recommended that the hazardous wastes be placed in appropriately sized containers that meet the requirements
of TDGA or CEPA. Alternatively it may be suitable to store leachable arsenic containing wastes inside an existing
building or in a building constructed specifically for the storage of the leachable material.

Waste Storage

The Roaster Complex decontamination and deconstruction work will require the establishment of a temporary
storage area since the deconstruction of the Roaster Complex is scheduled to occur prior to the construction of the
non-hazardous waste landfill. Ideally, all waste will be stored in one location, although waste streams will require
segregation. Hazardous waste storage areas should have restricted access with signage at all possible access
points identifying the area as containing hazardous waste. A detailed inventory should be maintained and the
information stored on-site. The areas should be inspected on, at minimum, a monthly basis. As a minimum, the
storage area will be graded, with the placement of compacted granular fill for a secure base, and will have surface
drainage run-on control measures in place.
Potential waste storage areas were identified based on areas that were:
1. Relatively flat, cleared or already disturbed
2. Relatively accessible using existing road networks
3. Currently used for waste or debris storage
Each storage location was then evaluated using a set of criteria designed to identify the optimal storage location for
the deconstruction wastes. Potential waste storage areas are identified on Figure 3 in Appendix A.
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Evaluation Criteria

Several evaluation criteria were identified for the selection of an on-site waste storage location and include the
following:









Size – The required size of the temporary storage facility will be a function of the total volume of deconstruction
materials and the height to which the material can be stacked. Assuming that we will have approximately
3
15,000 cubic metres (m ) of waste and the material will be 1 m high, we will require a storage area of
2
approximately 15,000 square metres (m ). This represents a conservative estimate.
Location – This includes the storage areas proximity to the designated work area as well as its road access. A
good storage location would be with a reasonable distance of the designated work area and will have road
access that is adequate for the types of equipment on-site.
Surface Conditions – The surface conditions refer to the conditions of the subgrade. The subgrade must be
relatively level and allow for both material storage and equipment traffic. Avoiding sites which may result in
contaminating vehicles such as tailings ponds should be considered. A good storage location would require
minimal grading as preparation for material storage, and is ideally already contaminated, given that the preferred
granular material for use with surface preparation is waste rock or existing contaminated soil.
Proximity to Public Roads – In order to have a more secure storage location, it would be advantageous to
have limited proximity to existing or future publically accessible roads/highways.
Proximity to Water Body – Try to maximize the distance between the storage area and nearby natural water
bodies. This would not apply to tailings ponds.
Future Operations – It is important to choose a temporary storage location that will not impede any future mine
remediation operations or get in the way of any current operations.

6.6

ra
ft



Potential Waste Storage Areas

Eleven potential waste storage areas were identified and evaluated according to the evaluation criteria outlined
above. The following subsections provide comments on the evaluation of each storage location identified on the
Giant Mine site. Table 2 below, summarizes the evaluation of the proposed locations relative to the evaluation
criteria.

STOR-01

D

6.6.1

STOR-01 is located west of the existing Highway 4 alignment, adjacent to the Northwest Tailings Pond and has an
2
approximate area of 5,930 m , so would provide storage for a significant volume of waste. The site is currently being
used as storage for approximately1600 drums of arsenic trioxide waste, however there is opposition to the continued
use of the Northwest Tailings Pond for hazardous waste disposal. Access to the site is provided by the existing
mine access roads. Subgrade conditions may be soft since the area is constructed on top of tailings. Public access
to the site is possible using the existing public highway and nearby access roads. The location is a reasonable
distance from water bodies. Although the use of STOR-01 as a storage location should not impede future
remediation operations, the need to haul across the highway and the significant distance between the storage area
and the main Giant Mine site is a disadvantage.

6.6.2

STOR-02

STOR-02 is located across the current Highway 4 alignment, near the Northwest Tailings Pond and has an
2
approximate area of 12,080 m , which may allow for storage of all waste. The site was previously used as a
propane storage facility and is still enclosed by a fence. Access to the site is provided by Vee Lake Road S.
Subgrade conditions appear adequate for waste storage as the compound can support vehicle traffic. Public access
to the site is possible using the existing public highway and nearby access roads and the storage area is visible to
the public travelling along Vee Lake Road. The location is a reasonable distance from water bodies. Although the
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use of STOR-02 as a storage location should not impede future remediation operations, the need to haul across the
highway and the significant distance between the storage area and the main Giant Mine site is a disadvantage.

6.6.3

STOR-03

STOR-03 is located near the proposed location of the non-hazardous waste landfill on a hill near existing structures.
2
This area covers an area of approximately of 1,290 m , so would only provide storage for a small volume of waste.
The site is located adjacent to the Tailings Reprocessing Plant (TRP) facility. The existing building adjacent to the
site may have some storage potential, but would require removal of the material currently stored within. Access to
the site is provided by the existing mine roads. Subgrade conditions appear adequate for waste storage as the
levelled area is constructed from waste mine rock. There is limited visibility from the current public highway, but the
location is visible to residents of Latham Island and N’Dilo. The location is a reasonable distance from water bodies.
The use of STOR-03 as a storage location may conflict with future remediation operations and would require some
clean up to remove existing equipment and other items currently stored in the area.

6.6.4

STOR-04

6.6.5

D

ra
ft

STOR-04 is located near the proposed location of the non-hazardous waste landfill on a hill adjacent to the TRP.
2
This area covers an approximate area of 3,720 m so would not allow for storage of all waste The existing building
may have some storage potential. Access to the site is provided by the existing mine roads. Subgrade conditions
appear adequate for waste storage, but the area would require some levelling.
There is limited visibility from the current public highway, but the location is visible to residents of Latham Island and
N’Dilo. The location is a reasonable distance from water bodies. The use of STOR-03 as a storage location may
conflict with future remediation operations and would require some clean up to remove existing equipment and other
items currently stored in the area.
STOR-05
2
STOR-05 is located near the existing B1 Pit and has an approximate area of 6,360 m so could potentially
accommodate a significant volume of the waste. Given the proximity to B1 Pit, the stability of this location would
have to be investigated prior to material storage. Access to the site may or may not be an issue depending on the
condition of B1 Pit. Due to the potential of unstable ground, some degree of subgrade preparation could be
required. The site is visible from the public highway and is close to Baker Pond. The use of STOR-05 as a storage
location may conflict with future remediation operations due to its proximity to B1 Pit.

STOR-06

STOR-06 is located on a reclamation test area of existing mine tailings, near the proposed location of the non2
hazardous waste landfill, and has an approximate area of 9,360 m . Given its size, it could accommodate a
significant volume of waste. Access to the site is provided by existing mine roads. The area is now densely revegetated, dry, and compacted. Some fill would be required to level the existing surface. The site is not visible from
the public highway and is a reasonable distance from water bodies. The use of STOR-06 as a storage should not
impede future remediation operations, although given that it is presently reclaimed, the use of contaminated soil is
as surface fill is not advisable, and the overall use of the area may not be desired.

6.6.6

STOR-07

STOR-07 is located on a slope (approximately 5%) adjacent to the Roaster Complex and has an approximate area
2
of 2,990 m , so could only accommodate a small amount of the overall waste. Removal of the Conveyor is required
prior to the use of this location as a temporary waste storage site. Access to the site is provided by the existing mine
roads and a temporary mine access road runs through this area. The subgrade consists of waste rock and appears
adequate for waste storage. However, the slope will have to be considered during the selection of the storage
location. The site is highly visible from the current public highway but is a reasonable distance from water bodies.
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The use of STOR-07 as a storage location may not be feasible due to its proximity to the Roaster Complex, and it
may impede future remediation operations, due its proximity to the adjacent Mill building.

6.6.7

STOR-08
2

STOR-08 is located near the Roaster Complex and has an approximate area of 2,180 m , so could only
accommodate a small amount of the overall waste. Access to the site is provided by the existing mine roads.
Subgrade conditions appear adequate for waste storage as it is constructed from mine waste rock. The site is
visible from the current public highway and is a reasonable distance from water bodies. The use of STOR-08 should
not impede future remediation operations. However, due to its close proximity to the Roaster complex, this location
may be better suited as an equipment lay down area for the deconstruction contractor than for material storage.
Removal of the Conveyor is required prior to the use of this location as a temporary waste storage site.

6.6.8

STOR-09
2

6.6.9

STOR-10

ra
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STOR-09 is located near the Roaster Complex and has an approximate area of 6,710 m , so could accommodate a
significant amount of waste This location is close to the Roaster Complex therefore limited hauling would be
required. Portions of this site may be undisturbed with poor subgrade conditions. Improvements to surface drainage
may also be required in order to use this area. The area is visible from the current public highway. There appears
to be a water body near the centre of the storage area that is either very shallow or dry. This should be investigated
prior to using the site as a waste storage site.

2

STOR-10 is located near the Roaster Complex and has an approximate area of 6,940 m , so could accommodate a
significant amount of waste. Subgrade conditions are adequate for waste storage as it appears to be constructed of
waste mine rock. The site is visible from the current public highway and is a reasonable distance from water bodies.
The site is partially enclosed by a fence. The use of STOR-10 as a storage location should not impede future
remediation operations; however, this location is currently utilized as a storage/laydown area for other equipment
and supplies. Removal and relocation of this material would be required.

STOR-11

D

6.6.10

2

STOR-11 is located on the west side of the Central Tailings Pond and has an approximate area of 39,000 m . Due
to its large size, STOR-11 would be able to accommodate all of the waste generated from the deconstruction of the
Roaster Complex. The site is close to the final non-hazardous waste disposal location, the non-hazardous waste
landfill. The use of STOR-11 should not impede future remediation operations. The site is located close to the
active portion of the mine site; therefore the waste would not be accessible to the public compared to storage areas
located on the west side of Highway 3. Some improvements to subgrade conditions were expected; a geotechnical
assessment of the Central Pond has previously been completed as a part of the preliminary design of the potential
non-hazardous waste landfill. This report identified soft, wet conditions, and recommended that 0.6 m of fill be
placed on top of the tailings in order to improve trafficability. However, during a recent site inspection, the area was
noted to be a low point that receives surface runoff from the South and Central Tailings Ponds. Deep drainage
gullies were present in the north section that would need to be in-filled and a significant amount of surface drainage
re-routing would be required for both the Central and South Tailings Ponds areas.

6.6.11

STOR-12

STOR-12 is located at the northeast corner of the Central Tailings Pond and has an approximate area of 18,000 m2,
so is sufficiently large to accommodate all waste generated from the Roaster Complex deconstruction. The site is
close to the final non-hazardous waste disposal location and should not impede future remediation work. The site is
located close to the active portion of the mine site; therefore the waste would not be accessible to the public
compared to storage areas located on the west side of Highway 3. Based on the geotechnical assessment for the
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landfill, and observations from a recent site inspection, this area of the Central Pond is less soft and topographically
higher. Some drainage channels are present from surface water draining from land along the east side, so run-on
control measures will be required in this area. However, the depth of the drainage channels suggests that the
amount of water would be easily managed.

