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Executive Summary
Golder Associates Ltd (Golder) has completed a Dam Safety Review for the Kemess South Tailings Storage
Facility (TSF). The TSF is a cross-valley tailings impoundment located in North Central, British Columbia. The
facility stores approximately 196 million tonnes of tailings impounded behind a zoned earth-fill dam. The dam has
a maximum dam height of approximately 135 m and includes a downstream cyclone sand fill buttress, a closure
spillway, water diversion system, Sediment Pond, Seepage Recycle Pond, surface and sub-surface drainage
systems. Mr. Irwin Wislesky of Amec Foster Wheeler (AMEC) is the Engineer of Record (EoR) for the TSF.
The current operational phase of the TSF is Closure – Active Care. The Consequence Classification of the dam is
Very High. This is the first DSR to be conducted for the TSF since operations ceased in March 2011 and the
geotechnical review panel for the dam was disbanded.
The dam is generally in good condition and well maintained. The TSF is generally operated in accordance with
the Operation, Maintenance and Surveillance (OMS) manual, and surveillance is generally thorough, documented,
and reviewed. An Emergency Preparedness Plan (EPP) exists for the dam and is understood by the operational
personnel.
A total of 2 Actual Deficiencies, 5 Potential Deficiencies, and 13 Operational Non-Conformances have been
identified as part of the dam safety review. The findings and recommendations of the DSR are summarised in the
table, below.
Table: Findings and Recommendations
Deficiency

Type [1]

Recommendation

Priority

During its inspection in May 2016, AMEC observed the
presence of depressions up to 2 m in diameter and 1 m
deep in the tailings beach near the south abutment. The
remedial grouting plan for the TSF (AMEC 2013a)
states that if “sinkholes or depressions are observed on
the closure tailings beach in the south abutment area”,
this “would trigger a site assessment and possibly
necessitate implementation of a remedial grouting
plan”.

An

Golder recommends that the
mechanism for the depressions be
further investigated and remediated, if
necessary.

High

Significant seepage was observed from the Sediment
Pond dam and abutments. In addition, the dam is
steeply sloped, has signs of surface erosion and a pipe
is buried within the crest. Combined with the absence of
an engineered design or documented construction
quality assurance for the raise to this dam, we judge
that this dam currently poses an unacceptably high risk
of failure. The most likely consequence of failure would
be overtopping or breach of the Seepage Return Pond
and environmental impacts downstream of the dam.
However, the potential for failure to result in a rapid
drawdown case that impacts the stability of the main
dam upstream cannot be discounted.

An

The Sediment Pond should be
decommissioned and the slopes
flattened

High
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Table: Findings and Recommendations
Deficiency

Type [1]

Recommendation

Priority

Stability analyses do not reflect current and expected
piezometric levels and may not have identified the
failure surface with the minimum factor of safety. The
current factor of safety for static stability of the TSF may
not satisfy the Health, Safety and Reclamation Code for
Mines in BC (BCHSRC).

Pn

Stability analyses for the TSF should
be updated to reflect the current
operating conditions and identify
minimum factors of safety.

Moderate

Pn

As a minimum, monitoring of this
slope should continue during the
Active Care Closure phase.
Consideration should be given
measures that would stabilise this
slope against further failure.

Low

Pq

Seismic loads should be compared to
the fifth generation seismic hazard
model. In the event that a deficiency
was confirmed, dynamic analyses for
the dam should be updated.

Low

The IDF used to design the spillway has been based on
closure conditions for the TSF, which assume that the
diversion dams have been removed. AMEC has
recommended that the Southern Diversion Dam be
removed, however, this recommendation had not yet
been implemented at the time of Golder’s inspection.
The Southern Diversion Dam has been designed to
accommodate flows from the 1 in 1000 year event. It is
possible that sudden failure of the Southern Diversion
Dam during an extreme rainfall event could result in an
IDF that exceeds the capacity of the spillway, resulting
in overtopping of the main dam.

Pu

The water diversion system, which
includes the Southern Diversion Dam,
should be decommissioned and
removed.

Moderate

Recent animal activity and burrowing was observed on
the downstream slope of the dam.

Pn

Consideration should be given to
strategies that eliminate animal
burrowing and reduce maintenance
requirements in closure.

Low

NCi

The EPP should be revised such that
all responsibilities are clearly
assigned to the responsible
individuals.

