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Executive Summary
Crown Indigenous-Relations and Northern Affairs Canada (CIRNAC) retained SRK Consulting
(Canada) Inc. (SRK) to perform an audit-style Dam Safety Review (DSR) for the Giant Mine in the
Northwest Territories.
The objectives of a DSR are to:
1. “assess and evaluate the safety of a dam or system of dams against failure modes, in order
to make a statement on the safety of the dam.” (CDA 2016); and
2. “evaluate the implementation and effectiveness of the tailings management system, to reduce
risk, and to drive continuous improvement.” (MAC 2011).
SRK and CIRNAC developed a scope of work for an audit-type DSR, for which this report is the
key deliverable. This report is organized as follows:
1. Introduction: purpose and scope of DSR, relevant regulatory requirements and guidelines,
review team, limitations and qualifications of the DSR (Section 1).
2. Physical Setting: summary of site climate, geology, and permafrost (Section 2).
3. Facility Descriptions: summary of documents reviewed, background summaries for each
facility, dam classifications and design criteria, monitoring and surveillance summary, closure
plan summary with respect to dams, engineer of record status, and summary and discussion
of the previous DSR (Section 3).
4. Monitoring Data Review: review of geotechnical and water level monitoring, and summary of
tailings geochemistry (Section 4).
5. Site Visit: summary of the site visit, key observations, and personnel interviews (Section 5).
6. Dam Safety Analysis: analysis of principal project risks, relevant hazards, potential failure
modes, and consequences of potential failure; analysis of design features, construction, key
equipment reliability, monitoring system and procedures, and dam performance with respect
to potential failure modes; assessment of dam safety management (Section 6).
7. Findings: statements of dam safety, dam classifications, regulatory compliance, and
recommendations to improve dam safety (Section 7).
8. Next DSR: recommendation for timing of next DSR (Section 8).
9. Statement of Peer Review: documentation of peer review of this DSR (Section 9).
Erik Ketilson, PEng (NWT/NT), Daniel Neuffer, PE, PEng (BC, YT), Megan Miller, PEng
(NWT/NT), John Kurylo, PEng (NWT/NT), performed this DSR with the assistance of Mark
Sumka, EIT (BC).
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In summary, the key findings of this DSR are:
1. Dam 1, Dyke 6, and the Splitter Dyke are not safe in that the dam safety review did reveal
deficiencies and/or non-conformances which require urgent action. All other dams reviewed
are reasonably safe with deficiencies and non-conformances;
2. Per CDA (2013), the dams are classified as follows:
(a) Very High: B2 Dam
(b) High: Dams 1, 2, 21, 22; Splitter Dyke
(c) Significant: Dams 3 and 11
(d) Low: Dams 3C, 3D, 4, 5, 7, 8, 9, 12; Dyke 6, Containment Berm, C1 Clay Borrow Dam
(e) Not Classified: Dam 10, M&M Dam, DWC Dam
3. The next DSR should be completed one year prior to planned closure or five years from this
DSR, i.e., 2024, as discussed in Section 8.
Table 42 in Section 7 summarizes the recommendations, deficiencies, and non-conformances
from this DSR. CDA (2016) defines a dam safety deficiency as “an inadequacy, or uncertainty in
the adequacy, of the dam system to meet its performance goals in accordance with good dam
safety practices”. CDA (2016) defines a dam safety non-conformance as “an inadequacy in the
non-physical controls (procedures, processes and management systems) necessary to maintain
the safety of the dam”. In both cases, deficiencies or non-conformances can be “potential” if an
item may be an inadequacy but further information is needed for confirmation (CDA 2016). Table
42 also includes the recommended priority levels for addressing the recommendations,
deficiencies, and non-conformances.
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Introduction

1.1

Purpose of Review

Page 1

Crown Indigenous-Relations and Northern Affairs Canada (CIRNAC) retained SRK Consulting
(Canada) Inc. (SRK) to perform an audit style Dam Safety Review (DSR) consistent with dam
safety guidelines set forth by the Canadian Dam Association (CDA 2016), the Mining Association
of Canada (MAC 2011, 2017) and Engineers and Geoscientists of British Columbia (EGBC
2016).
The objective of this work is to:
1. “Assess and evaluate the safety of a dam or system of dams against failure modes, in order
to make a statement on the safety of the dam.” (CDA 2016); and
2. “Evaluate the implementation and effectiveness of the tailings management system, to
reduce risk, and to drive continuous improvement.” (MAC 2011).
Specifically, the objective of the Giant Mine DSR is to review and evaluate the performance of the
dams to confirm they are being operated in a safe and controlled manner, and if they are
designed and constructed to resist external and internal hazards. In addition, identify any
deficiencies in the dams or non-conformances in the management system that require action for
dam safety reasons, and opportunities for improvement that would be worthwhile in terms of dam
safety best practices.
CDA (2016) defines a dam safety deficiency as “an inadequacy, or uncertainty in the adequacy,
of the dam system to meet its performance goals in accordance with good dam safety practices”.
CDA (2016) defines a dam safety non-conformance as “an inadequacy in the non-physical
controls (procedures, processes and management systems) necessary to maintain the safety of
the dam”. While deficiencies tend to be physical issues and non-conformances are often
procedural issues, the distinction between the two is not always obvious, and both are important
in assessing the safety of the dam system.
The Giant Mine commenced operation in 1948 and ceased operation in 1999. Multiple dams have
been constructed over that period to contain tailings and water. Some of the facilities have been
modified and some dams/dykes have since been backfilled. Giant Mine has 28 dams, with four of
those dams having been backfilled, thus a total of 24 active dams. The inventory also indicates
that 9 dams have a CDA consequence classification of “High”, 3 dams as “Significant”, 8 dams as
“Low”, and 4 dams have not been assigned a consequence classification.
The last DSR was conducted in 2004 (BGC 2005).

1.2

Scope of Review
The scope of this DSR is consistent with guidelines for this type of review provided by
CDA (2016). Guidance from the Association of Professional Engineers and Geoscientists in

DN/MM/JK/MS

Giant_2019DSR_Report_1CI001.044_20201216.docx

December 2020

SRK Consulting
Giant Mine 2019 Dam Safety Review

Page 2

British Columbia (APEGBC), now Engineers & Geoscientists British Columbia (EGBC) was also
used as reference (APEGBC 2016). The main tasks for this DSR are summarized below.

1.3

•

Documentation and data review: SRK reviewed key documents related to the design,
construction, routine inspections and operation of the dams. Documents were supplied by
CIRNAC, located within SRK’s library, as well as downloaded from the MVLWB public
registry (Section 3.2, Section 4).

•

Site visit and interviews: SRK performed a two-day visual inspection of the dams and
surroundings on October 1 and 2, 2019. A separate close-out meeting with key site
personnel was held following the site visit to communicate the principal visual
observations on October 30, 2019. Following the site visit, SRK completed telephone
interviews with CIRNAC site personnel responsible for managing the dams, the
Inspecting Engineering, and other relevant site personnel (Section 5).

•

Dam safety analysis: SRK tabulated relevant hazards, potential failure modes, and
independently assessed the consequences of potential failures. SRK then evaluated the
effectiveness of current dam safety risk controls in addressing potential failure modes.
Additionally, SRK evaluated dam management procedures, which include operating
procedures with respect to design intent and the Operating, Maintenance and
Surveillance (OMS) manual and emergency planning and response protocols (Section 6).

•

Reporting: SRK authored this report, which summarizes the DSR, outlines findings,
provides a statement of dam safety and reviews the dam classification for each dam, and
provides recommendations to improve dam safety where applicable (Section 7).

Regulatory Requirements and Relevant Guidelines
Regulatory requirements and guidelines relevant to safety and environmental impacts of the
Giant Mine dams include:

DN/MM/JK/MS

•

Type A Water Licence (N1L2-0043) issued to Miramar Giant Mine Ltd. for the Giant Mine
site by the Mackenzie Valley Land and Water Board (MVLWB 2003) expired December
31, 2005 but is still used for compliance (a new Water License is expected later in 2020).
The water license takes precedence over general guidelines, e.g., CDA and MAC.

•

CIRNAC Northern Contaminated Sites Program (NCSP) Dam Safety Management
System Guidance (May 2019). The CIRNAC guidance takes precedence over general
guidelines, e.g., CDA and MAC.

•

Canadian Dam Association Dam Safety Guidelines (2013 edition).

•

Canadian Dam Association Technical Bulletin: Application of Dam Safety Guidelines to
Mining Dams (2019).

•

Canadian Dam Association Technical Bulletin: Dam Safety Reviews (2016).

•

Mining Association of Canada, A Guide to the Management of Tailings Facilities (2017).
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•

Mining Association of Canada, Developing an Operations, Maintenance and Surveillance
Manual for Tailings and Water Management Facilities (2011a).

•

Mining Association of Canada, A Guide to Audit and Assessment of Management
Tailings Facility Management (2011b).

•

Association of Professional Engineers and Geoscientists of British Columbia, Legislated
Dam Safety Reviews in BC, Professional Practice Guidelines, V3.0 (2016).

It is noteworthy that the Global Tailings Review was convened in early 2019 by the following three
parties: the United Nations Environment Programme, Principles for Responsible Investment and
the International Council on Mining and Metals. They issued a new guidance document, entitled
Global Industry Standard on Tailings Management (GISTM), in August 2020. As a result of its
timing, the GISTM was not considered in the Giant Mine Dam Safety Review. However, future
reviews should incorporate the guidance from the GISTM.

1.4

Review Team
Erik Ketilson, Principal Consultant with SRK and Dan Neuffer, Senior Consultant with SRK, both
who have never worked on or been involved with the Giant Mine operation, led the DSR. Megan
Miller and John Kurylo, both Senior Consultants and Mark Sumka, Consultant with SRK took part
in the DSR while Michel Noel, Principal Consultant with SRK, provided technical review of the
DSR. Mark Sumka has had no prior involvement with the Giant Mine project; however, Megan
Miller, John Kurylo, and Michel Noel have been involved with the freezing studies, for the arsenic
chambers and minor support tasks for past studies looking at pit backfill and tailings
reprocessing. No members of this SRK team have had past involvement with the dams. A
summary of their qualifications follows.
Mr. Ketilson, MEng, PEng, is a Principal Consultant in SRK’s Saskatoon office. He has sixteen
years of experience in geotechnical and geo-environmental consulting. Mr. Ketilson has led four
DSRs for tailings facilities, two in 2018 for mining projects in the Northwest Territories and
Mozambique, one in 2015 for a mining project in Nunavut, and one in 2013 for a project in British
Columbia. Mr. Ketilson has participated in many annual and biannual geotechnical site
inspections for tailings facility projects located in Saskatchewan, Yukon, Mexico, and Quebec. Mr.
Ketilson has been registered with NAPEG since 2010 and his experience meets the minimum
requirements for an “Individual Qualified Professional Engineer” capable of completing DSRs in
accordance with APEGBC (2016).
Mr. Kurylo, MSc, PEng, is a Senior Consultant and geotechnical engineer with over 10 years’
experience in project design, geotechnical infrastructure construction, and mine closure projects.
John has been responsible for quality assurance, quality control, and design activities for projects
ranging from scoping levels to detailed multi-million-dollar engineering and construction projects.
He has prepared and managed drilling and earthwork construction contracts, as well as assisting
in organizing multi-disciplinary industry and academic research teams. John’s primary design
areas include civil infrastructure, foundation design, tailings and water dams, waste storage
facilities, and numerical modelling (stability and deformation). John is the engineer of record
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(EOR) at some high consequence northern tailings facilities and has assisted with past Canadian
DSRs (in a support role).
Ms. Miller, PEng, is a Senior Consultant in SRK’s Vancouver Geo-Environmental Group with over
ten years’ experience in the mining industry. Her experience includes mine reclamation and
closure plan development, including cost estimation; construction quality control and quality
assurance; geotechnical design; thermal modelling; and geotechnical site investigations.
Geotechnical engineering related to design, construction and closure of mine infrastructure,
tailings and mine waste storage facilities. This is Ms. Miller’s first DSR.
Mr. Neuffer, PEng, has 17 years of experience focusing on engineering, construction, operation,
and closure of tailings, heap leach, mine waste, mine water, and open pit facilities. He specializes
in geotechnical investigation, closure planning, slope stability analysis, engineering design, and
construction oversight. Mr. Neuffer’s geographic experience includes multiple projects in arctic
and sub-arctic climates. Mr. Neuffer has experience as the lead engineer for a DSR completed in
British Columbia in 2017.
Mr. Sumka, MASc, EIT, is a Consultant in SRK’s Vancouver office. He has six years’ experience
in water resources engineering. His experience includes hydrotechnical engineering, surface
water management, water and load balances, physical limnology, hydrology, and climate change
studies. This is Mr. Sumka’s first DSR.
Mr. Noël, MASc., PEng, Eng, is a Principal Geotechnical Engineer with SRK. He has a degree in
civil engineering and a graduate degree in geotechnical engineering. His background includes
more than 30 years of experience in consulting and research, primarily on mine-related projects.
His experience includes tailings and waste management, acid mine drainage, permafrost
engineering, numerical modelling, data processing, programming, construction supervision and
management of operating tailings storage facilities. Mr. Noël has participated in a number of dam
safety inspections and has managed tailings dams at operating mines. He was extensive
experience at sites with continuous and non-continuous permafrost conditions, including the
ground freezing project for the Giant Mine closure.

1.5

Limitations and Qualifications
SRK is not currently involved with any design or operational support in relation to the dams at
Giant Mine; therefore, this DSR has been completed independently. Golder Associates Limited
(Golder) provide design, review of monitoring data, and services related to the inspection of the
dams. There is no Engineer of Record for the dams covered by this DSR.
The following points address the limitations of this review:
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•

Consistent with the scope of this DSR, SRK reviewed existing thermal and stability
analyses, but did not perform any additional analyses.

•

Consistent with APEGBC (2016), this DSR does not consider the effects of climate
change on the dams (e.g., hydrology, water balance, or safety status). The professional
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opinion provided in this DSR report reflects climate conditions that have been recorded
historically and which provide the basis for determining and selecting design storm
events.
•

Dam classifications, hazards, and consequences were identified and ranked based on
impacts to third parties and excluded the impact to CIRNAC in the event of lost time and
economic losses.

•

A review of the disciplines relevant to characterizing the Environmental Consequences,
such as aquatic science and fisheries, is not specifically included in this DSR.
Classifications of the dams considering Environmental Consequences are presented in
Section 6.1 and are based solely on the opinion of the authors.

2

Physical Setting

2.1

Climate
The climate at the Giant site is classified as subarctic with long and cold winters, and short cool
summers. The mean annual air temperature is -4.9°C with January being the coldest month
(-27.3°C) and the warmest month occurring in July (16.5°C) (Golder 2019a). The mean annual
total precipitation is estimated to be 333 mm of which 172 mm occurs as rainfall and 161 mm
occurring as snow. August is typically the wettest month seeing 44 mm of precipitation on
average, while the driest month is typically in March with 19 mm. Freshet typically occurs in April
and May with an average daily snowmelt of 8 mm.

2.2

Geology
The project area is located in the Great Slave Lowlands within the Slave structural province of the
Canadian Shield and borders the shoreline of Great Slave Lake. Bedrock locally consists of
Archean metavolcanics and metasedimentary rocks of the Yellowknife Supergroup, which are
intruded by younger granitoid rocks. Bedrock outcrops are separated by poorly drained low-relief
terrain. The region was glaciated until about 13,000 cal BP (Dyke et al. 2003), followed by
inundated by glacial Lake McConnell and subsequently Great Slave Lake (Smith 1994). Bedrock
at Giant is deformed by multiple faults (e.g., Geocon 1983).
Surficial sediments within the region include:

2.3

•

Till sediments consisting of stony, matrix-supported diamicton from coarse to fine sand.

•

Glaciofluvial sediments consisting of fine sand to cobbles.

•

Glaciolacustrine sediments consisting of clay, clayey silt and silty sand.

•

Organics in the form of accumulated fibrous, woody, and mossy vegetation in low-lying areas.

Permafrost
The Giant Mine site is regionally located within the extensive discontinuous zone of permafrost.
Permafrost locally occurs beneath vegetated terrain with fine-grained soils and generally absent
beneath exposed bedrock. Mean annual temperature at the top of permafrost is typically warmer
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than -1°C in the region with an actively layer ranging from 50 to 95 cm in peatlands and greater
than 150 cm in forested areas (Gaanderse 2011).
Ground ice is common to glaciolacustrine and lacustrine soils consisting of clay, clayey silt and
silty sand. Mineral-rich permafrost mounds, known as lithalsas, are present in the region with
more than 1,800 of these features mapped in the Great Slave Lowlands. Lithalsas may be up to
8 meters (m) high and several hundred m in length with excess ice greater than 50% by volume
(Wolfe et al. 2013). If thawed, these ice-rich permafrost features have implication for stability of
local infrastructure.
Climate change was not assessed as it is out of scope for this DSR. It is expected however that
climate change will likely modify the ground thermal regime at the Giant Mine, and that the
discontinuous permafrost will eventually disappear (SRK 2006a).
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3

Facility Descriptions

3.1

Overview
Tailings deposition at Giant Mine started in 1948 and continued through to 1999. From 1948 to
1951, tailings were discharged into North Yellowknife Bay, on Great Slave Lake. Tailings were
then deposited in smaller natural lakes on the property (Bow Lake, Oran Lake, Muir Lake, Jo-Jo
Lake, Joe Lake, and Pond Lake), and rock-fill dykes (Dam 1, Dam 2, Dam 3) were built in these
areas to form tailings impoundments.
Engineered tailings dam construction started between 1974 and 1975 (BGC 2005). Later,
engineered dams with seepage control features were built to create the current North, Central,
South and Northwest Ponds. Mill tailings were also discharged directly into the underground
mine, from 1956 through 1978. Figure 3 presents a pre-mining air photo (1945) overlain by the
present-day tailings facilities.
Water treatment sludge has been deposited over the tailings behind Dam 1 starting in
approximately 1981 and every summer since. A separation dike (also called the splitter dyke or
solids retention dyke) was constructed in the mid 1980’s, resulting in the present-day
configuration of separate Settling and Polishing Ponds.
Altogether there are 19 earth dikes or engineered dams (Dam 1, Splitter Dyke, Containment
Berm, Dam 2, Dam 3, Dam 4, Dam 5, Dyke 6, Dam 8, Dam 9, Dam 10, Dam 11, Dam 12, Dam
21A, Dam 21B, Dam 21C, Dam 21D, Dam 22A and Dam 22B) containing tailings or sludge in the
Original and Northwest tailings impoundments (SRK 2005). In addition, there are several
separate seepage containment dams downstream of the tailings containment dams (Dam 3C,
Dam 3D and the concrete dam downstream of Dam 3D, and Dam 7). Four other dams (DWC
Dam, C1 Clay Borrow Dam, B2 Dam and M&M Dam) are also present on site. Figures 4 to 7
shows site plan views with the various dam locations.
Tailings were reprocessed in the tailings recovery plant from 1988 to 1990. During this time
tailings were removed from the North Pond and reprocessed then deposited in the Northwest
Pond. This has resulted in tailings elevation in the North Pond well below the crest elevation of
the dams

3.2

Summary of Documents Reviewed
Table 1 provides a summary of the reports reviewed by SRK as part of this DSR.
Table 1: Summary of Documents Reviewed in this DSR
Document Title
Studies of Mine Waste Containment at Two Mines Near Yellowknife, N.W.T.

DN/MM/JK/MS

Author and Date
Bérubé et al 1973

Phase II Geotechnical Study

Geocon 1975

Detailed Design Study Expansion to Tailings Disposal Area

Geocon 1982a

Stage I Construction South Dam, South Basin Tailings Area

Geocon 1982b
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Document Title
Geotechnical Investigation Existing Tailings Retention Structures

Geocon 1983

Geotechnical Investigation Existing Structures

Geocon 1983

Inspection Report No. 10. To Giant Yellowknife Mines Limited on Site Visit, July
31-Aug 2, 1984 Inspection of Tailings Retention Structures.

Geocon 1984

Factual Report on Subsurface Conditions Tailings Pond No. 1.

Geocon 1986

Geotechnical Report NW Tailings Area

Geocon 1987

Phase I Reconstruction of Tailings Dam No.2

MAJM 1992

Tailings Management Plan

Golder 1999

2002 Annual Geotechnical Inspection of Dams

Golder 2002

2003 Annual Geotechnical Inspection of Dams

Golder 2003

2004 Annual Geotechnical Inspection of Dams

Golder 2004

Summary Geotechnical Aspects of Giant Mine Tailing Dams

Golder 2005

2005 Annual Geotechnical Inspection of Dams

Golder 2005

Giant Mine 2004 Dam/Dyke Safety Review

BGC 2005

2006 Annual Geotechnical Inspection of Dams

Golder 2006

2007 Annual Geotechnical Inspection of Dams

Golder 2007

Settling Pond and Baker Pond Sampling Program

SRK 2006b

B2 Dam Reconstruction Design and As-built Report

SRK 2008a

Giant Mine Remediation Plan: 2008 Seismic Studies Related to Tailings Dam
Safety

SRK 2008b

2014 Annual Geotechnical Inspection of Dams
Lithalsa distribution, morphology, and landscape associations in the Great Slave
Lowland

Golder 2014b
Wolfe et al 2014

2015 Annual Geotechnical Inspection of Dams

Golder 2015

Settling Pond Storage Capacity and Design Review

Golder 2015b

Specifications for Dredging and Splitter Dyke Repair

AECOM/Golder 2015

Geochemical and Geotechnical Investigation Factual Report – North, Central
and South Ponds

Golder 2017

2017 Annual Geotechnical Inspection of Dams

Golder 2018

Pond Elevations – 2018

Parsons 2018

Water Management and Monitoring Plan – DRAFT

GMRP 2018

2018 Annual Geotechnical Inspection of Dams

Golder 2019

Operation Maintenance and Surveillance Manual

Golder 2019

Pond Elevations – 2019

Parsons 2019

Giant Remediation Project Closure and Reclamation Plan
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Author and Date

CIRNAC/ NWT 2019

Dam 1 Engineering Assessment

Golder 2019b

Dam 1 Engineering Assessment

Golder 2019b
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Document Title

Author and Date

2019 Annual Geotechnical Inspection of Dams – DRAFT

Golder 2019c

Stability Review of Dams

Golder 2015a

Stability Geotechnical Investigation Factual Report – DRAFT

Golder 2019d

3.3

Original Tailings Containment Area

3.3.1

Design, Construction and Performance History
Most of the dams in the Original tailings containment area share similar design concepts and
cross-sections: rockfill dams with silty clay zones on the upstream shell, typically built on a layer
of tailings. There are four types of types of dams and dykes within the Original tailings
containment area:
1. Original dams (Dam 1, 2 and 3) which were initially non-engineered rockfill dams, that later
raises incorporated upstream silty clay zones and blankets to limit seepage.
2. Engineered dams (Dams 3D, 3C 4, 5, 7, 8, 9, 10, 12) which are rockfill dams with upstream
silty clay zones.
3. Engineered dam with clay core (Dam 11).
4. Internal Dykes (Dyke 6, Splitter Dyke, Containment Berm).
The following sections describe the design and performance of the Original tailings containment
area dams.
Dam 1 (Figure 8)
Dam 1 is one of the original tailings dams constructed at Giant Mine; review of monthly
operational reports indicate that Dam 1 was constructed in 1950 (SRK 2002). While originally
constructed as a tailings dam, Dam 1 now retains the polishing pond for the water treatment
plant.
Dam 1 was initially built as a 30 to 35-foot-high (~9.1 to 10.7 m) rock fill structure, and tailings are
thought to have flowed through the structure (Geocon 1975). Two corrugated steel pipes are
noted to extend through the original rockfill structure of the dam (one 24 inch (~61.0 cm) and the
other 36 inch (~91.4 cm)) (Bérubé 1973); it is not known if these pipes have been
decommissioned or removed (BGC 2005).
In 1975, Geocon designed a two-stage centerline raise of Dam 1, analysis for this design
included settlement estimates, and static stability analysis. The 1975 design consisted of a
centerline raise of the existing rockfill dam with two 30 foot (~9.1 m) wide rockfill berms on the
downstream side, a sand and gravel filter and silty clay zone on the upstream side and a silty clay
blanket overlying the existing tailings on the upstream side. Sand and gravel and riprap overlay
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the silty clay zone to provide erosion protection. The design indicates that tailings present on the
downstream side of Dam 1 were expected to be displaced when the rockfill berms were placed.
Dam 1 was raised approximately 4 feet (ft) (~1.2 m) in 1975, in general accordance with the 1975
design, except riprap was not placed and the downstream rockfill slopes were steeper than
design (Geocon 1983). Flattening of upstream slopes, placement of rock fill to flatten downstream
slopes and placement of riprap occurred in 1977, while additional flattening of the downstream
slope was completed in 1979. The dam was raised again in 1981, and additional riprap was
added to the upstream face. Examination of site LiDAR indicate that the existing northern
abutments have slopes greater than 1.5 Horizontal (H):1 Vertical (V), which indicates that not all
slopes were flattened.
A minor raise was performed in 1990/91 to remediate an area of settlement to maintain the
required freeboard (MAJM 1992); details of the raise are not available.
A PVC pipe to the Gold Recovery plant was installed through Dam 1 immediately south of
Permanent Decant Tower. Geocon (1984) notes that there is a slight depression at the crest of
the dam in the location of the intake for the temporary recovery plant.
Crest settlement was noted to occur again in 2000 and 2001 and Dam 1 was raised 1.5 m using
the centerline method in 2002. This raise consisted of a sand and gravel or rockfill raise with a
silt/clay core. The silt/clay core was tied 0.75 m into the existing upstream silty clay zone and
coarse rockfill was placed on the upstream side for erosion protection. After the raise three deep
settlement plates, were installed, two at the crest and one at the toe of Dam 1 between the toe
and B3 pit (Golder 2003). Two piezometers were also installed near the settlement plate at the
toe of the dam one deep at 11 m and one shallow at 5.0 m.
A decant tower was installed through the dam near the south abutment (Decant Tower No. 1).
This decant tower has been decommissioned.
Geotechnical investigations of Dam 1 include:
•

Geocon 1974 – Two holes (G1 and G1A) in the location of the heave/mound at the toe,
including installation of one piezometer (Geocon 1983).

•

Geocon 1981 – One borehole through the crest of the dam and one borehole with
thermistor at the toe of the dam in the area of the heave (Geocon 1983).

•

Golder 2018 – Nine boreholes drilled through or at the toe of Dam 1, including three cone
penetration tests (CPT). Instrument installation included 5 vibrating wire piezometers,
three inclinometers, and one thermistor (Golder 2019b).

Based on these investigations, dam foundation materials were found to include plastic silty clay
underlain by clayey silt (Golder 2019b). Tailings were found only under the downstream buttress,
and in some locations, organics were found under the dam fill. Tailings with some waste rock
underlain by very soft organics were encountered at the toe of the dam (Geocon 1983 and Golder
2019b). Golder (2019b) found layers of ice rich frozen soils, with an excess ice content ranging
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from 7% to 71%, in boreholes located in the center of the dam where the settlement had been
observed. Frozen soil was not observed in holes located on the dam abutments or the dam toe
(Golder 2019b, Geocon 1983).
Dam 1 history and historic performance is provided in Table 2. It should be noted that this is not
an exhaustive list as the dam has a long history and some documents may not have been
reviewed.
Table 2: Dam 1 Performance History
Date

Performance Notes

Source

Dam is a rockfill structure 30 to 35 feet (~9.1 to 10.7 m) high
4-foot-high (~1.2 m) mound of clay or tailings, 100 feet (~30 m)
downstream of the dam that developed over the years
Drilling (Borehole G1 and G1A) to investigate subsurface conditions
and the origin of the mound
Cracking of upstream clay zone on north end of Dam and longitudinal
cracks on downstream crest where the slopes were steep (~1H:1V) and
transverse cracks on the intermediate berm.
Raise ~1.2 m (4 feet) based on Geocon Design
Local heave noted at the toe of the slope and piezometer casing of
borehole G1A leaning and found to be pinched off near ground surface
Dam started to retain the polishing pond for water treatment
Further investigation into the area of the heave. Heave inferred to be
due to creep of lower berm as no ice or frozen ground encountered.
Increase in extent of cracking on lower berm
Inspector notes dam crest appears to have settled since 1989
inspection, settlement of lower berm at north abutment is also noted.
Dam raised in low spot noted in 1990 inspection.

Geocon 1983

2002

Dam 1 crest has settled 0.5 m over the past 2 years

Golder 2002

2002

Dam raised 1.5 m to bring up settled crest

Golder 2003

2015

Transverse cracks noted on north abutment
New series of transverse cracks on north abutment, north of cracks
noted in 2015.
Surface water ponding on bench downstream of dam crest.
Longitudinal cracks at the south abutment. Detailed crack survey
conducted.
Settlement of dam crest noted, and heave observed March to February
2019.

Golder 2019b

1950 1970
~1970 to 1974
1974
1976
1975
1979
~1980
1981
1984
1990
1990/91

2017
2018
2018
2019

Construction
Geocon 1983
Geocon 1983
Geocon 1983
Geocon 1983
Geocon 1983

Geocon 1983
Geocon 1984
Geocon 1991
MAJM 1992

Golder 2018
Golder 2019b
Golder 2019b
Golder 2019b

Dam 2 (Figure 9)
Dam 2 was one of the original tailings dams constructed; review of monthly operational reports
indicate that Dam 2 was initially constructed in 1957 (SRK 2002). The initial dam was a solids
retention dam constructed of rockfill (waste rock) which allowed water and some tailings to flow
through the structure. MAJM (1992) estimates that tailings flowed through the structure as high as
elevation 6035 ft (~174.5 m above sea level (asl)). The dam is founded on bedrock, overburden
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and in places 3 to 5 m of tailings (Golder 2005). An upstream raise was performed in 1970, a
downstream raise was performed in 1972, and a centerline raise in 1973; these raises consisted
only of rockfill (Geocon 1983). In 1974, tailings were placed to cover the upstream face of the
dam and Decant No. 3 was constructed.
In 1975, design work was performed (Geocon 1975) that recommended a silty clay zone along
the upstream face of the dam and a clay blanket along the placed tailings to prevent seepage
through the dam. The silty clay zone was specified to be a minimum 3 ft (~0.9 m) thick layer of
locally available silty clay separated from the rockfill by a minimum 3 ft (~0.9 m) thick sand and
gravel filter zone. At the toe of the silty clay zone, a clay blanket with a minimum thickness of 5 ft
(~1.5 m) was to be placed extending 35 ft (~10.7 m) onto the tailings surface. The silty clay zone
was designed to extend 50 ft (~15.2 m) onto the exposed rock of the abutments. Rockfill slopes
of 2.25H:1V, minimum 3H:1V slopes for clay zone.
A 1975 raise incorporated the new design, though riprap was not placed and in 1976 and 1975
erosion of the upstream clay zone was noted and slumped near the central part of the dam. This
was repaired prior to July 1978 and tailings were placed against the upstream side of the dam
(Geocon 1983).
The dam was raised again in 1979. The sand and gravel filter, and clay zones were placed to the
crest level and the berm widened during this raise. However, the clay zone was too steep, and
slumping occurred. In 1981, additional clay was placed to line the upstream slopes, and slopes
were flattened to 3H:1V. Fine riprap was placed to protect the clay zone.
Borrowing material from Dam 2 and partial dam deconstruction occurred in the 1980’s and
1990’s. This included lowering of the clay crest and removal of downstream shell material (BGC
2005).
Two decant towers have been constructed in Dam 2; Decant Tower No. 2, constructed in 1975
and 1976, near the west abutment, and Decant Tower No. 3, constructed in 1974, near the water
treatment plant (Geocon 1983). Decant Tower No. 3 does not appear to be
plugged/decommissioned, but it is well above the water level in the north pond. Decant Tower No.
2 appears to be buried, with just a small potion of concrete wall visible (Appendix A, Photo 2-17).
It is unclear if this decant was decommissioned and the pipes plugged. Additionally, two 24-inch
(0.3 m) corrugated metal culverts were noted to be placed through the original rockfill dyke
(Bérubé et al 1973), and it is not known if these pipes have been decommissioned or removed
(BGC 2005).
Geotechnical investigations for this dam include:
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Geocon 1974 – Borehole G2 drilled through the dam.

•

Geocon 1975 – Two boreholes (G2A and G2B) and four probes.

•

Geocon 1981 – Three boreholes, two on the lowest berm on the downstream side of the
dam and one upstream of the dam (Geocon 1983).
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•

Geocon 1986 – Boreholes in tailings near upstream side of dam (Geocon 1986).

•

Thurber 1993 – Nine holes were drilled, four multi-bead thermistors, three single bead
thermistor, and five pneumatic piezometers were installed (Thurber 1993). Readings from
these instruments are not available, and the monitoring equipment has been destroyed or
lost.