6.6.12

STOR-13
2

D
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STOR-13 is located at the northeast corner of the North Tailings Pond and has an approximate area of 22,000 m ,
so is sufficiently large to accommodate all waste generated from the Roaster Complex deconstruction. The site
should not impede future remediation work, and it is not visible or accessible to the public. The tailings at this
location are topographically high and dry; the area is prone to wind dispersion of tailings requiring the application of
a surface cementing agent at regular intervals. The repeated application of the cementing agent and movement of
equipment for its application has resulted in a well-compacted surface. Minimal surface water re-routing would be
required at this location. However, some road upgrading is necessary for hauling, and it is a farther haul than most
of the other potential storage areas.
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Waste Storage Locations

Storage

Approx.

Suitability of

Suitability of

Proximity

Distance from

Consideration of

Location

Size (m2)

Location

Subgrade

to Public

Water Bodies

Future

Roads
STOR-01

5,930

Comments

Operations

Site is located

Potential poor

Limited

Reasonable

Should not impede Currently being used

across the current

conditions since

visibility

distance from

future operations

public highway,

located on top of

water bodies

as storage for approx.
1600 drums of arsenic

near the Northwest tailings pond

trioxide waste. Would

Tailings Pond.

require hauling across

Access is provided

public highway and is

by existing mine

the longest haul

roads.

distance of identified
areas.

STOR-03

12,080

1,290

Site is located

Subgrade

Very close

Reasonable

Should not impede Previously used as a

across the current

conditions are

to public

distance from

future operations

public highway,

adequate

road, and

water bodies

propane storage
facility. Area is fenced

near the Northwest

located a

but open to view along

Tailings Pond.

large

well-travelled public

Access is provided

distance

road. Would require

by existing public

from active

hauling across public

and mine roads

portion of

highway and is a long

Site

haul from the work
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STOR-02

area.

Located near the

Subgrade

Not close to Reasonable

Location may

proposed location

conditions are

public

distance from

conflict with future visible to the public.

roads

water bodies

work, and would

The area is small and

hill adjacent to the

likely require

currently cluttered.

TRP facility.

moving of

Access is provided

adjacent storage

by existing mine

shed.

D

of the NHWL, on a adequate

Located on a hill that is

roads

STOR-04

3,720

Located near the

Subgrade

Not close to Reasonable

Location may

proposed location

conditions are

public

distance from

conflict with future visible to the public.

roads

water bodies

work

of the NHWL, on a adequate but area

6,360

The warehouse /

hill adjacent to the

would require

building on site may

TRP facility.

levelling.

have some storage

Access is provided

potential. The area is

by existing mine

small and currently

roads
STOR-05

Located on a hill that is

cluttered.

Located near the

Potentially unstable Visible from Reasonable

Location may

existing B1 Pit;

ground.

access may/may

Located in close

public

distance from

conflict with future proximity to B1 Pit.

highway

water bodies

work

The stability of this

not be an issue

location would have to

depending on the

be investigated prior to

condition of the B1

material storage.

Pit

Would require crossing
the public highway at
its current alignment.
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Storage
Location

Approx.
2

Size (m )

Suitability of

Suitability of

Proximity

Distance from

Location

Subgrade

to Public

Water Bodies

Roads

STOR-07

STOR-08

9,360

2,990

2,180

Future
Operations

Reclaimed area

Not close to Reasonable

Should not impede Located on existing

reclamation test

with dense

public

distance from

future operations

area of existing

vegetation growth

roads

water bodies

tailings, near the

overlying old

not be appropriate to

proposed location

tailings. Ground is

use contaminated soil

of the NHWL.

well-drained due to

for surface grading

tailings. Given that it
is reclaimed, it would

Access is provided vegetation, and

and ground

by existing mine

compacted. Some

preparation. It is also

roads

fill would be

less desirable to re-

required to level

disturb the densely re-

surface.

vegetated site.

Located close to

Subgrade

Within view Reasonable

Should not impede Storage area is on a

the designated

conditions are

of public

distance from

future operations

work area. Access adequate

highway

water bodies

to the site is

current

of the Conveyor must

provided by

alignment.

occur prior to use of

slope (a drop of 4 m
over 75 m). Removal

existing mine

this location for waste

roads

storage. May be in the
way of deconstruction
activities.

Located close to

Subgrade

Not close to Reasonable

Should not impede May be better used as

the designated

conditions are

public

distance from

future operations

roads

water bodies

an equipment lay
down area for the

is provided by

deconstruction

existing mine

contractor, rather than

roads

for material storage.

D
6,710

Comments

Located on a

work area. Access adequate

STOR-09

Consideration of

ra
ft

STOR-06

Giant Mine Roaster Complex Deconstruction
Abatement/Waste Disposal Options

Removal of the
Conveyor must occur
prior to use of this
location for waste
storage

Due to proximity to Portions of the

Not close to There appears

Should not impede Consider the

designated work

subgrade may be

public

to be a water

future operations

area, limited

undisturbed.

roads

body at the

and potentially exclude

hauling would be

Improvements to

centre of the

the northern portion of

required

surface drainage

area that is

this area for health and

may be required

either very

safety reasons

demolition of the stack

shallow or dry.
This should be
investigated
prior to using
the site for
waste storage
STOR-10

6,940

Located close to

Subgrade

Not close to Reasonable

Should not impede Partially enclosed by a

the designated

conditions are

public

distance from

future operations

work area

adequate

roads

water bodies
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Storage
Location

Approx.
2

Size (m )

Suitability of

Suitability of

Proximity

Distance from

Location

Subgrade

to Public

Water Bodies

Roads
STOR-11

39,000

Previously

Giant Mine Roaster Complex Deconstruction
Abatement/Waste Disposal Options

Consideration of

Comments

Future
Operations

On tailings. Area is Not close to Reasonable

Should not impede Secure site, close to

disturbed area and low and receives

public

distance from

future operations.

final waste disposal

close to final waste surface water from

roads

water bodies

Surface runoff

site. Area large

disposal area.

other areas of

from other ponds

enough to

Large area

tailings ponds, so is

would need to be

accommodate all

redirected.

wastes generated from

available for waste soft and wet. A
storage. Accessed significant amount

Roaster

by existing mine

of fill and run-on

Deconstruction

roads.

control would be

program.

required for use.
STOR-12

18,000

Previously

On tailings. Area is Not close to Reasonable

Should not impede Secure site, close to

disturbed and

generally dry but

public

distance from

future operations.

adjacent to final

has some localized roads.

water bodies.

waste disposal

drainage ditches

enough to

area. Large area

from run-on along

accommodate all

available.

east side.

waste.

final waste disposal
location. Area is large

ra
ft

Accessed by

existing mine
roads.
STOR-13

22,000

Previously

On tailings. Area is Not close to Reasonable

Should not impede Secure site, close to

disturbed. Large

dry and fairly well

public

distance from

future operations.

area available.

compacted.

roads.

water bodies.

Would require

Minimal drainage

final waste disposal
location. Area is large
enough to

some upgrading to control would be

accommodate all

existing mine

waste.

required.

roads for use.

D

Longer haul than

most other areas.
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Conclusions and Recommendations

The Roaster Complex decontamination and deconstruction work will generate four primary waste streams:
hazardous or potentially hazardous wastes, non-hazardous materials, mineral waste, and contact water. The project
requires the establishment of on-site temporary storage areas since the deconstruction of the Roaster Complex is
scheduled to occur prior to construction of the non-hazardous waste landfill. Potential waste storage areas were
identified based on areas that were:
1. Relatively flat, cleared or already disturbed
2. Relatively accessible using existing road networks
3. Currently used for waste or debris storage
Each storage location was evaluated using a set of criteria designed to identify the optimal storage location for the
deconstruction wastes. The evaluation criteria identified for the selection of an on-site waste storage location
include location, surface conditions, visibility from the Highway, proximity to water bodies, and future operations.
Ten potential waste storage areas were identified and evaluated.
The following recommendations are made based on the identified decontamination and deconstruction wastes, as
well as the available on-site waste storage locations:












ra
ft



The waste resulting from the decontamination and deconstruction of the Roaster Complex should be handled,
stored, and transported in a manner that complies with all applicable regulatory requirements – federal and
territorial.
The deconstruction materials should be segregated into four waste streams for on-site storage and off-site
disposal: hazardous or potentially hazardous wastes, non-hazardous materials, mineral wastes and contact
water.
Due to the presence of cyanide in two of the onsite buildings, abatement activities will require cyanide to be
removed using dry methods. Prior to the use of water, all cyanide containing items will need to be removed.
Hazardous or potentially hazardous wastes will be generated during building decontamination. Building
deconstruction should not proceed until all hazardous or potentially hazardous materials have been removed.
During decontamination activities, the buildings should be sealed to prevent release of airborne contaminants to
the surrounding environment. Workers completing decontamination work should be supplied with the necessary
PPE to protect them from exposure. Air quality monitoring should be ongoing inside and outside the building
during work that will generate airborne contaminants (dust removal and asbestos abatement). Wastes should
be containerized at the source area during decontamination. The specifications should require that hazardous
waste containers meet the requirements of the TDGR and the Export and Import of Hazardous Waste and
Hazardous Recyclable Materials Regulation.
Use of water for cleaning will also be permitted; however, the contractor will need to include provisions for the
collection of all wash water. Upon collection, the recovered wastes will be transferred to a certified container for
storage. Due to the presence of arsenic in this waste, it is recommended that this material be handled and
stored as an arsenic containing waste.
Arsenic trioxide dust and any other hazardous waste items contaminated with arsenic trioxide dust (such as
asbestos) should be stored on-site for eventual disposal with the rest of the arsenic trioxide waste at the site.
Any non-arsenic contaminated asbestos should be double-bagged and disposed of at the Northwest Tailings
Pond, which is an asbestos disposal location that is approved with the GNWT Environment and Natural
Resource Division.
All hazardous or suspected hazardous waste should be shipped off-site for disposal at a licensed facility during
the course of the deconstruction work according to applicable TDG regulations. Suspected materials that cannot
be readily sampled will be simply treated as hazardous waste.