Low

There are a few discrepancies in the emergency
telephone numbers reported for some personnel in the
latest versions of the EPP and the OMS Manual.

NCi

Telephone numbers discrepancies
should be resolved and the
documents revised, as necessary.
Subsequent to Golder’s review,
AuRico has advised that these
discrepancies have been resolved.

Moderate

There is no specific documentation for tracking
deficiencies and their resolution and recording sign off.

NCi

A central register should be
maintained for documentation of
maintenance activities.

Low

NCs

A communications system should be
installed to allow automated real-time
transfer of dam instrumentation data
to the operations centre. Subsequent
to the DSR inspection, AuRico
advises that this recommendation has
now been addressed.

Low

A tension crack has formed along the downstream crest
of the access road downstream of the R1 drain. Further
failure of this slope has the potential to obstruct
drainage features downstream.
Seismic design loads were last compared to the
National Building Code of Canada in 2004. A fifth
generation seismic hazard model has been generated
for Canada and incorporated into the 2015 National
Building Code of Canada.

Roles and responsibilities lack definition in some
sections of the draft EPP.

Piezometer readings are currently uploaded manually
from data loggers approximately twice per month.
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Table: Findings and Recommendations
Deficiency

Type [1]

At the time of inspection, life-buoys were not stationed
in the proximity of working areas near the Southern
Diversion Dam and Seepage Recycle Pond.

NCo

Standpipes piezometers located upstream and
downstream of the dam core have not been sampled for
approximately three years. This sampling is a required
to identify the internal erosion.

NCs

Drills to practice emergency scenarios that could arise
with respect to the TSF have not been documented.
Trigger levels for the piezometers have been set for
conditions that represent a static factor of safety of 1.3.
This means that a factor of safety less than 1.5 could
exist within the dam without triggering an alarm.
The current dam break assessment may understate the
incremental consequence classification for floodinduced failure. It may also underestimate breach time,
resulting in an underestimate of the downstream
inundation level and area.

Surface erosion was observed on the south abutment
above the L2 Diversion Ditch.

Several vibrating wire piezometers within the dam,
downstream buttress and abutments are no longer
functional.
The water level within the Sediment Pond is higher than
the original design and has submerged the outlets from
the underdrains within the main dam buttress. This
precludes the ability to check outflow from the drains for
sediment, which is a potential indicator of internal
erosion.
Operational personnel currently carry out inspections of
vegetation growth on the main dam on a monthly basis.
The inspection frequency is not consistent with the
recommendations in the 2015 Dam Safety Inspection
report, which recommends that vegetation growth be
monitored bi-weekly.
[1]

NCp
NCs

NCp

NCm

Recommendation
The availability and positioning of lifebuoys be checked for consistency
with the requirements of the
BCHSRC. Subsequent to the DSR
inspection, AuRico advises that lifebuoys have now been placed at all
water access points.
Sampling of these piezometers
should resume and blocked
piezometers should be replaced.
Subsequent to the DSR inspection,
AuRico advises that sampling of
these piezometers has resumed.
Emergency drills should be carried
out for the TSF and documented.
Piezometer trigger levels should be
updated to reflect compliance criteria
for the dam.
The dam breach assessment should
be updated giving consideration to
the sensitivity of the dam breach
assessment to flood conditions and
breach time.
Erosion should be remedied
consistent with AMEC’s
recommendations. AuRico has
advised that this work is currently
planned as part of future reclamation
works.

Priority

Moderate

Moderate

Low
Moderate

Low

Low

NCm

Non-functioning instrumentation
should be replaced.

High

NCo

The water level within the Sediment
Pond be reduced. The dam should
then be decommissioned and the
slopes flattened as soon as
practicable.

High

NCp

Surveillance should be increased to
satisfy AMEC’s recommendation or
the recommendation may be relaxed
by AMEC, if this frequency is no
longer required.