•

Golder 2019d – Ten holes were advanced through the dam: five sonic boreholes
completed with standpipe piezometers, three cone penetration test (CPT) holes, and two
tube sample holes. Two multi-bead thermistors were also installed.

Tailings underlying the dam fill were encountered in several boreholes. Organics (peat/muskeg)
was roughly 0.5 to 1 m thick was encountered in several holes. Natural soils under the dam
consist of silty clay with thin laminations (Geocon 1983), silt, high and low plasticity clays and
sandy silt (Golder 2019d). Frozen soil bas been encountered in several holes, typically on to the
east side of the dam, including a 0.38 m thick layer of ice encountered by Geocon 1975 (SRK
2005).
History and historic performance of Dam 2 is provided in Table 3. It should be noted that this is
not an exhaustive list as the dam has a long history and not all historic documents have been
reviewed.
Table 3: Dam 2 Performance History
Date

Performance Notes

1957

•

Initial dam construction

Spring 1972

•

Dyke breached due to melting ice, solids and liquids escaped

•

Material borrowed from south end of dam, and replaced in same
configuration with coarser rockfill
Crest of dam between Decant Tower No.3 and second bend settled
between 1983 inspection and 1984 inspection
Cracking noted on crest of lower berm
Approximately 14 to 20 ft (~4.27 to 6.10 m) of the Dam 2 section
was removed and used for construction of the Northwest Dams

1983/1984

1986
1991
2004
2019

•
•
•
•

Dam partially dismantled to supply clay materials for construction

•

Cracking suggestive of a rotational slide, and toe bulge and cracks
on the edge of the sludge pond

•

“Sinkholes” noted by Golder during annual geotechnical inspection

Source
SRK 2002
Bérubé et al
1973
Geocon
1984
Golder 1999
Golder 2005
BGC 2005
Golder
2019c

Dam 3 (Figure 10 and Figure 11)
Dam 3 was originally divided into two segments by a bedrock outcrop, namely Dam 3A and Dam
3B. Dam 3A on the west side of the bedrock outcrop was originally constructed as a 10 to 15 foot
(~3.0 to 4.6 m) high non-engineered rock fill dam, and the initial construction date is unknown
(Geocon 1983). Dam 3B on the southeast side was a rockfill dyke initially constructed to a height
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of 5 to 10 feet (~1.5 to 3.0 m) in 1970. Several upstream raises of rockfill were placed before
1974. Tailings were placed directly against the rockfill during this time and tailings flowed through
the rockfill (Geocon 1975), see Figure 10. Several performance issues were noted in 1974,
including crest settlement, a sink hole, and steep downstream slopes (1.3H:1V). Therefore, a
sand and gravel zone was constructed on the upstream side to prevent flow though of tailings
(Geocon 1983).
In 1975, design work was performed (Geocon 1975) that recommended a silty clay zone along
the upstream face of the dam and a clay blanket along the placed tailings to prevent seepage
through the dam. The silty clay zone was specified to be a minimum 3 ft (~0.9 m) thick layer of
locally available silty clay separated from the rockfill by a minimum 3 ft (~0.9 m) thick sand and
gravel filter zone. A clay blanket with a minimum thickness of 5 ft (~1.5 m) was to be placed at the
toe of the silty clay zone. The silty clay zone was designed to extend 50 ft (~15 m) onto the
exposed rock of the abutments. Rockfill slopes of 2.25H:1V, minimum 3H:1V slopes for clay
zone.
The dam was raised in 1975 and the zones of rockfill, sand and gravel and clay were constructed.
The downstream slopes were, however, not constructed to design and riprap over the upstream
clay zone was not placed until 1977 (Geocon 1983). In 1978, coarse tailings were discharged on
the face of the southeast section. Review of the current site LiDAR indicates that portions of the
Dam 3 downstream slope are steeper than the maximum design slope of 1.5H:1V (Geocon
1975).
Geotechnical investigation results show that the dam was constructed on a thin layer of tailings
which in some locations overlies a thin layer of organic material (peat). Soils under the dam
consist of silty clay, clayey silt, sandy silt and bedrock. Varved clayey silt and silt were
encountered in some locations (Geocon 1975). Investigations also indicate the presence of
tailings within the rockfill of the dam (Golder 2019d, Geocon 1983). Some frozen ground has
been encountered in the area of this dam. Construction in 1975 found permafrost at 5 feet
(~1.5 m) below ground surface and minor ice inclusions were present, and a 0.45-m-thick layer of
ice was noted by Geocon in 1975 (SRK 2005). The 1986 tailings investigation found no
permafrost in the tailings near Dam 3 (Geocon 1986), similarly the 2018 geotechnical
investigation (Golder 2019d) did not encounter frozen soil.
Table 4: Dam 3 Performance History
Date

Source

Early 1960s

•

Construction started of Dam 3A

Geocon 1983

1970

•

Construction started of Dam 3B

Geocon 1983

1970/71

•

Small slide occurred on upstream side of dam

1972

•

Breached in April 1972 due to ice melt flowing over the crest

•

Dam vibrated when equipment travelled on it, settlement along the
crest and a sink hole were also noted.

1974
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Date

Performance Notes

1975

•

Dam raised

1990

•

A portion of the west side of the dam was lowered

1998

•

Sinkholes and small sediment troughs noted

•

Evidence of historical movement or seepage noted on downstream
face, east end.
Erosion on upstream slope (likely caused by improper placement of
discharge pipe). This was backfilled as recommended in 2017/2018

Prior to 2001
2017

•
•

Ponding water has been observed on the dam crest

Source
Geocon 1983

Golder 1998
Golder 2001a
Golder 2018
Golder 2019e
Golder 2019e

Dam 3C (Figure 12)
Dam 3C is a seepage collection dam located downstream of the west section of Dam 3. The
initial dam, a 6 to 10 foot (~1.8 to 3.0 m) high rockfill dam faced with clay and tailings slimes, was
constructed between 1965 and 1970 (Geocon 1983). Geocon designed a modification for the
dam in 1975 which consisted of raising the crest elevation to 6035 ft (~174.5 masl). The work
consisted of an upstream sand and gravel filter layer overlain by an upstream silty clay zone both
of which were to extend into the underlying clay and a riprap protection layer, as shown in Figure
12 (Geocon 1975). The dam was raised in 1975 and 1976 to an elevation of 6030 ft (~173 masl),
including placement of sand and gravel filter, upstream clay zone, and blanketing the rock
abutments (Geocon 1983).
Geotechnical investigations of the dam include three boreholes drilled in 1974 (GY-8, GY-9 and
Borehole G3C). Based on these holes, the dam would be founded on silty clay and tailings and
that frozen ground with thin (~2.54 cm) layers of ice were present in the foundations (Geocon
1983). Borehole G3C also indicates that the initial dam fill included garbage (pipes) and wood.
Dam 3D (Figure 12)
Dam 3D was built in 1975 as a tailings seepage collection dam downstream of the southeast
section of Dam 3. The dam was designed by Geocon in 1975 and has the same design as Dam
3C: a 10 ft (~3.0 m) high dam consisting of a rockfill downstream shell, a sand and gravel filter
overlain by an upstream silty clay zone, which is overlain by riprap (Figure 12). Both the sand and
gravel filter and silty clay zone were designed to extend into the underlying clay. While as-built
information is not available for review, it is understood that the dam was built to an elevation of
6033 ft (~174 masl) following the 1975 design, including a cut-off trench into sandy till (Geocon
1983).
There is a reinforced concrete dam downstream of Dam 3D (see Photos 3D-01, 3D-02, and 3D03), which was built in 1978 and founded on bedrock (Geocon 1983). The purpose of this dam is
to collect water that seeps from Dam 3D. For the purposes of this review, the concrete dam is
considered part of Dam 3.
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Dam 4 (Figure 13 and Figure 14)
The present-day Dam 4 consists of three different segments Dam 4A, 4B and 4C. The initial Dam
4A, an approximately 5 foot (~1.5 m) high rockfill dam, was constructed sometime between1965
and 1970. Disposal of garbage within the footprint of Dam 4A occurred until 1974 (Geocon 1983)
and Geocon (1975) notes that mine rockfill mixed with garbage accounted for 15-40% of the total
volume encountered in test pits and drilling in the area. In this time period muskeg was excavated
from the upstream side of the dam and replaced with soft clay and tailings to prevent seepage
(Geocon 1983).
Geocon (1975) designed the dam raises, as seen in Figure 13; the raised design of Dam 4A
consisted of a sand and gravel filter layer of the upstream side, overlain by a silty clay zone. Sand
and gravel overlain by riprap were to protect the upstream side, and a berm was to be added to
the downstream side. The design notes that the filter blanket and upstream clay zone must
extend through the existing dam into the underlying clay, and that garbage at the dam location
should be moved elsewhere. The dam was raised in 1975 in general accordance, though erosion
protection as not placed. Additional raises occurred between 1977 and 1981 including placement
of riprap (Geocon 1983).
Dam 4B and 4C were started in 1975 in general accordance with the design section (Geocon
1983). These dams were raised several times between 1976 and 1978. Geocon (1983) notes that
prior to 1979 the dam raises did not incorporate the sand and gravel filter zone or the upstream
silty clay zone. Additional raises including placement of filter and silty clay zone occurred between
1979 and 1981. Geocon (1983) notes that a tailings line was present on the crest of the dam in
1980, this pipeline was not present during the 1981 inspection and it is not known if it was
removed or buried. Additional clay lining placed between October 1986 and August 1984
(Geocon 1984). With placement of tailings in the South Pond in the late 1980s Dam 4 is now an
internal dam with tailings on both sides.
Dam 5 (Figure 15)
A preliminary design for Dam 5 is provided in Geocon 1975. The design consists of a two stage
rockfill embankment with a final crest width of 20 feet (~6.1 m) and a 3 foot (~0.9 m) thick silty
clay zone on the upstream side. A 3 foot (~0.9 m) thick sand and gravel layer underlays the silty
clay zone, and a 1 foot (~0.3 m) thick layer of sand and gravel overlain by 1 foot (~0.3 m) of
riprap protect the silty clay from erosion.
Prior to construction of this dam four holes were drilled in 1974 (Geocon 1983). Clay overburden
was encountered in all holes, and permafrost was encountered in two holes.
No detailed as-built reports are available for this dam; however, Geocon (1983) provides some
notes on original construction and raises including a section of the dam. Geocon (1983) notes
that Dam 5 was constructed generally to the design section in 1975, including construction of clay
blanketing of the bedrock abutments. Riprap was placed in 1976. The dam was raised in 1978
and steep upstream stopes were noted to result in erosion of the upstream clay zone. Clay slopes
were flattened in 1979 and tailings discharged from the upstream side. The dam was raised in
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1980, with clay placed on the upstream side and tailings discharged from the upstream side, and
a downstream sloping clay core covered by a rockfill shell was constructed to reduce seepage
(Geocon 1983). The downstream clay zone was 10 feet (~3.0 m) wide at the crest and 20 feet
(~6.1 m) wide at ground level and tied into a 10 foot (~3.0 m) deep clay cutoff trench (Geocon
1982a). The clay lining width was increased 1983/84 (Geocon 1984).
With placement of tailings in the South Pond in the late 1980s, Dam 5 is now an internal dam with
sand tailings on both sides. A decant pipe was placed through the dam in 1999 to convey water
from the South Pond to the North Pond.
Geotechnical investigations in the area of Dam 5 were completed by Geocon in 1981 with one
hole upstream through the tailings and one hole through the crest (Geocon 1983). Golder (2019d)
advanced two additional holes through the dam and two holes in South Pond tailings just
downstream of the dam. A standpipe piezometer was installed in one of the holes just
downstream of the dam.
Dyke 6 (Figure 16)
Dyke 6 separates the North Pond from the central pond. Dyke 6 was originally constructed from
1977 to 1980 and at that time it was called the Causeway Dam No. 6 (Geocon 1983). The dam
was founded on tailings and designed to retain solids while allowing water to pass through two
culverts incorporated into the rockfill structure (SRK 2005). Two boreholes were drilled through
the dam footprint in 1974/75, and one in 1981.
Design documents for the dyke were not found for review. Geocon (1975) notes that they
performed a design of Dyke 6 in 1974; however, due to poor foundation conditions found in a
subsequent geotechnical investigation, the tailings deposition scheme and dam design were not
carried forward.
Two breaches were made in the dam prior to 1981 allowing tailings to pass through the dam.
These were blocked in 1981 and the dam was raised to an elevation of 6082 ft (~188.8 masl)
(Geocon 1983).
Dyke 6 was raised, and the crest widened between October 1983 and August 1984 (Geocon
1984). Placement of sand and gravel filter material on the upstream face was recommended in
the 1984 geotechnical inspection (Geocon 1984), but it is not known if this material was placed.
A 1990 geotechnical inspection (Geocon 1991) noted that the dam had failed near the west end
due to undercutting from reprocessed tailings in the North Pond, and it was rebuilt in 1998.
Geocon (1991) also noted that the tailings beneath and adjacent to the dam appear to be mainly
frozen.
A riprapped spillway from the central pond to the north pond runs over the face of the dam, this
was constructed when the Material Storage area was constructed on the central pond tailings
near the east side of the dam in 2014 (Golder 2018). It should be noted that containers within the
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Material Storage Area contain arsenic-contaminated waste from deconstruction of the roaster
complex (CIRNAC and NWT 2019).
The downstream slope of the dam is quite steep with several portions steeper than 1.5H:1V, and
various mentions of dam erosion and sloughing have been noted in annual geotechnical
inspection reports and dam condition has been noted as marginal. As such, vehicle access on the
dyke has been restricted.
In 2018 or 2019 a portion of the west side of the dyke was eroded away allegedly due to flow
from a pipe left at the top of the dyke. The scarp from this erosion is still present (Appendix A,
Photos 6-22 and 6-23).
Dam 7 (Figure 17)
Dam 7 is a small seepage recovery structure located downstream (south) of Dam 11 and near the
south end of the Giant property, above Great Slave Lake (BGC 2004). In late 1982, tailings
discharged was started from the downstream (south) side of Dams 4 and 5, and as a result of this
tailings and transport water started to move southward towards Dam 7 (BGC 2004). To contain
the tailings and provide the needed extra storage Dam 11 was built in the summer of 1982.
It appears that this dam was constructed of local silty clay as the core with no drain (Golder
2005). The dam is expected to be founded on a ‘firm’ silty clay that has been estimated to be up
to 3 m thick (Golder 2005). The downstream slope is around 2H:1V with some seepage noted at
the toe in various inspections since 2004.
Dam 8
Construction of Dam 8 started in 1978, as a rockfill road founded on clay soil or bedrock (Geocon
1983). In 1979 the rockfill dam was raised and it is suggested (Geocon 1983) that cyclone tailings
underflow may have been placed on the upstream slope. An upstream clay zone was placed in
1980. In 1981 the dam was raised, upstream and downstream slopes of the dam were flattened
to about the design slopes, and a clay blanket overlain by rockfill riprap was added to the
upstream side of the dam (Geocon 1983). Additional clay lining was placed in 1983/1984
(Geocon 1984).
Geocon (1983) notes that Dam 8 was an extension to Dam 4C, so it can be inferred that the dam
has the same design as Dam 4C.
Tailings are currently level with the crest of Dam 8 on the upstream side and a tent structure
(Storage Dome) sits on a pad of tailings near the dam.
Dam 9
Dam 9 was constructed in 1979 to create the south pond; the dam also functions as a road along
the east side of the tailings. While no construction records or design drawings are available for
review, Geocon (1983) notes the initial dam consisted of rockfill and an upstream clay zone,
which was covered by protective rockfill. Dam 9 currently impounds dry tailings to near crest
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elevation; a small ditch is directly upstream of the road on the dam crest providing drainage
between the Material Storage Area located on the south pond tailings and the Dam 9 crest.
Based on review of available documents, it does not appear that geotechnical investigations were
carried out in the vicinity of this dam. Based on walking the toe of the dam, a large portion of the
dam appears to be founded on bedrock.
Review of current LiDAR data indicates that the downstream slope is steeper than 1.5H:1V at the
highest portion.
It should be noted that Geocon (1983) erroneously referred to this dam as Dam 10.
Dam 10
Dam 10 was originally constructed as a freeboard dam starting in 1980 (Geocon 1983) and was
effectively removed in 2013 (Golder 2015a).
Dam 11 (Figure 18)
Dam 11 was designed by Geocon in 1982 and both design and construction drawings (Geocon
1982b) are available. Additionally, some notes and photos are available to provide some record
of the construction (Geocon 1983).
The primary geotechnical investigation for the original design consisted of four drill holes
completed in 1981 in the South Basis. Samples were taken form this drilling which included nine
of the frozen samples being thawed in triaxial cells (permitting no drainage). Geocon 1982a. No
testing on frozen samples was carried out. Most advanced testing was undrained with two of the
undrained triaxial tests having pore water pressure measurements.
The Dam 11 design consists of a conventional compacted central clay core, with sand and gravel
filter layer of either side, all within a rockfill shell. The foundations were either bedrock or natural
lacustrine silty clay, with the dam core keyed into this foundation (Geocon 1982b). No tailings are
detailed as being incorporated into the foundation of this dam.
The design incorporates a 10-foot-deep, 10-foot-wide cut off trench, which is backfilled with clay.
In areas of bedrock, the drawing specify that bedrock is to be exposed to ensure good contact
with the clay core (Geocon 1982b). The downstream slope was designed to have intermediate
rockfill slopes of 1.5H:1V and 2H:1V with intermediate berms to give an overall slope inclination
of about 2.6H:1V. Upstream, the slopes, which would be supported by subsequently deposited
tailings, were designed for an ultimate inclination of about 1.5H:1V to 2H:1V (BGC 2004). Review
of the latest available LiDAR (done as part of this DSR) indicates that current intermediate slopes
at Dam 11, specifically in the west and southwest portions of Dam 11, have slopes slightly
steeper than 1.5H:1V.
It should be noted that the original design documents refer to Dam 11 as the South Dam.
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Geocon (1985) noted that “Dam 11 will not be raised above its current crest elevation of 6092 ft
(~191.9 masl)” (mine grid) which is a little higher than the stage II elevation. South pond filled with
tailings between 1989 and 1990. Golder 2005 reports that instrumentation in the form of
piezometers and thermistors was incorporated into the initial dam construction to monitor the
frozen base and to monitor water levels under the dam. This was used to give some indication
that the dam base did not immediately thaw on the initial filling of the upstream pond. This
instrumentation however was lost and was not maintained. SRK did not find any record of these
results. A beach was constructed at the start of operations to assist to reduce seepage under the
dam (which reports to Dam 7). Currently any ponds are maintained well away from the Dam 11
crest.
In 1985 cracks at Dam 11 showing differential cracking between the core and upstream shells
were noted (BGC 2004). In 1987 no new cracks were noted. From 1988 to 1990 the inspection
and monitoring data for Dam 11 is sparse. 1990 site inspection notes that settlement of the crest,
clay core has occurred with local ponding (Geocon 1991). Some ongoing settlement at the crest
(near the core and filer and coarse shell interfaces) have been noted on site since the 1990s.
There have been some cracks reported and some seepage through this dam. Dry tailings and
some clay were observed on the downstream face of the dam near the left end in BGC (2004) but
these were noted as being reported previously and at that timed was indicated to not suggest
active erosion or piping. This is not to say that piping did not occur in the past. As the pond was
lowered, the sources for seepage reduced. Instrumentation was eventually installed in Dam 11
and Golder repeatedly asked for this to be monitored and used. In 2002, Golder finally noted that
instruments would not be needed if Dam 11 were no longer to be used to store water (BGC
2004).
Dam 12 (Figure 19)
Dam 12 was originally designed as a freeboard dam by Geocon (1982a). The Geocon design
consists of a rock fill downstream section, with a 3 foot (~0.91 m) thick sand and gravel filter on
the upstream face overlain by a 3 foot (~0.91 m) thick clay zone. The clay zone was designed to
key into the natural clay, or bedrock surface. Dam foundations are noted to consist of bedrock,
clay, or mine waste rock depending on location (Geocon 1982a). The downstream slope of the
dam was designed to have a slope angle of 2H:1V (Geocon 1982a); however, LiDAR analysis
indicates that the downstream slope is currently steeper than 1.5H:1V.
No construction information is available for this dam. Additionally, there is no record of tailings
placement from the dam; however, tailings at the dam crest suggest that tailings were placed
from the crest (SRK 2005).
Cracks have historically been noted on the downstream crest of the dam, and minor toe seepage
(wet spot at toe) has been noted during wet weather (SRK 2005).
Splitter Dyke (Solid Retention Dyke) (Figure 20)
The Splitter Dyke was initially constructed in the early 1990s to increase the retention time in the
settling pond; as such the dyke was constructed as a non-engineered leaky dyke (Golder 2015b)
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founded on up to 8 m of tailings in the center (Golder 2014a). Water overtopped the dyke in 1996
(SRK 2005).
Foundation settlement has resulted in the need for several repairs, including repair to the
polishing pond slope in 2011, and slope repairs and flattening in 2012 and repair and
recontouring in 2013 (Golder 2014a).
During the 2013 water treatment season, slope movements 3 to 5 cm horizontally and 6 to 10 cm
vertically were observed along most of the dam on the settling pond side, some minor movement
was also noted on the polishing pond side (Golder 2014a). The movement appeared to be within
the surface layer of the dyke.
Sludge migration has reduced the permeability of the dyke, as a result since approximately 2008
water is now pumped/syphoned over the crest. Settlement cracks were observed along the crest
and slopes of the dyke in 2011, 2013 and 2014 (Golder 2015b).
The crest elevation was restored, and slopes flattened again in 2015 (Golder 2018). The work
mainly consisted of placing granular material over the existing dyke to reduce the slopes to 3H:1V
(AECOM and Golder 2015). Transverse and longitudinal cracks were noted in 2017 (Golder
2018).
Containment Berm (Figure 20)
The containment berm was constructed in November 2015 to contain sludge and tailings
excavated from the settling pond (Golder 2018). The berm was constructed as a granular berm
(150 mm minus material) with a 4 m crest width. A filter (20 mm minus crushed rock) was placed
on the upstream side of the granular berm and a non-woven geotextile was placed at the base of
the rockfill and overlying the filter material. Additional filter material was placed on the upstream
side above the geotextile and keyed approximately 0.5 m into the foundation material (AECOM
and Golder 2015). Tailings, sludge and natural materials from the settling pond were placed
upstream of the berm and flattened to below berm elevation. A pipeline from the Effluent
Treatment Plant penetrates the berm.
Golder (2018) noted evidence of movement in the form of crest small depressions and cracks
during the 2017 annual geotechnical inspection.
Summary
Table 5: Summary of Original Tailings Containment Area Dam Geometry, and Permafrost
Dam/Dyke
Dam 1

Length (m)(1)

Crest Width (m) (3)

Permafrost
Encountered(5)

275

15

Yes

Dam 2(2)

12

365

Variable

Yes

3(2)

15

460

5

Yes

Dam 3C

2

45

5-6

Dam 3D

4

30

5

Dam
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Geometry
Length (m)(1)

Crest Width (m) (3)

Permafrost
Encountered(5)

75

6

Yes

Dam 4

Max Height
(m)(1)
2

Dam 5

2

50

3-5

Yes

Dyke 6

9

245

Variable

Yes

Dam 7

3

15

3

Dam 8

3

75

Backfilled

Dam 9

2

75

4-7

-

-

Removed

Dam 11

15

425

10

Dam 12

5

60

4

4

200

5

12

100

4

Dam

10(2)

Splitter Dyke
Containment

Berm(4)

Yes

Yes

Notes:
1
2
3
4
5

3.3.2

Source Golder 2005
Before dam was deconstructed, or material was borrowed from the dam.
Source Golder 2019a.
Source AECOM/Golder 2015
This column notes all dams where permafrost has historically been encountered, in some instances the permafrost
could have thawed since the observation was made. Blank cells do not indicate the absence of permafrost in the
foundation, just that the information is not available to accurately comment if there is.

Historic Analysis and Investigations
Stability Analysis
This section summarizes stability analyses previously performed for the Original impoundment,
SRK comments on these analyses are provided in Section 6.2.2. However, it should be noted that
most of these stability analyses are not representative of current site conditions.
Two dimensional static and pseudo static stability analyses have been completed for the dams
and dykes of the Original tailings containment area at various times during the life of mine. Most
analysis has focused on the higher consequence dams (Dams 1, 2, 3 and 11), and it is not known
if stability analyses were performed on the other dams (Dam 8, 7, 9 12).
The factors of safety (FOS) associated with the most recent stability analysis for each dam are
summarized in Table 6. The details associated with these analyses are described in the sections
below. Note that the section below only describes the most current / relevant stability analyses,
analysis for dam raise designs that did not come to fruition are not included.
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Table 6: Results of Historic Original Tailings Containment Area Stability Analyses
Stability
Results

Static

Pseudostatic

Postearthquake

Description
Smaller FOS value is associated with thaw of 1.5 m.
Sensitivity analysis estimate a factor of safety of 1.3
(below CDA guidelines for a case where there is
1.5 m of thaw and a shear stress ratio of 0.05, which
would be representative of a case with rapid
thawing).
Golder 2015. Does not meet CDA (2014) criteria for
static or post-earthquake. Parameters need to be
evaluated.

Dam 1

1.5-1.8 (1)

1.1-1.4(1)

N/A

Dam 2

1.37(2)

1.04(2)

1.15(2)

Dam 3

1.46 1.84(4)

N/A

N/A

Geocon 1983. Drained and undrained conditions in
organics and silty clay. SRK 2008b performed a
liquefaction assessment for this dam.

Dam 3C

N/A

N/A

N/A

-

Dam 3D

N/A

N/A

N/A

-

Dam 4

1.8(3)

N/A

N/A

Analysis performed on dam geometry prior to
deposition of tailings in South Pond.

Dam 5

2.0(3)

N/A

N/A

Analysis performed on dam geometry prior to
deposition of tailings in South Pond.

Dyke 6

N/A

N/A

N/A

-

Dam 7

N/A

N/A

N/A

-

Dam 8

N/A

N/A

N/A

-

Dam 9

N/A

N/A

N/A

-

Dam 10

N/A

N/A

N/A

-

Dam 11

1.5 - 2.0(3)

1.16 (5)

N/A

-

Dam 12

N/A

N/A

N/A

-

Notes:
1
2
3
4
5

Source Golder 2019b
Source Golder 2015a
Source Geocon 1982
Source Geocon 1983
Source Golder 2001b

A summary of the available stability analysis is provided chronologically by date (earliest to most
recent) in the subsections below.
Geocon 1975
Static stability analyses were performed for Dams 1, 2, and 3; and a proposed Dyke 6 design that
was not carried forward, using the IBM 360 Computer program ICES Lease. Smaller dams were
designed based on stability analysis results from larger dams. The analysis assumed ice and
permafrost would thaw slowly allowing time for the dissipation of pore water pressure, except for
Dam 5 where rapid thawing was considered. The design FOS used in these analyses was about
1.5 (Geocon 1975).
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This analysis was performed prior to raising of the dams, not on the as built sections, and as
noted in the sections above, several dams were constructed steeper than design. Therefore,
these results are not representative of the built condition.
Material parameters used in the analysis can be seen in Table 7.
Table 7: Strength Parameters used for Geocon 1975 Dam Stability Analysis
Unit
weight
(kN/m³)(1)

Undrained
Shear
Strength
(kPa)(2)

Effective
Friction
Angle
(degrees)

Cohesion
(kPa)

Mine Rock

20.4

-

35

0

Silty Clay Fill (New)

18.9

28.7

-

-

Sand and Gravel Fill (New)

18.9

-

35

0

Tailings - Silty

18.7

-

27

0

Tailings - Sandy

18.7

-

34

0

Clayey Fill (existing)

18.1

-

23

0

Organics - Dam 1

12.6

16.8

-

-

Organics - Dam 1

12.6

28.7

-

-

Organics - Dam 2

12.6

28.7

-

-

Organic Silt

14.1

-

27

0

Silty Clay (Dam 1-5, 7)

18.9

47.9

23

9.6

Silty Clay (Dyke 6)

15.7

9.6

-

-

Varved Clayey Silt

18.9

-

23

0

Sandy Silt

19.6

-

32

0

Silty, Sandy Till

20.4

-

35

0

Material

Notes:
1
2

kN: kiloNewtons
kPa: kiloPascals

Geocon 1982
Static stability analysis of Dam 4A, 5 and 11 were performed using the Slope II computer program
developed at the University of Saskatchewan. Seismic analysis was not performed because, at
the time, Yellowknife was considered to be within an earthquake intensity zone of 0.
The sections used for Dam 4A and 5 were proposed design sections, where the dams were
raised, and tailings were not yet deposited in the South Pond. Geocon (1983) indicates that the
dams were raised approximately 5 feet (~1.52 m) higher than these design sections, so these
stability results only provide a rough estimate of dam stability prior to the placement of south pond
tailings.
Analysis was performed for three cases: (A) permafrost remains frozen; (B) permafrost melts
rapidly and water does not drain; and (C) permafrost thaws slowly and water drains resulting in
consolidation of the silty clay.
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Based on the analysis described, Dam 11-Stage I was estimated to have a factor of safety of 1.8
for Case A and between 1.5 and 2.0 for Case C. Dam 11-Stage I was not evaluated for Case 2
because the design did not think it was applicable. Dam 11 at its ultimate height was evaluated
for Case B, which was estimated to have a factor of safety of 1.5. Dam 4A and 5 were evaluated
for Case A, Dam 4A was estimated to have a factor of safety of 1.8 and Dam 5 was estimated to
have a factor of safety of 2.0. These factors of safety are above the values recommended by
CDA (2014).
Strength parameters for the dams were developed from geotechnical investigations. The material
parameters used in this analysis are provided in Table 8.
Table 8: Strength Parameters used for Geocon 1982 Dam Stability Analysis
Material

Unit weight
(kN/m³)

Undrained Shear
Strength (kN/m²)

Effective
Friction
Angle (o)

Cohesion
(kN/m²)

Rock Fill

20.4

-

35

0

Rock Fill with Garbage

19.6

-

25

0

Clay Core

18.9

47.9

23

0

Silty Clay Permafrost (frozen)

18.9

191.5

-

-

Silty Clay Permafrost (Thawed)

18.9

23

9.6

Silty Clay Permafrost (Thawed and
consolidated)

18.9

23

9.6

Silty Clay (unfrozen)

18.9

28.7
47.9 - Dam 11
71.8 - Dam 4A
and 5
47.9

23

9.6

Clay Fill and Tailings

18.9

23.9

23

0

Tailings

18.9

-

27

0

Silty Sand

19.6

-

32

0

Geocon 1983
Static stability analyses were performed on critical sections of Dams 1, 2, 3 using the Simplified
Bishop Method. Sections for Dams 1, 2 and 3 were developed based on 1981 surveyed sections
and geotechnical data from boreholes through or adjacent to the dams.
Static analysis considered loading due to vehicle traffic at the crest of the dam, at 9.6 kN/m2.
Analysis was performed for both drained and undrained conditions in the organics and silty clay.
The factors of safety calculated for this analysis were 1.46 for the undrained condition and 1.87
for the drained condition.
Seismic analysis was not performed because, at the time, Yellowknife was considered to be
within an earthquake intensity zone of 0.
Material parameters used in the analysis can be seen in Table 9.
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Table 9: Strength Parameters used for Geocon 1983 Dam Stability Analysis
Material

Unit
weight
(kN/m³)

Undrained
Shear
Strength
(kN/m²)

Effective
Friction
Angle (o)

Cohesion
(kN/m²)

Rockfill

20.4

-

35

0

Tailings

18.9

-

27

0

Organics, Organic Silt - Dam 1

18.9

19.2

-

19.2

Organics, Organic Silt - Dam 2

18.9

28.7

-

28.7

Organics, Organic Silt - Dam 3

18.9

23.9

-

23.9

Silty Clay

18.9

31.1 - 71.8

23

9.6

Silty, Silty Sand

19.6

-

32

0.0

Golder 2001b
In 2001 Golder used the computer program XSTABL to reproduce the Geocon static stability
analyses for Dam 1 and 11. The Dam 1 section analyzed, and strength parameters were based
on Geocon (1975). The Dam 11 section and parameters were based on Geocon (1982a).
Static stability analysis was performed for a no phreatic surface case and a phreatic surface case.
Golder also performed a pseudo-static analysis of the dams using seismic accelerations of
0.018 g and 0.050 g.
SRK 2008
Seismic stability assessment work was performed by SRK in 2007 and 2008 (SRK 2008b) to
address seismic stability concerns from the 2004 Dam Safety Review (BGC 2005). The design
events used for this work were the 1/2,475-year event for ‘High’ consequence dams and the
1/1,000-year event for ‘Low’ consequence dams.
SRK did not perform a pseudo-static analysis, but rather reinterpreted the Golder (2001b) result
based on updated seismic coefficients. Between 2001, when Golder performed their analysis,
and 2007, when SRK performed their analysis, the National Building Code of Canada published a
revision to the seismic hazard values for the Yellowknife area, which resulted in higher predicted
peak ground accelerations. However, in order to develop a seismic coefficient for pseudo-static
analysis, SRK followed standard practice and reduced the PGA value by 33% to 50%, which
resulted in seismic coefficient values (0.018 g, 0.023 g, 0.03 g, 0.039 g) within the range analyzed
by Golder. The reinterpretation of the pseudo-static results found all dams to have a FOS greater
than 1.1 which indicates they can be considered stable under seismic loading according to CDA
guidelines, provided the materials that comprise the dams and their foundations do not undergo
severe strength loss due to seismic shaking and that displacements that occur in response to the
maximum design earthquake are acceptably small.
A one-dimensional site response analysis using SHAKE2000 was performed on Dams 1 and 3 to
evaluate liquefaction susceptibility. The analysis used a representative time history for a Moment
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Magnitude (M) 6 earthquake to approximate the 1/2,475-year event in Yellowknife. For this
analysis only sand, tailings and silts were assumed to be susceptible to liquefaction. The analysis
concluded that Dam 1 and 3 were not susceptible to liquefaction for even the loosest or softest
ground conditions.
Golder 2015
Stability analyses were performed with Slope/W 2007, and Dams 1 and 2 were assessed for both
circular and block failures. Analysis included static, pseudo static and post-earthquake conditions.
Dam sections used in the analysis were obtained from conceptual sketches and summaries
copied from design reports, but not the design reports themselves, and results from geotechnical
investigations. Phreatic surfaces were added based on engineering judgement; seepage analysis
was not performed.
The material parameters used in the analysis are summarized in Table 10. These parameters
were selected based on engineering judgment and parameters used in Golder (2001b), which
were based on parameters from Geocon (1975 and 1982a). In the absence of laboratory data,
strain softening due to liquefaction was accounted for by reducing the peak strengths of organic
materials, tailings, sands, and silts by 20%.
Table 10: Strength Parameters used for Golder 2015 Dam Stability Analysis
Static
Material

Unit
weight
(kN/m³)

Undrained
Shear
Strength
(kN/m²)

Pseudo-static and Post-earthquake

Effective
Friction
Angle
(degrees)

Cohesion
(kN/m²)

Tailings

19

27

0

Organic-tailings mix

18

24

10

Organic-rockfill mix

19

30

10

Organics

18

Silty Clay

18

20

Sandy Silt/Sand

19

Bedrock

Undrained
Shear
Strength
(kN/m²)

Effective
Friction
Angle
(degrees)

Cohesion
(kN/m²)
21.6

8

19.2

8

24

10

10

20

32

0

0

25.6

20

40

0

0

40

Clay Core

18

20

10

10

20

Rockfill

20

35

0

0

35

Sand/Gravel Filter

19

32

0

0

26.6

29

23.2

Pseudo-static analyses were performed using a seismic coefficient equal to half the PGA. The
1/2,475-year event was used for Dam 1 and Dam 2.
Golder 2019b
Static and pseudo-static slope stability analysis of Dam 1 was performed with Slope/W. Analysis
was performed on a single section though sensitivity was performed with a thickness of thawed
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soil from 0.2 to 1.5 m. Pseudo-static analysis used a PGA of 0.03 which corresponds to the
1/2,475-year event.
Material parameters used in the modelling, Table 11, were based on field testing results (2018
CPT and vane results), lab testing and engineering judgement. Frozen clay and bedrock were
both assumed to be impenetrable. For the pseudo-static analysis, shear strengths were reduced
by 80% for all material except rockfill.
Table 11: Strength Parameters used for Golder 2019b Dam Stability Analysis
Material

Unit
Weight
(kN/m³)

Undrained Shear
Strength

Rockfill

20.