D
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The exterior of any containers destined for off-site disposal or on-site storage should be cleaned to remove
residual amounts of cyanide, asbestos and arsenic for safe handling purposes.
The mineral wastes remaining from ore processing activities including: residual semi-processed ore materials
located in process vessels, tanks and piping; water located in floor sumps and calcine should be disposed of in
the tailings ponds.
Due to potential residual contamination on any of the non-hazardous materials and liability associated with
ownership transfer, salvage of materials should not be allowed.
Decontamination of non-hazardous materials should be done to the extent that it meets the applicable criteria for
classification as non-hazardous waste by vacuuming, wiping, or other means deemed adequate prior to storage,
with confirmatory testing as necessary
To guard against creation of physical hazards, the contract specifications should stipulate that waste must be
neatly stacked, bundled, and organized.
Any water used to remove or control dust in buildings should be collected and held in tanks. The water should
be sampled for total suspended sediments and arsenic, and compared to the current effluent into the Northwest
Pond. If wash water is below the standards suggested for disposal into the Northwest Pond, it should be
discharged into the Northwest Pond and passed through the current treatment system. If wash water exceeds
the standards suggested for disposal into the Northwest Pond, water should be stored on-site for transport,
treatment and disposal off-site.
The Roaster Complex decontamination and deconstruction work will require the establishment of temporary
storage areas since the deconstruction of the Roaster Complex is scheduled to occur prior to the construction of
the non-hazardous waste landfill. The different waste streams identified in the previous section should be
segregated for storage. Hazardous waste storage areas should have restricted access with signage at all
possible access points identifying the area as containing hazardous waste. A detailed inventory should be
maintained and the information stored on-site. The areas should be inspected on, at minimum, a monthly basis.
Of the thirteen potential waste storage areas identified on the Giant Mine site, the preferred location for the
temporary storage of the wastes generated from the Roaster Deconstruction project is STOR-12 located on the
northeast corner of the Central Tailings Pond. The Central Tailings Pond is a large relatively flat area that is
very secure and would not be visible to the public. If required there may also be the option of expanding the
storage area further to the south. This potential waste disposal site is also very close to the proposed landfill site;
therefore the haulage requirements to move the waste into the future landfill would be limited.
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PHOTOGRAPHIC LOG
Site Name:
Giant Mine – Roaster Complex

Site Location:
Yellowknife, NT

Project No.
60241267

Photo No.
Date:
1
Direction Photo
Taken:

Description:

Tanks and process
piping showing typical
coating of dust in
Dorrco Roaster Building

D

Photo No.
Date:
2
Direction Photo
Taken:
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Dorrco Roaster Building

Description:

Cottrell Precipitator
Building
Typical coating of dust
in on equipment in
Cottrell Precipitator
Building

1

PHOTOGRAPHIC LOG
Site Name:
Giant Mine - Roaster Complex

Site Location:
Yellowknife, NT

Project No.
60241267

Photo No.
Date:
3
Direction Photo
Taken:

Description:

Staining in wooden
timbers supporting
thickener tank in
Calcine Building

D

Photo No.
Date:
4
Direction Photo
Taken:

ra
ft

Calcine Building

Description:

AC Roaster Building
nd

Staining of 2 level
floor boards and floor
joists in AC Roaster
Building

2

PHOTOGRAPHIC LOG
Site Name:
Giant Mine - Roaster Complex

Site Location:
Yellowknife, NT

Project No.
60241267

Photo No.
Date:
5
Direction Photo
Taken:

Description:

Contents of CIP tank,
White scale on tank as
well as on concrete
floor

D

Photo No.
Date:
6
Direction Photo
Taken:

ra
ft

AC Roaster Building

Description:

AC Roaster Building
Staining on wooden
tank, typical dust on
process equipment in
AC Roaster Building

3

PHOTOGRAPHIC LOG
Site Name:
Giant Mine – Roaster Complex

Site Location:
Yellowknife, NT

Project No.
60241267

Photo No.
Date:
7
Direction Photo
Taken:

Description:

Dust covered spare
parts in Calcine
Building, exterior
transite panels coated
with spray applied
asbestos insulation.

D

Photo No.
Date:
8
Direction Photo
Taken:

ra
ft

Calcine Building

Description:

Calcine Building
Underside of roof in
Calcine Building.
Delamination of
sprayed on asbestos
insulation is occurring,
asbestos insulation
debris is visible on
equipment throughout
building

4

PHOTOGRAPHIC LOG
Site Name:
Giant Mine – Roaster Complex

Site Location:
Yellowknife, NT

Project No.
60241267

Photo No.
Date:
9
Direction Photo
Taken:

Description:

D

Exterior asbestos
insulated wall panels
coated with a spray
applied asbestos
insulation on the interior
surfaces. Delamination
of sprayed on asbestos
insulation is occurring,
asbestos insulation
debris is visible on
equipment throughout
building.
De
Photo No.
Date:
10
Direction Photo
Taken:

ra
ft

Dorrco Roaster Building

Description:

Cottrell Precipitator
Building
Interior insulated duct
work and exterior
asbestos insulated wall
panels coated with a
spray applied asbestos
insulation on the interior
surfaces, encapsulant
coating on some wall
surfaces.
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PHOTOGRAPHIC LOG
Site Name:
Giant Mine – Roaster Complex

Site Location:
Yellowknife, NT

Project No.
60241267

Photo No.
Date:
11
Direction Photo
Taken:

Description:
Cottrell Precipitator
Building

ra
ft

Arsenic scale on
precipitator rods

D

Photo No.
Date:
12
Direction Photo
Taken:

Description:

AC Roaster Building
Stained wood (floor, 2
level floor joists) in
cyanide process area

nd
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PHOTOGRAPHIC LOG
Site Name:
Giant Mine – Roaster Complex

Site Location:
Yellowknife, NT

Project No.
60241267

Photo No.
Date:
13
Direction Photo
Taken:

Description:
AC Roaster Building

D

Photo No.
Date:
14
Direction Photo
Taken:

ra
ft

Process Residuals
coating tank and
equipment

Description:

Cottrell Precipitator
Building
Scale on base of
precipitator hopper and
on concrete floor

7

PHOTOGRAPHIC LOG
Site Name:
Giant Mine – Roaster Complex

Site Location:
Yellowknife, NT

Project No.
60241267

Photo No.
Date:
15
Direction Photo
Taken:

Description:

Dorrco Roaster Building

D

Photo No.
Date:
16
Direction Photo
Taken:

ra
ft

Arsenic Trioxide dust
located in abandoned
exhaust flue network

Description:

Dorrco Roaster Building
Typical scale located
inside process piping
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PHOTOGRAPHIC LOG
Site Name:
Giant Mine – Roaster Complex

Site Location:
Yellowknife, NT

Project No.
60241267

Photo No.
Date:
17
Direction Photo
Taken:

Description:
AC Roaster Building

D

Photo No.
Date:
18
Direction Photo
Taken:

ra
ft

Cleaning of dust of
steel process piping

Description:

AC Roaster Building
Cleaning of dust off
exterior walls
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PHOTOGRAPHIC LOG
Site Name:
Giant Mine – Roaster Complex

Site Location:
Yellowknife, NT

Project No.
60241267

Photo No.
Date:
19
Direction Photo
Taken:

Description:

Cabinet of
miscellaneous paints,
solvents and adhesives

D

Photo No.
Date:
20
Direction Photo
Taken:

ra
ft

Cottrell Precipitator
Building

Description:

AC Roaster Building
Open pails of
unidentified oils
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PHOTOGRAPHIC LOG
Site Name:
Giant Mine – Roaster Complex

Site Location:
Yellowknife, NT

Project No.
60241267

Photo No.
Date:
21
Direction Photo
Taken:

Description:
AC Roaster Building

D

Photo No.
Date:
22
Direction Photo
Taken:

ra
ft

Barrels of asbestos
encapsulant

Description:

AC Roaster Building
Open barrel of sodium
hydroxide
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PHOTOGRAPHIC LOG
Site Name:
Giant Mine – Roaster Complex

Site Location:
Yellowknife, NT

Project No.
60241267

Photo No.
Date:
23
Direction Photo
Taken:

Description:
Cottrell Precipitator
Building

D

Photo No.
Date:
24
Direction Photo
Taken:

ra
ft

Electrical Transformer –
3rd floor level

Description:

AC Roaster Building
Suspect PCB
containing electrical
equipment
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PHOTOGRAPHIC LOG
Site Name:
Giant Mine – Roaster Complex

Site Location:
Yellowknife, NT

Project No.
60241267

Photo No.
Date:
25
Direction Photo
Taken:

Description:
Calcine Plant

D

Photo No.
Date:
26
Direction Photo
Taken:

ra
ft

Interior fuel storage
tank

Description:

AC Roaster Building
Compressor
equipment, potentially
containing oils and
lubricants

13
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Site Name:
Giant Mine – Roaster Complex

Site Location:
Yellowknife, NT

Project No.
60241267

Photo No.
Date:
27
Direction Photo
Taken:

Description:
Dorrco Roaster
Control Room

D

Photo No.
Date:
28
Direction Photo
Taken:
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ft

Mercury containing
equipment in control
room

Description:

Dorrco Roaster
Control Room
Spilled mercury and
dust/debris located on
control room floor
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PHOTOGRAPHIC LOG
Site Name:
Giant Mine – Roaster Complex

Site Location:
Yellowknife, NT

Project No.
60241267

Photo No.
Date:
29
Direction Photo
Taken:

Description:
Dorrco Roaster

D

Photo No.
Date:
30
Direction Photo
Taken:
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ft

Storage of granular
sulphur

Description:

AC Roaster Building
Suspect empty sodium
cyanide barrels,
potentially containing
residual amounts of
product
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March 5, 2012
Via email: henrv.westermann@pwgsc-tosgc.gc.ca
Henry Westermann
Public Works and Government Services Canada
10025 Jasper Avenue
Edmonton, AB T5J 156

Dear Henry:

Project No:

60212071 {201.1)

Regarding:

Recommendation to Proceed with Site Stabilization Plan at the Giant Mine

Document No.:

320-Eng Support-20-LET-0001-Rev2_20120305

AECOM is developing the preliminary design for the many remedial activities that support the closure
of the Giant Mine in Yellowknife, NT. Engineering assessments and investigations over the last two
years have identified issues of concern that pose a risk, that if not mitigated immediately may
negatively impact the environment and public safety. The current base care and maintenance
program is designed to keep the "as is" Giant Mine site in regulatory compliance. The program is to
respond to immediate high-risk elements at the site and the imminent time dependent failure and
deterioration of underground workings and mine infrastructure.
In the last two years, mine underground instability has occurred, bulkheads that hold back the arsenic
dust continue to deteriorate resulting in arsenic dust seeps underground, Baker Creek has flooded
and mine infrastructure such as the roaster complex and mill conveyor show signs of movement and
further deterioration. The consequence of failure would be a release of arsenic dust deeper into the
mine or a release to the atmosphere. A brief summary of the current condition of the underground,
Baker Creek and roaster complex follows. The summary was developed from the following studies
and information sources.
AECOM- Failure Mode Effects Criticality Analysis (FMECA)- Giant Mine Remediation- Mackenzie
Valley Environmental Review Board - Information Request 12 Response, June 2011.
AECOM -Giant Mine- Structural Condition of Roaster Complex, September 12, 2011.
AECOM- Giant Mine- Structural Condition of Main Conveyor Gallery, September 12, 2011.
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Golder Associates- Opinion on the Stability of Arsenic Stope B2-12/13/14 and Surface Access
Controls. Technical Memorandum, May 26, 2011.
Golder Associates - Investigation, Mitigation, and Monitoring of Known High Risk Underground
Openings, Giant Mine Remediation Project. Technical Memorandum,
December 20, 2011.
Golder Associates- Public Access Controls Above Non-arsenic Stope 2-01 Complex Near A2 Openpit, Giant Mine Remediation Project. Technical Memorandum, February 1, 2012.
Golder Associates- Public Access Controls Above Arsenic Stope B2-08, Giant Mine Remediation
Project. Technical Memorandum, February 1, 2012.
Robertson GeoConsultants Inc. - Independent Experts Panel Risk Assessment of Roaster Complex,
Baker Creek, and Bulkheads Related to Arsenic Trioxide Migration, April 2010 .
SRK- Crown Pillar Stability Evaluation, Arsenic Trioxide Dust Storage Chambers and Stapes,
May 2005.
SRK- Site Wide Crown Pillar Stability Investigation. Memo, January 17, 2006.
SRK- Giant Mine Remediation Project- Site Wide Backfill Options Assessment, March 2009.
Underground

•

High risk collapse areas have been identified through assessment and risk analysis including:
the crown pillars above arsenic stapes B2-08 adjacent to the Ingram Trail and B2-12/13/14
(to be fenced to prevent public access along Ingram Trail)
the crown pillar between arsenic stope B2-08 and non-arsenic stope B3-06
the crown pillar between arsenic stope C2-12 and non-arsenic stope CS-09
the rib pillar between arsenic stapes B2-12/13/14 and non-arsenic stope 2-02
inaccessible bulkheads 11, 22, 33, 35, 4 7, 48 and 49
lower arsenic drifts at arsenic stapes B2-12, B2-08, and C2-12
crown pillar above stope A2-01 (to be fenced to prevent inadvertent public access) and 1-18

•

A sink hole at surface has developed between Baker Creek and the B1 open pit as a result of
loss of underground support.

•

Overburden slope movement has been measured on the northeast slope of the B1 open pit.

•

Bulkheads continue to deteriorate and seep arsenic dust.
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Baker Creek

•

Erosion of mine tailings at Jo-Jo Lake occurred as a result of ice blockage.

•

High risk areas have been identified through assessment and risk analysis including:
stability of east bank of Baker Creek adjacent to the C1 open pit. Seepage at the overburden

I bedrock interface and bedrock fractures have been observed on the pit wall below Baker
Creek
some inflow into the underground has occurred at the south end of the B1 open pit and the
base of the north wall at the B2 open pit
crown pillar above stope 1-18 and A2-01 below Baker Creek
ice blockage in the Baker Creek channel downstream from the C1 open pit
Roaster Complex

•

Exterior asbestos paneling on walls of roaster building are not securely fastened as a result of
fastener corrosion

•

Roof panels are corroded or missing.

•

Interior catwalks are not structurally sound.

•

Continued corrosion of the flues will result in a release of arsenic dust.

•

Asbestos-containing pipe insulation is falling off the flues.

•

Erosion is visible in the exterior and interior masonry of the stack.

•

Steel cap at the top of the stack is being separated from the mounting bolts .

•

A portion of the steel cap was missing from the stack.

Mill Conveyor

•

Evidence of settlement of the roof line is visible.

•

Exterior tar paper siding is damaged and is being wind blown off the structure leaving the
underlying bare wood structure to be exposed to the weather.

•

Movement of the A-frame support legs is visible. Some of the legs have twisted or moved
perpendicular to the plane of defection.

•

Several wooden grade level ties located between the A-frame legs have been damaged or have
moved from their original position.

•

Concrete foundation supporting legs have cracked which has decreased their ability to support a
vertical load.

•

There has been lateral movement of the elevated gallery. This indicates there is a lack of
longitudinal stability of the overall structure.

•

The supports are very close to an active service road, there are no means of traffic protection
(vehicles, snowplough) for the A-frame legs.
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A site stabilization plan (SSP) has been developed to mitigate these immediate risks at the Giant
Mine. It is our recommendation to proceed with this plan as soon as possible to mitigate and control
the high-risk items that are of immediate concern at the Giant Mine today.
Sincerely,
AECOM Canada Ltd.

RS :mw
cc: Mike Nahir, AANDC
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PUBLIC ACCESS CONTROLS ABOVE NON-ARSENIC STOPE 2-01 COMPLEX NEAR A2 OPEN-PIT,
GIANT MINE REMEDIATION PROJECT

1.0

NON-ARSENIC STOPE 2-01 COMPLEX CROWN PILLAR STABILITY
ASSESSMENT

Golder Associates Ltd. (Golder) is engaged in development of preliminary engineering designs and cost
estimating to facilitate closure of the underground portions of the Giant Mine Remediation Project situated north
of Yellowknife, NT (see key plan in Figure 1). Golder’s scope included a review and update of existing near
surface non-arsenic stope stability assessments and the conclusions are outlined in Golder Document 091.
Golder’s work included an assessment of the probability of failure of the crown pillar(s) above a series of
non-arsenic stopes commonly referred to as the ‘2-01 stope complex’ which are situated north of the A2
open-pit, adjacent to Highway 4, and partly inside the Giant Mine town site boundary (see Figure 2). The stopes
in this area underlie or are near to publicly accessible areas (e.g., parking lot) and historical mining equipment
pieces associated with the NWT Mining Heritage Society.
The predicted probability of failure of the rock crown pillar over several individual stopes in the
2-01 stope complex area for anticipated typical stope geometry and rock mass quality conditions was:
1% (2-01 NFW stope), 5% (2-01 #3 stope), and 19% (2-01 stope). Worse conditions could prevail due to the
inherent variability of the mechanical properties of the rock mass and the complex geometry of the crown pillar
and the remnant rock pillars in the stope themselves. Further, there is a significant amount of soil overburden
over the rock crowns but the geology of these materials, which may contain significant amounts of fill, is not
understood.
The situation is poorly understood today as records from recent underground inspections in the area either do
not exist or cannot be located and no geotechnical investigations (e.g., drilling) have been carried out in the
area.

Golder Associates Ltd.
500 - 4260 Still Creek Drive, Burnaby, British Columbia, Canada V5C 6C6
Tel: +1 (604) 296 4200 Fax: +1 (604) 298 5253 www.golder.com
Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America
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2.0

POTENTIAL PUBLIC HAZARDS

The predicted probability of failure of several crown pillars in the 2-01 stope complex area discussed above
would be considered relatively low for an active mine site. However, given that public access in the area occurs
and is encouraged due to displays of historical buildings and mining equipment, elevated prudence is warranted.
Crown pillar failures can occur quickly and there is no monitoring system in place in this area.
Easy, uninformed public access into the area should be dissuaded.
In order to better understand the zone of impact of a potential crown pillar failure, Golder delineated a potential
surface subsidence zone by projecting an inverted cone from the top of several stopes in the area to surface
using the following cave angles:



65° in rock from the top of the stope to surface; or



65° from the top of the stope to the rock / overburden contact, and 45° above that contact in soil to surface.

A large bedrock knob dominates the north-western portion of the 2-01 stope complex area and any crown pillar
failures under it would likely choke off quickly resulting in minimal surface impact. The area of concern is related
to the flat portion of the site southeast of the main 2-01 stope complex area where the crown pillars are the
thinnest. Figure 2 shows the zone with the highest potential for surface subsidence due to crown pillar failure
with associated lines of decreasing probability of failure away from it. Any crown pillar failure would be expected
to manifest itself initially within the highest probability of failure zone with potential gradual progression outwards.

3.0

RECOMMENDATIONS ON SURFACE ACCESS CONTROLS NEAR NON-ARSENIC
STOPE 2-01 AREA

Golder recommends that public access to the area above non-arsenic Stope 2-01, 2-01 NFW, and 2-01 #3 near
the highest probability of crown pillar failure zone be restricted as soon as practical. A typical solution could
include erection of a fence near the outer edge of the zone of highest probability of subsidence to buildings and
natural topographic barriers.
Figure 2 shows an example fence location that would dissuade casual public access over the area of concern.
The southern portion of the fence should start at the northeast corner of the Exploration Shed; then pass west or
behind the Heritage Building, and east of and parallel to the tracks holding the historical mine pieces. The fence
should finally cross the tracks to intersect the steep bedrock topography at the northern end of the fence
indicated in Figure 2. Appropriate signage to inform the public of the undermining hazards beyond the fence
should be erected.
The use of a temporary fence (e.g., orange snow fence) and appropriate signage would be considered
appropriate for the winter of 2011/2012 but a permanent fence should be installed as soon as practical in the
spring of 2012.
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4.0

ADDITIONAL WORK

As noted above the geology and underground mine geometry situation/conditions are poorly understood at
present. Underground observation of the stope back and pillar conditions, if possible, coupled with a surface
drilling investigation that included geotechnical core logging, borehole camera and cavity monitoring work are
recommended. Subsequent stability analyses of the situation could lead to a change or an increase in the
uncertainty of the probability of failure and a change to the recommendations outlined above. Golder would be
pleased to develop a detailed geotechnical investigation plan to execute such work at the request of PWGSC.

5.0

CLOSURE

If you have any questions or concerns regarding this memo please do not hesitate to contact the undersigned.
GOLDER ASSOCIATES LTD.

ORIGINAL SIGNED

ORIGINAL SIGNED

Darren Kennard, P.Eng.
Associate

John A. Hull, P.Eng.
Principal

DTK/JAH/rs

Attachments: Figure 1
Figure 2
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PUBLIC ACCESS CONTROLS ABOVE ARSENIC STOPE B2-08, GIANT MINE REMEDIATION PROJECT

1.0

B2-08 CROWN PILLAR STABILITY ASSESSMENT

Golder Associates Ltd. (Golder) is engaged in development of a preliminary engineering design and cost
estimating to facilitate closure of the underground portions of the Giant Mine Remediation Project. Golder’s
scope included a review and update of existing arsenic stope and chamber crown pillar stability assessments
(Golder document 090).
Golder’s work included an assessment of the probability of failure of the crown pillar above arsenic Stope B-208
which is located on the eastern side of the B1 open pit mine and west of and immediately adjacent to public
Highway 4 (see key plan shown in Figure 1 and detail in Figure 2).
The predicted probability of failure of the rock crown pillar over arsenic Stope B2-08 for average rock mass
conditions and typical stope geometry was 10%. Worse conditions could prevail due to the inherent variability of
the mechanical properties of the rock mass and the complex geometry of the crown pillar. Further, there is a
significant amount of soil overburden over the rock crown but the geology of these materials, which may contain
significant amounts of fill, is not understood.
No obvious evidence of crown pillar failure has been observed near arsenic Stope B-208, but surface cracking
on the mine access road situated at the crest of B1 open-pit has been observed and movement
of existing monitoring points (see Figure 2) in the area has been measured. Although it has been
postulated that the movement is associated with overburden soils moving towards B1 open-pit
(Golder Document 051 and e-mail communication with PWGSC) the mechanism of this movement has not been
fully investigated or confirmed.