Low

Note:
[An] Actual Deficiency Normal Load – load which is expected to occur during the life of a dam
[Au] Actual Deficiency Unlikely Load – load which could occur under unusual load (large earthquake or flood)
[Pn] Potential Deficiency Normal Load – load which is expected to occur during the life of a dam
[Pu] Potential Deficiency Unlikely Load – load which could occur under unusual load (large earthquake or flood)
[Pq] Potential Deficiency Quick – potential deficiency that cannot be confirmed but can be readily eliminated by a specific action
[Pd] Potential Deficiency Difficult – potential deficiency that is difficult or impossible to prove or disprove
[NCo] Non-Conformance Operational; [NCm] Non-Conformance Maintenance; [NCs] Non-Conformance Surveillance
[NCi] Non-Conformance Information – information is insufficient to confirm adequacy of dam or physical infrastructure for dam safety.
[NCp] Non-Conformance Other Procedures
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1.0
1.1

INTRODUCTION
Overview

This report presents the results of a Dam Safety Review (DSR) performed by Golder Associates Ltd. (Golder) for
the Kemess South Tailings Storage Facility (TSF). A DSR provides an assessment of the safety status of a dam
based on data, analysis, and professional engineering interpretation, in accordance with the generally accepted
engineering practices involved in the determination of the adequacy of the physical performance and the
management of the integrity of a dam. The DSR has been carried out for AuRico Metals Inc. in accordance with
Golder’s proposal P1547387-001-P-Rev1, dated March 9, 2016, approved by AuRico on March 17, 2016.
The Kemess South TSF is a cross-valley tailings impoundment located in North Central, British Columbia (BC),
as shown in Figure 1. The facility stores approximately 196 million tonnes of tailings impounded behind a zoned
earth-fill dam. The dam has a crest elevation of 1,510 m, resulting in a maximum dam height of approximately
135 m. The dam comprises a till core to elevation 1,509 m and a downstream cyclone sand fill buttress.

Kemess Mine

Figure 1: Location Plan (not to scale) © Openstreetmap Contributors
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Tailings deposition into the TSF commenced in May 1998. The dam was raised in twelve stages and remained
the principle TSF for the Kemess South Mine until tailings deposition commenced in-pit in September 2009. Some
tailings deposition continued into the TSF until March 9, 2011 when milling operations ceased and the TSF was
placed under the care and maintenance of AuRico personnel. In 2012, construction of the closure spillway was
completed with an invert level 1,506 m.
Mr. Irwin Wislesky (P.Eng) of Amec Foster Wheeler (AMEC) is the Engineer of Record (EoR) for the TSF. The
DSR for the Kemess TSF included interviews with the EoR, AMEC and AuRico operational personnel as well as
a site visit by the Qualified Professional Engineer for the DSR, Mr. Herb Hawson (FEC, P.Eng), accompanied by
Mr. David Anstey (P.Eng).

1.2

Level of Review

The DSR was carried out in accordance with Professional Practice Guidelines – Legislated Dam Safety Reviews
in BC, by the Association of Professional Engineers and Geoscientists of British Columbia (APEGBC 2014).
APEGBC’s Professional Practice Guidelines identify the following types of DSRs:



Audit-Type DSR



Comprehensive DSR



Detailed Design-Based Multi-Disciplinary DSR



Comprehensive and Detailed Design and Performance Review

This DSR is a comprehensive DSR. A Comprehensive DSR is intended to review the currency and adequacy of
all of the safety management arrangements in place for a dam on the basis of a review of documentation, site
reviews, interviews with operating staff and engineering analysis. A Comprehensive DSR is more in depth than an
audit-type DSR, but is not to the level of a detailed design review. The engineering analysis involves routine designbasis checks of calculations with site verification.
The DSR was carried out under the British Columbia Dam Safety Regulation (BC. Reg. 40/2016) and Health,
Safety and Reclamation Code for Mines in British Columbia (BCHSRC) (MEM 2008, 2016), giving consideration
to the Canadian Dam Association Dam Safety Guidelines, 2013 Edition (CDA 2013).

1.3

Safety Review Scope

The DSR has been carried out in accordance with Dam Safety Guidelines (CDA 2013), BCHSRC and APEGBC
Professional Practice Guidelines (APEGBC 2014). The scope of services were detailed in Golder’s proposal
P1547387-001-P-Rev1, dated March 9, 2016 and authorised by AuRico in an email dated March 17, 2016.
The DSR comprised the tasks listed below.



A kick-off meeting with AuRico to discuss the project tasks, timelines and arrange logistics for the site
inspection.



Consideration of data and documentation on the facility provided by AuRico, including operations,
maintenance and surveillance (OMS) documentation and records, emergency preparedness and response
documentation and records and the most recent closure risk assessment for the facility.
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A three-day site visit in August 2016 to visually inspect the facility.