--

Effective
Friction
Angle
(degrees)
35

Tailings

19

-

27

0

Organics

18

0.22

-

-

Fluvial

19

-

32

0

-

-

)0.7

0.22*(σ’c/ σ’v

Cohesion
(kPa)
0

Clay – over consolidated

18

Clay – normally consolidated

18

0.22

-

-

Clay – recently thawed

18

0.1

-

-

Till

19

-

32

0

Clay Core

18

-

20

0

Sand and Gravel Filter

19

-

32

0

The model predicted FOS of 1.5 and 1.8 for static analysis with 0.2 m and 1.5 m of thawed soil
respectively. A FOS of 1.4 was predicted for 0.2 m of thawed soil in the pseudo-static scenario
and a FOS of 1.1 was predicted for 1.5 m of thawed soil. A sensitivity analysis performed using a
low shear strength ratio (0.05) and 1.5 m of settlement was determined to have a static FOS of
1.3, which is below CDA guidelines. This sensitivity scenario would be representative of rapid
thawing of the 1.5 m of soils.
Settlement
Geocon (1975) predicted settlements associated with Dams 1, 2, 3, 3C, 3D, 4, 5 and 7 over the
5-year design life of the tailings area. This analysis was performed for two scenarios (1) complete
thawing of permafrost and ice lenses, and (2) no thawing. Settlements predicted with this analysis
can be seen in Table 12.
Table 12: Original Tailings Containment Area Dams Predicted Settlement, from Geocon 1975.
Dam

DN/MM/JK/MS

Settlement (mm)

Permafrost

Complete Thawing

No Thawing

1

152

152

No(1)

2

1930

381

Yes

3

1651

610

Yes

3C

1397

203

Yes
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Settlement (mm)

Permafrost

Complete Thawing

No Thawing

3D

152

152

No

4A

1676

330

Yes

5

1016

229

Yes

7

152

152

No

Note:
(1) Recent drilling encountered permafrost in the foundation of Dam 1 (Golder 2019b).

Golder (2019b) performed settlement analysis for Dam 1, this work included both back analysis of
settlement observed from 2002 to 2018, and prediction of future settlement up to the end of dam
life (2028). Predictions of dam settlement were performed for two sections based on the geometry
of borehole D1-SD-03 and D1-SD-06 from the 2018 geotechnical investigation, and thawing
scenarios developed by thermal analysis (Golder 2019d). This analysis predicted that Dam 1 is
expected to settle between 300 and 750 mm, for the predicted thermal scenarios. It should be
noted that the thermal model used for the settlement analysis does not account for ongoing
seepage or potential increases in seepage rates, which could increase the thawing rate and
therefore overall settlement.
Thermal
A one-dimensional thermal analysis using Temp/W software was performed for Dam 1 to assess
the potential for thaw. This analysis was carried out for a period of 10 years and used the
stratigraphy from the borehole with the shallowest frozen soil (Golder 2019b). Two scenarios
were evaluated: one where freshet water runs off the dam and one where freshet water ponds
and can infiltrate into the dam fill where it is assumed to pond on top of the low permeability
natural soils.
The modelling predicted that thaw would occur at a rate of 90 to 150 mm per year, corresponding
to a 0.9 to 1.5 m decrease in frozen soil over the 10-year model.
Hydrotechnical
There are no spillways for these facilities. Water levels are controlled through pumping. Design of
seepage collection systems is not documented.

3.4

Northwest Tailings Containment Area Dam Designs

3.4.1

Design, Construction and Performance History
Following the undertaking of major tailings storage expansion project, the construction of the 21
Dams (A through D) and the 22 Dams (A and B) was initiated in 1986 for the Northwest Tailings
Containment Area. This area is located around the area of the original Moose Lake (Golder
2005). The design of these structures began around 1987 by Geocon Inc (BGC 2004). Ground
conditions were somewhat similar to elsewhere on the Giant property, comprising peat over soft,
silty, clay in the deeper valley sections between bedrock outcrops (BGC 2004). Generally, these
dams contain a sloping low permeability inclined clay core and granular filter material, both of
which were placed on the upstream rockfill slope. The filter has been outlined as a well-graded
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75 mm (3-inch) minus sand and gravel material. The rockfill immediately adjacent to the granular
filter zone, primarily form the open pit operations, was specified to be select material with no
particles larger than 150 mm (6 inches) (BGC 2004). According to the design drawings, the clay
core was designed to key into bedrock (original Geocon 1987 design). An upstream rockfill shell
covers the clay core. The downstream slope of these dams is steep, often sloped closer to the
angle of repose (in the 1.1H:1V range) but are typically composed on multiple wide benches of
rockfill placed downstream which helps to reduce the overall slope (with steeper intermediate
angle of repose benches).
Since the cessation of milling on site in 1999, Dam 21D was raised approximately 0.6 m in 2003
to account for settlement of the dam crest and to restore the water storage capacity of the system
(Golder 2019).
Dam 21A
This dam was constructed as part of the major mine tailings containment expansion projects in
1986. The dam is understood to be underlain by less than 5 m of silty clay or silty sand. At the
abutments and under the overburden is reported to be ‘sound’ bedrock (Golder 2005).
Seepage and runoff have been historically collected in a depressed area at a topographic low at
the downstream toe of the dam. Seepage continues to be noted at the toe of this dam.
The tailings beach off Dam 21A appears toe typically be between 100 to 200 m in width (depend
on the water levels).
Annual geotechnical inspections conducted from 2002 to 2019 (see Golder reports in Table 1)
described sinkholes occurring in the tailings beach upstream of the dam crest. The 2002 annual
inspections reported that tailings had passed through the downstream toe of the dam on two
previous occasions (Golder 2002).
Dam 21B (Figure 21)
Dam 21B (part of the 21 / eastern dams of the Northwest tailings area) is founded on up to 6 to 7
m of ‘firm’ to compact silty sand. During the drilling for the dam investigations, ice was also noted
in the dam foundations. The surficial organic silt that covered the dam site was reported to have
been removed before the dam construction started (Golder 2005).
Mine staff are understood to have constructed the dam and provided construction monitoring, but
no records of this construction monitoring were noted in the reviewed documents.
Seepage has been historically noted for Dam 21B, specifically around the area slightly east of the
now most reclaimed propane tank farm area. Seepage water has also been noted in areas
downstream of the dam in the area around where the original creek outflow formally existed.
Areas of increased seepage are highlighted by increased vegetation growth (indication of
moisture).
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The tailings beach off this dam is approximately between 100 to 200 m in width (dependent on
water levels).
Deformation has been noted along the crest of the dam and also on the downstream side.
Specifically, differential settlement is consistently noted between the core and the adjacent
rockfill.
This dam has the largest amount of downstream buttressing waste rock, which does help with
overall stability. This noted, review of current LiDAR information (reviewed as part of this DSR)
shows that some of the current bench slopes are steeper than the 1.5H:1V slopes shown in the
design sections.
The annual geotechnical inspection in 2002 started describing windblown tailings across the dam
crest (Golder 2003 to 2007). From 2016 to 2018, additional sinkholes were noted in filter zone
between the downstream rockfill shell and clay core. The 2018 annual geotechnical inspection
recorded that sand and silt were observed within the rockfill; it was uncertain whether the finer
particles migrated through the rockfill or were washed downslope by surface water (Golder
2019e). SRK also noted this in their 2019 site visit. Some moss type vegetation and poorly
graded fine sand to silt size particles that were well within the rock fill were noted during the
inspection.
Dam 21C (Figure 22)
There is limited data on the dam foundation in the section of Dam 21C. Inspection of the dams
indicate that large portions would be underlain by bedrock. A quarry adjacent to the downstream
slope of the dam and across the Trapper Creek Channel give some indication of the surrounding
rock quality; noted in past Golder (2005) inspections as being ‘sound’. Review of current LiDAR
information (reviewed as part of this DSR) shows that some of the current bench slopes are
steeper than the 1.5H:1V slopes shown in the design sections.
Some seeps on the downstream slope of Dam 21C have been noted in the Golder inspections in
the 2000s and seepage is historically noted at the dam toe.
The clay core of Dam 21C has settled with time; work to restore the crest level was performed in
1994 and 1995 (Golder 2002). At time of the SRK 2019 inspection, some ponded water was also
observed on the top of the clay core due to ongoing settlement. Ponded water was also observed
at the downstream toe, expected to be in part form seepage and in part from recent rainfalls
before the 2019 inspection.
Typically, the tailings beach at Dam 21C is on the order of 50 to 200 m in width (again dependent
on the water levels).
Dam 21D (Figure 23)
Dam 21D is founded on up to 8m of firm silty clay. Again, during the drilling for the dam
investigation ice was noted in the foundation materials. The upper 1 to 1.5 m of area was
underlain by organics silt, again reported to have been removed before construction but not really
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confirmed due to lack of construction monitoring records. For this dam section, the design
required a bench on the downstream slope due to the zone of silty clay below the dam
foundation. This bench is on the order of 5 to 6 m wide and at the middle height of the dam.
(Golder 2005). As noted for the other 21 and 22 dams, review of current LiDAR information
shows that some of the current bench slopes are steeper than the 1.5H:1V slopes shown in the
design sections.
Signs of settlement of the clay core and sinkholes along the dam crest were observed by Golder
(2002). Work to restore the crest level was performed in 2003 (Golder 2004). The annual
inspections conducted in 2017 and 2018 (Golder 2018, 2019e) described sinkholes in the dam
crest occurring between the downstream rockfill shell and clay core. The 2019 annual inspection
(Golder 2019) noted turbid water at the toe of Dam 21D; it was uncertain whether the turbid water
was from surface runoff or internal erosion through the dam.
The toe of this dam is in a swampy area and there are several small ponds of water on the
downstream toe. It is difficult to determine visually how much of this ponding is associated with
Trapper Creek or if foundation permafrost degradation and piping have occurred over time to
further exacerbate this ponding. Notable cracking has been noted on the downstream / lower
bench and has started to be monitored as requested by Golder (Golder 2018).
Of all the segments of Dam 21, the water level is closest to the Dam 21D crest. Higher water
levels with less than 1 m of freeboard were noted several times, due mainly to limited beach
development off this dam segment.
Erosion on the top of the dam and disturbance on the dam crest has been the result of ongoing
settlement (BGC 2004) and from light vehicle traffic over the top of the dam. Of all the segments
of the Dam 21 system, it appears that the largest magnitude of settlement has been noted at Dam
21D.
Dam 22A (Figure 24)
Dam 22A was constructed as part of the major tailings containment expansion project in 1983.
Seepage has been reported along the downstream toe and water samples have reportedly been
taken to determine the water quality (Golder 2005). Some beach development has been
undertaken along the northern part of this dam. This noted, tailings beach separating the pond
from the dam crest is still not well established. Therefore, ponded water can be seen immediately
upstream of the dam crest at parts of the year. Minimal crest settlement has been noted;
however, small longitudinal cracks have been noted in various inspections since the early 2000s
on the downstream bench. As noted with the 21 dams, review of current LiDAR information
(reviewed as part of this DSR) shows that some of the current bench slopes are steeper than the
1.5H:1V slopes shown in the design sections.
Dam 22B (Figure 25)
Dam 22B was also constructed as part of the major tailings containment expansion project in
1983. A notable beach (a couple hundred meters, dependent on the water level) has been
established off this dam. Small sinkholes have been noted on the downstream edge of the dam
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crest, and animal burrows (potentially small sinkholes exacerbated by wildlife) have also been
noted on the downstream benches of this dam. Seepage has been noted since the early 2000s
through this dam (example noted in BGC 2004). Seepage has historically occurred from two
areas near the west end of the berm and at the west abutment. As reported in Golder 2007, the
seepage flows through a ditch to a seepage collection pond where it is pumped back to the
tailings area. The amount of seepage pumped back to the Northwest Pond is routinely measured
and records are kept by site staff. Seepage rates up to 1.5L/S were noted in the 1994 inspection
reports but in the 2000s seepage was noted to have decreased. The change in seepage rates
was expected to be due in part to the lower water levels and lower resulting heads in the ponds
seen on site, as better water management measures were implemented (based on comments in
Golder 2007).
Drainage at the toe of this dam was improved in 2003. The pumphouse structure was along
upgraded in 2005 and the pump was set within a more stable concrete block structure.
A landfill site has been established off the upstream face of this dam. This appears to consist of
garbage placed in a depression just a short distance (less than 20 m) off the upstream crest of
this dam. Over time it appears that garbage has been dozed and/or compacted down and
additional tailings placed over this area. At the time of the SRK 2019 inspection, water was also
noted to be pooling in the fenced landfill off the upstream Dam 22B face.
3.4.2

Historic Analysis and Investigations
Geotechnical
Geocon (1987) estimated large settlements along the lengths of Dams 21 and 22.
Golder did a stability assessment in 2015 (report Data October 19, 2015) for Dams 21 and 22.
The modelling was based on limited information such as 2009 lidar conceptual dam sketches,
anecdotal descriptions and prior dam inspections and investigations. Specifically, Golder outlined
that “in the absence of as-built information, Golder had to rely on the following information
sources for an understanding of the dam designs and of the dam foundation conditions:
•

Conceptual dam sketches by Geocon Ltd found in SRK 2008b (listed as SRK 2007 in
Golder text, report updated and issued as final in 2008)

•

Anecdotal descriptions found in SRK 2008b (listed as SRK 2007 in Golder text, report
updated and issued as final in 2008)

•

Prior geotechnical dam inspections and investigations (BGC 2005, SRK 2008b, Golder
2001a, Golder 2011, Golder 2014b) …”

This Golder work concluded that “the results of the stability models suggest that the majority of
the significant to very high consequence dams meet the CDA (2014) recommended FOS criteria
for static, pseudo-static and past earthquake Conditions. The exceptions were Dam 2 (not in the
Northwest tailings area) and 21A.” FOS of 1.5 or higher were noted for all segments for Dams 21
and 22 except for dam 21A where a FOS of approximately 1.4 was noted as below CDA
guidelines.
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The material properties used in this stability assessment are shown in Table 13.
Table 13: Stability Model Input Parameters (Golder 2015)
Material
Description

Unit
Weight
(kN/m3)

Pseudo-static and Postearthquake Analyses

Static Analyses
Cu

c'

phi'

cu

c'

phi'

Tailings

19

0

27

Organic-Tailings Mix

18

10

24

8

19.2

Organic-Rockfill Mix

19

10

30

8

24

Organics

18

Silty Clay

18

10

20

10

20

Sandy Silt/Sand

19

0

32

0

25.6

Bedrock

20

0

40

0

40

Clay Core

18

10

20

10

20

Rockfill

20

0

35

0

35

Sand/Gravel Filter

19

0

32

0

25.6

29

21.6

23.2

Notes:
(a)

Strain-softening was assumed to take place in materials that are prone to liquefaction. For the pseudo-static
analyses, the materials prone to liquefaction were assumed to be organic material, tailings, sands and silts. In
the absence of any laboratory results, strain-softening was accounted for in these materials by reducing the
peak strength of these materials by 20%. No strain-softening was expected to occur in clays, rockfill or bed
rock.

(b)

For the post-earthquake analyses, the post-earthquake strengths of the materials were assumed to be the
same as those used for the pseudo static analyses, i.e., none of the materials were assumed to regain any
strength after the earthquake. This is considered conservative but in the absence of any laboratory data, it is
considered a prudent approach.

As outlined in Section 3.3.2, seismic stability assessment work was performed by SRK in 2007
and 2008 (SRK 2008b) to address seismic stability concerns from the 2004 Dam Safety Review
(BGC 2005). The design events used for this work were the 1/2,475-year event for ‘High’
consequence dams and 1,000-year event for ‘Low’ consequence dams.
A one-dimensional site response analysis using SHAKE2000 was also performed on Dams 21B,
21C, 21D and 22B to evaluate liquefaction susceptibility (SRK 2008b). The analysis used a
representative time history for a M 6 earthquake to approximate the 1/2,475-year event in
Yellowknife. For this analysis, only sand, tailings, and silts were assumed to be susceptible to
liquefaction. The analysis showed that the lowest pseudostatic FOS was for Dam 22B (FOS ~1.1)
based on the design sections (as presented in SRK 2008b).
Hydrotechnical
There is no spillway for this facility. Water levels are controlled through pumping. Design of
seepage collection systems is not documented.
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3.5

Other Dams Designs

3.5.1

Design, Construction and Performance History
B2 Dam (Figure 26)
The B2 Dam (aka B2 Dyke), is located on the northern edge of the B2 Pit. Baker Creek forms a
pond several hundred meters long on the upstream side of the dyke. Located at the bottom of the
pit is the UBC portal which leads to the underground workings. The B2 Dam’s main function is to
prevent Baker Creek from flooding the adjacent pit.
There is little information on the original dam construction or on the dam foundation conditions.
The B2 Dam was not originally constructed (circa 1980 – 84, FJM, Nov. 2006) as an “engineered
structure”, although some engineering effort had gone into evaluation of the downstream buttress
geometry in 1985. The dyke had a poor history of performance according to the reviewed
documents, which included a breach and overtopping in ±1985 and 1990. Both overtopping
events were addressed by infilling with mine waste rock and local clay. In addition, ongoing
settlement of the structure was suspected (and has since been confirmed by regular settlement
monitoring).
In response to a leak that developed in the existing B2 Dam, first observed on November 1, 2006,
a series of remedial options were evaluated (SRK 2008a). This significant leakage was noted in
the range of 80 L/min of muddy water, discharging from the downstream toe of the dyke and onto
the pit wall. After the immediate safety concerns pertaining to the leak were addressed, the
incident review team concluded that appropriate remedial works had to be carried out on the B2
Dam prior to the onset of the 2007 freshet. It was concluded through an options analysis that the
best option was to construct a new dam upstream of the existing dyke. This dam reconstruction
was carried out in 2007 and is detailed in SRK 2008a.
Prior to the leak in October 2006, a geotechnical investigation was executed on the dyke as part
of the overall mine closure planning, to determine the extent of frost in the foundation. This
investigation was done using an auger drill and included thermistor installations. Subsequent to
the leak, two additional geotechnical investigations were undertaken to further characterize the
dam foundation conditions in support of reconstruction designs. These investigations took place
in November and December 2006 and consisted of both test pits and auger drilling (SRK 2008a).
Due to frozen ground conditions, and the random mixture of mine waste rock and clay, none of
the investigations produced ideal information about the sub-surface conditions. Inspections of the
north pit wall, and the 2007 drilling suggested that the original B2 Dam is likely founded on
shallow silts and clays underlain by bedrock.
The detailed design of the new upstream reconstructed dam segment was completed in January
2007. Construction of the reconstruction measure was then carried out in February and March
2007.
There has been some settlement observed since the B2 Dam. Visual evidence of settlement has
been observed at the downstream slope of the dam in the more recent inspections (such as
Golder 2018), which is in the area of the remnant original B2 Dam (i.e. below / beyond the areas
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rehabilitated in 2007). Additional instrumentation has been installed in this dam (see Section
3.5.2) and the dam continues to be monitored.
C1 Clay Borrow Dam
The C1 clay borrow dam is located due west of C-Dry and is in the C1 clay borrow area. Soils
have been excavated from the area for use in ongoing rehabilitation projects on site over multiple
years (Golder 2019). The disturbance of this area has resulted in more sediment rich (turbid)
surface water runoff, particularly susceptible during freshet and high rainfall events. There was
concern that elevated Total Suspended Solids (TSS) / turbid water would reach Baker Creek. To
address this concern, an area was further excavated in the borrow area to create a settling pond
area and eventually the C1 Clay Borrow Dam (effectively a small 2 to 4 m height berm) was
constructed at the top of the excavated area. SRK was not aware of the exact dates that this was
constructed but this was expected to be after the site went into care and maintenance / closure.
Design details on the ‘dam’ portion of the C1 clay borrow were not found as part of this DSR.
Also, no as-built information is known to exist for this area. It is expected that the C1 Clay Borrow
Dam is a rockfill structure (on top of the natural ground excavation area) with nonwoven
geotextile over the upstream slope (based on visual observations).
Two excavated areas in the C1 clay borrow exist to help with sediment management. The C1
Clay Borrow Dam is downstream of the lower elevation, more east-northeast excavation area.
Golder (2019) speculates that the small dam structure is more to provide freeboard during larger
storm events, and the dam typically does not directly retain any water. Seepage out of this pond
through the natural surrounding soils is expected. During events with the higher surface water
runoff, water is pumped from the small pond (upstream of the dam) to the larger pond located
upslope of the of the dam to increase residence time. This dam is therefore more of a sediment
control structure that typically does not retains limited volumes of surface runoff.
M&M Dam
As outlined by Golder (2019e), water in Baker Creek froze down to the base of the creek during
the winter of 2011. During the subsequent Spring 2011 freshet, the ice formation in the creek
caused the upper reach of Baker Creek (area upstream of the Baker Pond and West of the new
highway area) to flow away from the original creek alignment, out over the adjacent ground
(Golder 2019e, Golder 2011). The M&M Dam is located west of Baker Pond on upper Baker
Creek. The M&M Dam was constructed to block the flow from Baker Creek and to help keep the
flow directed into to the adjacent natural channel if a similar ice anchoring condition (as was seen
in 2011) occurred again. Therefore, the M&M Dam typically retains no water. This structure is not
so much of a dam (as it typically is not retaining anything) and is more of a diversion / deflection
berm type structure. The structure appears to be constructed mainly of rockfill. The Baker Creek
flows are typically in the range of 10 to 20 m upstream of the toe of the dam (Golder 2014b).
DWC Dam
No design documents or design information was noted to be available for the DWC Dam. The
construction details of the DWC dam is based on anecdotal evidence and would have been
constructed sometime between the 1970s to 1980s to help reduce the amount of surface water
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flows coming from the catchment above and flowing into the A2 pit (Golder 2019). The dam
appears to typically be 2m or lower in height with a small boggy area now formed on the
upstream, with sparse vegetation and ponded water. Site visual inspections and interviews with
site personnel infer that this ‘dam’ was not engineered, and that it was constructed from site
operations by pushing material from the surrounding area up into a berm that was then
compacted. Notable vegetation (such as small trees) exists over the northern portion of the area.
There is a pipe installed through this structure that drains (imperfectly) non-contact water from the
upstream pond through a pipeline that discharges to the east of the A2 pit, in the general vicinity
of the Baker Creek outlet that feeds into Yellowknife Bay. Notable damage and full holes in this
pipeline were noted as part of the site inspections. The overall capacity of this pipeline is
expected to be limited.
Summary
A summary of the dam design geometry is provided in Table 14.
Table 14: Summary of Dam Geometry
Dam/Dyke

Geometry (1)
Max Height (m)

Length (m)

Crest Width (m)

Dam 21A

~11

90

~15

Dam 21B

~15

245

~15

Dam 21C

~15

275

~15

Dam 21D

~12

365

~15

Dam 22A

~12

245

~15

Dam 22B

~12

185

~15

B2 Dam

4

90

~15

C1 Clay Borrow Dam

4

~50

4

M&M Dam

2

~20

4

DWC Dam

<2

~75

~3 (2)

Notes:
1 Golder 2014b
2 Visual estimates in field

3.5.2

Historic Analysis and Investigations – Other Dams
The historical information for the C1 Clay Borrow Dam, the M&M Dam, and the DWC dam is very
limited to nonexistent. No notable historical analysis or investigations have been document for
these structures, beyond a bit of hydraulic analysis associated with the M&M Dam (Golder 2011).
The main ‘other dam’ with any notable information recorded was for the B2 Dam, specifically for
the B2 Dam reconstruction (SRK 2008). The rest of this subsection discusses the historical
analyses and investigations at the B2 Dam area only, as information for the remaining other dams
was not available.
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Geotechnical
B2 Dam Settlement Monitoring (Crest Surveys) – Pre-Reconstruction
As part of the initial response to the 2006 leakage event, a series of survey pins were installed on
the downstream crest of the dyke. Repeat surveying of these showed that the dyke was settling,
primarily in the central area and that there was no horizontal displacement. These results were of
a poor quality, due primarily to the extraneous movement caused by other activities on the dam
and frost effects (SRK 2008a).
In 2017, eight new settlement pins were installed at the downstream toe of the dam (as
recommended by Golder 2017). These are identified as settlement pins S27 to S34 in the
inspection reports (Golder 2018).
B2 Dam Geotechnical Investigations
Detailed sub-surface field investigations had to be carried out in order to determine foundation
conditions beneath the existing B2 Dyke, as well as in the general vicinity of any potential
remedial designs. Two dedicated geotechnical field investigations were carried out between
November and December 2006. These investigations included 13 drill holes and 11 test pits.
Disturbed and undisturbed samples were collected, and a select number of these samples were
used for routine characterization laboratory testing. In addition, five thermistors were installed in
the drill holes completed in October 2006, and ground temperature data was collected for a
period of about six weeks.
Details of the geotechnical field investigations are discussed in SRK (2008a).
B2 Dam Slope Stability and Seismicity
Slope stability analyses were not conducted during the B2 Dam reconstruction, as the initial
stability been designed by others (circa 1985) and appeared to be stable except for the ongoing
settlement near the middle of the dam. The new B2 Dam reconstructed structure would be about
15 m further upstream, leaving a substantial buttress on the downstream side. Consequently,
stability of this component of the dam was considered to be high, and not a cause for concern at
the time of the reconstruction measure.
The upstream face of the B2 Dam reconstruction was done angle of 3H:1V to facilitate
construction of the liner and placement of the sand and riprap protection. Because Giant Mine is
situated in an area of low seismic activity, these slopes were deemed to be safe at the time of the
reconstruction.
Hydrotechnical
B2 Dam Reconstruction – Hydraulic Design
The critical elevations of the dam crest of liner (and spillway) and ultimate crest, depend upon the
potential depth of water against the structure. Flood routing analyses had been conducted for
Reach 4 of Baker Creek (downstream of the B2 Dam) in 2005/06 (NHC 2007). Based on this
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work, the depth of water during the probable maximum flood (PMF) would be at elevation
168.5 m. However, at elevation 167.5 m, the water would overflow into B1 Pit. The 500-year flood
for the existing configuration of Baker Creek is estimated to reach elevation 164.5 m. It is
however anticipated that future reclamation activities at the Giant Mine will improve the hydraulic
capacity of Baker Creek, resulting in a lower flood elevation.
It was recognized that the B2 Dam had a history of settlement and that the new structure was to
be built partially overtop of the existing structure. It was therefore assumed that the design, which
incorporated a bituminous liner, would allow for modification of the dam in the future, if it was
determined that the top of the liner needed to be higher.
Considering these factors, it was decided that the top of liner and spillway invert would be at
elevation 166.5 m, with the crest of the dam at 167.5 m.
Other
No notable hydrogeological or thermal analysis was reviewed as part of this DSR for the B2 Dam
area. In the Golder 2018 inspection report, seepage at the north pit wall was noted. This appears
to be from a joint set in the bedrock with a near vertical dip and not from rockfill or soil. (Golder
2019e).
Instrumentation
Piezometers – B2 Dam Reconstruction
Eight vibrating wire pressure transducer piezometers were installed in the B2 Dam reconstruction
in 2007 in order to measure changes in piezometric pressure and to monitor the dam’s drainage
performance. The piezometers were purchased from RST instruments of Coquitlam, BC and all
were of the vibrating wire type, model VW2100. Each consists of a small cylindrical housing
containing a pressure transducer and a thermistor.
Seven piezometers were installed beneath the liner and one on top. Piezometers 1 through 6
were placed beneath the liner in the sand bedding layer where the toe of the 3H:1V slope
intersected the southern edge of the key trench. Piezometer 7 was installed on top of the liner
above Piezometer 6. Golder (2019e) presents the monitoring values between 2017 and 2018.

3.6

Consequence Classification and Design Criteria
In 2015, Golder (2015a) performed a preliminary re-classification of the dams on the Giant Mine
site in accordance with the updated CDA guidelines (CDA 2019). These dam classifications along
with design events (earthquakes and floods) outlined in the CDA guidelines are presented in
Table 15. Since the dams are in the construction, operation and transition phases.
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Table 15: Dam Design Consequence Classification and Design Criteria
Annual Exceedance Probability

Dam/Dyke
Name

CDA
Classification (1)

Earthquakes

Floods

Dam 1

High

1/2,475

1/3 between 1/1,000 and PMF

Dam 2

High

1/2,475

1/3 between 1/1,000 and PMF

Dam 3

Significant

Between 1/100 and 1/1,000

Between 1/100 and 1/1,000

Dam 3C

Low

1/100

1/100

Dam 3D

Low

1/100

1/100

Dam 4

Low

1/100

1/100

Dam 5

Low

1/100

1/100

Dyke 6

Low

1/100

1/100

Dam 7

Low

1/100

1/100

Dam 8

Low

1/100

1/100

Dam 9

Low

1/100

1/100

Dam 10

N/A - Removed

-

-

Dam 11

Significant

Between 1/100 and 1/1,000

Between 1/100 and 1/1,000

Dam 12

Low

1/100

1/100

Splitter Dyke
Containment
Berm
Dam 21A

Low

1/100

1/100

Not classified

-

-

High

1/2,475

1/3 between 1/1,000 and PMF

Dam 21B

High

1/2,475

1/3 between 1/1,000 and PMF

Dam 21C

High

1/2,475

1/3 between 1/1,000 and PMF

Dam 21D

High

1/2,475

1/3 between 1/1,000 and PMF

Dam 22A

High

1/2,475

1/3 between 1/1,000 and PMF

Dam 22B

High

1/3 between 1/1,000 and PMF

B2 Dam

Very High

C1 Clay
Borrow Dam

1/2,475
1/2 between 1/2,475 and 1/1,0000
or Maximum Credible Earthquake

Low(2)

1/100

1/100

-

-

1/100

1/100

M&M Dam
DWC Dam

N/A – Seasonal
use
Low(2)

2/3 between 1/1,000 and PMF

Notes:
1
2
3

3.7

Source: Golder 2015a, unless otherwise noted
Source: Golder 2018-2
Source: Table 3-2 and 3-3 CDA 2019.