2.0

POTENTIAL PUBLIC HAZARDS

Arsenic Stope B-208 which is located on the eastern side of the B1 open pit mine and west of and immediately
adjacent to public Highway 4. Public access to the eastern crest of B1 open pit slope directly above arsenic
Stope B2-08 has been observed and recorded within the last year.

Golder Associates Ltd.
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Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America
Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.

09-1427-0006/20000/20100
Doc. No. 154
February 1, 2012

Dave Colbourne
DXB Projects / PWGSC

A 10% probability of crown pillar failure would be considered relatively low for an active mine site but given that
public access in the area of arsenic Stope B2-08 occurs, tension cracks have been observed in the area, and the
slope above the stope may be moving, elevated prudence is warranted.
The crown pillar of arsenic Stope B2-08 is noted in the current AANDC site risk register as a HIGH risk item
(Risk 5.2.2, SM221, Giant Mine, ver. 2011-01-28). Golder concurs that this is appropriate.
In order to understand the zone of impact of a potential crown pillar failure, Golder delineated a subsidence zone
by projecting an inverted cone from the top of arsenic stope B2-08 to surface using the following cave angles:



65° in rock from the top of the stope to surface; or



65° from the top of the stope to the rock / overburden contact, and 45° above that contact in soil to surface.

Any large scale crown pillar failure would be expected to manifest itself initially within the 65° perimeter with a
gradual progression to the outer perimeter as the failure progressed in the overburden materials. Crown pillar
failures can occur quickly and the current monitoring and reporting system is not sufficient to allow routine
surface access in the area.

3.0

RECOMMENDATIONS ON SURFACE ACCESS CONTROLS NEAR ARSENIC
STOPE B2-08

Golder recommends that public access to the area above arsenic Stope B2-08 be restricted as soon as practical.
A typical solution could include erection of a fence between the portion of B1 open pit near arsenic Stope B2-08
and Highway 4 as shown in concept on Figure 2 (actual location to be confirmed in the field by AANDC).
Golder has previously recommended (Golder Document 090 and 051) that unnecessary vehicle and foot access
by mine personnel near arsenic Stope B2-08 should be limited. We re-iterate this recommendation to allow
critical foot access only after suitably trained personnel have reviewed the most recent survey of monitoring point
MP2, MP3, and MP4, and carried out a visual survey of surface cracking to confirm no changes to the area
above arsenic Stope B2-08 are occurring. Appropriate signage was in place but it should be checked and
discussions with mine staff regarding access in this area should continue.

4.0

ADDITIONAL WORK

Soil and rock drilling geotechnical investigations and geophysical surveys aimed to better constrain the
overburden and bedrock geometry and the engineering parameters of the materials encountered have been
recommended to support future detailed engineering design studies of the overall remediation project. The
information collected from such studies could be used to better constrain and define the stability of the area, but
it would be some time before any conclusions could be reached.
Improving the slope monitoring system should be made a priority as the current system is likely subject to
freeze/thaw effects and possible ice lens melting during the break-up period (early spring and late fall) that
reduces the reliability of the system as an indicator of crown pillar and/or open-pit slope stability. The existing
monitoring points should be replaced with more permanent pins or posts embedded securely in the ground
topped with survey prisms. The accuracy of the survey system, the frequency of surveying, the timeliness of the
analysis of the data and communication of any changes in slope behaviour need to be reviewed as part of the
overall monitoring of this area.
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5.0

CLOSURE

If you have any questions or concerns regarding this memo please do not hesitate to contact the undersigned.
GOLDER ASSOCIATES LTD.

ORIGINAL SIGNED

ORIGINAL SIGNED

Darren Kennard, P.Eng. (BC)
Associate

John A. Hull, P.Eng.
Principal

DTK/JAH/keh

Attachments: Figure 1
Figure 2
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INVESTIGATION, MITIGATION, AND MONITORING OF KNOWN HIGH RISK UNDERGROUND OPENINGS,
GIANT MINE REMEDIATION PROJECT

1.0

INTRODUCTION, STABILITY OF ARSENIC STOPES

Public Works and Government Services Canada (PWGSC) has asked Golder Associates Ltd. (Golder) to
develop conceptual mitigation plans for known high risk underground items at the Giant Mine Remediation
Project (GMRP).
This memo outlines a preliminary assessment of the underground work required to evaluate and execute
mitigation of the known high risk underground features. It is a working discussion document and not set out as a
comprehensive work plan or a proposal. It was developed for PWGSC to assist them in developing a scope and
planning for the advanced remediation program and is to develop possible terms of reference (TOR) documents
and scope of work documents for both drilling contractors and geotechnical engineers who would perform the
work outlined.
The following high risk items associated with the underground are identified in the INAC Giant Mine Remediation
Project Risk Management Report (termed the risk register), dated 2011-01-28.
Risk 5.1.1 Bulkhead or Lower Crown Pillar Failure Leads to Large Scale Release of Arsenic Trioxide into
Underground
Consequence

Severity

Likelihood

Risk

Community / Media / Reputation

Major

Unlikely

Moderately High

Consequence Costs

Critical

Unlikely

Moderately High

Human Health & Safety

Critical

Unlikely

Moderately High

Note: Golder recommend that this risk be upgraded to High as described later.
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Risk 5.2.2 B208 and B212-B213-B214 Crown Pillar Collapse Leads to Release of Arsenic Trioxide Dust to
Environment
Consequence

Severity

Likelihood

Risk

Community / Media / Reputation

Major

Possible

High

Environmental Impact

Minor

Possible

Moderate

Consequence Costs

Major

Possible

High

Human Health & Safety

Moderate

Possible

Moderately High

Legal Obligation

Moderate

Possible

Moderately High

Risk 5.2.3 Crown Pillar Rapidly Collapses through to Ground Surface Near the Highway or Baker Creek
Resulting in a Fatality
Consequence

Severity

Likelihood

Risk

Human Health & Safety

Major

Possible

High

Risk 5.11.1 Continued Movement of Fill and Ravelling Leads to Instability of Pillar Underneath AR2
Arsenic Chambers
Consequence

Severity

Likelihood

Risk

Community / Media / Reputation

Moderate

Possible

Moderately High

Consequence Costs

Major

Possible

High

Subsequent to development of the latest version of the project risk register, Golder reviewed and updated the
previous arsenic stope and chamber stability assessments and summarised the findings in the following draft
report: Golder Associates Ltd. document 090, AECOM 313-UG-13-RPT-0004-Rev0_20110727, Review of
Arsenic Stope and Chamber Stability Assessments, Aug 6, 2011.
The conclusion in thereport generally concurred with conclusions regarding the stability of arsenic stopes and
chambers outlined in previous reports which were used to develop the risk register items outlined above. Golder
concluded that the likelihood of collapse of the sill pillar below arsenic Stope B2-08 was possible, and Risk 2.1.1
should be changed to High.
The arsenic chambers/stopes are currently assessed to be stable but some are in a state that suggest prudence
is required due to inherent uncertainty related to the complex geometry of the mine workings, the heterogeneous
nature of the rock, and time-dependant changes to the rock mass that could degrade stability. Additionally, the
arsenic stopes and chambers will be subjected to changing conditions during wetting and freezing and this
needs to be taken into account when assessing which areas might require mitigation. For example local rock
wedges could be frost-jacked off the walls of the arsenic stopes and this could further degrade stability. B1 pit
will need to be backfilled prior to freeze pipe installation and the fill will place additional loading onto the crown
pillars of arsenic Stope B2-08 and B2-12/13/14.
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Golder made the following recommendations to PWGSC regarding worker and public health and safety
regarding the risks posed by the first three openings outlined in Table 1.1.



Mining staff should refrain from entering non-arsenic Stope B3-06 until the situation is better understood.
This includes the lack of ground support in the back and upper walls and the potential for the fill to drop
since it was mined from below and arching may be present.



Vehicle access above arsenic Stope B2-12/13/14 should be restricted until additional investigations,
analysis and monitoring is carried out. Placement of appropriate signage and communication with mine
staff regarding this hazard should be considered.



Vehicle access above arsenic Stope B2-08 should be restricted until additional investigations, analysis and
monitoring is carried out. Placement of appropriate signage and communication with mine staff regarding
this hazard should be considered. Additionally, a fence to limit public access between Highway 4 and the
area above arsenic Stope B2-08 should be put in place.

Golder’ GMRP report 090 suggested specific underground openings required further investigation, monitoring,
and possible mitigation (meaning prior to the start of the freeze remediation) as outlined in Table 1.1 in order of
relative probability of failure.
Table 1.1: Summary of Stability Concerns Associated with Arsenic Stopes and Chambers
Opening
Arsenic Stope B2-08 /
underlying
Non-arsenic Stope
B3-06 Sill Pillar
Arsenic
Stope B21-12/13/14
Crown Pillar
Arsenic Stope B2-08
Crown Pillar

Potential Impact of
Failure
Release of arsenic
dust locally into the
adjacent openings.
Impact B1 open pit
and surface with
release of dust to
environment.
Impact B1 open pit
and surface with
release of dust to
environment.

INAC
Possibility or
Likelihood

Comments

Possible

Situation not well understood and needs additional
investigation. Release of dust into B3-06 could
possibly be partly contained on 3rd level.

Possible

Some unconfirmed evidence of surface impact of
crown pillar movement exists. Possibly some
evidence of ground movement on upper arsenic drift
but not confirmed.

Possible

No strong evidence for movement underground or on
surface noted.

Arsenic
Stope B2-12/13/14,
Adjacent Non-arsenic
Stope 2-02 Rib Pillar

Release of arsenic
dust locally
underground into the
adjacent openings.

Possible

The assessment of probability of failure includes the
assumption that pillars shown on mine plans are
stable and the stope is partially backfilled. But this
has not been investigated and the situation could be
worse. There is some evidence of block movement
in the rib pillar in non-arsenic Stope 2-02. Release of
dust into 2-02 stope could possibly be partly
contained on 3rd level but it would likely move deeper
into the mine.

C5-09 back, Adjacent
to and below Arsenic
Stope C2-12 and
Arsenic Chamber B9

If failure large and
sudden, could impact
arsenic Chamber B9
and arsenic
Stope C2-12.