Interviews with operating and maintenance personnel from AuRico to assess dam safety management
systems, including roles and responsibilities, the understanding of personnel of documented procedures,
documentation of activities and incident management compliance.



Review of the consequences of dam failure and existing dam consequence classification.



Dam safety analysis, taking into consideration:

 Review of construction records and operating principles to confirm that the as-constructed dam conforms
with the intended design.

 Adequacy of the derived extreme flood events and earthquakes considered for the dam facility design in
the context of extreme events since construction of the facilities and consistent with current practice.

 Structural stability, seepage and erosion resistance of all segments of the dam and water retaining
structures.

 Capacity of waterways to discharge water from the dam facilities including spillways, and downstream
water conveyance systems.

 Adequacy of design of gates, valves, drains, flow control equipment, power supply and their ability to
function in various operating conditions.

 Adequacy of design, construction, and operational features to address potential failure modes.
 Tailings and water chemistry, tailings characteristics and the overall water balance.



Completion of routine design-basis checks of calculations and recommendations for a detailed design-based
analysis, where warranted.



Evaluation of the performance of the dam using a Hazards and Failure Modes Analysis (HFMM), taking into
consideration internal and external hazards, and applicable failure modes.



Preparation of a DSR report in general conformance with the requirements outlined in the CDA Dam Safety
Guidelines, the BCHSRC (MEM 2008, 2016) and the Professional Practice Guidelines for Legislated Dam
Safety Reviews in BC (APEGBC 2014).

The work was authorised by Mr. Chris Rockingham of AuRico Metals Inc. in an email dated March 17, 2016.

1.4

Reviewers

Mr. Herb Hawson (FEC, P.Eng), was the lead Qualified Professional Engineer for the DSR. Mr. Hawson is a Senior
Geotechnical Dam Engineer with over 45 years of engineering experience. Over the course of his career, he has
specialized in the design, construction, performance evaluation, and operation of dams. He has carried out DSRs
for a number of dams, including tailings dams, and has been involved with major civil projects, both in Canada and
internationally. He is familiar with the BC Dam Safety Regulation, CDA (2013), and other international safety
standards and is the Canadian delegate to the multi-purpose storage dams committee of International Commission
of Large Dams (ICOLD).
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Mr. Hawson was supported by a team of qualified professionals that included Mr. David Anstey P.Eng. and Dr.
Hua Zhang P.Eng as well as other Engineers and Engineers-in-Training.
A Dam Safety Review Assurance Statement is included as Appendix A.

1.5

Life of Review

The Dam Safety Guidelines (CDA 2013) recommend that the frequency of DSRs should depend on the
consequences of failure, the presence of or changes in external hazards, the results of surveillance, and
demonstrated performance. In consideration of the operational phase of the TSF and its consequence
classification (refer to Section 2.1), we recommend that the next DSR for the Kemess South TSF should be carried
out in five years’ time, in 2021. This frequency is consistent with the recommendations of the Dam Safety
Guidelines (CDA 2013), the BCHSRC (MEM 2016) and APEGBC Professional Practice Guidelines (APEGBC
2014) for ‘Very High’ hazard facilities.
A significant change in conditions for the TSF could trigger the need for a DSR prior to 2021. Such a change could
include the discovery of unusual conditions, a change in the operational phase of the dam from active closure back
to operation or new developments downstream of the dam that increase its consequence classification.

1.6

Limitations

This report should be read in conjunction with the “Study Limitations” which is included following the text of this
report. The reader’s attention is specifically drawn to this information, as it is essential that it is followed for the
proper use and interpretation of this report.

2.0
2.1

HAZARD RATING AND DESIGN CRITERIA
Consequence Classification

Consequence categories are based on the incremental losses that a failure of a dam might inflict on downstream
or upstream areas, or at the dam location itself. Incremental losses are those over and above losses which might
have occurred in the same natural event or condition had the dam not failed. The classification assigned to a dam
is the highest rank determined among the four loss categories. Table 1 presents the dam classification criteria
recommended by CDA (2013).
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Table 1: Dam Classification in Terms of Consequences of Failure (after CDA 2013)
Dam Class

Low

Population
at Risk [1]
None

Incremental Losses
Loss of Life[2]

Environmental and Cultural Values

0

Minimal short term loss.
No long term loss.