Monitoring and Surveillance
The monitoring and surveillance program for dams at Giant is described in the OMS manual
(Golder 2019a). Routine inspections are carried out on daily, weekly, and monthly bases as
summarized in Table 16. Routine inspections include water level for the Northwest, North,
Settling, and Polishing ponds, as well as the elevation of Baker Creek at the B2 Dam.
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Geotechnical monitoring for Dam 1 consists of the following measurements and frequencies:
1. Vibrating wire piezometers: weekly
2. Thermistor string: weekly
3. Settlement anchor, deep settlement plates, and survey anchors:
a) Weekly during the months of April and May
b) Monthly during the months of June to March
4. Inclinometers: monthly
Geotechnical monitoring for the B2 Dam consists of the following measurements and frequencies:
1. Settlement Plates: Quarterly
2. Vibrating Wire Piezometers:
a) Weekly between April to August
b) Monthly between September and May
Standpipes and ground temperature cables (GTC) were installed at Dams 2, 3, 4, 5, 11, 21, and
22 in 2019 (Golder 2019d), but these monitoring stations are not yet included in the OMS Manual.
Annual geotechnical inspections of the dams are conducted by the Inspecting Geotechnical
Engineer after freshet and before water treatment.
Table 16: Dam Inspections Frequency
CDA
Classification

TCA or
Surface
Water Dam

Very High

Surface Water
Original

High

Northwest

Significant

Original

Low

Original

DN/MM/JK/MS

Minimum Inspection Frequency
Dam Name
B2 Dam
Dam 1
Dam 2
Dam 21A
Dam 21B
Dam 21C
Dam 21D
Dam 22A
Dam 22B
Dam 3 (A&B)
Dam 11 (A&B)
Dam 3C
Dam 3D
Dam 4
Dam 5
Dyke 6
Dam 7
Dam 8

During ETP Operations

Outside ETP Operations

Daily

Weekly

Monthly

Daily

Weekly

Monthly

X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
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CDA
Classification

TCA or
Surface
Water Dam

Surface Water
Not Applicable

Original
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Minimum Inspection Frequency
Dam Name
Dam 9
Splitter Dyke
DWC Dam
C1 Clay
Borrow Dam
Dam 10

During ETP Operations
Daily

Weekly

Monthly

X

X
X
X
X

Outside ETP Operations
Weekly

Monthly

X
X
X

X
X
X

X
X
X

X

X

X

X

Daily

X

Source: Golder (2019a)

3.7.1

Actions for Warning Levels and Unusual Events
Actions for Hazard Warning Levels, Alert Warning Levels, and Unusual Events are provided in
the OMS manual and included in Table 17, Table 18, and Table 19 below.
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Table 17: Actions for Hazard Warning Levels
Surveillance Criteria

Hazard Event Criteria

Pond Levels (Section 7.6)

•
•
•
•
•
•

Water level in Northwest Pond ≥ 192.4 m
Water level in Polishing Pond ≥ 173.0 m
Water level in Settling Pond ≥ Polishing Pond + 0.6 m
Water level in Settling Pond ≤ Polishing Pond + 1.0 m
Water Level in North Pond ≥ Polishing Pond - 1.0 m
Water level at B2 Dam ≥ 164.7

•

Piezometer PZ-1
−
pressure readings between weekly readings ≥ 20 kPa
−
pressure readings between monthly readings ≥ 30 kPa
Piezometer PZ-6
−
pressure readings between weekly or monthly readings > 25% of value at
PZ-7
Piezometer PZ-2, PZ-3 and PZ-4
−
pressure readings between weekly readings ≥ 15 kPa
−
pressure readings between weekly readings ≥ 25 kPa
Piezometer PZ-5
−
pressure reading between monthly readings ≥ 5 kPa
−
pressure reading between monthly readings ≥ 10 kPa
Piezometer D1-SD-01
−
pressure reading between monthly readings ≥ 20 kPa
Piezometer D1-SD-02
−
pressure reading between monthly readings ≥ 30 kPa
Piezometer D1-SD-06s
−
pressure reading between monthly readings ≥ 60 kPa
Piezometer D1-SD-03, D1-SD-05, and D1-SD-06D
−
pressure reading between monthly readings ≥ 0 kPa
Settlement Plates - Dam 1
−
150 mm
Settlement Plates S01 to S20 - B2 Dam
−
75 mm
Settlement Plates S21 to S23 - B2 Dam
−
50 mm
Survey Monuments T1 and T8 - Dam 1
−
40 mm
Survey monuments T2 - Dam 1
−
80 mm
Survey monuments T3, T6, and T7 - Dam 1
−
70 mm
Survey monuments T4 and T5 - Dam 1
−
50 mm
Survey monuments T10 - Dam 1
−
90 mm
Survey monuments - B2 Dam
−
100 mm
Thermistor Nodes 9, 10, 11 - Dam 1
−
Maximum temperature > -0.05oC
Thermistor Nodes 12, 13 - Dam 1
−
Maximum temperature > -0.1oC
Thermistor Node 14 - Dam 1
−
Maximum temperature > 0oC

•
•
•
•
•
•
•
•
Instrumentation (Section 8.5)

1

•
•
•
•
•
•
•
•
•
•
•

•
Visual (Section 8.4)

Cracks (< 50 mm wide)
Settlement
Bulging
Erosion
Water observed seeping through or at toe of dams or dykes
Vandalism

Actions by Site Technical Staff
•
•
•
•
•

•
•
•
•
•

Perform and record visual inspection. Inspection to be filed as
special inspection and separate to routine inspection.
Determine extent of potential failure mode
Measure water levels in North, Polishing, Settling and Northwest
Ponds and determine capacity to receive water
Set up pumps and pipelines to enable transfer of water from ponds
or if not available to underground
Inform Mine Manager of findings

Perform and record visual inspection.
Inspection to be filed as special inspection and separate to routine
inspection.
Increase monitoring to every 6 hours
Determine extent of potential failure mode
Inform Mine Manager of findings

Actions by Mine Manager (TCA
Responsible Person)
•
•
•

•
•
•
•

•
•
•
•

Perform and record visual inspection. Inspection to be filed as
special inspection and separate to routine inspections.
Determine extent of potential failure mode
Inform Mine Manager of findings

Source: Golder (2019a)

•
•
•
•

Notify Inspecting
Geotechnical Engineer for
guidance
Notify Site Owner
Perform visual inspection
Be prepared to notify
stakeholders and
neighbouring communities

Notify Inspecting
Geotechnical Engineer for
guidance
Notify Site Owner
Perform visual inspection
Be prepared to notify
stakeholders and
neighbouring communities

Notify Inspecting
Geotechnical Engineer for
guidance
Notify Site Owner
Perform visual inspection
Be available for Consultation
Be prepared to notify
stakeholders

Actions by Site Owner
(CIRNAC and PSPC)

Actions by Inspecting
Geotechnical Engineer

•

Be available for
consultation

•

Be available for
consultation

•

Be available for
consultation

•

Be available for
consultation

•

Be available for
consultation

•

Be available for
consultation

Notes: 1Hazard Levels for settlement plates and survey monuments are for maximum vertical movement in a one-year period
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Table 18: Actions for Alert Warning Levels
Surveillance Criteria

Alert Event Criteria

Actions by Site Technical Staff
•

Pond Levels (Section 7.6)

•
•
•
•
•
•
•

Water level in Northwest Pond ≥ 193.4 m
Water level in Polishing Pond ≥ 173.8 m
Water level in Settling Pond ≥ Polishing Pond +0.8 m
Water level in Settling Pond ≤ Polishing Pond -0.8 m
Water Level in North Pond ≥ Polishing Pond +1.7 m
Water level in North Pond ≤ Polishing Pond -1.7 m
Water level at B2 Dam ≥ 165.0

•

Piezometer PZ-1
−
pressure readings between weekly readings ≥ 30 kPa
−
pressure readings between monthly readings ≥ 50 kPa
Piezometer PZ-6
−
pressure readings between weekly or monthly readings > 100% of value at
PZ-7
Piezometer PZ-2, PZ-3 and PZ-4
−
pressure readings between weekly readings ≥ 25 kPa
−
pressure readings between weekly readings ≥ 30 kPa
Piezometer PZ-5
−
pressure reading between monthly readings ≥ 10 kPa
−
pressure reading between monthly readings ≥ 20 kPa
Piezometer D1-SD-01
−
pressure reading between monthly readings ≥ 40 kPa
Piezometer D1-SD-02
−
pressure reading between monthly readings ≥ 50 kPa
Piezometer D1-SD-06s
−
pressure reading between monthly readings ≥ 80 kPa
Piezometer D1-SD-03, D1-SD-05, and D1-SD-06D
−
pressure reading between monthly readings ≥ 20 kPa
Settlement Plates - Dam 1
−
250 mm
Settlement Plates - B2 Dam
−
150 mm
Survey Monuments - Dam 1
−
200 mm
Survey monuments - B2 Dam
−
200 mm
Thermistor Nodes 9, 10, 11, 12, 13, 14 - Dam 1
−
Maximum temperature > 0oC

•
•
•
•
Instrumentation (Section 8.5)

•
•
•
•
•
•
•
•

•
•
•
•
•

•
•
•
•

Perform and record visual inspection. Inspection to
be filed as special inspection and separate to routine
inspection.
Determine extent of potential failure mode
Measure water levels in ponds and determine
capacity to receive water (if not actioned at Hazard
Level)
Set up and start pumps and pipelines (if not actioned
at Hazard Level)
Start pumping system
Inform Mine Manager of findings

Perform and record visual inspection. Inspection to
be filed as special inspection and separate to routine
inspection.
Increase monitoring to every 6 hours
Determine extent of potential failure mode
Inform Mine Manager of findings

Actions by Mine Manager (TCA Responsible
Person)
•
•
•
•

•
•
•
•

•

Visual (Section 8.4)

•
•
•

•

Water overtopping the dykes
Major cracks (>50 mm wide)
Sink holes

•
•

Perform and record visual inspection. Inspection to
be filed as special inspection and separate to routine
inspections.
Determine extent of potential failure mode
Inform Mine Manager of findings

•
•
•
•

Notify Inspecting Geotechnical Engineer for
guidance
Notify Site Owner
Perform visual inspection
Be prepared to evacuate underground and
affected areas
Notify stakeholders and neighbouring
communities

Notify Inspecting Geotechnical Engineer for
guidance
Notify Site Owner
Perform visual inspection
Be prepared to evacuate underground and
affected areas
Notify stakeholders and neighbouring
communities

Notify Inspecting Geotechnical Engineer for
guidance
Notify Site Owner
Perform visual inspection
Be prepared to evacuate underground and
affected areas
Be available for consultation
Notify stakeholders and neighbouring
communities

Actions by Site Owner
(CIRNAC and PSPC)

Actions by Inspecting
Geotechnical Engineer

•

Be available for
consultation

•

Be available for
consultation

•

Be available for
consultation

•

Be available for
consultation

•

Be available for
consultation

•

Be available for
consultation

Source: Golder (2019a)

Notes: 1Alert Levels for settlement plates and survey monuments are for maximum vertical movement in a one-year period
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Table 19: Actions for Unusual Events
Unusual Event Criteria

Unusual Event - Earthquake

Unusual Event - Storm

Alert Event Criteria
•
•
•
•
•

M > 4.0 within 40 km
6.0 > M ≥ 5.0 within 80 km
7.0 > M ≥ 6.0 within 120 km
8.0 > M ≥ 7.0 within 200 km
M > 8.0 within 320 km

Rainfall > 50 mm in 24 hours (1 in 10 year storm event)

Actions by Site Technical Staff

Actions by Mine Manager

•
•
•
•

Perform visual inspection
For unusual events determine effect of unusual even
on the facility
Inform Mine Manager of findings

•
•
•

Notify Inspecting Geotechnical Engineer for
guidance
Notify Site Owner
Perform visual inspection
Be available for consultation
Be prepared to notify stakeholders and
neighbouring communities

Actions by Site Owner
(CIRNAC and PSPC)

•

Be available for
consultation

Actions by Inspecting
Geotechnical Engineer

•

Be available for
consultation

Source: Golder (2014d)
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Closure Plan
Under the current closure plan (CIRNAC and NWT 2019), South Pond tailings will be relocated to
the North and Central Ponds, and tailings will permanently be stored in the North Pond, Central
Pond and Northwest Pond. The tailings will be shaped to shed water and covered with an
engineered cover which will include a synthetic liner. Spillways will be constructed to drain water
from the surface of the covered tailings. Cover spillways will be designed to accommodate peak
flows from the 24-hour duration peak maximum precipitation (PMP) event.
For the South Pond, Dam 11, Dam 12 will be breached while Dam 7 will remain in place and
collect seepage until water quality consistently meets discharge criteria at which time it will be
breached. Dam 2, 4, 5 and 21A are expected to require stabilization and/or recommissioning
work to meet stability requirements for post-closure.
Additionally, Dam 1 is expected to need remedial work including a potential raise to remain
operational during active closure when the polishing and settling ponds need to be maintained to
support water treatment efforts. The planned closure condition of each dam is summarized in
Table 20.
Table 20: Summary of Dam Planned Closure Conditions
Dam/Dyke

Planned Closure Conditions

Dam 2

Contain Polishing and
Settling Pond
Tailings containment

Dam 3

Tailings containment

Permanently retained, no water head

Dam 3C

Seepage containment

Unknown(1)

Dam 3D

Seepage containment

Unknown(1)

Dam 4

Tailings containment(1)

Permanently retained, no water head

Dam 5

Tailings

containment(1)

Permanently retained, no water head

Dyke 6

Internal Dyke

Dam 7

Seepage containment

Decommissioned

Dam 8

Tailings containment

Permanently retained, no water head

Dam 9

Tailings containment

Permanently retained, no water head

Dam 10

Freeboard Dam

Decommissioned

Dam 11

Tailings containment

Decommissioned

Dam 12

Tailings containment

Decommissioned

Splitter Dyke

Solids retention

Decommissioned

Containment Berm

Dam 1

Removed
Permanently retained, no water head

Covered/reshaped as part of tailings landform

Solids retention

Decommissioned

Dam 21A

Tailings containment

Permanently retained, no water head

Dam 21B

Tailings containment

Permanently retained, no water head

Dam 21C

Tailings containment

Permanently retained, no water head

Dam 21D

Tailings containment

Permanently retained, no water head

Dam 22A

Tailings containment

Permanently retained, no water head

Dam 22B

Tailings containment
Keep Baker Creek out of
B2 pit

Permanently retained, no water head

B2 Dam
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Dam/Dyke

Operational Purpose

C1 Clay Borrow
Dam

Sediment control for borrow
area
Diversion berm for ice jams
on Baker Creek
Prevents some surface
water from entering A2 Pit

M&M Dam
DWC Dam

Planned Closure Conditions
Unknown(1)
Unknown(1)
Unknown(1)

Notes:
1

3.9

Dam not mentioned in the closure and reclamation plan

Engineer of Record
Golder has accepted the responsibility of Inspecting Engineer for the dams, however, has not
formally accepted the role of Engineer of Record. There is no appointed EOR for the tailings
facilities and dams at Giant Mine. It is unclear who is responsible for reviewing monitoring data on
a regular basis and recommend maintenance activities to address performance activities outside
of the annual visual inspections. Golder has been involved with the project since at least 1994
and has completed the 2019 annual geotechnical inspection.

3.10

Previous Dam Safety Review
The previous DSR was conducted by BGC Engineering Inc. in 2004 (BGC 2005). Issues
identified during the 2004 DSR along with their status at the time of the 2019 DSR are
summarized below and in Table 21. Issues that are partially complete or incomplete will be
addressed later in this report.
1. 2004 Issue: For Dams 1, 2, 3, 11, 21, 22, and the B2 Dam, “seepage and piping have
been issues at all of these dams at various times, and there is very little instrumentation
in place to allow quantification of piezometric levels and rates of seepage. Such
instruments have been requested and recommended numerous times in the past. The
long-term stability of these dams relies on the satisfactory performance of internal
drainage and consequent low piezometric pressures within the downstream shells. It is
recommended, therefore, that sufficient instrumentation be installed, (or abandoned
existing instrumentation be re-instated), so that the performance can be monitored to
demonstrate that internal drainage remains effective in maintaining low piezometric
pressures in the dams.”
2019 Status: Partially complete. Limited instrumentation has been installed, but the
monitoring network is not sufficient spatially to demonstrate that pore pressures and
seepage are acceptable within the identified dams.
2. 2004 Issue: The Dam 2 north and south decant towers have no record of being properly
decommissioned.
2019 Status: Incomplete. SRK did not find evidence that the decant towers have been
properly decommissioned.
3. 2004 Issue: Filter materials exposed in Dams 2 and 21A may be susceptible to cracking,
thus being unsuitable for filter material. Ponds should be operated with wide beaches or
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monitoring should be increased during periods of high pond levels. The as-built nature of
filters at Dams 1, 2, 3, 11, 21, and 22 should be investigated.
2019 Status: Incomplete. SRK did not find records that potential cracking or as-built
characteristics of filter material of any dams on site have been addressed. Minimum
beach widths are not specified. See Issue 1 pertaining to pore pressure monitoring.
4. 2004 Issue: To address seepage and stability concern for Dam 1, operating freeboard
should be increased to 1.5 m while detailed assessments are carried out.
2019 Status: Partially complete. Detailed assessments have been carried out (Golder
2015b, 2019b). Minimum freeboard is 1 m (Golder 2019b). Please see 2019
recommendations for Dam 1 in Section 7.4.
5. 2004 Issue: The maximum water level differential between the North and Polishing
ponds was exceeded in 2002 and 2003.
2019 Status: Partially complete. Maximum pond level differentials are addressed in the
OMS Manual (Golder 2019a). SRK found the maximum water level differential between
the North and Polishing Ponds, as well as between the Settling and Polishing Ponds, was
exceeded on occasions in 2018 and 2019.
6. 2004 Issue: Spillways to pass the PMF are not present. While closure spillways are
being designed, a comprehensive plan should be developed to safely pass the PMF.
2019 Status: Partially complete. No spillways are present to pass the PMF. SRK found
that the Polishing Pond and Settling Pond do not have capacity to retain the IDF. The
North and Northwest Ponds have sufficient capacity to retain the inflow design flood
specified by dam classification. Freeboard levels for all active ponds need to be reevaluated (discussed in Section 6.2.2).
7. 2004 Issue: Dam 2 has cracks and toe bulges. Investigation should be carried out or
Dam 2 should be modified to eliminate containment of water. In the meantime, the
minimum operating freeboard should be increased by 1 m.
2019 Status: Partially Complete. The North Pond still contains water. Golder (2019d)
performed a site investigation in 2018 which included several boreholes through Dam 2,
however, SRK found no evidence of work performed which specifically assessed of the
source of the toe bulges.
8. 2004 Issue: The Northwest Pond water level is maintained by pumping. A response plan
should be put into place to provide backup power for the pumping system.
2019 Status: Incomplete. SRK is not aware of a plan to provide backup power to the
Northwest Pond pump.
9. 2004 Issue: For the Emergency Preparedness Plan and OMS Manual, formal staff
training, documentation of training, and emergency response exercises are needed.
2019 Status: Incomplete. EPRP and OMS training is not formalized or documented.
Emergency response exercises have not been carried out.
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10. 2004 Issue: An OMS Manual does not exist. The OMS Manual should contain
surveillance procedures and trigger levels.
2019 Status: Complete. An OMS Manual has been developed (Golder 2019a).
11. 2004 Issue: Dams were not generally designed for earthquakes. Dams 1, 2, and 3 were
built on tailings.
2019 Status: Partially complete. A seismic stability evaluation was performed in 2008
(SRK 2008b). Ground motion parameters will be changing in 2020 and the state of
practice in seismic stability and liquefaction assessment has changed since 2008.
12. 2004 Issue: Dam safety recommendations from annual inspections are often not
addressed or addressed much later. Also, there is no rigorous procedure for tracking
resolution of dam safety issues.
2019 Status: Partially complete. Timeliness in resolving dam safety issue varies. Golder
tracks dam safety issues in the annual inspection reports, and the site care and
maintenance contractor discusses issues in biweekly meetings.
13. 2004 Issue: Storage capacity of all ponds should be evaluated for a range of inflow
events, including mine water inflows in winter/spring, and runoff from combined snowmelt
and rainfall.
2019 Status: Partially complete. Storage capacity curves for all ponds are available in
the OMS Manual (Golder 2019a), but freeboard needs to be re-evaluated for inflow
events from rainfall and/or snowmelt runoff.
14. 2004 Issue: Increase safety against piping by lowering maximum pond levels and
increasing minimum beach lengths in the North and Northwest ponds.
2019 Status: Partially complete. The North Pond level is limited by piping concerns with
Dam 2, but damage to the clay core necessitates a review. The Northwest Pond is
operated close to the Dam 21D crest.
15. 2004 Issue: “Monitoring and surveillance of all dams, including the B2 Pit Dyke, for signs
of instability should be maintained on an ongoing basis.”
2019 Status: Complete. Monitoring and surveillance of all dams, including the B2 Dam is
performed and outlined in the OMS Manual (Golder 2019a).
16. 2004 Issue: Additional instruments should be installed to measure displacement.
2019 Status: Partially complete. Instruments and survey points to measure displacement
have been installed at Dam 1. Other dams have survey points or ad hoc surveys
performed.
17. 2004 Issue: Consequences of dam failure should be evaluated, and consequence
classifications should be established. Classifications should consider different phases in
the dam life cycle.
2019 Status: Complete. Consequences and classifications are addressed in annual
inspections and reviewed in Section 6 of this report.
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18. 2004 Issue: Develop and implement a plan for DSRs.
2019 Status: Partially complete. This is the second DSR. However, this DSR is 15 years
after the previous DSR.
19. 2004 Issue: The OMS Manual should contain maintenance procedures and schedules.
2019 Status: Partially complete. Maintenance procedures are outlined in the OMS
Manual. However, further details are needed – see Sections 6 and 7.4 of this report.
20. 2004 Issue: The distribution list for the Emergency Response Plan should include the
RCMP and other local agencies involved in emergency response.
2019 Status: Partially complete. SRK understands that project personnel communicate
with local agencies. A distribution list should be added to the EPRP.
21. 2004 Issue: The South Pond outlet pipe should be drained in winter to prevent it from
freezing. The South Pond pipe inlet should be inspected for blockage and blockages
promptly cleared. The Polishing Pond pipe siphon inlet should be inspected for blockage
and blockages promptly cleared.
2019 Status: Complete. Water from the South Pond flows by gravity to the North Pond.
The Splitter Dyke is inspected daily during ETP operation.
22. 2004 Issue: Availability of spare pumps and parts should be determined.
2019 Status: Complete. The OMS Manual/EPRP includes a list of emergency resources.
23. 2004 Issue: “The inlet level of the Dam 5 decant should be lowered, or the dam
breached in order to channel flow into the north cell at a lower elevation. In the longer
term, discharge into the south cell should cease and this end of the tailings impoundment
should be allowed to drain down.”
2019 Status: Complete. Water from the South Pond flows by gravity to the North Pond.
24. 2004 Issue: During closure, consider the steep rock slopes between Dams 21D and 22A
for rockfill quarrying and then flattening the slopes for public safety.
2019 Status: Complete. The Closure and Reclamation Plan (CIRNAC and NWT 2019)
calls for recontouring quarry slopes for safety.
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Table 21. Status Summary of Issues Identified in 2004 DSR
Number

Name

Status

1

Pore pressure and seepage instrumentation

2

Dam 2 decant tower decommissioning

3

Filter zone suitability

4

Dam 1 freeboard

5

North Pond – Polishing Pond hydraulic gradient

6

Accommodating the PMF

7

Dam 2 deformation

8

Backup power for Northwest Pond pumping system

9

Emergency preparedness and response plan training and exercises

10

OMS Manual

11

Seismic performance

12

Dam safety issue resolution and tracking

13

Pond storage capacity for a range of inflow events

14

North and Northwest Pond levels and beach lengths

15

Monitoring and surveillance of all dams

16

Displacement instrumentation

17

Dam consequence classifications

18

Planning and implementation of DSRs

19

Maintenance procedures in OMS Manual

20

Add public emergency responders to EPRP distribution list

21

Pipe blockage prevention

22

Spare pumps and parts

23

South pond water level

24

Dams 21D and 22A rock slopes

Status:
Complete
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Monitoring Data Review
See Table 1 for a list of monitoring data and reports that SRK reviewed as part of this DSR.

4.1

Geotechnical Monitoring

4.1.1

Thermal Monitoring
SRK was provide technical reports with ground temperature measurements collected from a
select number of dams. A summary of the findings from review of the recent ground temperature
measurements is shown in Table 22.
Permafrost is warm with ground temperatures ≥-0.2°C at Dam 1 (D1-SD-09) and Dam 11
(D11-SD19-20). Ground temperature profiles suggest degrading permafrost at these locations
and the granular materials can be expected to have a high unfrozen water content. Permafrost
was determined to be absent based on ground temperature data collected from drillhole
D2-SD19-25B. Ground temperatures collected at Dam 21A (D21A-SD19-32) indicate the top of
permafrost is at 6.5 m below ground surface (bgs) within the overburden foundation with
temperatures ≥-3.0°C. At Dam 21D (D21D-SD19-13), permafrost temperatures are ≥-5.0°C with
the top of permafrost at approximately 4.7 m. Seasonal freezeback of the active layer which
allows for conductive cooling of the underlying permafrost is observed in May ground temperature
measured at Dam 21 (D21D-SD19-13) and Dam 22B (D22B-SD19-08).
Recent geotechnical drilling has confirmed frozen soil at Dams 1, 2, 11, 21A, 21B, 21C, 21D,
22A, and 22B (Golder 2019d), as shown in Table 22. Frozen ground encountered at depths that
are beyond the expected range of seasonal thaw can be inferred to represent permafrost soils. In
some case ground ice and massive ice were encountered.
Table 22: Review of Ground Temperature Measurements and Associated Permafrost Data
Dam/Dyke

Dam 1

Dam 2

DN/MM/JK/MS

Cable ID
(Measurement Date)

Frozen Soil1
(Ground Ice Type)

D1-SD-09

7-16.8 m bgs
14.6-18 m bgs
13.8-21.1 m bgs
14.7-15.2 m bgs
8.5-17.8 m bgs
(Vc, Vs, Vr, ICE&Soil,
Nbn, Nbe, Nf)

D2-SD19-25B
(Aug. 17, 2019)

0-2.4 m bgs
0-3.8 m bgs
3.8-14.8 m bgs
2.6-2.9 m bgs
(Vc, Nbn)

Instrument
Details(2,3)

Findings
Permafrost is present from
approximately 8.5 to 16.5 m,
permafrost temperature
≥ -0.2°C. A suprapermafrost
talik presently exists resulting
in permafrost degradation.

GTC 20.5 m
long, 16
nodes
Installed May
2019
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Dam 11

Dam 21A

Dam 21D

Dam 22B
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Cable ID
(Measurement Date)

D11-SD19-20
(Aug. 16, 2019)

D21A-SD19-32
(Aug. 21, 2019)

D21D-SD19-13
(Aug. 22, 2019)

D22B-SD19-08
(Aug. 23, 2019)

Frozen Soil1
(Ground Ice Type)

Instrument
Details(2,3)

Findings

4.9-10.7 m bgs (Vc)

Permafrost is present from
approximately 5.6 m to 8.6 m,
permafrost temperature
GTC 11.6 m
long, 8 nodes ≥ -0.2°C, two lowermost nodes
Installed April
are above 0°C, top of
2019
permafrost is located within
clayey silt fill and bottom of
permafrost within rock fill

6.4-10.1 m bgs
(Vr, Nbn)

Permafrost is present from
approximately 6.5 m to a depth
GTC 11 m
greater than bottom sensor,
long, 8 nodes
permafrost temperatures
Installed May
≥ -3.0°C, top of permafrost is
2019
located within the overburden
foundation

11.6-18.9 m bgs
7.6-17.1 m bgs
5.6-11.3 m bgs
(Vc, Vr, Nbn)

Permafrost is present from
approximately 4.7 m to a depth
GTC 12.2 m
greater than bottom sensor,
long, 9 nodes
temperature ≥ -5.0°C, top of
Installed May
permafrost is located within the
2019
fill. See Figure 23 for additional
evidence / notes.

4.9-11.9 m bgs
7.3-16.2 m bgs
(Vc, Vr)

Permafrost is present from
approximately 6.5 m to a depth
GTC 17 m
greater than bottom sensor,
long, 16
temperature ≥ -1.6°C, top of
nodes
permafrost is located within the
Installed May
fill at instrumented site. See
2019
Figure 22B for additional
evidence / notes.

Notes:
1.
2.
3.

4.1.2

Frozen soil based on recent sonic drilling completed in 2019. Multiple drillholes completed for some dams
Ground temperature cable (GTC)
Number of nodes (thermistor sensors) below ground surface

Displacement Monitoring
A summary of displacement monitoring instrumentation is summarized in Table 23, details of the
monitoring are described in more detail below. All displacement monitoring stations have been
installed at Dam 1 with the exception of instruments at the B2 Dam.
Table 23: Displacement Monitoring Summary

DN/MM/JK/MS

Dam/Dyke

Displacement
Monitoring Point

Displacement
Monitoring Type

Monitoring
Period(1)

Notes

Dam 1

SP1

Settlement Plate

2002-2019

Located on upstream crest, installed
~4.5 m below ground surface

Dam 1

SP2

Settlement Plate

2002-2019

Located on upstream crest, installed
~4.5 m below ground surface

Dam 1

SP2

Settlement Plate

2002-2019

Located on downstream toe, installed
~4.5 m below ground surface

Dam 1

D1-SD-05

Inclinometer

2018-2019
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Dam/Dyke

Displacement
Monitoring Point

Displacement
Monitoring Type

Monitoring
Period(1)

Notes

Dam 1

D1-SD-06

Inclinometer

2018-2019

Frozen soil 14.5 to 18.0 m

Dam 1

D1-SD-07

Inclinometer

2018-2019

Frozen soil 17 m to 21 m, logged as ICE
15 to 17 m.

Dam 1

D1-SD-08

Settlement Anchor

2018-2019

Installed 13.7 m deep in plastic clay.
Thin layer of frozen soil deeper than
anchor.

Dam 1

T1

Survey Monuments 2016-2019

Upstream crest of 2002 raise

Dam 1

T2

Survey Monuments 2016-2019

Upstream crest of 2002 raise

Dam 1

T3

Survey Monuments 2016-2019

Upstream crest of 2002 raise

Dam 1

T4

Survey Monuments 2016-2019

Downstream crest of 2002 raise

Dam 1

T5

Survey Monuments 2016-2019

Downstream crest of 2002 raise

Dam 1

T6

Survey Monuments 2016-2019

Downstream crest of 2002 raise

Dam 1

T7

Survey Monuments 2016-2019

Downstream crest of original dam

Dam 1

T8

Survey Monuments 2016-2019

Downstream crest of original dam

Dam 1

T9

Survey Monuments

-

Destroyed.

Dam 1

T10

Survey Monuments

2016-June
2018

Downstream crest of original dam.
Disturbed by equipment June 2018

B2 Dam

17 plates

Settlement Plates

2007-2008,
2015,
2017-2019

Three locations S24 to S26 were
installed in September 2017 to reestablish survey points that had been
destroyed.
S07 to S13 not surveyed in 2015.
Compilation of data presented in Golder
2019c.
In 2018 three survey monuments (S24,
S25 and S26), which are in Baker Creek,
were submerged in water, obscured by
vegetation and unable to be surveyed.

B2 Dam

14 monuments

Survey Monuments

2007-2008,
2015,
Sparse records exist for points S24, S25
2017-2019 and S26. 2017 data is available for these
points.
Compilation of data presented in Golder
2019c.

Notes:
1.