Possible

Failure would likely develop slowly enough that it
could be halted with backfilling prior to impacting
arsenic Stope C2-12 or arsenic Chamber B9.
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The presence of inaccessible bulkheads that cannot be inspected or monitored adds uncertainty to the project as
addressed in Risk 5.1.1. Risks cannot be assessed reliably. Water pressure monitoring is carried out in arsenic
Stope C2-12 but the bulkheads and any leakage past them cannot be assessed.
Other possible risks associated with collapse of near surface non-arsenic stopes that could impact critical
surface elements such as Bake Creek or Highway 4 are currently under analyse and further investigation. This
work will provide further clarity on Risk 5.2.3.

2.0

MITIGATION REQUIREMENTS

The INAC guidance on mitigation and monitoring requirements states that High risk items should be a priority to
mitigate within 2 years. Given that the overall remediation project schedule is not well defined and is dependent
on the current environmental assessment process preparations for mitigation of high risk items must begin
independently of the overall project. A preliminary list of work required to prepare the underground for the
mitigation is outlined below.



Develop an emergency response plan in the event that key pillars associated with arsenic stopes are
measured or observed to be moving or de-stabilising.



Integrate the remaining historical mine geometry information into the existing 3d model. Further collection
and recording of anecdotal information regarding mine geometry and rock stability should be included in
this work while personnel with underground experience are involved in the project.



Design and execute geotechnical investigations, underground surveys, and laboratory testing on typical
arsenic dust and rock core in high risk areas.



Determine the best approach to stabilising the arsenic crown pillars.



Develop a monitoring plan that provides information on the behaviour of the openings in question to assess
worker safety and mitigation design and planning purposes.



Re-establish or maintain critical underground mine infrastructure to areas where work is required.



Excavate new underground development.



Construct new arsenic drift plugs to replace existing lower arsenic drift bulkheads.



Develop of a cemented tailings paste backfilling system.



Backfill lower arsenic drifts.



Tight backfill the arsenic stope and non-arsenic stope voids in question.

Additional detail on the investigations required is outlined below.
It is recommended that safe access to the inaccessible bulkheads in place in lower arsenic drifts attached to
arsenic Stopes B2-12/13/14, B2-08, and C2-12 be developed and the drift plugs installed prior to any backfill
being placed in the arsenic stopes.
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INVESTIGATION

Investigations are required to further define opening geometry and rock mass geotechnical parameters to a level
required to develop detailed mitigation designs and monitoring programs. Although additional investigation of
the arsenic stope crown pillars could improve confidence in the assessment of the probability of failure of a
specific arsenic stope pillar, it is not likely to lead to a more favourable assessment of stability.
There will be overlap between drilling required for investigation and that required for future monitoring
requirements. Some boreholes required for investigation may prove suitable for monitoring and some boreholes
required for monitoring will improve and expand the understanding of the geometry of the mine openings and the
engineering properties of the rock mass.
A combination of geophysical survey and simple percussive surface drilling (e.g., an air-track drill) surveys to
delineate the overburden / bedrock contact would improve confidence in the existing stability assessment and
provide valuable information for future design work. It is anticipated that a combination of radar, electrical
resistivity, or light seismic (e.g., sledgehammer source) geophysical techniques would prove sufficient.
Diamond drilling investigations required to develop detailed mitigation designs and to satisfy monitoring
requirements are outlined in Table 2.1 and are discussed in more detail later. It may be possible to carry out
some of these investigations in boreholes drilled previously (now grouted) for similar purposes. It may also be
possible to carry out cavity monitoring surveys through the existing upper arsenic stope inspection hatches.
In some cases it may be optimal to drill the boreholes from underground but rehabilitation must be compete and
mine services must be accessible. Additional discussion with the care and maintenance contractor is required.
Great care must be taken during investigations anywhere near an arsenic stope or chamber as the bulkhead
performance criteria cannot be confirmed.
Note that most cavity monitoring survey systems are not reliable in cold weather and surveys will either need to
be delayed until spring or a warm shelter built over the collars of the borehole. If there is to be a delay between
drilling the boreholes and carrying out the surveys, a surface casing must be left in place and a tamper proof
lockable cover installed.
HQ-3 sized (96 mm hole), triple-tube diamond drilling will be required for most of the holes. Some holes may
need to be drilled very accurately, specifically to hit a small drift at depths of up to 70 m from surface.
Accurate diamond drilling using a steerable bit or wedges may be suitable to small targets at depth but
down-the-hole hammer (dthh) drilling techniques such as those employed during drilling of vertical freeze holes
for the freeze optimisation study (FOS) may be required in some cases. Detailed and accurate hole surveys will
be required to tie any cavity monitoring surveys into the 3d model.
Eventually, large diameter backfill delivery holes will be required and these will also form part of the
investigation.
Investigation of some potentially high risks associated with near surface non-arsenic stopes are not outlined in
this memo. These could be included to optimise future drilling investigations and to possibly create enough work
that a drilling contractor would be attracted to work on the project.
An increase in water pressure due to drilling near a bulkhead could cause some leakage and this should be
avoided. Boreholes drilled from underground and anywhere near an arsenic stope and chamber will need to be
drilled using a blowout preventer / isolation system to protect the drilling crews from exposure to arsenic dust.
A detailed drilling plan and collar location map has not been developed for this memo as additional effort is
required do so including receipt of some direction from PWGSC as to which drilling priorities outlined in
Table 3.1 will be targeted. Additionally, discussions with the care and maintenance contractor are required to
assess the feasibility of underground drilling.
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Table 3.1: Summary of Anticipated Minimum Investigative Diamond Drilling or Down-the-Hole Hammer Drilling Requirements for Known High Risks Associated with Arsenic Stopes
Area or Arsenic Stope
or Chamber Requiring
Drilling Investigation

Arsenic
Stope B2-08 /
Underlying
Non-arsenic
Stope B3-06 Sill Pillar

Borehole
Required for
Investigation,
Mitigation
Design, or
Monitoring

All

Borehole
Camera or
Cavity
Monitoring
Survey?
Camera and
C-als for those
drilled into
void.

Drilled from
Underground
or Surface?
Likely
underground,
but only if
rehabilitation
and services
completed.
Likely surface.
Underground
would be
possible but
safe access is
currently
limited.

Approximate
Number of
Boreholes
Required

Approximate
Length of
Drilling
(m)

2 into sill pillar,
2 into eastern
portion of
B3-06 void.
Total 4

30 m each if
underground,
Total ~120 m

4 into crown, 1
into pillar
between stope
and pit wall.
Total 5

30 m each
from surface.
Total ~150 m

2 into crown, 1
into pillar
between stope
and pit wall.
Total 3

30 m each
from surface.
Total ~90 m

All

Camera and
C-als for holes
drilled into
void.

All

Camera and
C-als for holes
drilled into
void.

All

Camera and
C-als for holes
drilled into
void.

Likely surface.

C5-09 Back, Adjacent
to and Below Arsenic
Stope C2-12 and
Arsenic Chamber B9

All

Camera and
C-als for holes
drilled into
northern
portion of void.

Safe u/g
access
possible

Inaccessible
Bulkheads Connected
to Arsenic
Stope B2-12/13/13

Investigation and
design.

Camera and
C-als for holes
drilled into
void.

Likely best
from
underground
but more risk
in doing so.

2 inaccessible
bulkhead holes
required.
Total 2

50 m each
u/g, 70-80 m
from surface
Total ~160 m

Investigation and
design.

Camera and
C-als for holes
drilled into
void.

Likely best
from
underground
but more risk
in doing so.

2 inaccessible
bulkhead holes
required.
Total 2

20 m each
u/g, 70m
each from
surface
Total ~140 m

Investigation and
design.

Camera and
C-als for holes
drilled into
void.

Likely best
from
underground
but more risk
in doing so.

2 or 3
inaccessible
bulkhead holes
required.
Total 3

30m each
u/g, 70m from
surface
Total ~210 m

Arsenic
Stope B21-12/13/14
Crown Pillar

Arsenic Stope B2-08
Crown Pillar

Arsenic
Stope B2-12/13/14,
Adjacent Non-arsenic
Stope 2-02 Rib Pillar

Inaccessible
Bulkheads Connected
to Arsenic Stope B2-08

Inaccessible
Bulkheads Connected
to Arsenic Stope C2-12

Likely surface.
Underground
would be
possible but
safe access is
currently
limited.

1 into crown of
2--02, 1 into
pillar at north
end of B2-12.
Total 2
2 into sill pillar
for geotech.
and 2 into
northern portion
of void
Total 4

70 m each
from surface.
Total ~140 m

30 m each,
from
underground
Total ~120 m

Drilling
Priority

Will Boreholes
Provide Additional
Geotechnical
Information, and
How?

1

Core recovered and
logged, possible
borehole televiewer
work.

Can the Borehole be used for Monitoring? How?

1)
2)

1)

Successive c-als surveys to assess if the back of the
stope or the position of the top of the dust is changing
(compare to 2005 work).
Possible conduit for borehole extensometers including
simple tell-tales or more sophisticated approaches.
Successive c-als surveys to assess if the back of the
stope or the position of the top of the dust is changing
(compare to 2005 work).
Possible conduit for borehole extensometers including
simple tell-tales or more sophisticated approaches.

1

Core recovered and
logged, possible
borehole televiewer
work.

1

Core recovered and
logged, possible
borehole televiewer
work.

2

Core recovered and
logged, possible
borehole televiewer
work.

2

Core recovered and
logged, possible
borehole televiewer
work.

2

Core recovered and
logged, possible
borehole televiewer
work.

2

Core recovered and
logged, possible
borehole televiewer
work.

If required, not foreseen.

2

Core recovered and
logged, possible
borehole televiewer
work.

If required, not foreseen.
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2)

1)
2)

Successive c-als surveys to assess if the back of the
stope or the position of the top of the dust is changing
(compare to 2005 work).
Possible conduit for borehole extensometers including
simple tell-tales or more sophisticated approaches.

Possible conduit for borehole extensometers in pillar.

1)
2)

Successive c-als surveys to assess if the back of the
stope or the position of the top of the dust is changing
(compare to 2005 work).
Possible conduit for borehole extensometers including
simple tell-tales or more sophisticated approaches.

If required, not foreseen.

Comments

Two boreholes required to intersect the void on
top of the backfill in the eastern, no-accessible
portion of non-arsenic Stope B3-06 for void
delineation and monitoring purposes.
Some of the boreholes drilled into the chambers
for investigative purposes in 2005, which were
subsequently grouted, could be re-drilled for this
purpose.
One borehole should be drilled into the pillar
between the arsenic stope and the open pit if
safe to do so.
Some of the boreholes drilled into the chambers
for investigative purposes in 2005, which were
subsequently grouted, could be re-drilled for this
purpose.
One borehole should be drilled into the pillar
between the arsenic stope and the open pit if
safe to do so.
The drill hole into the pillar between arsenic
Stope B2-12 and non arsenic Stope B2-02 will
need to be accurate and might need to be drilled
with a dthh drill?
The southern portion of the void above non
arsenic Stope C5-09 is mostly accessible
underground and can be surveyed using c-als at
any time.