Significant

Temporary
Only

Unspecified

High

Permanent

10 or fewer

Very High

Extreme

Permanent

Permanent

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

100 or fewer

Significant loss or deterioration of
critical fish or wildlife habitat.
Restoration or compensation in kind
possible but impractical.

More than 100

Major loss of critical fish or wildlife
habitat.
Restoration or compensation in kind
impossible.

Infrastructure and Economics
Low economic losses; area
contains limited infrastructure or
service.
Losses to recreational facilities,
seasonal workplaces, and
infrequently used transport
routes.
High economic losses affecting
infrastructure, public transport,
and commercial facilities.
Very high economic losses
affecting important infrastructure
or services (e.g., highway,
industrial facility, storage
facilities for dangerous
substances).
Extreme losses affecting critical
infrastructure or services
(e.g., hospital, major industrial
complex, major storage facilities
for dangerous substances).

[1]

Note: Definition 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).
[2]
Note: Implications for loss of life:
Unspecified – The appropriate level of safety required 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.

Based on the most recent dam breach inundation maps presented in the OMS (AMEC 2016a), the Kemess South
TSF has a “Very High” consequence classification in accordance with the Dam Safety Guidelines (CDA 2013).
This classification recognises the potential for the significant loss of critical fish habitat downstream of the dam if
a failure were to occur, taking account of both the quantity and chemical nature of the tailings.
Considering population at risk in isolation, the dam breach assessment (AMEC 2013b; 2016a) would suggest that
the population within the inundation zone is “Temporary”.
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2.2

Operational Phase

The Technical Bulletin – Application of Dam Safety Guidelines to Mining Dams (CDA 2014) describes the phases
of a mining dam as follows:



Site selection



Operation



Transition



Closure - Active Care



Closure - Passive Care

The Closure – Active Care phase is often referred to as “care and maintenance”. It involves the active care of a
mining dam including monitoring, inspection, water management, operation of a water treatment system, etc. The
mine owner will typically have staff monitoring the site on a regular basis and the dam should achieve a steady
state condition during this phase.
A key requirement of the Closure - Active Care is that the mining company normally has resources on site
that are able to respond to problems and possible emergencies that may develop and the surveillance
program must be clearly described in the OMS including emergency response (CDA 2014).
The current operational phase of the Kemess South TSF is Closure – Active Care. This is consistent with the
classification reported in the OMS (AMEC 2016a).

2.3

Design Criteria

The design criteria for the TSF in its current operational phase (Closure – Active Care) are summarised below.



The TSF has been designed to withstand deformations from the maximum credible earthquake (MCE). The
MCE is estimated to produce a moment magnitude of 6.0 and a peak horizontal ground acceleration (PGA)
on bedrock of 0.19 g.



The closure spillway has been designed to pass the probable maximum flow (PMF). The PMF is defined as
the peak flow from the routed inflow design flood (IDF), assuming a 1 in 100 year 15-day snow melt, followed
by the 24-hour spring probable maximum precipitation (PMP) (AMEC 2013a).



The dam crest elevation (1,510 m) has been designed to accommodate a wave run-up of 2 m above the peak
flood level (1,507.5 m), allowing for dam crest settlement from the MCE (up to 0.3 m).



Erosion protection on the upstream face of the main dam has been designed to withstand the 1 in 1000 year
wind event.
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The Technical Bulletin – Application of Dam Safety Guidelines to Mining Dams (CDA 2014) recommends design
guidelines for “Very High” consequence dams during operation and the transition phase (including Closure – Active
Care) of:



2/3 between 1 in 1,000 year and PMF for flooding



1/2 between 1 in 2475 year and 1 in 10,000 year or MCE for earthquake loading

The design guidelines increase to PMF and the MCE for the Passive Care – Closure phase. On this basis, the
design criteria for the Kemess South TSF exceed the requirements for the current Closure - Active Care phase
and satisfy the requirements for transition to the Closure - Passive Care phase.

3.0
3.1

DESIGN
Design and Construction History

A detailed summary of the design and staging of the TSF during its operational life is provided in the TSF
Reclamation and Closure Plan (AMEC, 2010a). A brief chronological summary of this development, as relevant to
the DSR, is provided below:



Starter facilities for the dam, including Stage 1 and 2 of the main dam, diversion dams and ditches, and the
seepage recycle pond were designed by Knight Piésold (1997).



Tailings deposition commenced in May 1998.