DN/MM/JK/MS

Monitoring period notes the range of available information / information reviewed for this DSR; it is understood
that this instrumentation will continue to be read beyond 2019.
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Dam 1
Displacement monitoring of three settlement plates has occurred at Dam 1 since 2002, SP1 and
SP2 are located on the upstream slope, and SP3 located at the downstream toe. Settlement
plates SP2 and SP3 are both located near the section of the dam that has experienced the most
historical settlement. Review of this data indicates that settlement is occurring on the upstream
slope, and heave has been noted at the toe. Settlement plate SP2 has continuously settled since
installation with a total settlement of approximately 990 mm and an average annual settlement of
60 mm (Figure 17, Golder 2019b). Horizontal displacement readings (Figure 7, Golder 2019e)
indicate that SP2 has displaced approximately 400 mm to the south, with the biggest
displacements occurring between July 2014 and July 2016.
Cumulative displacement measurements at SP1 indicate some initial settlement then a period at
a constant elevation (cumulative settlement of 40 mm) from 2006 to 2009 (Figure 19, Golder
2019b). Since 2017, the total cumulative settlement measurements at SP1 are in the order of 50
to 60 mm (Figure E1, Golder 2019c and Figure 19, Golder 2019b). SP3 displayed some initial
settlement after installation then cumulative displacements remained relatively constant at
around -20 mm from 2006 to 2013. Survey measurements since 2013 indicate heave and
cumulative displacement of SP3 was +60 mm August 2019 (Figure 19, Golder 2019b).
Three inclinometer casings were installed in the Dam crest in 2018, D1-SD-05, D1-SD -06,
D1-SD-07, and readings have been collected monthly during the summer months (April to
August). Review of Dam 1 inclinometer data indicates negligible deflection at D1-SD-05, with less
than 15 mm only occurring only in the top 2 m (Figure E3, Golder 2019c). In August 2019,
cumulative deflections in the range of 15 mm were measured in the top 15 m of D1-SD-06 for
both parallel (B Direction) and perpendicular (A Direction) directions to the dam alignment. The
cumulative deflections of approximately 25 mm were measured around 17 m below ground
surface, parallel to the dam alignment. Most of these deflections occurred between April and July
2019 (Figure E4, Golder 2019c). August 2019 deflections for D1-SD-07 were measured to be less
than 20 mm in the top 14 m of the hole, at a depth of 16 to 18 m deflections increase to
approximately 30 mm perpendicular the dam (A Direction) and approximately 40 mm parallel to
the dam (B direction). While D1-DS-07 readings show a minor increasing trend, most of the noted
deflection occurred shortly after the inclinometer was installed (Figure E5, Golder 2019c). It is
important to note that the locations with the higher deflections for inclinometers D1-SD -06 and
D1-SD-07 corresponds to zones of frozen soil, and the areas of with the highest deflections
correspond to areas of frozen soil with high excess water contents upon thawing (excess water
content of 53% for D1-SD-06 and 71% for D1-SD-07) (Golder 2019b). Frozen soil was not noted
during the drilling of D1-SD-05.
Settlement anchor D1-SD-08 was installed in 2018 and approximately 60 mm of settlement has
been measured since installation (Figure 6, Golder 2019c). Borehole D1-SD-08 only encountered
a thin area of frozen soil at an approximately depth of 14.7 to 15.2 m, which is deeper than the
installation depth of the settlement anchor.
Deformation monitoring points at Dam 1 have not historically captured the extent of crest
settlement. Crest settlement of approximately 1,200 mm was measured between 2002 and 2018,
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while survey plate SP2 measured settlement of approximately 950 mm (Golder 2019b). Survey
monuments installed in 2016 should be more reliable and should be included in future analysis of
dam deformation.
Ten survey monuments were installed at Dam 1 in June 2016, but one monument (T9) was
destroyed shortly after installation. The monuments were monitored quarterly June 2016 to July
2018, with reading frequency increasing in 2019. The smallest vertical displacements were
recorded at monument T8 with values in the range of -25 mm since 2016. Prior to being damaged
in June 2018, survey monument T10 had the largest recorded vertical displacements, with a
settlement of 175 mm between June 2016 and June 2018 (Figure 8, Golder 2019e). Between
June 2018 and February 28, 2019, most survey monuments showed settlements (max.
settlement June 2018 to February 2019 of 41 mm), then heave to roughly the same elevation as
the June 2018 reading in April 2019 and remaining relatively constant until June 2019 (Figure 6,
Golder 2019c). Survey monuments T4, T6, T7 and T8 showed horizontal movements in the
downslope direction greater than 30 mm between 2017 and 2018. In 2019, T4 was showed a
displacement greater than 30 mm, while T5 and T7 had horizontal displacements between 15 and
30 mm (Figure 5, Golder 2019c and Figure 9, Golder 2019e). Settlement monuments on the
upstream slope (T1, T2, T3) had horizontal displacements in the downslope direction of greater
than 30 mm between 2017 to 2018, T1 and T2 and had horizontal displacements of greater that
30 mm between 2018 and 2019, while T3 had horizontal displacements of 15 to 30 mm during
that time period.
Settlement plates, survey monuments, survey anchors, and ground survey have all measured
ongoing displacement at Dam 1, and dam raises have historically been required to maintain
freeboard in the Polishing and Settling ponds.
B2 Dam
Vertical displacement monitoring for the B2 Dam has been collected since 2007, with a gap in the
data from approximately 2009 to 2015. Review of this data indicates that settlement has been
occurring at a relatively constant rate since 2008, with measured settlement ranging from roughly
300 mm to 750 mm over this approximately 12-year period (Figure E6, Golder 2019c).
As outlined in Golder 2019c, based on looking at the 2018 to 2019 vertical settlements, four
locations (S13 to S16), located on the upstream crest of the dam, all recorded the largest
settlements, greater than 15 mm over this period.
Generally, the trends of horizontal displacements are towards the center of the dam and / or
towards the B2 pit. Over the 2018 to 2019 review period, displacements as high as 60 mm were
noted.
Based on the 2019 crest survey results (Golder 2019c), the top of liner is estimated to be around
elevation 165.6m. For comparison the 2007 reconstruction design was to a minimum elevation of
164.7m (excluding freeboard). The current liner is therefore estimated to have around 0.9 m of
freeboard above the design flood event of the reconstructed B2 Dam. Survey monuments,
settlement plates, or inclinometers do not exist or are not recorded for other dams on site.
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Pore Pressure and Seepage Monitoring
In 2018, four vibrating wire piezometers (VWP) were installed at the Dam 1 crest and one VWP
was installed at the Dam 1 toe (Golder 2019b). Upon review of the data (Golder 2019c), the
following trends are evident:
1. VWP installed in silty clay at SD-01, -02, -05, and -06 have shown positive pore pressures
with increases of 0.5 to 1 m from mid-April through at least mid-June of 2019. VWP at the toe
(SD-01) and near the center of the dam crest (SD-02 and -06) showed higher pore pressure
increases than VWP at the crest near the north abutment (SD-05). VWP in SD-02 (silty clay)
and -06 are installed within or just above permafrost with massive ground ice logged in
boreholes by Golder (2019b).
2. VWP installed in silty clay at SD-02 and -06 have shown consistent pore pressure increases.
The VWP in silty clay in SD-02 has shown consistent pore pressure increase on the order of
1.5 m since equilibration after installation. The VWP in SD-06 has shown consistent pore
pressure increase on the order of 1 m from April 2019 to the end of the record in August
2019. VWP in SD-02 (silty clay) and -06 are installed within or just above permafrost with
massive ground ice logged in boreholes by Golder (2019b).
3. VWP installed in clayey silt south of the dam crest center (SD-03) has shown a stable
positive pore pressure since installation.
4. VWP installed in silty gravel and sand at SD-06 (below the silty clay VWP) has shown a
stable negative pore pressure since installation.
Pumping records from seepage collection areas at Dams 1, 11, and 22 are provided in Golder
(2019c). Surface water runoff and seepage from the dams report to the seepage collection areas
and are removed by pumping during open water periods.
In 2019, standpipe piezometers were installed at Dams 2, 3, 4, 5, 11, 21, and 22 (Golder 2019d),
but data were not sufficient to review trends for this DSR.
There has been notes in the historic record of piezometer installation and water level readings,
such as in 1974 when standpipe piezometers were installed in Dams 1, 2, 3, 4, 5, 6, 7 (Geocon
1975), however, readings from these historic sources have been lost, or only very short records
near the installation of the piezometer are available.
Pore pressure monitoring has been performed for the B2 Dam, as outlined in Golder 2019c. The
primary period of piezometer data available to review for the B2 Dam, as part of this DSR, was
from 2017 to 2019. The piezometer monitoring results for PZ-1 to PZ-7 from May 2017 to July
2018 are presented in Golder 2019c. It is outlined in Golder 2019c that for PZ-5 and PZ-6,
pressure readings recorded in 2018 were not significantly higher than when first installed. At PZ-5
and PZ-6, no increases in pressure were recorded. In PZ-7 (located above the liner and above
PZ-6) increases in pressures are shown and, based on the limited data set, could have some
correlation to the spring freshet and rainfall events. It should be noted that PZ-5, -6 and -7 span
the width of Baker Creek (as shown in SRK 2008a) and therefore do not show evidence of large
flows through the liner at these locations. PZ-1 to PZ-4, which terminate around the upstream toe
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and do not span Baker Creek, show some correlation to flow / level in Baker Creek. One of the
most notable peaks in the data is at location PZ-1 around July 2018. The small dataset does not
show if the larger fluctuations at this location are from Baker Creek or from other mechanism
(such as seepage). PZ-8 has been giving error / zero values and Golder suggested in 2018 and
again in 2019c to be further inspected by an electrician.
Golder 2019c have also suggested that water level gauge surveys be completed with each
piezometer reading taken at the B2 Dam and that additional instrumentation, such as thermistors
and vibrating wire piezometers be installed.

4.2

Water Monitoring
SRK was provided with surface water levels for the lake areas relevant to the dams and dykes
obtained by survey. Table 24 provides a summary of the levels.
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Table 24: Summary of Water Level Measurements
Dam/Dyke
Dam 1
Dam 2
Dam 3
Dam 3C
Dam 3D
Dam 4
Dam 5
Dyke 6
Dam 7
Dam 8
Dam 9
Dam 10
Dam 11
Dam 12
Splitter Dyke
Containment
Berm
Dam 21A
Dam 21B
Dam 21C
Dam 21D
Dam 22A
Dam 22B
B2 Dam
C1 Clay
Borrow Dam
M&M Dam
DWC Dam

Most
Recent
Water Level
(m) (1)

Current
Maximum
Operating
Level (m) (2)

Constructed
Containment
Level (m) (2)

Warning
Level (2)

173.37

173.7

174.8

Hazard

173.73

180.3

181.5

None

173.73

180.3

181.5

None

-

-

-

N/A

-

-

-

N/A

-

Dry

-

N/A

-

Dry

-

N/A

-

Dry

-

N/A

-

Dry

-

N/A

-

Dry

-

N/A

-

Dry

-

N/A

July 2018 to Oct
2019

Not
Specified
Not
Specified
Not
Specified
Not
Specified
Not
Specified
Not
Specified

173.73

180.3

181.5

None

-

Dry

-

N/A

-

Dry

-

N/A

Pond

Data Period

Polishing
Pond
North
Pond
North
Pond
Seep

July 2018 to Oct
2019
July 2018 to Oct
2019
July 2018 to Oct
2019
-

Seep
South
Pond
South
Pond
Central
Pond
South
Pond
Central
Pond
Central
Pond
North
Pond
South
Pond
South
Pond
Settling
Pond
Settling
Pond
Northwest
Pond
Northwest
Pond
Northwest
Pond
Northwest
Pond
Northwest
Pond
Northwest
Pond
Baker
Creek
C1
Borrow
Area
Baker
Creek
-

July 2018 to Oct
2019
July 2018 to Oct
2019
July 2018 to Oct
2019
July 2018 to Oct
2019
July 2018 to Oct
2019
July 2018 to Oct
2019
July 2018 to Oct
2019
July 2018 to Oct
2019
July 2018 to Oct
2019

Not
Specified
Not
Specified

173.79

174.6

176.5

None

173.79

174.6

176.5

None

191.53

193.4

194.3

None

191.53

193.4

194.3

None

191.53

193.4

194.3

None

191.53

193.4

194.3

None

191.53

193.4

194.3

None

191.53

193.4

194.3

None

163.41

165.6

164.7

None

-

Unknown

Not
Specified

-

N/A

-

Unknown

-

N/A

-

Unknown

-

N/A

Not
Specified
Not
Specified

Notes:
1
2

Water level obtained October 2, 2019.
At time of measurement based on OMS Manual.
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Tailings Geochemistry
The tailings solids within the South, Central and North Ponds are enriched in arsenic, antimony,
cadmium, lead, and sulphur when compared to typical crustal abundances (Golder 2017a). The
measured concentrations vary between not only ponds, but also between locations within each
pond (Golder 2017a).
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Site Visit

5.1

Summary
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Mr. Kurylo, PEng (BC, YT, NWT/NT), Mr. Neuffer, PEng, P.E. (YT, BC, AK, NV), Mr. Sumka, EIT
(AB, BC), and Ms. Miller, PEng (BC, YT, NWT/NT) visited the site on October 1 and 2, 2019.
Mr. Curtis Duffy, PEng, a CIRNAC senior engineer on the Giant Mine Remediation Project,
coordinated the site visit. Weather during the site visit included high clouds and sun.
Temperatures ranged from 0°C to 10°C. The ground was dry or wet depending on location, with
no snow.
Full physical access was provided to all Dams and Dykes. Selected photographs from the site
visit are provided in Appendix A along with plan maps illustrating the photo location.

5.2

Observations
Significant observations from the site visit are summarized in Table 25.
Ground deformation observed in the field included voids and depressions. For the purposes of
this DSR, void and depression are defined as follows:
•

Void: An air- or water-filled opening in the face or crest of a dam.

•

Depression: An area of a dam that is lower than the surrounding surface.

Table 25: SRK Site Observations during Dam Inspections
Dam/Dyke

Major Observations
-

Dam 1

-

DN/MM/JK/MS

Water (seepage) ponding at downstream toe of dam near north and south edges
Longitudinal cracks noted on lowest bench (Photo 1-15)
Instrumentation (GTCs and settlement plates) in good condition (Photos 1-9, 1-10, 1-11),
except for one settlement monument that has been damaged (Photo 1-22).
Several areas on upstream crest on north side of dam appear to pond water (Photo 121).
Tire ruts noted in upstream clay material on north side of dam.
2-foot diameter culvert, which appears to be open, coming out the downstream toe of the
dam on the north end.
Thick vegetation growth (shrubs/short plants) on downstream side of dam (Photo 1-19).
Thick vegetation growth (trees) on upstream side of south abutment.
Downstream face has very irregular geometry
Fine-grained materials are exposed in the downstream face
Pipeline crosses dam
Gully on downstream face
Access road to Dam 1 is ponding water on upstream side
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Dam/Dyke

Major Observations
-

Dam 2

-

Dam 3

-

Dam 3C

Dam 3D

Dam 4
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Difficult to inspect due to the uneven nature of the dam from the various borrowing
efforts.
No water ponding against the dam.
Portion of downstream side of dam near west abutment, well above tailings elevation,
over steepened (i.e., locally steeper than other portions of the dam) with some cracking
and evidence of erosion (Photo 2-03 and 2-04)
Upstream clay zone exposed, cracked, over steepened (i.e., locally steeper than other
portions of the dam) for good portion of dam (Photos 2-14, 2-16)
Voids in upstream clay zone near center of dam, measured to be ~2.8 and 1 m deep
(Photo 2-18 and 2-19).
Ruts in crest of dam near where barge placed for winter
Decant tower near east abutment is still present and does not appear fully
decommissioned
Small areas with indications of ponding water noted on the crest of the dam.
Two small diameter pipes noted to extend into the dam (Photo 3-10 and 3-18)
Small diameter pipe (~2.5 inches) extending over dam from Dam 3C. Pipe disconnected
at time of inspection but looks like an in-use pipe that was winterized (Photo 3-23).
Difficult to access downstream to on southern abutment due to thick vegetation.
Water ponding at downstream toe (Photo 3-22)
Area with indications of ponding water on upstream side of dam, not water present at
time of inspection (Photo 3-12)
Burrow noted in upstream side of dam (Photo 3-14)
Erosion of upstream clay zone in many places along the crest of the dam (Photo 3-11, 313).

-

Difficult to inspect due to vegetation (grass, shrubs and trees) growing on dam.
Ponded water against upstream toe of dam (Photo 3C-02)
Depression on downstream side near northern abutment due to a fallen tree (Photo 3C03).

-

Water ponding on upstream side of concrete dam/downstream toe of dam 3D (Photo 3D03)
Lots of vegetation (shrubs and small trees) on northern abutment
Evidence of ponding water on upstream side of dam, but no water present during
inspection (Photo 3D-05 and 3D-07).
Erosion feature noted parallel to upstream toe of dam (Photo 3D-06).
Depression in upstream face of dam (Photo 3D-08)
Two small diameter pipelines (2” and 4”), disconnected at time of inspection, running
over crest of Dam 3D (Photo 3D-10).

-

Instrumentation installed on crest and tailings on south side of dam
Depression in tailings noted in South Pond ~20 m from dam (Photo 4-06 and 4-09).
Few small depressions noted on dam (Photos 4-04 and 4-05).
Pipe extending through crest of dam near western abutment (Photo 4-03)
Miscellaneous debris on southern and northern slopes (Photo 4-10 and 4-11).
No water ponding against the dam
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Dam/Dyke

Major Observations
-

Dam 5

-

Dyke 6

-

Several depressions noted on crest and abutments (Photo 5-03, 5-05, 5-06)
Minor cracking on downstream (south pond) crest near center of dam, due to steep
downstream slope (Photo 5-04).
Small (2”) void noted on upstream (central pond) toe of dam with flow path toward
central pond (Photo 5-08 and 5-09).
No water ponding against the dam
Extensive cracking, longitudinal and transverse, on east side near Material Storage Area
(Photos 6-06 to 6-10, 6-12 and 6-13).
Void 90 cm by 60 cm surrounded by longitudinal and transverse cracks near Material
Storage Area (Photo 6-10, 6-11)
Several other voids (Photo 6-07, 6-14, 6-15)
Eroded area from incident in 2018 is over steepened and has cracks at the crest. Pylons
and flagging tape marking the area, some pylons fallen over (Photos 6-16 and 6-17).
No water ponding against the dam
Materials storage area water collection channels drain over the crest. Geotextile liner is
exposed at the downstream end of the channel

Dam 7

-

Evidence of wet area at dam toe (phreatophytes)
Minor cracking

Dam 8

-

Tailings level with top of dam on upstream side

Dam 9

-

Possible animal burrow on north end (Photo 9-03)
Trees roughly 3.5 m tall and bushes growing on mid-bench (Photo 9-05)
No water ponding against the dam
Upstream slope a vegetated ditch

Dam 10

-

Dam effectively removed (10-02)
Remaining dam materials appear to be above tailings level

Dam 11

-

Northwest segment of dam is steep and has ponded water at the toe
Erosion and depressions on downstream bench
Pipeline running up the downstream dam face and across the dam crest

-

Longitudinal crack noted on downstream side of dam (Photos 12-05 and 12-06)
Uneven upstream side with erosion of silty clay zone (Photos 12-08, 12-09, 12-11, 1212)
Downstream slope of dam quite steep (Photo 12-10)
Vegetation growing (small trees and shrubs) growing on dam

-

Longitudinal cracks noted on upstream and downstream faces
Transverse crack noted near pumping area

Dam 12

Splitter Dyke

Containment Berm
Dam 21A
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-

Pipeline penetrates berm with depression and ruts in berm crest above pipeline
Cracking in upstream face
Steep downstream face
Large tailings beach
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Dam/Dyke

Major Observations

Dam 21B

-

Uniform sand (similar gradation to tailings) in and at base of rockfill in downstream face
Ponded water at toe
Cracking and settlement in lowest downstream bench

Dam 21C

-

Evidence of seepage in areas
Minor settlement

Dam 21D

-

Ponded water at toe
Cracking and settlement in lowest downstream bench
Pond close to dam crest

Dam 22A

-

Small crack noted by Golder in annual dam safety inspection

Dam 22B

-

Garbage dump near upstream face with ponded water
Evidence of seepage

B2 Dam

-

Water at upstream toe
Minor erosion
Ongoing settlement

C1 Clay
Borrow Dam

5.3

Page 64

Sediment control structure

M&M Dam

-

Diversion structure

DWC Dam

-

Outlet pipe penetrates dam and has hole
Evidence of wet area at dam toe (phreatophytes)
Intake screens for outlet pipe are not robust
Access road is steep, rough, and muddy
Outlet pipe has an anchor that is not robust

Interviews
Interviews were conducted with key site personnel responsible for management of the dams, as
well as the inspecting engineer. Key points discussed during the interviews are summarized in
Table 26.

DN/MM/JK/MS
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Table 26: Summary of Interviews
Name: Chad Mundle, P.Eng.
Role: Inspecting Geotechnical Engineer, Golder Associates Ltd.
Date of Interview: 2019-12-19 (phone)
Key Points
Project role
- Mr. Mundle has performed annual geotechnical inspections since 2013.
- Overlapped with John Hull (did prior annual inspections) for two years.
- Mr. Mundle spends about 2 days per year on-site for the annual geotechnical inspection.
- Mr. Mundle spends about 1-2 days per year on-site for field and miscellaneous work.
- Mr. Mundle is overseeing geotechnical evaluation of Dam 1.
- Mr. Mundle’s other involvement in the Giant Mine includes cover, pit, and tailings closure design and
planning.
- Mr. Mundle presents to the IPRP.
- Mr. Mundle works with a larger team for site investigations, water management, numerical modeling, and
senior reviews.
- Deliverable reviews include peer reviewers and project director, Irwin Wislesky.
- There is no EOR for the dams.
- In the past, Golder has recommended, but not received a ‘standing offer’, so it has been difficult to deal
with issues quickly as they arise. Though in an emergency (i.e., washout of Dyke 6) they were able to get
Mr. Mundle to site quickly.
- To date there has been no mechanism for Golder to provide regular operational support; Golder review
has been ad hoc when inspection information is provided by site personnel.
- A system for Golder to perform regular operational support is in place as of December 2019.
- Golder has estimated probable maximum flood routing but does not perform other hydrological
forecasting or tracking.
- Mr. Mundle’s overall workload often exceeds his capacity.
Background experience
- Mr. Mundle received a Bachelors in Civil Engineering from the University of Waterloo in 2008.
- Mr. Mundle has worked for Golder since 2008.
- Mr. Mundle has 10 years of experience in mine waste, dams, and heap leach in Canada and Australia,
including other sites in Northwest Territories/Nunavut.
- Mr. Mundle’s experience includes construction quality assurance/quality control (QA/QC) for greenfields
and upstream raises.
- Mr. Mundle has completed short courses in permafrost, filter compatibility, and critical state soil
mechanics.
Dam 1
- Underground mine workings were checked for role in ongoing settlement – no link found.
- Maximum polishing pond elevation is updated every year due to settlement.
- Only one ground temperature cable was installed in Dam 1 in 2018 because frozen ground not expected
and only one cable was ready; Golder recommended several additional ground temperature cables.
- Golder working on a 2D seepage and thermal modeling report.
- Golder recommended no increase in polishing pond water level until better understanding of thaw.
- Mr. Mundle was not aware of the corrugated metal pipe daylighting near the north abutment and is not
aware of any decommissioning of pipes through the dam.
Dyke 6
- An erosion event occurred in 2018 due to paste contractor actions.
- The cracks near the storage facility observed during this DSR were not observed in the 2019 annual
geotechnical inspection.
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Splitter Dyke
- Golder did design for modifications and was not on-site during construction; overall slopes were flattened.
B2 Dam
- There is likely frozen soil in the foundation.
- The original design life of the dam was much less than how long it has been in service.
Dam owner
- Over the last few years, CIRNAC has been addressing the more significant recommendations from
annual geotechnical inspections, e.g., Dam 1.
- Contacts at CIRNAC are regularly changing with commensurate learning curves.
- CIRNAC internal review team provides valuable feedback.
Dam operator
- Golder is notified by the Mine Manager when a hazard level has been reached and then discusses
options with the Mine Manager.
- The Mine Manager knows the site well.
- Brian Mitchell, Mine Technician, is observant and proactive.
- Personnel need training on what is critical in monitoring.
Name: Brian Mitchell
Role: Mine Technician, Deton’Cho/Nuna Joint Venture (DCNJV)
Date of Interview: 2019-12-20 (phone)
Key Points
Project role
- Deton’Cho/Nuna Joint Venture provides care and maintenance at Giant.
- Mr. Mitchell performs daily and weekly dam inspections and monitoring.
- Mr. Mitchell accompanies Golder for the annual geotechnical inspections.
Background experience
- Mr. Mitchell has a diploma in surveying.
- Mr. Mitchell has taken courses in Map3D, pipe hydraulics, and water quality.
- Mr. Mitchell did underground geotechnical work at Diavik for 12 years.
- Mr. Mitchell was a geotechnical inspector at Snap Lake for 5 years, working with geologists and
engineers.
- Mr. Mitchell was originally hired at Giant in 2015 as a surveyor, though he also did drill surveys at Giant in
2008 and 2009.
Monitoring and surveillance
- Mr. Mitchell considers the dams and dykes to be his priority.
- Mr. Mitchell walks dam crests for inspections.
- Mr. Mitchell puts special emphasis on inspections during the spring due to settlement and runoff.
- Mr. Mitchell photographs and surveys his observations.
- Mr. Mitchell proactively surveys areas that look lower.
- Mr. Mitchell attempts to collect what Golder needs before they ask.
- Mr. Mitchell reviews data in the field after collection to check whether it makes sense.
- Mr. Mitchell is observant and organized.
- Mr. Mitchell is familiar with CDA consequence classifications.
- Mr. Mitchell understands the OMS Manual and reviews it monthly.
- The OMS manual was issued in June and has increased emphasis on dam OMS at site.
- Mr. Mitchell used to work more with Golder directly; now Mr. Mitchell reports observations to Andy Young
(Project Manager, DCNJV) who reports to Doug Hayes (Mine Manager, Parsons). Mr. Mitchell follows up
on observations.
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- The Mine Manager takes ownership of the dams.
- Corrective actions are performed only after approval by Golder – there are sometimes delays in approval.
- Mr. Mitchell does not have permission to do everything he deems thorough.
- Mr. Mitchell feels that his input is not fully considered because of budget constraints.
- Mr. Mitchell does not have a cross shift – the dams are not being inspected on holidays or weekends.
- Mr. Mitchell requested a copy of this DSR report.
Emergency procedure
- Call on radio – talk to Mine Manager and Project Manager.
- Mine Manager takes over per protocol.
- Everyone would drop their work and contractors would be mobilized to address.
B2 Dam
- Mr. Mitchell has inquired with Golder several times on observations of holes in dam and has not received
a response.
- Mr. Mitchell monitors turbidity in pool below B2 Dam for seepage, but turbidity is sometimes influenced by
highwall runoff.
Dam 1
- Dam 1 settlement data is sent to Golder for review.
- Mr. Mitchell observes cracks in Dam 1 at freshet, but they close during fall rains.
Dyke 6
- Mr. Mitchell observed cracks this year and has passed this on to Golder and Parsons, and has not
received a response.
Splitter dyke
- Water is pumped from settling pond to polishing pond after water is tested; pumping is done in a manner
so sediment is not stirred up.
- 1 meter of fill was placed during the winter – cracks were minimal before surface material was placed.
Cracking has mostly stopped.
- Mr. Mitchell observed a topographic break in the tailings in the Polishing Pond near the transverse crack
in the dam crest.
Dam 21D
- Mr. Mitchell observes cracks in the clay core at freshet, but they close during fall rains.
- Water samples from toe are non-detect for arsenic, despite arsenic in the Northwest Pond.
Dam 22
- Mr. Mitchell has inquired with Golder several times on issues this year, e.g., hole, trees in clay core,
potential piping, and has not received a response.
DWC Dam
- Difficult to monitor.
- Outflow is now clogged and overflowing into A2 pit.
- Mr. Mitchell would like to monitor more often.
Northwest Pond
- Mr. Mitchell is concerned with pond level this year as it is 1 m higher than last year and there is significant
snow.
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Name: Curtis Duffy
Role: Department Representative, CIRNAC
Date of Interview: 2019-12-19 (phone)
Key Points
Project role
- Mr. Duffy’s sets the scope for care and maintenance activities and analyzes risk.
- Mr. Duffy has been the dam lead since May 2019.
- Mr. Duffy sets the scope for the work to be done.
- Mr. Duffy participates in annual geotechnical inspections.
- Mr. Duffy lives in Yellowknife and is on-site two to four times a week for care and maintenance activities –
dams are a small percentage of that time.
- CIRNAC relies on consultants and site personnel for technical matters, and site personnel for immediate
response.
- The EOR role has not been discussed much.
Background experience
- Mr. Duffy has been working on Giant since September 2017.
- Mr. Duffy received a Bachelors in Civil Engineering from the University of New Brunswick, and is a PEng.
- Mr. Duffy has worked for the government for 10 years, primarily in review and procurement roles.
- Mr. Duffy’s experience has been primarily in water treatment and public health facilities in the north.
- Mr. Duffy is new to dam safety.
- Mr. Duffy has access to previous Giant dam lead from CIRNAC.
Operation, Monitoring, and Surveillance
- No in-house training on the responsibilities of a dam owner, but Mr. Duffy is interested in pursuing this.
- Issues are typically communicated quickly from the Mine Manager to Mr. Duffy.
- Chad Mundle is a valuable resource during events with the dams.
- Golder provides a brief overview of the annual geotechnical inspection with immediate issues before they
leave site – participants are CIRNAC, Parsons, and DCNJV.
- Golder provides a technical memo on the inspection within three weeks and a full report three to four
months later.
- Recommendations in annual geotechnical inspection reports need to be prioritized.
- The status of recommendations is addressed at biweekly meetings of the care and maintenance
contractor and in the following annual geotechnical inspection report.
- Government contracting process can be slow, but there are no hurdles for day to day maintenance or
repair.
- Mr. Duffy feels that he has adequate resources for the project.
Emergency response
- Parsons has the authority to do incident command and order evacuation.
- Parsons would communicate immediately with the City of Yellowknife, who would typically initiate an
evacuation.
- The City of Yellowknife participates in tabletop exercises for site emergencies
- Emergency training and drills for the dams have not been completed, but the risk register is updated
annually.
Review
- Independent Peer Review Panel (IPRP) is only involved in dams when needed – their last involvement
was November 2019.
- Technical Review Committee (TRC) reviews all reports.
Water license
- New water license to be issued in Aug-Sep 2020.
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- License will focus on remediation, i.e., dams to remain place.
Dam 1
- CIRNAC is trying to get out of the portion of the underground that is accessed from the B3 pit.
- CIRNAC is considering abandoning the dam.
Name: Doug Hayes
Role: Mine Manager, Parsons
Date of Interview: 2019-12-17 (phone)
Key Points
Project role
- Mr. Hayes is the Mine Manager.
- Mr. Hayes considers the dams his most critical responsibility.
Background experience
- Mr. Hayes has worked at Giant for four years, the first two years of which was as assistant mine
manager.
- Mr. Hayes has 40 years of mining experience, including 21 years in Africa.
- Mr. Hayes has experience with tailings dams.
- Mr. Hayes was a summer student in 1975 during construction of dams 1 and 3.
- Engineering of dams was piecemeal in the 1970s and beforehand – understanding site history is critical.
Operation, Maintenance, and Surveillance
- Golder often communicates directly with DCNJV and copy Parsons and CIRNAC.
- Critical items identified during the annual geotechnical inspections, e.g., Settling and Polishing Pond
water levels, are addressed immediately after the inspections.
- More training of site personnel, e.g., Mine Technician, would be beneficial.
- Main function of tailings dams is water storage – water treatment plans in six to eight years will reduce
water storage needs.
- Mr. Hayes seeks continuous improvement.
- Treatment plant contractor performs water management infrastructure OMS.
Emergency response
- Emergency drills for the dams have not been done in the last four years, but a risk workshop was help
recently.
- 3000 tons of 6-inch minus material stockpiled on site.
- Last year, a system was put in place to pump water from the Northwest Pond to the underground in an
emergency.
Environmental
- Contaminated sediment or water is not allowed to enter Baker Creek.
Winterization of Water Management Infrastructure
- Pumpback systems are drained.
- Pipelines are drained thru spigots.
Dam 1
- The subgrade for Dam 1 was not pre-stripped.
- The downstream face of Dam 1 is very irregular – it looks like it was built in multiple phases.
- The B3 pit portal is to be closed within 5 years.
- The maximum level of the Polishing Pond is lowered by about 5-7 centimetres per year.
- There is about three months of water treatment each year.
Dam 3
- Arsenic concentrations and water levels have not required pumping at Dam 3C in the last couple years.
- There has been very little pumped from Dam 3D in the last five years.
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Dam 11
- There are 10 million tonnes of tailings behind the dam and above the bay.
Northwest Pond
- There is seepage from the pond to the underground. There are ungrouted diamond drill holes in the area.
Splitter Dyke
- The Dyke was constructed on tailings.
Dyke 6
- Tailings reprocessing left the slopes prone to erosion.
- The recent washout was caused by the paste contractor.
Name: Mark Schmalz
Role: Site Superintendent, Parsons
Date of Interview: 2019-12-17 (phone)
Project role
- Mr. Schmalz is the Underground and Surface Superintendent.
- Mr. Schmalz has more recently stepped into the Surface Superintendent role.
- Mr. Schmalz does not consider himself the Assistant Mine Manager (as listed on the OMS Manual
flowchart).
Background experience
- Mr. Schmalz has worked at Giant for 20 years.
- Mr. Schmalz’s work experience is as an electrician.
Operation and maintenance
- Mr. Schmalz and his crew perform field repairs after discussing with the Mine Manager and DCNJV. If the
Mine Manager was not available, Mr. Schmalz would take direction from the Environmental Manager.
- Mr. Schmalz works on site power and pumping systems.
- Mr. Schmalz provides input but does not decide where water goes.
- There is no formal documentation of maintenance performed.
- Mr. Schmalz reviews the emergency equipment list annually to see what is needed on site for the
upcoming spring.
- Site traffic route map updates are provided by the Mine Technician.
- The stockpile for 6-inch minus and ¾-inch minus crushed rock is being replenished now.
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Name: Ron Connell
Role: Senior Technical Advisor, Parsons
Date of Interview: 2019-12-17 (phone)
Project role
- Mr. Connell is a senior technical advisor for Giant.
- Mr. Connell acts as Mine Manager sometimes.
Background experience
- Mr. Connell has been involved at Giant for 20 years.
- Mr. Connell was originally a chemist then got involved in mine remediation.
- Mr. Connell worked on site full-time for seven years, half-time for six to seven years, and since has
consulted to whoever is operating the site.
- Mr. Connell was involved in annual geotechnical inspections, raising dams, and fixing sinkholes.
- Mr. Connell has significant involvement in reclamation and closure planning.
Environmental
- The water license expired in 2005 and it was agreed was that the 2003-2005 terms would be followed.
- The new water license is expected in the third quarter of 2020 and will include new water treatment flows
and parameters.
- Contaminants have not been released from tailings seepage. Water quality is measured in the winter.
- Dust can be problematic from the South, North, and Northwest tailings areas.
Dam 1
- Dam 1 is the most serious concern in Mr. Connell’s mind due to organics and tailings in the foundations
causing slope failure, continued crest settlement, and the constraint that Polishing Pond capacity places
on water treatment capacity.
- A rock berm was built at the dam toe for stability.
B2 Dam
- The original B2 Dam was built in the winter and has ice lenses.
Dam 21D
- Seepage is year-round and related to pond level.
- Cloudy seepage has been observed occasionally.
- Sinkholes form every couple years.
Dam 22B
- The pond has been used as a no-hazardous waste landfill, storing building demolition waste since 2000.
- There is no landfill plan.
Dam 2
- High North Pond level causes seepage of water with 3 ppm arsenic to seep into Polishing Pond (target of
0.3 ppm arsenic).
- Fred Mattich set the maximum pond level differential in 1995.
Dam 11
- Dam 11 has ongoing seepage.
Dam 3
- Dam 3 has not had seepage recently.
DWC Dam
- The dam was intended as a temporary water management structure and was not engineered; a dozer
would push mud up into a dyke each year.
- The dam outflow pipe would often clog up.
M&M Dam
- The dam was intended as a temporary water management structure and was not engineered: the dam
was constructed of random local fill.
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C1 Clay Borrow Dam
- The dam predates Mr. Connell’s involvement on-site.
- The intent of the dam was to stop sediment-laden water from flowing into the neighbouring creek.
Dyke 6
- Erosion was caused by a contractor.
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6

Dam Safety Analysis

6.1

Principal Project Risks
Principal project risks include:
1. Instability of dams founded on ice-rich permafrost, tailings, or fine-grained materials;
2. Settlement of dams founded on ice-rich permafrost, tailings, or fine-grained materials;
3. Thermal erosion of ice-rich foundation materials;
4. Internal erosion of dams with no or inadequate filters;
5. Increased seepage from dams founded on thawing permafrost;
6. Inadequate infrastructure to operate and maintain dams in an emergency, e.g., roads and
water management systems; and
7. Inadequate monitoring of dams with higher risk profiles.