These holes need to be accurately drilled, so we
may need to use a down the hole (dthh) rig if we
drill from surface. Risk of drilling into arsenic and
a plan to complete (grout) these holes and re-drill
will be required.
These holes need to be accurately drilled, so we
may need to use a down the hole (dthh) rig if we
drill from surface. Risk of drilling into arsenic and
a plan to complete (grout) these holes and re-drill
will be required.
These holes need to be accurately drilled, so we
may need to use a down the hole (dthh) rig if we
drill from surface. Risk of drilling into arsenic and
a plan to complete (grout) these holes and re-drill
will be required. Inaccessible bulkhead #54 can
be accessed by rehabilitating the 1st level raise
access.
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Area or Arsenic Stope
or Chamber Requiring
Drilling Investigation

Investigate Lower
Arsenic Drifts to
Assess Dust Position
for Arsenic
Stope B2-12/13/14
Investigate Lower
Arsenic Drifts to
Assess Dust Position
for Arsenic
Stope B2-08
Investigation of Rock
Mass Ahead of
Required New
Development

Borehole
Required for
Investigation,
Mitigation
Design, or
Monitoring
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Borehole
Camera or
Cavity
Monitoring
Survey?

All

Camera and
C-als for holes
drilled into
void.

All

Camera and
C-als for holes
drilled into
void.

All

Camera and
C-als for holes
drilled into
void.

Drilled from
Underground
or Surface?
Safest from
surface given
target is
possibly
saturated
arsenic dust.
Safest from
surface given
target is
possibly
saturated
arsenic dust.
Safest from
surface given
target is
possibly
saturated
arsenic dust.

Approximate
Number of
Boreholes
Required

Approximate
Length of
Drilling
(m)

3 boreholes
required.
Total 3

70-80 m
each, from
surface
Total ~240 m

3 boreholes
required.
Total 3

70 m each,
from surface
Total ~210 m

Up to 10
boreholes
required
Total 10

30-50 m
each, from
underground
Total ~500 m

Drilling
Priority

3

Will Boreholes
Provide Additional
Geotechnical
Information, and
How?

None required.

3

None required.

4

Core recovered and
logged, chemical
work required for
PAG analysis.
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Can the Borehole be used for Monitoring? How?

Comments

If required, not foreseen.

These holes need to be very accurately drilled,
so we may need to use a down the hole (dthh)
rig if we drill from surface. We will drill into
arsenic and surface holes are safer although
underground are shorter.

If required, not foreseen.

These holes need to be very accurately drilled,
so we may need to use a down the hole (dthh)
rig if we drill from surface. We will drill into
arsenic and surface holes are safer although
underground are shorter.

If required, not foreseen.

May not be required given that rock mass is
generally uniform and of high quality. However
excavation into shear zone areas and possible
faults may require some drilling investigation.
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The drilling totals outlined in Table 3.1 are summarised in Table 3.2 and 3.3.
Table 3.2: Preliminary Summary of Drilling
Drilling Priority

1
2
3
4

Standard Surface
Diamond Drilling, Total
Number of Holes

Standard Underground
Diamond Drilling, Total
Number of Holes

4
2

8
4

Very Accurate Surface
Diamond Drilling or Down
the Hole Hammer Drilling,
Total Number of Holes
7
6

10

Note there is no contingency in the drilling estimates provided above.

Table 3.3: Preliminary Summary of Drilling Lengths

Drilling Priority

1
2
3
4

Standard Surface
Diamond Drilling, Total
(m)

Standard Underground
Diamond Drilling, Total
(m)

120
120

240
140

Very Accurate Surface
Diamond Drilling or Down
the Hole Hammer Drilling,
Total
(m)
510
450

500

Note there is no contingency in the drilling estimates provided above.

4.0

SURVEY AND LABORATORY TESTING

Detailed geotechnical mapping of all the future drift plug locations will be required for design.
The following surveys will need to be carried out:



A ground support rehabilitation survey of the existing underground openings.



Underground surveying tied to the Giant mine grid is required to improve the accuracy of the mine
geometry information and to improve the 3d mine model. Some remote surveying, using a remote
controlled rover and 3d laser scanning may be carried out in lieu of ground support rehabilitation and
conventional man-entry surveying.



Underground ventilation surveying.

The following laboratory testing needs to be carried out:



Additional paste backfill tailings work including additional tests on tailings from the central tailings pond,
flow-loop testing, determination of cement contents required to limit liquefaction, and tests on alternative
binder material to cement (e.g., kiln dust).



Some intact rock strength laboratory testing is required for both underground and surface rock mechanics
studies.
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More detail on the tailings recover plan for backfilling is required, including assessment of dust reduction and
human health factors associated with moving tailings and dusting.

5.0

MITIGATION DESIGN

An emergency mitigation response plan in the event that a problem is identified should be developed. In many
cases the likely course of action is to be able to quickly backfill an area with cementitious backfill to support and
stabilize it quickly although doing so may add cost and schedule to the overall remediation. Ideally, the mitigation
carried out supports the remediation but emergency response should take priority.
The 3d mine geometry model in the vicinity of the arsenic stopes and chambers needs to be improved to support
future detailed mitigation design. This task should be expedited as the valuable anecdotal knowledge present in
current staff members should be leveraged while the opportunity still exists. The primary task is to digitise
critical 2-d engineered level plans and incorporate them into the 3d model which at present is primarily based on
2-d vertical geological cross-sections. Any known errors and omissions in the mine geometry information needs
to be taken into account in the design of the investigation, monitoring system, and the mitigation itself. 2d
engineering drawings required for execution of the mitigation will be developed with the updated 3d mine model.
The existing underground mine workings near the arsenic stopes and chambers will need to be rehabilitated to
allow safe access for underground drilling investigations, monitoring, and future mitigation construction efforts. A
ground support rehabilitation survey will be required. This detailed survey may lead to the recommendation of
abandoning unsafe development and the excavation of bypasses around them. Such bypasses have been
recommended by Golder but others may be required.
Re-establishment or maintenance of critical underground mine infrastructure to areas where work is required and
designs for all of it will need to be developed, including:



Power supply.



Ventilation system.



Mine water and compressed air supply.



Ground support systems.



Mine communication system.



Refuge chambers and lunch rooms.



Secondary egress and ventilation raises will need to be developed, likely through rehabilitation of existing
openings to surface.

Detailed designs for the paste backfill system, new underground development openings, drift plugs, lower
arsenic drift backfill, and the stope void backfill will be required.
It is not anticipated that extensive investigation of the path of future new development openings is required for
geotechnical purposes, unless the openings are planned near shear or fault zones. Some investigation may be
required to determine the level of potentially acid generating (PAG) material may be encountered as it may need
to be preferentially used as fill or stored underground whereas non-PAG rock will be used for surface fills which
are at a premium on the site.
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The investigation of the currently inaccessible bulkhead areas will help determine if it is possible to develop safe
access to them and whether remote plug designs are required. Details on the new development required to
reach the inaccessible bulkheads including: which existing development to start from; what direction to approach
from; and whether any backfilling of currently unstable openings that will be subsequently be developed through,
are required. Design of the drift plugs will require detailed 3d surveys and geotechnical assessment of the rock
walls. The design of the large diameter concrete delivery holes to optimal locations to support the plug design
work is required.
There are still some information gaps regarding detailed design criteria for drift plug design due to a lack of a
wetting and freezing plan. These include the potential range of fluid or slurry pressure that could be imparted on
them during wetting of the dust. Additionally, the potential for frost pressure to impact the plugs has not been
assessed determined due to the lack of a freezing plan. Specifically the freeze hole geometry is not yet known
and the direction of freezing, and the impact of freezing-induced pressures on drift plugs or rock pillars cannot be
assessed. Both wetting and freezing are required to complete plug design and assess risks.
Determination of the optimal method to stabilise the arsenic stope crown pillars requires additional discussion
and work. Current design thinking suggests that tight backfilling the void in the arsenic stopes in question with a
lightly cemented backfill would limit propagation of any crown pillar failure should it occur. Because a wetting
and freezing plan has not yet been established additional discussion on suitable crown pillar support is required.
Several key items that have not been resolved include: a wetting plan; a freezing plan; a minimum dust and void
backfill water content criteria; and an assessment of dust consolidation parameters for both loading and wetting.
Questions and challenges resulting from these gaps include:



Simply pouring a relatively dense cemented paste backfill into the void may compress the dust and reduce
the void space in it and in the backfill below. Some criteria is required for freeze block longevity in the
event of cooling loss.



The dust may consolidate during wetting and the additional exposure of stope walls could induce some
stability of unknown extent.



The dust may consolidate during initial wetting and any backfill previously placed on top of the dry dust
could fall with it and/or hangingwall and footwall stability could be compromised. The backfill may need to
be engineered to remain stable if a void opens up below it.



Water in the fractures of the rock surrounding the chambers and in the pore space of the dust and the
backfill will expand during freezing. Depending on the direction of the freeze front and the amount of void
left in the chamber available for expansion, some damage to rock pillars and drift plugs could result. This
needs to be further assessed.

The following work is recommended in the short term risk mitigation phase to better understand the dust
behaviour, including.



Assessment of the in-situ water content, void-ratio, and density of the dust in the arsenic stopes in question.



Bench scale laboratory tests on the behaviour of the dust during wetting, specifically consolidation potential,
liquefaction potential, and assessment of properties such as static and dynamic slurry density.



Development of a wetting / freezing plan. This needs to include the position of the freeze holes and the
direction of the propagation of the freeze front. This information is required to assess the potential for frost
jacking and damage to the drift plugs and in the rock pillars around the arsenic stopes and chambers.
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Foam concrete backfill as previously proposed by SRK may prove to be a suitable interim solution to mitigate
these stopes while key questions regarding wetting, freezing, and dust behaviour are being answered. Some
form of ground support such as cable bolting, or excavation of the overburden from above the rock crowns could
ultimately prove part of the solution.