AMEC (previously AGRA Earth and Environmental) assumed responsibility for the design and construction
monitoring of the dam from Knight Piésold in September 1998.



The dam was raised in twelve stages over the life of mine. Stage 1 was completed to a crest elevation 1,427 m
prior to the commencement of deposition. Stage 12 was completed in September 2007, increasing the crest
elevation of the till core to 1,509 m.



Up until Stage 6 (Elevation 1,478 m), the upstream and downstream shells of the dam were constructed with
non-acid generating (NAG) rockfill sourced from the open pit. In May 2003, as part of the construction of
Stage 7, construction of the upstream beach and downstream shell of the dam switched to the use of
hydraulically placed NAG cyclone sands. A filter and underdrainage system was constructed over the
downstream rockfill shell in preparation for placement of the cyclone sand.



Non-acid generating cyclone sand tailings was deposited upstream of the dam and compacted to a depth of
1 m on top of the till core, completing the dam to its final design elevation of 1,510 m in 2009.



In September 2009, the majority of tailings deposition was re-directed to the open pit.



Deposition of cyclone sands continued until early 2010, allowing completion of the downstream buttress of
the dam in 2010.



The final geotechnical review panel (GRP) meeting occurred on site on October 12, 2010.



Tailings deposition into the TSF continued until the cessation of mining and milling operations on March 9,
2011.
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Reclaim barge and piping was decommissioned on June 6, 2011.



Construction of the closure spillway (invert level 1,506 m) was completed in late 2012.



Since 2012, the focus of engineering studies and construction works for the TSF has been ongoing
maintenance and the eventual transition from the current Active Care phase to a Passive Care phase. This
has included annual inspections by AMEC, the installation of additional rock armouring, repair of minor
erosion and instability and surface reclamation works.

3.2

Current Conditions

Golder inspected the TSF in August 2016. The inspection report is included as Appendix B. As-built drawings for
the TSF are provided in Appendix C. At the time of inspection the TSF comprised the elements summarised below:



A zoned earth-fill cross-valley dam (the main dam), constructed to elevation of 1,510 m with a downstream
compacted cyclone sand fill buttress. The dam crest and downstream buttress have been reclaimed by the
placement of gravelly soil in hummocks and the establishment of vegetation. The upstream tailings beach
has been armoured against erosion and the tailings beach is inundated by water.



A closure spillway comprising a 525 m rock-armoured inlet channel, a reinforced concrete 10 m-wide weir
control structure with an invert level of 1,506 m, and a rock-armoured 1,700 m-long spillway discharge
channel that terminates in a rock-armoured stilling basin before discharging to South Kemess Creek.



A water diversion system comprising:

 East Diversion Intake – an open-channel intake that connects to a diversion conduit.
 North Diversion Dam – a 25 m high, zoned earthfill dam with a crest elevation of 1,539 m, a low-level
outlet connected to the diversion conduit and an open-channel emergency spillway.

 South Diversion Dam – a 40 m high, zoned earthfill dam, with a crest elevation of 1,514 m, a concrete
intake structure connected to the diversion conduit and an open-channel emergency spillway.

 A series of diversion conduits connecting each of the dams and intake structures, eventually discharging
to an impact basin located downstream of the Seepage Recycle Pond.



A Sediment Pond formed from an earthfill dam located immediately downstream of the downstream buttress
for the main dam. Water is decanted from the Sediment Pond and discharges under gravity to the South
Kemess Creek.



A Seepage Recycle Pond located downstream of the sediment pond that collects seepage and surface water
from the R1, R2 and L2 diversion ditches. Water that collects in the Seepage Recycle Pond is pumped up to
the Sediment Pond for release.



Monitoring instrumentation within the tailings beach, main dam and downstream buttress comprising vibrating
wire and standpipe piezometers and inclinometers. Piezometers within the Northern Diversion Dam and
Southern Diversion Dam are no longer functional.



Access roads that provide access to the main dam crest and abutments, downstream buttress, spillway,
monitoring instrumentation, South and North Diversion dams, Sediment Pond and Seepage Recycle Pond.
Road access to the East Diversion Intake is obstructed and the structure is periodically inspected by
helicopter.
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3.3

Static Stability Assessment

3.3.1

Previous Analyses

Stability analyses were updated and reported at each stage of development of the TSF. The most recent stability
assessment was carried out in 2016 as part of the Closure Equilibrium Assessment for the TSF (AMEC 2016b).
Trends in piezometric levels both upstream and downstream of the dam were assessed and the piezometric levels
applied to two-dimensional limit equilibrium analysis of the main dam. These analyses considered three sections:
1)

The main valley section across a narrow portion of the foundation where a downstream shear key was not
constructed through the glaciolacustrine foundation unit (GLU).