6.2

Relevant Hazards, Potential Failure Modes, and Consequences

6.2.1

Relevant External and Internal Hazards
External hazards are defined by CDA (2016) as hazards “outside the control of the Dam Owner
and originating outside the boundary of the dam and reservoir system”. External hazards that
may affect the Giant dams include:
1. Meteorological hazards: ice, floods, precipitation, wind;
2. Seismic hazards: earthquakes; and
3. Human attack hazards: vandalism, terrorism.
Internal hazards are defined by CDA (2016) as hazards “within the control of the Dam Owner and
originating inside the boundary of the dam and reservoir system”. Internal hazards are often a
result of deficiencies in design, construction, operation, or maintenance, and are classified by the
“source” of the hazard. Internal hazards that may affect the Giant dams, as identified by SRK
independent of other stakeholders include:
1. Water or tailings barrier: foundation or embankment instability, inadequate filter compatibility,
ice-rich permafrost thaw, design or construction errors, improper operation or maintenance
practices, improper foundation characterization;
2. Infrastructure: failure of access roads, inadequacy of water management infrastructure;
failure of mechanical and electrical control subsystems (i.e. pumps, and communication
systems); and
3. Plans: failure of Owner to follow OMS Manual and Emergency Response and Preparedness
Plan (ERPP).
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Potential Failure Modes
CDA (2016) defines failure modes as “how a component failure occurs to cause loss of system
function”. Potential failure modes of the embankments are summarized in Table 27.
Table 27: Potential Failure Modes
Potential Failure Mode

Description
Overtopping Failure Modes

Inflow exceeds storage
capacity

Inflows to the pond exceed available storage, including freshet storage and
freeboard allowance, which leads to overtopping and a loss of containment.

Inflows to the pond exceed available storage and the capacity of water
Inflow exceeds discharge
management infrastructure to transfer or discharge water from the pond, which
capacity
leads to overtopping and a loss of containment.
Inadequate freeboard

The combination of inflows, ice, wind setup, and wave run-up are larger than
the design freeboard, which leads to overtopping.
Loss of Strength Failure Modes

Inadequate stability

The dam or foundation is weaker than anticipated, the loads on the dam or
foundation are larger than anticipated, or ice-rich permafrost creeps or thaws,
which leads to significant deformation of the dam and loss of containment.

The dam is damaged by liquefaction, cracking, or thermal/internal erosion,
Inadequate durability and
which leads to slope failure or deterioration of the embankment integrity and,
cracking resistance
ultimately, a loss of containment.
Inadequate water
tightness

Seepage control systems, i.e., drains, filters, geomembranes, do not function
adequately, which leads to a slope failure or deterioration of the embankment
integrity and ultimately a loss of containment.
Contaminated Seepage Failure Modes

Release of contaminated Seepage from the pond causes exceedance of water quality standards
seepage
downgradient of the pond.

6.2.3

Potential Consequences of Failure
The Overtopping or Loss of Strength Failure Modes could lead to consequences ranging from
release of small volumes of water to the environment, to embankment breach and large-scale
release of water and/or tailings to the environment. The presence of underground portals
downstream of Dam 1 and the B2 Dam present the risk of worker fatalities. The presence of
public roads downstream of Dams 21 and 22 present the risk of traveler fatalities. The
Contaminated Seepage Failure Mode could lead to release of small to moderate volumes of
contaminated water to surface water and/or groundwater downgradient of the embankments. The
consequences and classifications may change upon implementation of the remediation plan
(CIRNAC and NWT 2019).
Table 28 shows the classification categories and criteria from CDA (2013).
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Table 28: CDA (2013) Dam Classification
Dam Class

Low

Significant

High

Population at
Risk1
Loss of Life2

Incremental Losses
Environmental and
Cultural Values

Infrastructure and
Economics

Low economic losses; area
Minimal short-term loss No
contains limited infrastructure
long-term loss
or services
No significant loss or
deterioration of fish or wildlife
Losses to recreational
habitat
facilities, seasonal
Temporary only Unspecified
Loss of marginal habitat only workplaces, and infrequently
Restoration or compensation used transportation routes
in kind highly possible
None

Permanent

Very high

Permanent

Extreme

Permanent

0

10 or fewer

Significant loss or
High economic losses
deterioration of important fish
affecting infrastructure, public
or wildlife habitat
transportation and commercial
Restoration or compensation
facilities
in kind highly possible

Significant loss or
Very high economic losses
deterioration of critical fish or
affecting important
wildlife habitat
infrastructure or services (e.g.,
100 or fewer
Restoration or compensation highway, industrial facility,
in kind possible but
storage facilities for dangerous
impractical
substances)
Extreme losses affecting
Major loss of critical fish or critical infrastructure or service
(e.g., hospital, major industrial
wildlife habitat
More than 100
Restoration or compensation
complex, major storage
in kind impossible
facilities for dangerous
substances)

Notes:
1.

2.

Definitions for population at risk:
None-There is no identifiable population at risk, so there is no possibility of loss of life other than through
unforeseeable misadventure.
Temporary-People are only temporarily in the dam-breach inundation zone (e.g., seasonal cottage use, passing
through on transportation routes, participating in recreational activities).
Permanent-The population at risk is ordinarily located in the dam-breach inundation zone (e.g., as permanent
residents); Three consequence classes (high, very high, extreme) are proposed to allow for more detailed estimates
of potential loss of life (to assist in decision-making if the appropriate analysis is carried out).
Implications for loss of life:
Unspecified-The appropriate level of safety required at a dam where people are temporarily at risk depends on the
number of people, the exposure time, the nature of their activity, and other conditions. A higher class could be
appropriate, depending on the requirements. However, the design flood requirement, for example, might not be
higher if the temporary population is not likely to be present during the flood season.

As part of this DSR, the dam classifications for each structure were reviewed. The most severe
consequences for the Overtopping Failure Mode, Loss of Strength Failure Modes and
Contaminated Seepage Failure Mode are summarized in Table 29 along with the consequence
classification (CDA 2013) for each containment facility. It should be noted that the consequences
and classifications determined by SRK are independent of input from other stakeholders, and
classification of population at risk, loss of life, and infrastructure and economic losses were
primarily evaluated considering impacts to third-parties, consistent with CDA (2013).
Classification of environmental and cultural values are based on engineering judgement and are
subject to confirmation by an appropriately qualified professional. Classifications revised by SRK
are highlighted in Table 29.
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Table 29: Revised Consequence Classification
Dam/Dyke

Dam 1

Dam 2

DN/MM/JK/MS

Consequence
Classification1

High

High

Retains

Water

Tailings

Population at Risk
(PAR)

Permanent

Permanent

Incremental Losses
Loss of Life

Environmental and Cultural Values

10 or fewer

No significant loss or deterioration of
fish or wildlife habitat.
Loss of marginal habitat only.
Restoration or compensation in kind
highly possible.

10 or fewer

No significant loss or deterioration of
fish or wildlife habitat.
Loss of marginal habitat only.
Restoration or compensation in kind
highly possible.
No significant loss or deterioration of
fish or wildlife habitat.
Loss of marginal habitat only.
Restoration or compensation in kind
highly possible.

Most Significant Potential Failure Consequence and Classification Rationale
Infrastructure and
Economic Loss
- Loss of life (10 or fewer): B3 pit located downstream has one of two active portals (1-38 Portal) to
underground workings; employees may be present in a sunny day failure scenario
High economic losses
affecting infrastructure, public - Dam break analysis required to estimate consequences to downstream PAR, environment, infrastructure,
and B2 Dam
transportation and
- Dam break analysis and assessment by qualified environmental specialists are required to estimate
commercial facilities.
environmental consequences
High economic losses
- Loss of life (10 or fewer): loss of containment would result in loss of containment for Dam 1, then the
affecting infrastructure, public rationale from Dam 1 would apply
transportation and
- Dam break analysis and assessment by qualified environmental specialists are required to estimate
commercial facilities.
environmental consequences
Losses to recreational
- Dam break analysis and assessment by qualified environmental specialists are required to estimate
facilities, seasonal
environmental consequences to Yellowknife Bay
workplaces, and infrequently
- Dam break analysis required to assess effects on downstream powerline
used transportation routes

Dam 3

Significant

Tailings

Temporary

Unspecified

Dam 3C

Low

Water

None

0

- No population downstream,
Low economic losses; area
- Loss of containment would release seepage water into swampy area downstream of dam.
Minimal short-term loss. No long-term
contains limited infrastructure
- No public infrastructure is in the vicinity of the site
loss.
or services.
- Seepage containment dam with small storage volume

Dam 3D

Low

Water

None

0

- No population downstream.
Low economic losses; area - Seepage containment dam with small storage volume
Minimal short-term loss. No long-term
contains limited infrastructure - Loss of containment may not result in release of water to downstream environment due to Concrete Dam
loss.
directly downstream of dam
or services.
- Powerline downstream, however it would not be permanently damaged by breach

Dam 4

Low

Tailings

None

0

Low economic losses; area
- Structure now acts as an internal dyke with tailings on both sides
Minimal short-term loss. No long-term
contains limited infrastructure
- Small difference in elevation between the tailings on either side of the dam
loss.
or services.

Dam 5

Low

Tailings

None

0

Low economic losses; area
- Structure now acts as an internal dyke with tailings on both sides
Minimal short-term loss. No long-term
contains limited infrastructure
- Small difference in elevation between the tailings on either side of the dam
loss.
or services.

Dyke 6

Low

Tailings

None

0

- Internal dam, therefore, loss of containment would not result in release of tailings to the environment.
Low economic losses; area - Material storage area upstream of dam contains arsenic-contaminated waste from roaster complex
Minimal short-term loss. No long-term
contains limited infrastructure decommissioning, could result in release of arsenic-contaminated material if dyke failed and destabilizing
loss.
storage area, however, release would be within the tailings area.
or services.
- No population downstream

Dam 7

Low

Water

None

0

Low economic losses; area
Minimal short-term loss. No long-term
contains limited infrastructure - Seepage collection dam
loss.
or services.

Dam 8

Low

Tailings

None

0

Low economic losses; area
Minimal short-term loss. No long-term
contains limited infrastructure - Site road at toe of dam
loss.
or services.

Dam 9

Low

Tailings

None

0

Low economic losses; area - Site road on crest of dam
Minimal short-term loss. No long-term
contains limited infrastructure - Material storage area, which contains arsenic-contaminated waste from roaster complex decommissioning
loss.
or services.
upstream of dam

Dam 10

Declassify

Nothing

N/A

N/A

N/A

N/A
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Dam/Dyke

Retains

Population at Risk
(PAR)

Incremental Losses
Loss of Life

Environmental and Cultural Values
No significant loss or deterioration of
fish or wildlife habitat.
Loss of marginal habitat only.
Restoration or compensation in kind
highly possible.

Dam 11

Significant

Tailings

Temporary

Unspecified

Dam 12

Low

Tailings

None

0

Splitter Dyke

Containment
Berm

Dam 21A

Dam 21B

Dam 21C

Dam 21D

Dam 22A

Dam 22B

DN/MM/JK/MS

Consequence
Classification1
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High

Water and
sludge

Permanent

10 or fewer

Low

Excavation
spoils from
settling
pond

None

0

High

High

High

High

High

High

Tailings

Tailings

Tailings

Tailings

Tailings

Tailings

Temporary

Temporary

Temporary

Temporary

Temporary

Temporary

Most Significant Potential Failure Consequence and Classification Rationale
Infrastructure and
Economic Loss
Losses to recreational
facilities, seasonal
- Dam break analysis and assessment by qualified environmental specialists are required to estimate
workplaces, and infrequently
environmental consequences to Yellowknife Bay
used transportation routes.

Low economic losses; area
Minimal short-term loss. No long-term
contains limited infrastructure - Site road at toe of dam
loss.
or services.
No significant loss or deterioration of
fish or wildlife habitat.
Loss of marginal habitat only.
Restoration or compensation in kind
highly possible.

High economic losses
- Loss of life (10 or fewer): failure of the Splitter Dyke during a 25-year or greater rainfall event would have
affecting infrastructure, public cascading effects and overtop Dam 1
transportation and
- Dam break analysis and assessment by qualified environmental specialists are required to estimate
commercial facilities.
environmental consequences

Low economic losses; area
Minimal short-term loss. No long-term
- Flowable material rarely impounded
contains limited infrastructure
loss.
- Any flowable material would be contained in Settling Pond
or services.

10 or fewer

No significant loss or deterioration of
fish or wildlife habitat.
Loss of marginal habitat only.
Restoration or compensation in kind
highly possible.

High economic losses
- Loss of life (10 or fewer): injury/fatality of travelers on Ingraham Trail Highway
affecting infrastructure, public - Damage to transportation route
transportation and
- Dam break and assessment by qualified environmental specialists are analysis required to estimate
commercial facilities.
environmental consequences

10 or fewer

No significant loss or deterioration of
fish or wildlife habitat.
Loss of marginal habitat only.
Restoration or compensation in kind
highly possible.

High economic losses
- Loss of life (10 or fewer): injury/fatality of travelers on Ingraham Trail Highway and Vee Lake Road
affecting infrastructure, public
- Damage to transportation route Dam break analysis and assessment by qualified environmental
transportation and
specialists are required to estimate environmental consequences
commercial facilities.

10 or fewer

No significant loss or deterioration of
fish or wildlife habitat.
Loss of marginal habitat only.
Restoration or compensation in kind
highly possible.

High economic losses
- Loss of life (10 or fewer): injury/fatality of travelers on Ingraham Trail Highway and Vee Lake Road
affecting infrastructure, public - Damage to transportation route
transportation and
- Dam break analysis and assessment by qualified environmental specialists are required to estimate
commercial facilities.
environmental consequences

10 or fewer

No significant loss or deterioration of
fish or wildlife habitat.
Loss of marginal habitat only.
Restoration or compensation in kind
highly possible.

Losses to recreational
- Loss of life (10 or fewer): injury/fatality of travelers on Vee Lake Road
facilities, seasonal
- Dam break analysis and assessment by qualified environmental specialists are required to estimate
workplaces, and infrequently
environmental consequences
used transportation routes. - Consequences to Ingraham Trail Highway and surrounding dams need to be assessed

10 or fewer

No significant loss or deterioration of
fish or wildlife habitat.
Loss of marginal habitat only.
Restoration or compensation in kind
highly possible.

Losses to recreational
- Loss of life (10 or fewer): injury/fatality of travelers on Vee Lake Road
facilities, seasonal
- Dam break analysis and assessment by qualified environmental specialists are required to estimate
workplaces, and infrequently
environmental consequences
used transportation routes.

10 or fewer

No significant loss or deterioration of
fish or wildlife habitat.
Loss of marginal habitat only.
Restoration or compensation in kind
highly possible.

Losses to recreational
- Loss of life (10 or fewer): injury/fatality of travelers on Vee Lake Road
facilities, seasonal
- Dam break analysis and assessment by qualified environmental specialists are required to estimate
workplaces, and infrequently
environmental consequences
used transportation routes.
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Retains

Population at Risk
(PAR)

Incremental Losses

Most Significant Potential Failure Consequence and Classification Rationale

Loss of Life

Environmental and Cultural Values

Infrastructure and
Economic Loss

No significant loss or deterioration of
fish or wildlife habitat.
Loss of marginal habitat only.
Restoration or compensation in kind
highly possible.

Very high economic losses
affecting important
infrastructure or services
(e.g., highway, industrial
facility, storage facilities for
dangerous substances).

B2 Dam

Very High

Water

Permanent

10 or fewer

C1 Clay
Borrow Dam

Low

Water

None

0

M&M Dam

Declassify

Water (only
during
infrequent
icing
events)

N/A

N/A

DWC Dam

Declassify

Water

None

0

- Flooding of underground arsenic trioxide storage chambers
- Loss of life (10 or fewer): B2 pit located downstream has an active portal to underground workings;
employees may be present in a sunny day failure scenario
- Dam break analysis and assessment by qualified environmental specialists are required to estimate
environmental consequences

Low economic losses; area
Minimal short-term loss. No long-term
contains limited infrastructure - Small, short-term flow of turbid water into Baker Creek
loss.
or services.

N/A

N/A

- Constructed to prevent ice-dam overtopping of Baker Creek
- Not retaining water or tailings.
- Acts as a diversion berm

Low economic losses; area
- Water contained in A2 pit
Minimal short-term loss. No long-term
contains limited infrastructure
- Does not meet requirements for a dam (CDA 2013)
loss.
or services.

Note: 1Italicized where SRK has revised the classification.
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6.3

Dam Safety Risk Controls

6.3.1

Key Design Criteria for Dam Safety
CDA (2014) design criteria for dam classifications at Giant are outlined in Table 30 and include
different design criteria during construction, operations, and the transition period versus the final
closure period.
Table 30: Design Criteria (based on Consequence Classification) (CDA 2019)
Consequence
Classification
Low
Significant

Construction / Operation / Transition
AEP AEP - Floods
Earthquakes
1/100
1/100
Between 1/100 and
Between 1/100
1/1,000 (1)
and 1/1,000

Closure – Passive Care
AEP - Floods

AEP - Earthquakes

1/1,000
1/3 Between
1/1,000 and PMF

1/1,000
1/2,475

High

1/3 Between
1/1,000 and PMF(2)

1/2,475

2/3 Between
1/1,000 and PMF(2)

Very High

2/3 Between
1/1,000 and PMF(2)

½ Between
1/2,475 and
1/1,0000 AEP or
MCE(3)

½ Between 1/2,475
and 1/10,000 AEP or
MCE(3)

PMF(2)

1/10,000 AEP or
MCE(3)

Notes:
AEP: Annual Exceedance Probability
1. Selected on the basis of incremental flood analysis, exposure, and consequences of failure.
2. PMF has no associated AEP.
3. MCE has no associated AEP.

Hydrotechnical Design Criteria
Golder (2017b) estimated freeboard levels for each pond based on inflows from the estimated
24-hr PMP plus inflows from a 1/100-year snowmelt event. Peak PMF inflows are summarized in
Table 31.
Table 31: PMF Inflows (Golder 2017-2)

PMF Inflows (m3/s)

Northwest Pond

North Pond(a)

Settling Pond

Polishing Pond

29.70

28.40

7.57

9.67

The rehabilitated B2 Dam was designed to retain a 1/500-year flood event, but updated flood
estimates and a 2018 crest survey indicate that the dam appears to have capacity for at least the
1/1,000-year flood event (Golder 2019a). The B2 Dam was not sized for a PMF flow as the B1 Pit
would be flooded before the B2 Dam would be overtopped (SRK 2008a).
The minimum freeboard for each pond was calculated based on the PMF inflows in Table 31 plus
an allowance for wave uprush caused by a 1/2-year wind event (Golder 2019a) and are provided
in Table 32.
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Table 32: Minimum Freeboard and Corresponding Water Levels (Golder 2019a)
Northwest
Pond(a)

North
Pond(b)

Settling
Pond(c)

Polishing
Pond(d)

Lowest dam crest
elevation (m)

194.6

181.5

176.7

174.9

Lowest dam crest elevation
from available survey

Lowest Elevation of
Low Permeability
Core (if applicable)
(m)

194.3

181.5

-

174.7

Elevation at which water is
retained by low permeability
core (Golder 2003)

Minimum Freeboard
(m)

0.9

1.2

1.6

1.0

Calculated as PMF plus wave
uprush

Maximum Operating
Water Level (m)

193.4

180.3

174.6

173.7

Water level corresponding to
minimum freeboard

Parameter

Notes

The minimum freeboard for the B2 Dam is 0.9 m based on the following (Golder 2019a):
1. Minimum estimated top of liner: 165.6 m
2. Design flood elevation: 164.7 m (1/500-year flood)
3. No wave run-up or wind setup
An SRK review of the IDF is provided in Section 6.2.2.
Geotechnical Design Criteria
SRK reviewed the earthquake design parameters used in the stability analyses by SRK (2008)
and Golder (2015, 2019b). Table 33 provides a summary of the 2005, 2010, and 2015 Seismic
Hazard Calculator values used in the SRK and Golder analyses. The site is in a low seismicity
region and there has been a decrease in estimated peak ground acceleration (PGA) between
2005 and 2015. No site-specific seismic hazard assessment has been performed; as such, no
design parameters have been calculated for a 1/10,000 AEP event or MCE.
Table 33: Earthquake Design Parameters
AEP

Peak Ground Acceleration
2005 (1)

1/10,000 or MCE

2010 (2)

2015 (3)

Not available from NBCC

1/2,475

0.059 g

0.036 g

0.030 g

1/1,000

0.035 g

0.019 g

0.016 g

1/100

0.007 g

0.003 g

0.002 g

Notes:
1
2
3

DN/MM/JK/MS

From 2005 NBCC Seismic Hazard Calculator.
From 2010 NBCC Seismic Hazard Calculator.
From 2015 NBCC Seismic Hazard Calculator.
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Because NBCC does not include a return period longer than 2,475 years, the current design
ground motion for the B2 Dam is the 1/2,475-year event, which is less than CDA guidelines
(2014) for a ‘very high’ consequence dam (Golder 2015). Seismic design criteria and parameters
for dams at Giant will increase for the closure - passive care phase. Design criteria for dams
classified as ‘high’ or ‘very high’ will increase for the closure – passive care condition to ½
between the 1/2,475 and the 1/10,000 AEP events or MCE for ‘high’ consequence dams and the
1/10,000 AEP event or MCE for ‘very high’ consequence dams. In order to satisfy this condition, a
site-specific hazard assessment may need to be completed to quantify the value of the 1/10,000
AEP event or the MCE.
Target factors of safety from CDA (2014) for different static and seismic conditions are provided
in Table 34 and Table 35.
Table 34: Target Factors of Safety for Slope Stability – Static Assessment (CDA 2019)
Loading Condition

Minimum Factor of Safety

Slope

During or at end of construction

> 1.3 depending on risk
assessment during construction

Typically downstream

Long term (steady state
1.5
seepage, normal reservoir level)

Downstream

Full or partial rapid drawdown

Upstream slope where applicable

1.2 to 1.3

Table 35: Target Factors of Safety for Slope Stability – Seismic Assessment (CDA 2019)
Loading Condition

Minimum Factor of Safety

Pseudo-static

1.0

Post-earthquake

1.2

For stability analyses reviewed in this DSR, analyzed dams met CDA (2019) factor of safety
criteria, with the exceptions of Dam 2 and 21A (Golder 2015), as detailed in Sections 3.3.2 and
3.4.2. Section 6.3.2 discusses Low consequence dams for which stability has apparently not
been analyzed.
6.3.2

Design Features with Respect to Potential Failure Modes
Overtopping Failure Modes
Overtopping Failure Modes could occur during spring, summer, or fall periods, but are not
expected to occur during winter. No dams at Giant have spillways and require active
management where water is ponded.
Overtopping is especially relevant for Dam 21D, due to crest settlement, and Dams 22A and B
that have water close to the dams and very limited tailings beach development.

DN/MM/JK/MS
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Review of Inflow Design Flood
Giant Mine IDF volumes are not directly specified in the OMS manual. PMF inflow values derived
for tailings cover at closure are provided and are based on the 24-hour peak maximum
precipitation and 100-year snow accumulation (Golder 2017b); however, these values may be
high for each given dam classification.
SRK completed an independent review of the values used to determine the IDF for each dam.
CDA (2013) guidelines recommend assessing three flood scenarios to determine the PMF used
in the IDF calculations:
1. Rainfall dominated flood event caused by the summer PMP
2. Rainfall dominated flood event caused by the spring PMP acting on the 100-year snowpack
3. Snowmelt dominated flood event caused by the 100-year rainfall event acting on the probable
maximum snow accumulation (PMSA)
Design Precipitation
To determine the design precipitation events, precipitation measurements were obtained from the
Environment and Climate Change Canada (ECCC) station located at the Yellowknife Airport. Raw
precipitation measurements often underestimate actual precipitation due to losses from windinduced undercatch, gauge wetting, and evaporation. Published loss corrected precipitation
values for Yellowknife are available from the Adjusted and homogenized Canadian climate
dataset (AHCCD, Mekis and Vincent 2011) for 1943 to 2013. Extending beyond 2013 to 2019, the
monthly average undercatch factors, as determined from AHCCD, were applied to raw daily data
at Yellowknife to develop a complete daily precipitation dataset from 1943 to 2019.
Precipitation event return intervals were calculated from the undercatch corrected values through
2019. The daily precipitation values were increased by 13% to convert from daily to 24-hour
measurements (WMO 2009) and a frequency analysis was performed on the maximum annual
values. A frequency analysis was also performed on the 72-hour undercatch corrected
precipitation values derived from a 3-day rolling sum. An updated table is presented in Table 36.
The 72-hour values are approximately equal to the 24-hour values suggesting long-duration
events are rare.
Table 36: Duration-Frequency Table for Yellowknife [mm]

DN/MM/JK/MS

Return Period

24-hour Precipitation (mm)

72-hour Precipitation (mm)

2-year

26.9

31.2

5-year

39.5

44.7

10-year

48.9

54.2

25-year

61.9

67.0

50-year

72.3

76.9

100-year

83.3

87.2

200-year

94.9

97.9
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Return Period

24-hour Precipitation (mm)

72-hour Precipitation (mm)

500-year

111.4

112.8

1,000-year

124.8

124.8

Summer PMP

307.0

307.0

Spring PMP

125.0

125.0

The PMP is the maximum precipitation event that can conceivably occur at a given area. The
24-hour PMP was calculated from the corrected rainfall data using the Hershfield methodology for
the all-season, summer (June – September) and snowpack dominated (October – May) months.
The all-season and summer 24-hour PMP values are equivalent (307 mm), while the spring PMP
is 125 mm.
Snowpack
Snow depth measurements are available from ECCC for Yellowknife Airport for 1956 – 2019. The
snowpack begins to develop in October and melts by May, with the maximum annual snow depth
typically occurring in April. Snow water equivalent (SWE) of the snowpack was calculated from
snow depth assuming a density of 0.3 g/cm3, representing packed (late-season) snow (Singh
2001). The PMSA can be estimated as twice the 100-year snowpack (AT 2004); a frequency
analysis was performed on the maximum annual SWE and determined that the 100-year SWE is
262 mm giving a PMSA of 524 mm.
Inflow Design Flood
Given the lack of spillways for the ponds, the ponds must have the capacity to store the IDF
volume. The values for the three PMF scenarios outlined above are 307 mm, 387 mm, and
607 mm for the summer PMF, rainfall dominated spring PMF, and the snowmelt dominated spring
PMF, respectively. The snowmelt dominated PMF results in the largest runoff volume and was
used to assess the IDF. The IDF is dependent on the dam classification specified in CDA (2013).
Drainage areas for each pond were delineated from the ArcticDEM (Porter et al. 2018) and
multiplied by the IDF runoff depth to determine the inflow volume; the values of which are shown
in Table 37. Losses to infiltration are assumed to be negligible when assessing the IDF.
Table 37: Inflow Design Flood Volumes

DN/MM/JK/MS

Pond

Dam
Classification

IDF Return Period

IDF Depth
(mm)

Area (km2)

IDF Volume
(m3)

Polishing Pond
(Dam 1)

High

1/3 Between 1,000year and PMF

285.6

0.13

35,704

Settling Pond

High

1/3 Between 1,000year and PMF

285.6

0.25

71,408

North Pond (Dam
2)

High

1/3 Between 1,000year and PMF

285.6

0.67

191,374

Northwest Pond
(Dams 21, 22)