6.0

MONITORING

An updated monitoring plan that provides information on the behaviour of the openings in question for safety and
mitigation design and planning purposes is required. Significant monitoring will be required during the mitigation
construction phase when worker exposure will be highest. Additional monitoring may be required to help
constrain the behaviour of the rock mass surrounding an arsenic chamber during wetting and freezing of the first
few chambers and although this is not within the scope of addressing short and immediate high risks it might be
expedient to install it early. The monitoring plan requires clear and concise triggers and trigger responses for
operators.
Monitoring cannot be used as a definitive tool to assess if and when mitigation is required because failure could
occur with little warning. Golder had previously recommended a crude monitoring program in the fall of 2010 for
the areas above arsenic Stope B2-12/13/14 and arsenic Stope B2-08 to assist with interpretation of the nature of
surface cracking observed near B1 pit. Prisms mounted on tripods were placed on surface and the prisms are
currently being surveyed manually twice a week. The data is added to a spreadsheet and forwarded on to
interested parties typically within 1 to 2 days. The current monitoring system is subjected to freeze thaw effects
and possible ice lens melting during the break-up period (early spring and late fall) the reliability of the system as
an indicator of crown pillar stability is currently limited. This system needs to be improved.
Monitoring in addition to the current system is recommended to determine if the crown pillar is deforming, the
extent of the deformation, and the movement mechanisms involved. This monitoring will be used to help plan
the mitigation work and for assessment of both worker and public safety but as noted above it will not provide a
fail-safe warning of impending failure. Such monitoring could include:



A simple visual monitoring program of rock mass conditions in the accessible underground near the arsenic
stopes and chambers should be systematically and routinely carried out. Good quality digital photographs
should be collected.



Measurement of deformation in rock pillars. The use of simple “tell-tales” installed in boreholes that
intersect the top of the arsenic stopes in question. These consist of a measuring tape secured to the
breakthrough of the borehole and the top of the arsenic stope and the distance between that breakthrough
and a surface casing or top of the bedrock surface is recorded. Decreasing measurements indicate
ravelling of the crown pillar that could lead to de-stabilisation. More sophisticated multi-point borehole
extensometers (MPBX) or time-domain reflectrometry (TDR) cables grouted into boreholes drilled through
the arsenic stope crowns would give more detailed information. These can be connected to a data logging
and visualisation system to allow assessment of strains in key pillars surrounding the arsenic stopes.



Periodic cavity monitoring surveys. These need to be carried out from key positions either in inspection
hatches or boreholes that intersect the void above the dust in arsenic stopes in question. Different surveys
can be compared in detail to assess if sagging, wedge detachment, or ravelling is occurring from the back
and/or if the dust is settling. Dust settlement could destabilise the stope hangingwall and/or footwall and
ravelling of either could eventually impact crown pillar stability.



A more sophisticated surface prism monitoring system. Tighter surface survey control and more frequent
surveying will be required during the mitigation construction phase. It may be efficient to eventually employ
a survey robot placed in a controlled environment surface hut to automatically monitor prisms.

11/12

Robert Girvan, Mark Cronk,
Dave Bynski, and Dave Colbourne
PWGSC

09-1427-0006/6000/6100
Doc. No. 129
December 20, 2011

Additionally, monitoring of the level of backfill in non-arsenic stopes under or adjacent to the arsenic stopes in
question should be developed, including:



Re-establish monitoring of fill level and vibrations in non arsenic Stope C5-09 (e.g., a monitoring program
was initiated but to Golder’s knowledge has not been maintained).



Develop monitoring of fill level and vibrations in non-arsenic Stope B3-06 stope.



Develop monitoring of fill level and vibrations in non-arsenic Stope 2-02.

7.0

CLOSURE

We trust this memo provides a summary of all the underground work required for the mitigation of high risk items
and particularly the priority of drilling required to support the design and any monitoring required. Please don’t
hesitate to contact the undersigned if you have any questions.
GOLDER ASSOCIATES LTD.

Darren Kennard, P.Eng. (BC)
Associate, Mining Division

John A. Hull, P.Eng.
Principal, Mining Division

Reviewed by:

Richard Beddoes, P.Eng.
Principal, Mining Division
DTK/JAH/RJB/rs
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OPINION ON THE STABILITY OF ARSENIC STOPE B2-12/13/14 AND SURFACE ACCESS CONTROLS

PWGSC has requested an opinion on the stability of the crown pillar over arsenic stopes B2-12, B2-13, and
B2-14 and recommendations on surface access controls above the area. A site plan showing the B1 pit area
and nearby arsenic stopes and chambers is included in Figure 1.
Our review of existing stability assessments for all of the arsenic stopes and chambers is still undergoing internal
review and discussion. Draft comments and guidance regarding arsenic stopes B2-12, B2-13, and B2-14 are
outlined herein.
The geometry of a crown pillar is a key aspect of an assessment of its stability and some information gaps exist
for these stopes, specifically the actual thickness of the crown pillars and the size and shape of the
arsenic stopes themselves. Some mine drawings suggest that the vertical rib pillars between individual
arsenic stopes B2-12, B2-13, and B2-14 are not present or may be so thin that they are ineffective. Previous
stability assessments considered the possibility that they are not present. Golder has assessed these stopes as
both individual openings and as one large opening, termed arsenic stope B2-12/13/14. Golder has developed
an updated overburden / bedrock contact surface in the vicinity of B1 pit using the Giant Mine drillhole database
and geological interpretations shown in the mine geology sections. This work suggests that the crown pillar over
this arsenic stope is thinner than assumed in previous stability assessments.
No obvious evidence of crown pillar failure has been observed in exposure rock in B1 pit or in
nearby underground openings. However, there is some evidence suggesting that crown pillar above
arsenic stope B2-12/13/14 has exhibited some deformation including:



Comparison of a level survey carried out on the B1 pit access road in 2011 and contours derived from air
photos taken in 2003 suggests up to 1.0 m of subsidence within the zone outlined in Figure 1 over the last
8 years. This road is on soil backfill placed in the pit.



Surface soil cracking has been observed well back from the crest of B1 pit that could be related to
subsidence of the crown pillar. The location of the cracks is shown in Figure 1.



Spalling of rock from the walls was observed in the B2-12/13/14 upper arsenic drift that could indicate
changing ground stresses in the nearby crown pillar that would accompany movement. However it was
also reported that this drift was subjected to recent scaling effort that would remove some of this potential
evidence.



There is very little space between the back of the stope and the dust (possibly indicative of local back sag)
in a borehole drilled in 2004 into the top of arsenic stope B2-13.
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Empirical stability analyses carried out using the information currently available to Golder suggest that the crown
pillar over arsenic stope B2-12/13/14 is marginally stable with a likelihood of failure of possible using the INAC
system (failure once every 10 to 100 years). When conservative, yet plausible assumptions are included in the
analyses the likelihood of failure approaches likely (failure once every 1 to 10 years). Golder therefore agrees
with the current INAC risk register (Section 5.2.2) that ranks the risk of this event, and other, crown pillar(s) as
HIGH for environmental and community/media/reputation consequences and would suggest that without the
access controls mentioned below that human health & safety also might rank as high.
The range of predictions is due to uncertainty and complexity in the geometry of the arsenic stopes and in the
variability of the rock quality derived from previous investigation data. The highest probability of failure exists in
the central area of the stope if the lower end of rock quality encountered in the drilling dominates stability. Time
dependant processes such as frost action may be gradually degrading the strength of this crown pillar.
Additional geotechnical investigation may reduce the uncertainty in the analyses but Golder is not optimistic that
a likelihood of less than possible could be supported by any new information.
In order to understand the zone of impact of a potential crown pillar failure a subsidence zone was drawn from
the top of the stope to surface using the following cave angles a shown in Figure 1:



Dipping portion of the stope (B2-12/13):

 55° on the footwall (east) side
 75° on the hangingwall (west side)



Vertical portion of the stope (B2-14):

 65° on all sides
Any initial failure of the rock in the crown pillar would likely quickly propagate to surface within this zone but with
time the failure zone would expand in the surface overburden to a slope of approximately 45° as shown as a
second surface subsidence perimeter in Figure 1.
The preliminary remediation design includes backfilling (topping up) the voids at the top of the arsenic stopes to
enhance crown pillar stability after saturation and freezing of the dust are complete. However it could take up to
10 years for this particular arsenic stope to be remediated under the current project schedule
(though this is incomplete). Therefore given the results of the stability analyses and the potential evidence of
movement of the crown pillar, Golder therefore recommends that some mitigation work is required to enhance
the stability of this crown pillar prior to the start of the remediation work. The preliminary remediation designs will
therefore include temporary enhancement of the stability of the crown pillar over arsenic stope B2-12/13/14 and
various options are being assessed. Given the INAC risk ranking of HIGH for this crown pillar mitigation of it
should be a priority, therefore planning and design to enhance the stability of this crown pillar should be started.
If the crown pillar has actually started to fail the mitigation and remediation plan would need to take this into
account. Due to the evidence of possible crown pillar failure noted above and the uncertainties and limitations in
the stability analyses, additional investigation is warranted to determine if any instability has occurred.
Monitoring cannot be used as a definitive tool to assess if and when mitigation is required because failure could
occur quickly with little warning.
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Golder recommended a crude monitoring program in the fall of 2010 for the areas above arsenic stope
B2-12/13/14 and arsenic stope B2-08 to assist with interpretation of the nature of surface cracking observed
near B1 pit. Prisms mounted on tripods were placed on surface and the prisms are currently being surveyed
manually twice a week. The data is added to a spreadsheet and forwarded on to interested parties typically
within 1 to 2 days.
Because the current monitoring system is subjected to freeze thaw effects and possible ice lens melting during
the break-up period (early spring and late fall) the reliability of the system as an indicator of crown pillar stability
is currently limited. Thus, Golder recommends that all vehicles stay off the area above B2-12/13/14 within the
inner potential subsidence zone shown on Figure 1 until further notice. Foot access can be allowed if a
procedure of thorough inspection for fresh and new cracking is carried out prior to access within this zone.
Golder will provide further advice on access over the area outside the break-up period at a later date under but
agrees with the current advice documented in INAC’s Giant Mine Risk Registry item 5.2.2 which states that only
light vehicles are allowed in B1 pit at all times so the care and maintenance contractor needs to be reminded of
this.
Monitoring in addition to the current system is recommended to determine if the crown pillar is deforming, the
extent of the deformation, and the movement mechanisms involved. This monitoring will be used to help plan
the mitigation work and for assessment of both worker and public safety but as noted above it will not provide a
fail-safe warning of impending failure. Golder can provide advice on additional geotechnical evaluation to help
limit uncertainty in the predicted probability of failure of the crown pillar and a more sophisticated monitoring
system if requested to do so.
Golder’s preliminary stability assessments also suggest that similar exclusion zones, monitoring, and mitigative
work may be required over arsenic stope B2-08. Further discussion on this topic will be provided in the future.
GOLDER ASSOCIATES LTD.

Darren Kennard, P.Eng. (BC)
Associate

John Hull, P.Eng. (BC, NWT/NU, YK)
Principal

Reviewed by:

Richard Beddoes, P.Eng. (BC, NWT/NU)
Principal
DTK/JAH/aw/rs
Attachment:

Figure 1
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