2)

The main valley section where a shear key was installed through the GLU.

3)

A section through the south abutment.

The section locations are indicated in plan on Figure 2.

Figure 2: Stability Cross Section Locations (AMEC 2016b)
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Analyses were carried out using the Morgenstern Price method for static and post-seismic conditions. Analyses
were also carried out to assess the hypothetical piezometric levels that would be required within the GLU to trigger
a factor of safety of 1.3.
The material properties adopted for analysis are summarised in Table 2.
Table 2: Material Parameters for Stability Analysis (AMEC 2016b)
Bulk Unit Weight
(kN/m3)

Zone/Unit

Shear Strength Parameter[1]

Zone S (Core)

21.5

ϕ' = 36º

Zones B & F

21.0

ϕ' = 36º

Zones C Upstream & Downstream

23.0

ϕ' = 37º (downstream)
ϕ' = 37-45º (upstream)

Zone E Buttress

21.0

ϕ' = 36º

Tailings

21.0

ϕ' = 27º (non-liquefied cases)
su/σv' = 0.05 (liquefied cases)

Glaciolacustrine (GLU)

19.5

ϕ' = 10º

Shear Key Backfill

21.0

ϕ' = 36º

Glaciolacustrine Window Backfill

21.5

ϕ' = 36º

Till/Glaciofluvial

21.5

ϕ' = 36º

Cycloned Sand

17.3

ϕ' = 34º

[1]

Note: ϕ' = effective friction angle, su/σv' = undrained shear strength / vertical effective stress

The adopted parameters are consistent with the broad material type, the reported results of field and laboratory
testing and the parameters adopted for design. The selection of an effective friction angle of 10º for the GLU
reflects the observed pre-sheared residual shear strength of this material and makes this the critical foundation
unit for stability. The post-seismic analysis does not consider the potential for redistribution of excess pore water
pressures from the liquefied tailings to the GLU.
The results of AMEC’s analysis are summarised in Table 3. The target factors of safety for design are consistent
with the CDA guidelines (CDA 2013). A static factor of safety of 1.5 is also consistent with the recent revisions to
Part 10 of the Health, Safety and Reclamation Code for Mines in British Columbia (MEM 2016).
Table 3: Results of Stability Analyses (AMEC 2016b)
Section

Case
Static, no shear key

Main Valley

South Abutment

Reported Factor
of Safety

Required Minimum Factor
of Safety

1.19

1.5

Post-seismic, no shear key

1.14

1.3

Static, with shear key

1.48

1.5

Post-seismic, with shear key

1.34

1.3

Static

1.49

1.5

Post-seismic

1.44

1.3
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The reported factors of safety generally satisfy the target factors of safety with the exception of the static and postseismic cases for the section through the main valley that does not have a downstream shear key. AMEC
rationalises this result on the basis that the relevant section applies only to a 30 m width of the dam and that no
shear displacements have been observed within the GLU at this location, near the toe of the dam.

3.3.2

Review of Previous Analysis

Golder has reviewed the stability analyses carried out by AMEC as part of the closure equilibrium assessment and
makes the following observations:



AMEC asserts that the piezometers located within the dam core and downstream of the dam have reached
“equilibrium conditions”. This is used as the basis for applying these piezometric levels to the closure stability
assessment. However, many of the piezometers show a year-on-year increase from 2013 to 2014. The
conclusion that equilibrium conditions have been achieved is therefore based on solely on records from 2014
and 2015. Typically, more than two years of data or a calibrated transient seepage model would be required
to confirm that steady-state conditions exist.



AMEC acknowledges that piezometric levels within the tailings beach upstream of the dam core continue to
rise and have not reached equilibrium conditions. It is difficult to definitively conclude that equilibrium
conditions have been achieved within the dam core and foundation units if water levels directly upstream of
these zones are continuing to rise.