High

1/3 Between 1,000year and PMF

285.6

0.64

182,805
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Based on the pond storage-capacity curves provided in the OMS Manual (Golder 2019a), the
North and Northwest Ponds have sufficient capacity to contain the IDF. However, for the
Polishing and Settling Ponds, Dam 1 and the Splitter Dyke would be overtopped when applying
the IDF volume at the specified minimum freeboard elevation. SRK recommends reassessing the
freeboard levels for each pond while considering the IDF runoff volume and wind setup/wave
runup effects.
Loss of Strength Failure Modes
Loss of strength failure modes could occur at any point during the year – spring, summer, fall or
winter.
Permafrost in Dam 1 Foundation
In order to determine the cause of ongoing settlement and cracking of the Dam 1 crest, Golder
Associates performed a geotechnical investigation and engineering assessment for Dam 1, with
the report issued in March 2019. The investigation identified frozen soil in five of the nine sonic
drillholes, with excess ice and massive ice commonly associated with native silty clay. The
investigation found an interval of frozen native soil up to 9.6-m thick in the foundation beneath the
area of the dam crest where settlement and cracking have been observed. Excess ground ice in
the frozen native soils ranged from 7% to 71% with an average of 34%. Golder estimated the
thaw settlement could be up to 3.3 m and that Dam 1 was stable against sliding, given simplified
thermal and seepage conditions. Golder recommended additional monitoring and modelling
(thermal, seepage, and stability) of Dam 1 be completed (Golder 2019), as discussed below.
The drilling completed to date does not preclude similar conditions from occurring in areas
outside of the drillhole locations. Recommendations for additional characterization are included in
Section 7.4 of this report.
SRK reviewed available historical monochromatic air photos taken in 1954 prior to construction of
Dam 1. The review of the air photos was completed without prior knowledge of the 2018
geotechnical drillhole results to limit bias toward individual features within the air photo. The
results of the air photo review indicated an elongated conical mound located adjacent to the
westernmost lake prior to construction. The feature exhibits a cut-face with exposed soil
immediately adjacent to the lake shoreline. The feature was inferred from morphology to be a
lithalsa; i.e. a mineral-rich permafrost mound that is common to the Great Slave Lowlands (Wolfe
et al. 2013). The lithalsa was identified to generally correlate with the location of historic dam
settlement and frozen ground and massive ice identified by the 2018 sonic drillhole. Further
analysis is necessary to positively correlate the spatial data and search for other pre-existing
ground ice features at site, as discussed in Section 7.4 of this report.
Geothermal modeling was completed in support of engineering analysis of Dam 1 (Golder 2019).
The thermal modeling was completed using a 1D model based on the measured ground
temperature and simplified stratigraphy at borehole D1-SD-09. The ground thermal model
presented by Golder does not account for lateral heat flow or accelerated permafrost degradation
due to water seepage. The model did account for vertical infiltration of water from snowmelt and
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precipitation; however, of greater concern is development of seepage which leads to accelerated
thermal erosion of ground ice known to occur within the foundation. The perpetual vertical thaw of
permafrost simulated in the model does not reflect the most conservative case to evaluate.
Golder has recommended additional modeling based on a coupled seepage and thermal
analysis. SRK does not view the additional model as being greatly beneficial given that it is
already well understood that seepage can lead to rapid thermal erosion and such modeling would
not completely rule out the possibility that seepage could occur.
Piping caused by thermal erosion of the ice-rich foundation materials is a failure mechanism that
was not considered as part of Golder’s assessment. Seepage through or near the ice-rich
foundation materials increases the potential for rapid thawing of massive ground ice, which would
result in the development of voids in the foundation, and potentially pathways for piping. This
failure mechanism has the potential to develop rapidly with little to no warning. Seepage through
Dam 1 was observed during SRK’s site inspection in September 2019.
Consideration should also be given to the potential for creep in ice-rich soils, and the effect of
deformation from any mechanism on pore pressure conditions in tailings and contractive
materials in the dam foundation.
SRK’s concerns with Dam 1 are not with current conditions as indicated by the monitoring data,
but rather the speed with which those conditions may change, and the effects those changes may
have on dam integrity.
Permafrost in other Dam Foundations
Permafrost descriptions associated with ground temperature monitoring are discussed in Section
4.1.1.
The foundations of Dams 2, 3, 4, 5, 6, and 11 contained 1-mm- to 1-m- thick ice lenses in native
silt and clay (Geocon 1975, 1982a). Golder (2019d) installed one ground temperature cable each
at Dams 2 and 11. While thermistors installation details for other dams have been noted in the
historic record, to SRK’s knowledge, no ground temperature measurement data is available for
the foundations of Dams 2, 3, 4, 5, 6, and 11 prior to 2019.
The foundations of all 21 and 22 dams (Dams 21A, 21B, 21C, 21D, 22A, and 22B) contain 1- to
5-m thick zones of permafrost. Specifically, in Dams 21B, 21D, 22A and 22B excess ice in native
peat, silt, and clay was noted (Golder 2019c). This is shown in drilling logs, and observations in
permafrost intervals, especially in peat, which are shown in the lab testing to have moisture
contents of 50 to 263% (Golder 2019d). Further, Dam 21D has ponded water at the toe which
may accelerate permafrost thaw.
Permafrost, with some ice content in the soil, is also expected at the B2 Dam based on the 2007
drilling information (SRK 2008a).
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Tailings in Dam Foundations
Dams 1, 2, 3, 6, 8, and the Splitter Dyke are known to be founded on tailings (Geocon 1975, SRK
2008a, Golder 2019d, Table 26). Geocon (1975) obtained raw Standard Penetration Test (SPT)
blow counts as low as 6 to 7 in tailings below Dams 1, 2, and 6, indicating loose tailings. SRK
(2008) performed a liquefaction assessment for Dams 1 and 3 and concluded that the dams were
not susceptible to liquefaction for the 1/2,475-year seismic event; this analysis needs to be
checked against current CPT data and critical state-based methods.
Deformation in the Splitter Dyke indicates loose tailings in the foundation. Loose tailings may
behave in a contractive manner when sheared, resulting in excess pore pressure and
liquefaction. Depending on the distribution and shear strength of liquefied foundation soils,
settlement and/or sliding of the dam may result.
Inadequate Stability Failure Modes
As outlined in Sections 3.3.2, and 3.4.2, stability analyses have been performed at various times
for the tailings dams. However, in reviewing the most recent analysis for each dam it is apparent
that:
1. The analysis was often performed on a design section, or design raise rather than the final
as-built section, and this section does not match the current state of the dam (Dam 4, 5);
2. Some Low consequence dams containing tailings do not appear to ever have been assessed
(Dams 8, 9, 12, Dyke 6);
3. Some Low consequence seepage containment dams do not appear to have been assessed
(Dams 3C, 3D, 7);
4. Analyses do not take into account the existing slopes and uneven nature of the dams, and
typically only one section was analyzed;
5. Dam 2 and Dam 21 (specifically 21A) did not meet CDA (2014) factor of safety criteria; and
6. Additional characterization and monitoring data (Golder 2019d) are available for Dams 2, 3,
4, 5, 11, and all the 21 and 22 dams now.
Golder (2015) noted that there was a high degree of uncertainty in the dam compositions and
foundation on which they have been constructed. Based on the above information, the dam FOS
for all except for dams 2 and 21A would meet CDA guidelines, however it is SRK’s opinion that
this analysis should be revisited, additional sensitive analysis should be performed and probability
of failure estimates should be presented with the FOS to help better define the uncertainties and
risks. Based on the latter, there is a strong chance that revisited dam stability analysis results
would be below the CDA guideline intent for most of the 21 and 22 dams.
National Building Code of Canada has updated the seismic hazard classification since the
2007/08 work, and an additional update is expected to be forthcoming in 2020. In addition, the
state of practice for seismic analysis has changed since the 2007/08 assessment (SRK 2008b)
was performed.
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Settlement and longitudinal/transverse cracking in the Splitter Dyke indicate loose tailings and/or
thawing of ice-rich material in the foundation. Transverse cracks increase the risk of piping risk
through the dyke.
Evidence of internal erosion in Dam 21 includes sinkholes in the tailings immediately upstream of
the dam and on the dam crest, fine-grained and sand materials in the downstream rockfill shell,
and observations of turbid water at the dam toes. Internal erosion within Dam 21 may be caused
by unsuitable filter materials, placement of large rocks near the filter zone, and/or deformation of
the filter zone by thaw and/or consolidation settlement within the dam foundation. Based on visual
observations and historic data review, modern filter design standards may not have been met.
Migration of tailings into downstream rockfill would be possible if the dam core was damaged by
settlement, shearing, or cracking due to desiccation or freezing. Internal erosion in Dam 21 is
unlikely to cause significant external erosion of the dam due to the coarse downstream rockfill
shell. Internal erosion may cause settlement along the dam crest and tailings beach. Internal
erosion may also lead to release of tailings and pond water to the environment downstream of the
dam.
Contaminated Seepage Failure Modes
Contaminated seepage has historically been released from Dam 2 when the differential water
level between the North Pond and polishing pond is too high. While seepage from Dam 2 would
be captured by the Polishing Pond rather than directly released to the environment, it would be
contaminating recently treated water. This can be avoided by maintain the head difference for the
ponds within the levels specified in the OMS manual.
Dam 21, the north side of Dam 1, and the northwest segment of Dam 11 have ponded water at
the toes that may be seepage; there is no provision for water return to the impoundment. Also,
ponded water may accelerate permafrost thaw.
Thawing of ice-rich permafrost in the foundations of Dams 1, 2, 3, 4, 5, 6, 11, 21, and 22 could
result in new flow conduits and increased permeability leading to increased seepage from the
dams. Bedrock faults were mapped near or directly underneath the dams above (Geocon 1983).
Fault zones can contain excess ice, which if thawed, may also increase seepage from dams.
This review did not find documentation for sizing of seepage collection ponds (i.e., Dams 3C, 3D,
7, and collection areas for Dams 1, 21, and 22) with respect to seepage, surface water runoff,
freshet, power loss, and flood events.
6.3.3

Construction with Respect to Design Intent and Potential Failure Modes
Detailed records of construction and repairs to the dams do not exist or difficult to track down.
The involvement of a geotechnical engineer in the construction process is also inconsistent.
These factors lead to uncertainty as to whether construction meets the design intent.

DN/MM/JK/MS

Giant_2019DSR_Report_1CI001.044_20201216.docx

December 2020

SRK Consulting
Giant Mine 2019 Dam Safety Review

6.3.4

Page 88

Reliability of Key Equipment
Operation of the dams and water management system relies on select equipment and
instrumentation to manage and monitor components such as the movement/storage of water,
seepage collection, and water elevation to ensure overall safe operation of facilities. This
equipment must be routinely inspected and maintained to ensure its reliable operation.
Key equipment for the OMS of the Giant dams includes:

6.3.5

•

Access and service roads to the dams.

•

Power supply to pumping systems.

•

Pumping systems, pipelines, and associated components.

•

Instrumentation to facilitate operation and monitoring.

•

From the field review, SRK noted the following potential issues with key equipment:
–

The access road to Dam 1 ponds water upstream of the road embankment in two
places – there is a risk of road washout.

–

The access road to the DWC Dam is steep, rough, and muddy - the road may not be
accessible in all conditions.

–

Pumping systems did not have backup pumps and power, which would limit water
transfer in an emergency.

Monitoring System and Procedures with Respect to Detection of Potential Failure Modes
Monitoring data are recorded manually, reviewed by mine personnel, and transmitted to the
inspecting geotechnical engineer on a monthly basis. A comprehensive, automated data
management system could make data collection, processing, QA/QC, interpretation, and
reporting faster, more efficient, more accurate, and enable more rapid and informed decision
making for dam safety.
Geotechnical Monitoring
Monitoring is mostly focused on visual monitoring with limited instrumentation, even for significant
and high hazard dams. Both ice-rich permafrost and loose foundation materials can change and
drive failure quickly; a primarily visual monitoring approach does not address these failure modes.
Golder installed additional monitoring instrumentation at multiple dams in 2019 (Golder 2019d).
Recommendations for instrumentation are included in Section 7.4 of this report.
Thermal monitoring of Dam 1 consists of one thermistor installed through the dam crest that is
read manually on a weekly basis. The thermistor is accurate to increments of 0.1o C; however, the
recommended hazard levels are stated in smaller increments. The inclinometers installed through
the dam crest are read monthly. Vibrating wire piezometers in and around the dam are read
weekly. In addition, significant portions of Dam 1 are not characterized or instrumented. The
monitoring of Dam 1 is not sufficiently frequent, accurate, or spatially distributed to resolve or
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detect failure modes involving ice-rich soils in the foundation, particularly with warm, massive ice
and the presence of a large heat and hydraulic head source immediately upstream.
In addition, spatial coverage of the ground temperature monitoring network is not sufficient at
Dams 2, 3, 11, 21, and 22.
Recommendations for evaluating permafrost monitoring data are included in Section 7.4 below.
Thermal erosion of ice-rich permafrost by water seepage presents a significant risk. These events
can take place over 24 hrs of less, so there are limitations to monitoring and remedial action with
a thermal erosion failure mode.
The introduction of Section 8.5 and Section 10.8 of the OMS manual refer to alert levels triggering
implementation of the emergency response plan. Other locations in Section 8.5 refer to hazard
and alert levels triggering implementation of the emergency response plan. These statements in
the OMS manual are contradictory.
Tables 25 and 26 of the OMS manual provide actions for hazard and alert levels. Comments on
Tables 25 and 26 are presented below:
1. Tables 25 and 26 are difficult to follow for individual dams.
2. Hazard and alert levels for vertical movement of the Dam 1 anchor are in Table 14, but not in
Tables 25 and 26.
3. Hazard and alert levels for horizontal movement of the Dam 1 inclinometers are in Table 19,
but not in Tables 25 and 26.
4. There is a hazard level for seepage through or at the toe of a dam, but there is not an alert
level for turbid water seeping through or at the toe of a dam, which may be an indication of
internal erosion of the dam.
5. Hazard and alert levels are not complete for evaluating thermal performance of the Dam 1
foundation; see Section 7.4 of this report for recommendations.
For the B2 Dam, settlement plates are read quarterly while vibrating wire piezometers are read
weekly in the thawed season (April to August) and monthly in the freezing season (September to
May). The frequency of these readings / measurements should be increased.
Water Level Monitoring
Pond water levels are monitored daily.
6.3.6

Performance of Dams with Respect to Monitoring Data
Review of Deformation Data
Dam 1
Review of settlement plates, survey monuments, and inclinometer indicate that settlement and
some horizontal displacement is occurring in Dam 1 in the portion of the dam where frozen soil
and ice-rich permafrost were encountered during the 2018 field investigation. Historic settlement
in this area has been a performance issue requiring a dam raise in 2002 and settlement since
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that raise has resulted in a lowering of the operating water level in the polishing pond to account
for reduced freeboard.
However, the more serious performance issue is the overall stability of Dam 1. Horizontal and
vertical movements at the crest, paired with measured heave at the toe (SP3) and cracking along
the dam crest and toe indicate potential rotational movement. Inclinometer readings at D1-SD-06
(B Direction) indicate that the movement could be caused in part due to ice creep in the
foundations.
In order to get a better understanding of the movements at Dam 1, long-term vertical and
horizontal deformations for all deformation monitoring points should be reported and assessed in
addition to the annual readings.
Survey monument T10, located on the downstream crest of the original Dam 1, was damaged
when struck by a vehicle during the 2018 geotechnical investigation. Golder (2019c) indicates
that it is possible that the monument can be used in its current form, starting from a new
‘baseline” reading which takes into account its altered shape (Photo1-22, Appendix A). Since this
monument has historically recorded the largest displacements rather than reusing the bent
monument a new survey monument should be installed at this location, so that it is easy to see if
damage to the monument has occurred.
B2 Dam
Visual evidence of settlement observed at the downstream slope of the dam, in the area of the
remnant / historic B2 Dam section, continues to be observed since before the dam rehabilitation
(SRK 2007) up to the present (Golder 2019c).
Review of the survey monuments indicate that settlements are on-going with up to 80 mm and
50mm of annual settlement observed in more recent years (Golder 2018); specifically, at the crest
and downstream toe respectively. This is below but approaching the settlement hazard levels set
out in the current OMS manual for the survey monuments.
It should be noted, for context and as outlined in the current OMS manual, the B2 Dam settlement
and deformations warnings are
•

Settlement Plates - based on annual settlement or displacement rates being 1.5 times or
greater than historic maximum average annual settlements calculated from the 2008 to
2015 period. This typically means that annual settlement greater than 50mm and, in most
locations, greater than 75 mm would be required to reach the hazard level for the
settlement plates.

•

Survey Monuments – based on the maximum annual movement observed in 2017 with a
minimum hazard value of 100 mm adopted.

The maximum settlements appear to be located around locations S14 and S15, around the
spillway, and around location S04, at the downstream toe. This larger settlement area is located
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slightly downstream of the location where the Baker Creek flow constricts and changes
orientation along the dam, going from more open to more channelized creek flow.
At the upstream toe, displacements appear to be less than survey tolerances, for the locations
that still exist / have not been destroyed over time. Generally, annual displacements between
14 to 45 mm have been recorded at these locations over time. One of the most notable areas is
where tension cracks have been observed historically (latest reference in Golder 2019e). This is
located approximately between settlement plates S02 and S03. Around this location, near the
southeast end of the dam, total vertical settlements (from approximately 2007 to 2019) are on the
order of 200 to 400mm. Locations S03 and S04, near the southeast end of the dam, show
continued horizontal displacement towards the B2 pit. This area of tension cracking is also
downstream of an orientation change, or bend, in the Baker Creek flow channel. This area is also
adjacent to the southeast abutment tie-in. It is unclear if these settlements and displacements are
related in part to seepage through or below the B2 Dam, deformation in the historic dam fill below
the remediated section, a combination of both, or other aspects.
The ongoing settlements at the B2 Dam should be closely monitored due to the Very High dam
classification. The magnitude of the continued measured deformations at B2 Dam are typically
below the hazard and alert levels outlined in the OMS manual, but the current deformations,
potential mechanisms, and hazard and alert levels warrant detailed review. Where possible,
hazard and alert levels should be linked to potential failure mechanisms and time available to
mitigate failure.
The current freeboard level at the B2 Dam is estimated to be around 0.9 m (Golder 2019e) when
compared to the design event (1/500-year) for the reconstructed dam. This freeboard will
decrease with time, assuming current trends continue. The freeboard requirements as well as the
impacts to the B2 Dam from storms equal to or greater than the 1/500-year event should be
revisited. For example, it is noted in the current OMS manual that the B2 Dam freeboard for a
PMF scenario would be 1.5 m. The reconstruction design was not done for the PMF and
therefore, as expected, the current B2 Dam freeboard level is less than this value.
Review of Pore Pressure and Seepage Data
The record of available pore pressure data is short with vibrating wire piezometers and standpipe
piezometers being installed in 2018 and 2019, respectively, and records from historic installations
being very short, or lost.
Dam 1
Vibrating wire piezometer data for Dam 1 were compared with polishing pond water levels and
there did not appear to be any correlation between the change in polishing pond water levels and
head values measured by the piezometers, however longer monitoring may indicate trends.
The shallow (tip depth <15 m) vibrating wire piezometers in Dam 1 all display and upward trend,
or steepening of an existing upward trend early-April 2019, which then peaks mid-May for
D1-SD-06 (shallow), D1-SD-05 and D1-SD-02, and late-May for D1-SD-01. This trend may be
related to the onset of thaw as mean daily air temperatures started to be above freezing April 8,
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2019 (Canada 2020), similar to when the piezometer readings started increasing. However, this
will need to be verified by a longer piezometric record.
VWP installed in silty clay at SD-02 and -06 have shown consistent pore pressure increases. The
VWP in silty clay in SD-02 has shown consistent pore pressure increase on the order of 1.5 m
since equilibration after installation. The VWP in SD-06 has shown consistent pore pressure
increase on the order of 1 m from April 2019 to the end of the record in August 2019. VWP in
SD-02 (silty clay) and -06 are installed within or just above permafrost with massive ground ice
logged in boreholes by Golder (2019b). Pore pressure increase associated with ice-rich
permafrost may indicate undrained conditions due to permafrost thaw. Pore pressure, ground
temperature, and deformation data should be closely monitored and reviewed in this light. In
addition, assumptions in the stability model should be reviewed along with monitoring data.
In general, volumes pumped from seepage collection areas correlate roughly with timing of
freshet and/or precipitation, but sometimes there is a lag between freshet/precipitation events and
when the collection areas are pumped.
B2 Dam
Throughout most of the year, the flow in Baker Creek is typically low and the water level on the
upstream toe of the B2 Dam is minimal (Golder 2018). During annual spring freshet however,
water levels and water flow can increase quickly causing a sudden increase in water levels at the
toe of the dam. Based on recommendations made by Golder (as early as 2016 as outlined in
Golder 2019e), the piezometer reading frequency was increased between April and May (to a
weekly interval). For the other months of the year, June to March, readings are taken quarterly
(every three months).
Environment Canada maintains a water level gauge in Baker Creek at the outlet of Martin Lake,
located upstream of the B2 Dam (station I.D. 07SB013). This water level is not a direct relation to
the water elevations at the B2 Dam but helps give some indication of periods of peak flows.
The list below outlines some of the more recent observations at the working piezometers at the
B2 Dam.
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•

PZ-1 to PZ-4: Although some changes in pressure are recorded around the increase in
Baker Creek flows, all locations show a time lag between the onset of the freshet and
when increase in pressures are recorded. Depending on the location, the time lag is
between roughly 1 to 2 months. Based on these results, the liner in the vicinity of PZ-1
through PZ-4 appears to be functioning as designed.

•

PZ-5 to PZ-7: Data suggest liner is performing as per design.
–

PZ-5 and PZ-6: No increase in pressure recorded, even with changes in flows in
Baker Creek.

–

PZ-7: Data suggest liner is performing as per design. Shows some responses to
changing flows in Baker Creek.
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PZ-8: This cable is not working and has been recommended to be revisited by an
electrician to see if it can be repaired (Golder 2019e).

Locations of seepage along the B2 pit wall have been noted in various inspections (e.g., Golder
2019e). A detailed seep survey and pit wall inspection should be performed along the north and
northeast pit walls, at least monthly from May to September, for at least one year. The goal of this
survey would be to identify any current or suspected historic seep locations (indicated by criteria
such as staining on the pit walls). These seep locations could be surveyed, and any seep flow
rates estimated (if possible). This information could then be reviewed to evaluate for seepage
pathways through or below the B2 Dam, with specific focus around the area of largest settlement
and deformation (i.e., areas around and adjacent to settlement monitoring locations S15 and
S04).
Review of Ground Temperature Data
As shown in Section 4.1, the Giant ground temperature record is short, which does not allow for
assessment of trends in ground temperature or dam performance. Recent data show that
permafrost at Giant is warm; coupled with close proximity to heat sources, i.e., ponds, permafrost
in dam foundations at Giant may thaw rapidly.
Review of Water Level Data
Water levels associated with each pond are reported internally within Parsons on a daily or
weekly basis. The reported water levels consider the maximum and alert levels for each facility.
However, inconsistencies were noted between the crest elevations between the reporting sheets
and the OMS manual; the levels indicated in the OMS manual were assumed as correct.
Upon review of the water level monitoring data for 2018 and 2019, SRK noted the following
observations for each pond:
Polishing Pond: The hazard warning level of 173.0 m was exceeded for the entire period of
record, but never reaching the alert warning level of 173.7 m.
Settling Pond: The hazard and alert water levels are dependent on the differential between the
settling pond and polishing pond water levels. The alert water level was exceeded July 3 – 9,
2018 and on July 4, 2019. The hazard water level was exceeded July 9 – October 1, 2018, and
again July 5 – September 25, 2019.
North Pond: The hazard and alert water levels are dependent on the differential between the
north pond and polishing pond water levels. The alert water level was exceeded July 3 – 6, 2018.
The hazard water level was exceeded July 9 – 23, 2018.
Northwest Pond: The hazard warning level of 192.4 m was exceeded July 23 – August 14,
2018, and again June 5 – July 10, 2019. The alert warning level of 193.4 m was never reached.
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6.4

Dam Safety Management Assessment

6.4.1

Operating Procedures with Respect to Design Intent and OMS Manual
It is clear from interviews with project personnel that effort and focus on dam safety has been
improving over the last several years. Examples include the development and implementation of
an OMS manual, the presence of site personnel who are diligent and experienced at the site,
evaluation of Dam 1, and a significant expansion of characterization and monitoring in 2019.
Annual geotechnical inspections are performed, and key results are communicated immediately
to site personnel for action.
Personnel
The Mine Manager has a significant role in dam safety at Giant, making operational,
maintenance, and emergency decisions related to the dams, and acting on monitoring results.
The Mine Technician also has a significant role in dam safety at Giant, inspecting the dams
regularly, collecting monitoring data, and communicating issues to the dam safety team. The
Mine Manager and Mine Technician are diligent, have significant site knowledge, and take
ownership of dam safety. However, there is no formalized coverage for their roles in their
absence, including holidays, weekends, vacations, and illness.
The Inspecting Geotechnical Engineer is qualified, experienced at site, and has a strong
supporting team, but in the past, has had limited time for regular involvement with dam safety at
the site. The dam owner’s Department Representative lives nearby and is on-site frequently, but
does not have a background in dam safety and is seeking additional dam safety knowledge. In
addition, the Department Representative has changed frequently in the past.
Retaining an EOR would provide frequent review of monitoring data and recommendations to
improve dam safety, technical input on operation and maintenance issues, engineer involvement
in construction and repairs, and project continuity.
Organization Chart
The organization chart in the OMS manual is well laid out and easy to understand. However, the
organization chart needs the following updates:
1. The introductory text needs to also assign responsibility for the C1 Clay Borrow dam.
2. Update Assistant Mine Manager as Mark Schmalz does not act in that role.
3. Update Environmental Manager with recent staff change.
Seismicity
Section 6.7 of the OMS Manual does not include 1/10,000-year ground motion parameters (e.g.,
peak acceleration, duration), which is part of the seismic design criterion for the B2 Dam.
Water Management
Plates 11-15 of the OMS manual are very helpful for understanding pond levels at a glance.
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The OMS manual recommends regular monitoring of weather service alerts to notify the project of
extreme weather events. Inspections are to be carried out before and after an extreme weather
event to assess impacts to the dams. Climate data are also regularly monitored and compared to
long-term averages to assist the Inspecting Geotechnical Engineer with determining trends that
may impact the water management systems. However, with the exception of pond level and flow
measurements, quantitative hydrological tracking and forecasting, along with maintaining an
operational water balance, is not performed on a frequent basis for the project. Along with this,
Section 7.10 of the OMS manual calls for annual reporting of pumping records to the Mine
Manager and Inspecting Geotechnical Engineer. An annual reporting frequency is not sufficient
for identifying and mitigating issues.
Inspections
Regular dam inspections are performed by diligent staff who are experienced at the site.
However, per discussion with the Mine Technician, daily dam inspections are generally not being
performed on weekends or holidays. Also, Section 8.4 of the OMS manual calls for monthly
reporting of inspection records to the Inspecting Geotechnical Engineer. A monthly reporting
frequency is not sufficient for identifying and mitigating issues.
As part of inspections, the Mine Technician proactively surveys the location of significant cracks
and areas of settlement. This practice should be formalized in the OMS manual. The monthly
inspection form prompts and documents OMS manual review, which is a proactive practice for
ensuring staff familiarity with the manual and that the manual stays current.
The OMS manual has inspection measures for detecting internal erosion including inspecting for
sinkholes and seepage. However, additional measures can increase detection of internal erosion.
Color and sediment content of any seepage should be noted. Sediment at the toe or downstream
face of a dam can indicate internal erosion and should be noted. Any seepage through the dam
should be sampled and tested for tracers that indicate the water source and whether
contaminants are being released. Locations of sinkholes, seepage, and sediment should be
surveyed.
The OMS manual does not call for daily Splitter Dyke inspection when the ETP is not operating.
Appendix G of the OMS manual contains inspection forms. Comments on Appendix G are
presented below:
1. Daily, weekly, and monthly inspection forms: color and sediment content of any seepage
through or at the toe of the dams is not recorded
2. Daily inspection forms: the Splitter Dyke is not included
3. Weekly and monthly inspection forms: Dam 9 is not included
4. Weekly and monthly inspection forms: the DWC, C1 Clay Borrow, and M&M dams are not
included
5. Weekly and monthly inspection forms: sinkholes are not included
6. Weekly and monthly inspection forms: erosion is not included
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7. Weekly and monthly inspection forms: color and sediment content of any seepage through or
at the toe of the dams is not recorded
8. Weekly inspection forms: the example images of inspection items are helpful for field
personnel
6.4.2

Emergency Preparedness and Response
The Emergency Preparedness and Response Plan (EPRP) is contained within the OMS manual.
Plate 16 of the EPRP is a very helpful flowchart for understanding the emergency response plan
at a glance. The list of available resources and companies in Section 10.11 of the EPRP would
be very useful in the event of an emergency.
Table 29 of the EPRP summarizes preventative and remedial responses for failure modes,
including earthwork as a remedial response after failure; it should be noted that earthwork after
failure should only be attempted when and where it safe to do so.
As discussed during interviews with project personnel, emergency response drills for the dams
have not been conducted.

DN/MM/JK/MS
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7

Findings

7.1

Dam Safety Statement
The dam safety statement for each dyke, as required by CDA (2013) and explained by APEGBC
(2016) is provided in Table 38.
Table 38: Dam Safety Statement
Colour
Legend

Dam Safety Statement

Red

The dam is not safe in that the dam safety review did reveal deficiencies and/or nonconformances which require urgent action as set out in Section 7.4 of the attached dam
safety review report.

Orange

The dam is reasonably safe but the dam safety review did reveal deficiencies and nonconformances as set out in Section 7.4 of the attached dam safety review report.

Yellow

The dam is reasonably safe but the dam safety review did reveal non-conformances with
the regulatory requirements as set out in Section 7.4 of the attached dam safety review
report.

Green

The dam is reasonably safe in that the dam safety review did not reveal any unsafe or
unacceptable conditions in relation to the design, construction, maintenance and operation
of the dam as set out in the attached dam safety review report.

Dam/Dyke

Comments

Dam 1

High priority to reduce risk

Dam 2

-

Dam 3

-

Dam 3C

-

Dam 3D

-

Dam 4

-

Dam 5

-

Dyke 6

Consequences of failure are increased by having containers of arsenic-contaminated
waste in the neighbouring materials storage area. Internal dam, therefore, loss of
containment would not result in release of tailings to the environment. No population
downstream.

Dam 7

DN/MM/JK/MS

Dam 8

Very little information is available – classification could change if more data becomes
available

Dam 9

Very little information is available – classification could change if more data becomes
available

Dam 10

Not a dam – should be declassified

Dam 11

-

Dam 12

Very little information is available – classification could change if more data becomes
available
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Colour
Legend

Dam Safety Statement

Splitter Dyke

Failure of the Splitter Dyke during a 25-year or greater rainfall event would have cascading
effects and overtop Dam 1

Containment
Berm

-

Dam 21A

-

Dam 21B

-

Dam 21C

-

Dam 21D

The extent of ice-rich permafrost foundation degradation, potential piping, a narrow
upstream beach, long-term ponding of water against the toe, and impacts of a dam break
from are not well characterized. This dam safety statement should be adopted until
information is gathered to confirm or prove otherwise.

Dam 22A

Prolonged periods of higher water levels could change the classification, as the upstream
beach width would be notably reduced

Dam 22B

Additional pooling water close to the upstream face could result in a change in
classification. The landfill in this location should be moved further into the upstream beach
(100+m away from the crest). Tailings beach disturbance near the upstream crest should
be avoided.

B2 Dam

Classification could change as additional / ongoing settlement occurs

C1 Clay
Borrow Dam

Consider recontouring this area or other work to move towards declassification

M&M Dam

Not a dam (a diversion) – should be declassified

DWC Dam

Not a dam – should be declassified

Dam Classification
A summary of dam classifications (per CDA 2013) is provided in Table 39.
Table 39: Dam Classification Summary

DN/MM/JK/MS

Classification

Original Tailings Area

Northwest Tailings Area

Other

Very High

None

None

B2 Dam

High

Dam 1
Dam 2
Splitter Dyke

Dam 21A
Dam 21B
Dam 21C
Dam 21D
Dam 22A
Dam 22B

None

Significant

Dam 3
Dam 11

None

None

Low

Dam 3C
Dam 3D
Dam 4
Dam 5
Dyke 6
Dam 7
Dam 8
Dam 9

None

C1 Clay Borrow Dam
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Original Tailings Area

Northwest Tailings Area

Other

None

M&M Dam
DWC Dam

Dam 12
Containment Berm
Not Classified

7.3

Dam 10

Regulatory Compliance
Part D.2 of the Water License (MVLWB 2003) pertains specifically to dams in the Tailings
Containment Areas (TCA). Table 40 summarizes the requirements of Part D.2 and SRK’s
understanding of compliance with each requirement as observed at the time of the site visit
(October 1 and 2, 2019).
Table 40: Water License Part D.2 Requirements
#

Summary of Requirement

Compliance

Comment

A

Solids fraction of mill tailings contained
within TCA

Partial

Evidence of piping of tailings through Dam
21

B

Measures to contain and prevent
windblown tailings

N/A

Not related to dam safety

C

Seepage from the TCA is minimized

Partial

Continue to evaluate containment as
permafrost thaws. Evidence of piping
through Dam 21

D

Seepage is collected and immediately
returned to the TCA

Partial

Measures to collect and return seepage at
Dam 21 and northwest segment of Dam 11
were not observed

E

Always maintain at least 0.5 m of
freeboard

Yes

Based on pond levels provided by CIRNAC
(July 2018 to September 2019)

F

Weekly inspections

Yes

G

Erosion is repaired immediately

Partial

H

Annual geotechnical inspection

Yes

Significant erosion features were observed
at dams 1, 6, and 11

CDA (2013) indicates that a DSR be performed at the frequencies shown in Table 41 below.
Table 41: DSR Frequencies (CDA 2013)
Dam Classification

Frequency

Extreme

Every 5 years

Very High

Every 5 years

High

Every 7 years

Significant

Every 10 years

Low

Note 1

Notes:
1: A Dam Safety Review is not required for low-consequence dams. However, the consequences of failure should be
reviewed periodically, since they may change with downstream development. If the classification increases, a Dam Safety
Review is required at that time. Source: CDA (2013)
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Given that the last DSR was performed in 2004, Giant is not in conformance with CDA (2013) for
dams classified as significant or higher.

7.4

Recommendations
Table 42, Table 43, and Table 44 summarize recommendations, deficiencies, and nonconformances from this DSR.
CDA (2016) defines:
1. A dam safety deficiency as “an inadequacy, or uncertainty in the adequacy, of the dam
system to meet its performance goals in accordance with good dam safety practices”; and
2. A dam safety non-conformance as “an inadequacy in the non-physical controls (procedures,
processes and management systems) necessary to maintain the safety of the dam”.
In both cases, deficiencies or non-conformances can be “potential” if an item may be an
inadequacy but further information is needed for confirmation (CDA 2016). Table 42 ranks the
recommendations based on priority consisting of High, Medium, and Low for addressing the
recommendations, deficiencies, and non-conformances. Priority levels are defined as follows:
1. High: address between freshet and freeze-up in 2020 (Table 42);
2. Medium: address before freshet in 2021 (Table 43); and
3. Low: address within three years (Table 44).
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Table 42: High Priority Recommendations, Deficiencies and Non-Conformances
Number

2020DSR-01

DN/MM/JK/MS

Category

Geotechnical

Dam
/Dyke

Issue

1

Piping caused by thermal erosion
of the ice-rich foundation
materials is a failure mechanism
that has not been considered.
Seepage through or near the icerich foundation materials
increases the potential for rapid
thawing of massive ground ice,
which would result in the
development of voids in the
foundation, and potentially
pathways for piping. This failure
mechanism has the potential to
develop rapidly with little to no
warning.

Deficiency

Yes

NonConformance

No
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2020DSR-02

Category

Geotechnical
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Dam
/Dyke

1

Deficiency

Issue

The characterization and
monitoring of Dam 1 is not
sufficiently spatially distributed to
resolve or detect failure modes
involving ice-rich soils in the
foundation, particularly with
warm, massive ice and the
presence of a large heat and
hydraulic head source
immediately upstream. The
events that present the greatest
risk of an undetected failure with
respect to permafrost and
massive ice relate to thermal
erosion from seepage of water.
These events can take place over
24 hrs of less, so there are
limitations to monitoring and
remedial action with a thermal
erosion failure mode.

Yes

NonConformance

Yes

Recommendation
Implement additional site characterization and monitoring,
including:
•
GTC installed in small diameter PVC casing with silicon
oil
•
Minimum 3 GTC within the area of deep-seated ground
ice
•
Minimum 2 drillholes with GTC and VWP further toward
the abutments along the centerline
•
Minimum 2 drillholes with GTC and VWP in the
upstream direction to understand the lateral thermal
forcing and for seepage detection
•
Minimum 2 inclinometers or shape array
accelerometers further toward the south abutment
along the centerline
•
Minimum 2 inclinometers or shape array
accelerometers downstream of the dam crest
•
Minimum 2 inclinometers or shape array
accelerometers upstream of the dam crest
Where not already implemented, evaluate thermal data for the
following:
•
Change in seasonal thaw depth or depth to the top of
permafrost
•
Unexpected warming events caused by advection of
heat from seepage of water
•
Change in soil and ice water content (if TDR probes
can be installed)
•
Evaluation of latent heat of fusion for the ground ice
zone
Due to the difficulty with monitoring and remedial action for failure
modes involving ice-rich foundation soils, evaluate mitigation or
alternative water storage strategies.

2020DSR-03

DN/MM/JK/MS

OMS

1

The monitoring of Dam 1 is not
sufficiently frequent to resolve or
detect failure modes involving icerich soils, e.g., piping or creep.

No

Yes
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Number

2020DSR-04

2020DSR-05

2020DSR-06

2020DSR-07

2020DSR-08

DN/MM/JK/MS

Category

OMS

OMS

Geotechnical

Geotechnical

Geotechnical
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Dam
/Dyke

Issue

Deficiency

NonConformance

1

Thermal monitoring of Dam 1
consists of one thermistor
installed through the dam crest
that is read manually on a weekly
basis. The thermistor is accurate
to increments of 0.1 °C; however,
the recommended hazard levels
are stated in smaller increments.

No

Yes

1

Piping caused by thermal erosion
of the ice-rich foundation
materials is a failure mechanism
that has not been considered.
Seepage through or near the icerich foundation materials
increases the potential for rapid
thawing of massive ground ice,
which would result in the
development of voids in the
foundation, and potentially
pathways for piping. This failure
mechanism has the potential to
develop rapidly with little to no
warning. Consideration should
also be given to the potential for
creep in ice-rich soils.

Yes

Yes

Evaluate Dam 1 monitoring hazard and alert levels in light of
other failure modes involving ice-rich soils, e.g., piping or creep.

1

Monitoring data show horizontal
and possible rotational
movement. Horizontal
deformation and a potential
rotational mechanism for vertical
deformation have not been
included in deformation analysis
(Golder 2019b).

Potential

No

Perform horizontal and rotational deformation analysis on Dam 1.

1

Pore pressure increase
associated with ice-rich
permafrost may indicate
undrained conditions due to
permafrost thaw.

Potential

No

Pore pressure, ground temperature, and deformation data should
be closely monitored and reviewed in this light. In addition,
assumptions in the stability model should be reviewed along with
monitoring data.

1

Water ponds at the north toe of
the dam. There is no seepage
collection system at this location
and ponded water may accelerate
permafrost thaw.

Yes

No

Direct seepage away from the dam toe and return seepage to
containment.
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Number

2020DSR-09

2020DSR-10

2020DSR-11

2020DSR-12

DN/MM/JK/MS

Category

Geotechnical

Geotechnical

Hydrotechnical

OMS

Page 104

Dam
/Dyke

Deficiency

Issue

The dams are built on tailings,
which, if contractive, can liquefy
1, 2, 3, 6,
due to a change in stress state.
8
CPT data were collected by
Golder in 2019 (2019d).

NonConformance

Recommendation

Potential

No

Determine whether tailings in the dam foundations are
contractive or dilative (including new CPT data and using critical
state methods) and the effect on dam stability under static and
seismic conditions.

Splitter
Dyke

Settlement and
longitudinal/transverse cracking
indicate loose tailings and/or
thawing ice-rich material in the
foundation. Transverse cracks
increase piping risk through the
dyke. Loose tailings may liquefy
and cause dam failure under
static or seismic conditions.
Failure of the Splitter Dyke could
cause overtopping of Dam 1. The
OMS manual does not call for
daily inspection when the ETP is
not operating and the dyke is not
included on the daily inspection
form.

Yes

No

Revise the OMS manual to require daily inspections all year and
include on the daily inspection form. Evaluate and implement
design modifications to reduce risk.

Splitter
Dyke, 1

For the Polishing and Settling
Ponds, Dam 1 and the Splitter
Dyke would be overtopped when
applying the IDF volume at the
specified minimum freeboard
elevation. The Polishing Pond
and Settling Pond hazard warning
levels are commonly exceeded.
The Settling Pond alert level is
occasionally exceeded.

Yes

Yes

SRK recommends reassessing the freeboard levels for each
pond while considering the IDF runoff volume and wind
setup/wave runup effects.

Monitoring is mostly focused on
visual monitoring with limited
instrumentation. Both ice-rich
permafrost and loose foundation
materials can change and drive
failure quickly; a primarily visual
monitoring approach does not
address these failure modes.

No

Yes

Satellite Interferometric Synthetic Aperture radar (InSAR) or
similar technology could also be a useful tool for site-wide
deformation identification and designing the most suitable
monitoring program for specific dams, as needed.

All
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Number

2020DSR-13

2020DSR-14

2020DSR-15

2020DSR-16

2020DSR-17

2020DSR-18

DN/MM/JK/MS

Category

OMS

OMS

Geotechnical

OMS

OMS

OMS
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Dam
/Dyke

Issue

Deficiency

NonConformance

All

There is a hazard level for
seepage through or at the toe of a
dam, but there is not an alert level
for turbid water seeping through
or at the toe of a dam.

No

Yes

Add an alert level for visual observation of turbid seepage
through or at the toe of a dam.

All

Daily, weekly, and monthly
inspection forms do not include
color and sediment content of any
seepage through or at the toe of
the dams.

No

Yes

Add color and sediment content of seepage to daily, weekly, and
monthly inspection forms.

6

Dyke 6 is in poor condition with
the erosion scarp on the west
side and cracking on the east
side. Cracking and depressions
near the material storage facility
could be indicative of
geotechnical instability,
settlement due to thawing of
frozen tailings, or internal erosion.
The dam has permafrost with
excess ice in the foundation.

Yes

No

Evaluate consequences of Dyke 6 failure and function of Dyke 6.
If Dyke 6 needs to be retained, investigate cause of cracking and
depressions (geotechnical investigations), and perform analysis
to confirm stability of Material Storage area. Repair dyke as
necessary based on results of stability assessment.

All

All day-to-day dam inspections
are performed by one inspector
who does not have a cross shift.
Dam inspections do not occur
when he is not working, and
therefore do not meet the
frequency requirements outlined
in the OMS manual.

No

Yes

Develop succession plan and hire and train cross shift to perform
monitoring of the dams at the frequency outlined in the OMS
manual.

All

The Mine Manager plays a
significant role in dam safety at
Giant. There is no assistant or
deputy mine manager for periods
of Mine Manager absence.

No

Yes

Assign a deputy or assistant mine manager with dam safety
experience and site knowledge to act as Mine Manager when the
manager is absent.

All

Section 8.4 of the OMS manual
calls for monthly reporting of
inspection records to the
Inspecting Geotechnical
Engineer. A monthly reporting
frequency is not sufficient for
identifying and mitigating issues.

No

Yes

Update Section 8.4 of the OMS manual with more frequent, e.g.,
weekly, reporting of inspection records to the Inspecting
Geotechnical Engineer.
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Number

2020DSR-19

2020DSR-20

2020DSR-21

Category

Geotechnical

Geotechnical

Hydrotechnical
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Dam
/Dyke

Issue

21D

Dam 21D has extensive
deformation on the toe berm
crest, possible deformation of
native ground adjacent to the toe,
ponded water against the toe, icerich permafrost and potential soft
soils in the foundation, a history
of settlement and deformation on
the dam crest, and the Northwest
Pond is close to the dam crest.
Golder (2019x) installed two
standpipes and a GTC in Dam
21D.

Dam 1

Survey monument T10 was hit by
a vehicle and bent in 2018. This
monument location has
historically been the location of
maximum deformation
measurements.

B2

NonConformance

Recommendation

Yes

Yes

Install at least one more pore pressure monitoring point on the
dam crest to the south of the 2019 standpipes. Install at least two
more GTC, one on either side of the 2019 GTC. Install at least
three inclinometers or shape acceleration arrays on the dam
crest, (upstream and downstream) and through the middle / lower
bench. Install at least five dam crest survey points. Consider
installing a deep settlement point; e.g. drill hole down to the
foundation then install a plate and pipe or end capped PVC that
can be measured from the surface to give a better indication of
direction foundation settlement. InSAR could be useful for
identifying deformation monitoring points.

Potential

No

Install a new survey monument at this location.

Deficiency

When the B2 Dam was
rehabilitated it was designed to
retain a water elevation that was
linked to the 1/500-year flood
event (elevation 164.7m).

It is recommended that the hydraulic calculations, specifically in
relation to the 1/500-year and less frequent storm events be
reassessed.
Potential

Yes

Updated hydrologic information is
now available for Baker Creek (as
noted in Golder 2019c).

DN/MM/JK/MS
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Table 43: Medium Priority Recommendations, Deficiencies and Non-Conformances
Number

2020DSR-22

Category

Geotechnical

Dam
/Dyke

Issue

Deficiency

NonConformance

All

The massive ice in the Dam 1
foundation may be associated
with a pre-existing ice-rich
permafrost feature called a
lithalsa. The site may have other
pre-existing massive ice features
such as lithalsas. For example,
terrain features downstream of
Dam 21D are indicative of ice-rich
permafrost.

Potential

No

Review pre-mining aerial imagery and topography in detail for
evidence of massive ground ice and compare with footprints of
dams and related infrastructure.

Yes

Yes

Update the stability analysis with new characterization and
monitoring data, including contractive/dilative behavior of tailings
in the foundation. Perform sensitivity and probabilistic analyses to
quantitatively address uncertainty in inputs. LiDAR topo should
be used to identify steep slope segments and to ensure stability
sections are representative. Target further investigations to
reduce uncertainty where risk warrants. Install at least three
inclinometers or shape acceleration arrays on the dam crest.
Install at least three dam crest survey points. Install at least two
GTC to the west of the 2019 GTC. InSAR could be useful for
identifying deformation monitoring points.

Potential

No

Evaluate the effects of damage to the clay core on seepage and
piping potential.

No

Yes

Implement deformation monitoring, such as survey monuments.
InSAR could be useful for identifying deformation monitoring
points.

2020DSR-23

Geotechnical

2

Dam 2 had ice-rich permafrost in
the foundation historically (e.g.,
Geocon 1975, 1983) and has
tailings in the foundation (Golder
2015). Golder (2015) stability
analysis showed factors of safety
that did not meet CDA (2013)
guidelines. Golder (2019d)
conducted additional
characterization and installed
additional monitoring points.

2020DSR-24

Geotechnical

2

There are multiple cracks and
voids in the dam core on the
crest.

2020DSR-25

OMS

DN/MM/JK/MS

These dams are high to
3, 11, 21, significant hazard dams but have
no quantitative deformation
22
monitoring.
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Number

2020DSR-26

2020DSR-27

DN/MM/JK/MS

Category

Geotechnical

Environmental
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Dam
/Dyke

Deficiency

Issue

NonConformance

Recommendation

21, 22

Stability analyses (Golder 2015)
use material property, internal
geometry, and phreatic surface
inputs that are poorly constrained.
The dams have permafrost with
excess ice in the foundations.

Potential

No

The original Geocon design report (and not just the design
sections) should be revisited for additional details. There is
evidence for piping: sensitivity analysis should incorporate
variations in water level / phreatic surface. Post-earthquake
strength values, at least for the tailings, should consider using
Sr/p’ values. Consider some stability sections with the organic
layer in the foundation not removed (in case it was not actually
done as part of the construction). Update analyses with 2019
investigation results. Perform sensitivity and probabilistic
analyses, including permafrost thaw, to quantitatively address
uncertainty in inputs. LiDAR topo should be used to identify steep
slope segments and to ensure stability sections are
representative. Target further investigations to reduce uncertainty
where risk warrants.

21

Measures to collect and return
seepage at the Dam 21 toe were
not observed. Ponded water may
accelerate permafrost thaw.

Yes

No

Test ponded water to check whether it is seepage. If so, return
seepage to containment. In any case, direct water way from the
dam toe.
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Number

2020DSR-28

Category

Geotechnical
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Dam
/Dyke

21

Deficiency

Issue

Evidence of internal erosion
includes sinkholes in the tailings
near the dam and on the dam
crest, fine-grained or sand
materials in the downstream
rockfill shell, and observations of
turbid water at the dam toes.

2020DSR-29

Geotechnical

2

It is unclear if pipes associated
with decant towers No. 2 and No.
3, and corrugated metal culverts
installed through the original
rockfill structure have been
decommissioned.

2020DSR-30

Geotechnical

1

It is unclear if the corrugated
metal culvert installed through the
dam near the north abutment has
been decommissioned.

DN/MM/JK/MS

NonConformance

Recommendation
Continue weekly inspections for sinkholes in tailings near the
dam and on the dam crest. Continue weekly inspections for
seepage from the downstream face of the dam and at the toe.
Inspect for sediment at the toe or downstream face of the dam.
Note the color and sediment content of any seepage. Sample any
seepage and test for tracers that indicate the water source.
Survey locations of sinkholes, seepage, and sediment. Where
signs of internal erosion are persistent, install piezometers in the
tailings and in the downstream rockfill. Develop alert levels and
action plans for internal erosion, e.g., pond level limits. Check
piezometric levels against stability analysis assumptions.
Evaluate the potential for internal erosion at the 21 and 22 dams.
This may consist of checks such as:

Potential

Yes

•

Collecting field samples of the poorly graded sand noted in
the 2019 field inspections on the downstream portion of
Dam 21B. Complete particle size distribution and
geochemical testing on these samples to compare this
suspected internally eroded material to the upstream
impounded tailings.

•

Consider completing a set of filter design calculations
(desktop checks) based on current design standards to get
a better indication if the original filter design would have
been suitable to limit internal erosion.

•

Revisit all available historic settlement observations at the
21 dams (specifically the 21D dam) and check if
deformation at the dams would be large enough to breach /
impact the sloped filter performance.

Potential

No

Plug decant tower No. 3, and perform investigation (probe,
camera, or geophysics) to confirm if other pipes are plugged.

Potential

No

Perform an investigation to check whether the pipe has been
decommissioned.
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Number

Category

Dam
/Dyke

Issue

Deficiency

NonConformance

2020DSR-31

Emergency
Preparedness
and Response

21, 22

The Ingraham Trail Highway and
Vee Lake roads are immediately
downstream of the dams.

No

Potential

Hydrotechnical

1, 2, 21,
22,
Splitter
Dyke

The North, Northwest, Polishing,
and Settling Pond water levels
are maintained by pumping and
no spillways are present.

No

Yes

1

Dam 1 is upstream of water
bodies, infrastructure, and the B2
Dam, but the volume and runout
of tailings and water due to a
failure has not been estimated.

No

Potential

2020DSR-32

2020DSR-33

Hydrotechnical

Recommendation

Prohibit traffic from stopping in potential inundation areas.
Prohibit recreation in these areas.

Implement a plan to provide backup pumping and power for the
pumping systems.

Perform dam break analysis to estimate consequences to
downstream environment, infrastructure, and the B2 Dam.
Evaluate and implement an alternative landfill location that does
not pond water against the dam.

2020DSR-34

2020DSR-35

2020DSR-36

2020DSR-37

DN/MM/JK/MS

Geotechnical

22B

Environmental

1, 2, 3,
11, 21,
22

11

Environmental

Hydrotechnical

All

There is a landfill in the tailings
which leads to ponded water
immediately upstream of the dam.

Suggest moving the landfill site at least 100 m from the upstream
crest of the dam and to backfill the current depression / landfill to
have a positive surface expression. Focus on limiting the
potential for additional water ponding near the upstream face and
minimize / avoid tailings beach disturbance near the upstream
dam crest.

Yes

No

Thaw of frozen ground in the fill
and foundations of dams that
retain water or saturated tailings
may increase seepage from
dams.

Potential

No

Plan contingency measures for increased seepage collection and
return. Continue to monitor seepage volumes.

Measures to collect and return
seepage at the northwest
segment of the Dam 11 toe were
not observed. Ponded water may
accelerate permafrost thaw.

Yes

No

Test ponded water to check whether it is seepage. If so, return
seepage to containment. In any case, direct water way from the
dam toe.

Yes

Monitor climate data on regular basis and update operational
water balance model to assist with water management
forecasting and to assess capacity of pumping systems with
respect to design events. Update Section 7.10 of the OMS
manual with more frequent, e.g., weekly, reporting of pumping
records to the Mine Manager and Inspecting Geotechnical
Engineer.

Hydrological tracking or
forecasting is not performed on a
frequent basis for the project.

No
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Number

Category

2020DSR-38

Hydrotechnical

2020DSR-39

Geotechnical

Page 111

Dam
/Dyke

This review did not find
documentation for sizing of
seepage collection ponds (i.e.,
1, 3C,
Dams 3C, 3D, 7, and collection
3D, 7, 21,
areas for Dams 1, 21, and 22)
22
with respect to seepage, surface
water runoff, freshet, power loss,
and flood events.

Review seepage pond capacities with respect to seepage,
surface water runoff, freshet, power loss, and flood events.

Potential

No

Evaluate sensitivity of stability analysis to section location.

Formalize the EOR role.

Yes

Dam break analyses would
improve emergency
preparedness and response
planning.

No

Potential

Emergency
Preparedness
and Response

21, 22

DN/MM/JK/MS

No

No

2020DSR-41

Hydrotechnical

Potential

The EOR role is not formalized,
resulting in uncertainty in regular
review and action based on
monitoring results, lack of
engineer involvement in operation
and maintenance, as well as a
lack of formalized project
continuity.

All

2020DSR-43

NonConformance

The downstream face of Dam 1
has very irregular geometry.

OMS

OMS

Deficiency

1

2020DSR-40

2020DSR-42

Issue

Dams and dykes have long
histories and there is not a single
document which comprehensively
provides geotechnical information
on each dam/dyke. Pertinent
documents are scattered among
many different physical and
electronic locations and among
many different entities. As-built
information is not present for
many dams.

No

Yes

Dams 3, 11, 21, and 22 are
upstream of water bodies, but the
3, 11, 21,
volume and runout of tailings and
22
water due to a failure has not
been estimated.

No

Potential

All
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Recommendation

Perform dam break analyses to improve emergency planning.

Develop Dam Characterization Reports, in a similar manner to
the Dam Site Characterization Report outlined in APEGBC 2016,
for each dam and dyke on site. These reports should provide a
“living” synthesis of site characterization information,
design/construction information, and operational history, as well
as appendices of the same in detailed and raw form. The reports
should be updated each time geotechnical investigation/analysis
is performed or dam design/construction is updated.

Perform dam break analyses to confirm consequence
classifications.
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Number

Category

2020DSR-44

OMS

2020DSR-45

Emergency
Preparedness
and Response

2020DSR-46

OMS

Page 112

Dam
/Dyke

Issue

2, 3, 4, 5, Additional monitoring stations,
11, 21, e.g., standpipes and GTC, were
installed in 2019.
22

Deficiency

NonConformance

No

Yes

Update OMS manual for new monitoring points.

Recommendation

All

Emergency response training and
drills have not been performed.

No

Yes

Perform and document annual emergency response training and
drills with pertinent stakeholders as outlined in the EPRP.

All

Inconsistencies in the OMS
manual. The introduction of
Section 8.5 and Section 10.8 of
the OMS manual refer to alert
levels triggering implementation
of the emergency response plan.
Other locations in Section 8.5
refer to hazard and alert levels
triggering implementation of the
emergency response plan.

No

Yes

Clarify which levels trigger implementation of the emergency
response plan.

Dams 1 and 11 have significant
erosion features on downstream
faces, apparently from pipeline
breaks.

Yes

Yes

Repair the erosion features. Modify the pipeline and/or OMS
procedures to reduce risk of further erosion.

Potential

No

Grade crest to prevent ponding.

No

Yes

Remove vegetation to allow access and inspection.

2020DSR-47

Hydrotechnical

1, 11

2020DSR-48

OMS

1

2020DSR-49

OMS

2020DSR-50

OMS

All

There is no training within
CIRNAC on the responsibilities of
a dam owner.

No

Yes

CIRNAC should implement training for staff acting in a dam
ownership role.

2020DSR-51

Emergency
Preparedness
and Response

All

The distribution list for the EPRP
does not include public entities,
e.g., the RCMP.

No

Yes

Add public entities involved in the EPRP to the plan’s distribution
list.

DN/MM/JK/MS

Several areas on the upstream
crest on the north side of the dam
appear to pond water.

Vegetation growing on dam
1, 3, 3C,
makes access and inspection
3D, 9, 12
difficult.
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Number

Category

Page 113

Dam
/Dyke

Issue

Deficiency

NonConformance

No

Potential

Recommendation

2020DSR-52

OMS

All

A comprehensive, automated
data management system can
make data collection, processing,
QA/QC, interpretation, transfer,
and reporting faster, more
efficient, more accurate, and
enable more rapid and informed
decision making for dam safety.

2020DSR-53

OMS

All

Plate 1 has outdated or incorrect
assignments for the Assistant
Mine Manager and Environmental
Manager roles.

No

Yes

Update Assistant Mine Manager and Environmental Manager
with correct staff.

B2

The ground motion return period
used in stability analysis (Golder
2015) is 2,475 years. Since, the
B2 Dam has a ‘Very High’
classification, the design ground
motion return period for the
“Transition” phase is halfway
between 2,475 and 10,000 years
(CDA 2019).

Yes

No

Update the stability analysis for the ground motion with a return
period halfway between 2,475 and 10,000 years. Section 6.7 of
the OMS Manual also needs to be updated.

No

Potential

Increase duration of annual geotechnical inspection as needed.

2020DSR-54

Geotechnical

Consider implementation of a comprehensive data management
system.

2020DSR-55

OMS

All

Duration of annual geotechnical
inspection is two days.
Depending on the number of
issues encountered, this may not
be enough time.

2020DSR-56

OMS

All

Sinkholes are not included on the
weekly and monthly inspection
forms.

No

Yes

Add sinkholes to the weekly and monthly inspection forms.

2020DSR-57

OMS

All

Erosion is not included on the
weekly and monthly inspection
forms.

No

Yes

Add erosion to the weekly and monthly inspection forms.

2020DSR-58

OMS

9

Dam 9 is not included on the
weekly and monthly inspection
forms.

No

Yes

Add Dam 9 to the weekly and monthly inspection forms.

DN/MM/JK/MS
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Page 114

Dam
/Dyke

Issue

Deficiency

NonConformance

No

No

The OMS manual should be revised to formalize surveying the
location of significant cracks and areas of settlement.

Recommendation

2020DSR-59

OMS

All

As part of inspections, the Mine
Technician proactively surveys
the location of significant cracks
and areas of settlement. This
practice is not included in the
OMS manual.

2020DSR-60

Emergency
Preparedness
and Response

All

Table 29 recommends remedial
earthwork after failure.

No

No

Table 29 should be revised to add that remedial earthwork after
failure should only be done when and where it is safe to do so.

2020DSR-61

OMS

C1 Clay
Borrow

Section 3.1 does not assign
responsibility for the C1 Clay
Borrow dam.

No

Yes

The introductory text needs to assign responsibility for the C1
Clay Borrow dam.

2020DSR-62

OMS

C1 Clay
Borrow

The C1 Clay Borrow dam is not
included on the weekly and
monthly inspection forms.

No

Yes

Add the C1 Clay Borrow dam to the weekly and monthly
inspection forms.

B2

Settlement plates are read
quarterly while vibrating wire
piezometers are read weekly in
the thawed season (April to
August) and monthly in the
freezing season (September to
May). This noted there has been
notable data gaps in the past
(specifically pre 2015)

2020DSR-63

DN/MM/JK/MS

OMS

As recommended by Golder 2019c, SRK agrees that the water
level gauge survey should be carried out each time piezometer
readings are completed.
No

Yes
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It is further recommended that, due to the high consequence of
this dam, that the settlement plate reading be done monthly when
able to be accessed (i.e. not snow or water covered) and that the
periods of weekly measurements (for all instruments) be
extended from April to November (from spring thaw to winter
freeze-up).
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Number

Category

Page 115

Dam
/Dyke

Deficiency

Issue

NonConformance

Recommendation
A full updated as-built survey is suggested to be completed for
the B2 Dam and compared to the 2007 as-built surface.
A detailed desktop review of all the monitoring data with a focus
on the freeboard allowance and liner integrity should be carried
out.

2020DSR-64

Geotechnical

B2

Ongoing seepage has been
observed in the B2 pit on the
same wall as the B2 Dam.
Settlement of the B2 Dam has
shown continuing (and fairly
constant rate) settlement trends.

Potential

No

Following the two reviews above, additional instrumentation may
be needed. New instrumentation would be expected to include
more deformation monitoring on the old sections of the B2 Dam
(i.e. in the sections below the 2006 reconstruction work and along
the B2 pit wall) and the addition of thermal (thermistor)
instrumentation. Hazard and alert levels should be adjusted
following the monitoring review and addition of any new
instrumentation.
A seep survey should also be completed at the B2 pit and all
historic and current seep locations recorded to better look at any
spatial correlations with seepage/pore pressure observations in
the dam area.

DN/MM/JK/MS
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Table 44: Low Priority Recommendations, Deficiencies and Non-Conformances
Number

2020DSR-65

2020DSR-66

Category

Geotechnical

OMS

Dam
/Dyke

Issue

NonConformance

Recommendation

3, 11

Stability analyses are dated. The
dams have permafrost with
excess ice in the foundations.
Golder (2019d) performed
additional characterization and
monitoring.

Potential

No

Update stability analysis with current material parameters,
representative sections, and current methods. Perform sensitivity
and probabilistic analyses, including permafrost thaw, to
quantitatively address uncertainty in inputs. LiDAR topo should
be used to identify steep slope segments and to ensure stability
sections are representative. Target further investigations to
reduce uncertainty where risk warrants.

1

Hazard and alert levels for
vertical movement of the Dam 1
anchor are in Table 14 of the
OMS manual, but not in Tables
25 and 26, which contain all
hazard and alert levels for the
dams.

No

No

Add hazard and alert levels for the Dam 1 anchor to Tables 25
and 26.

No

No

Add hazard and alert levels for the Dam 1 inclinometers to Tables
25 and 26.

Deficiency

2020DSR-67

OMS

1

Hazard and alert levels for
horizontal movement of the Dam
1 inclinometers are in Table 19 of
the OMS manual, but not in
Tables 25 and 26, which contain
all hazard and alert levels for the
dams.

2020DSR-68

Geotechnical

All

Earthquakes Canada will update
seismic design parameters in
2020.

No

No

Update seismic stability analyses with 2020 seismic design
parameters.

2020DSR-69

OMS

All

Tables 25 and 26 are difficult to
follow for individual dams.

No

No

Consider revising tables so hazard and alert levels can be quickly
evaluated for each dam.
Maintain road so DWC Dam can be accessed for inspection and
maintenance.

2020DSR-70

DN/MM/JK/MS

Infrastructure

DWC

The access road is steep, rough,
and muddy.

No

No
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The DWC Dam can be declassified as a dam. Although the DWC
Dam is not a dam by CDA standards, the impacts and risks if this
diversion structure failed should be assessed. Also, inspections
and maintenance should continue (at least before and after
freshet and around winter freeze up).
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Number

Category

Page 117

Dam
/Dyke

Issue

The outlet pipe has clogged in the
past and does not have a robust
intake screen. The outlet pipe
penetrates the dam. The outlet
pipe has a hole just downstream
of the dam. The outlet pipe has
an anchor that is not robust.

2020DSR-71

Hydrotechnical

DWC

2020DSR-72

Infrastructure

1

2020DSR-73

OMS

10

OMS

C1 Clay
Borrow

2020DSR-74

2020DSR-75

DN/MM/JK/MS

OMS

M&M

Deficiency

NonConformance

Recommendation
Install a robust intake screen. Install a seepage collar where the
pipe penetrates the dam. Repair the hole in the pipe. Install a
robust pipe anchor if needed.

No

No

The DWC Dam can be declassified as a dam. Although the DWC
Dam is not a dam by CDA standards, the impacts and risks if this
diversion structure failed should be assessed. Also, inspections
and maintenance should continue (at least before and after
freshet and around winter freeze up).

Access road to Dam 1 ponds
water on the upstream side.

Potential

No

Install drainage measures.

Dam 10 has been effectively
removed.

No

No

Declassify Dam 10, and no longer include it in inspections.

The dam was constructed as an
additional measure to control
sediment from the C1 Clay
Borrow area upstream of Baker
Creek.

No

No

If desired to reduce OMS activities, consider evaluating
alternative sediment control strategies and modifying the dam to
not retain water, allowing for declassification.

The M&M Dam acts as a
diversion berm, only retaining
water during ice jam + rain or
very high storm flow events.

Declassify the M&M Dam as a dam. Perform OMS on the
structure as a diversion berm.
No

No
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impacts and risks if this diversion structure failed should be
assessed. Also, inspections and maintenance should continue (at
least before and after freshet and around winter freeze up).
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Next DSR
A DSR is required every five years for the “Very High” dam classification in accordance with CDA
(2014). The B2 Dam is a ‘Very High’ consequence dam. Also, as discussed above, there are
multiple deficiencies and non-conformances which need to be addressed. Therefore, SRK
recommends the next DSR be performed at the first of the following occurrences:

9

•

One year prior to planned closure, to review the closure design for the dams; or

•

Five years from this DSR, i.e., in 2024.

Statement of Peer Review
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