Analysis of the main valley sections shows the tailings beach exposed and the water table upstream of the
dam at approximate elevation 1,496 m. The water level within the reservoir in August 2016 was approximately
1,505.7 m and is expected to rise under equilibrium conditions to the spillway invert level of 1,506 m.
Increasing the water level upstream of the dam could lower the effective stress within the underlying units,
reducing the factor of safety for this section.



At the time of inspection in August 2016, the water level within the Sediment Pond was inundating the toe of
the downstream buttress. The stability analyses presented in the AMEC report show the piezometric levels
at the toe several meters below surface level. The validity of this assumption should be confirmed.



The analyses of post-seismic conditions assumes that the tailings are hydrogeologically isolated from the
adjacent units. That is, that there would be no redistribution of porewater pressures from the liquefied tailings
to the underlying foundation units, particularly the GLU. AMEC talks to this assertion in the 2008 update on
the South Abutment (AMEC 2008). However, sighting an example of a location where a connection does not
appear to exist does not rule out the potential for a connection elsewhere. Assuming some connection
between these units should be prudently considered.



FLAC analysis indicated a factor of safety for the main valley section of 1.4 (AMEC 2010b). Notwithstanding
differences in the model geometry, a factor of safety generated by finite element modelling might be
considered more accurate than one generated by limit-equilibrium methods. Consideration should be given
to whether the results of finite element modelling should take precedence over the results of limit-equilibrium
analysis in reporting the factor of safety for the dam.



Part 10 of the BCHSRC requires design to achieve a factor of safety of 1.5. Piezometric trigger levels for the
dam have been set based on a factor of safety of 1.3. This means that a factor of safety less than 1.5 could
exist within the dam (i.e., the dam would be non-compliant) without triggering an alarm.
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3.3.3

Stability Checks

As part of the DSR, Golder carried out a routine check of stability for the TSF. Stability was evaluated using the
two-dimensional limit equilibrium computer program SLIDE Version 7.014 64-bit (Rocscience, 2016) applying the
Morgenstern and Price method of slices. Block, non-circular, and circular search patterns were used to find the
surface that resulted in the minimum calculated factor of safety.
The following method was applied to the stability check:
1)

Model geometry for the main valley and south abutment sections were checked against records of the original
dam design. The model geometry proposed by AMEC was found to be generally consistent with previous
construction records and a simplified geometry consistent with AMEC (2016b) was adopted for the analyses.

2)

Model parameters were checked against values adopted for earlier analysis and the results of testing carried
out as part of the design. The parameters adopted by AMEC were found to be reasonable in consideration
of testing and observations from design and operations. The parameters listed in Table 4 were adopted
analysis, applying an effective friction angle of 37º to Zone C.

3)

The maximum piezometric levels reported for each piezometer in the equilibrium assessment (AMEC 2016b)
were applied to the relevant analytical section. For the main valley section, the piezometric levels in the
tailings were increased to 1,506 m to reflect the steady-state conditions and the piezometric level at the toe
of the dam was increased to approximate the water level observed within the Sediment Pond in August 2016.

4)

The failure surface within the GLU unit was restricted to reflect the limited thickness of this unit within borehole
logs.

5)

Analyses were run giving consideration to block, non-circular, and circular surfaces.

The results of the stability checks are presented in Table 4. The analysed sections are provided in Appendix D.
Table 4: Comparison of AMEC and Golder Stability Analyses
Section

Main Valley

South Abutment

AMEC Reported Factor of
Safety (AMEC 2016)

Stability Check Factor of
Safety

Static, no shear key

1.2

1.1

Post-seismic, no shear key

1.1

0.9

Static, with shear key

1.5

1.3

Post-seismic, with shear key

1.3

1.1

Static

1.5

1.5

Post-seismic

1.4

1.4

Case

Note: values shown in bold are less than the required minimum factors of safety for these design cases.
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The analysed sections for the static and post-seismic cases are presented in Figures 1 to 6 in Appendix D. In
general, the analyses showed good agreement with the factors of safety calculated by AMEC for the south
abutment section. However, the minimum factors of safety calculated for the main valley section were less than
those calculated by AMEC and are below the minimums required for the analysis cases. Two of the contributing
factors for this difference are:
1)

The section analysed by Golder accounts for a higher phreatic surface both upstream and downstream of
the dam, consistent with the water levels observed in August 2016.

2)

For the main dam, Golder’s analysis suggests that the lowest factor of safety is for a block surface that exits
the foundation 20 to 40 m upstream of the elevation 1,399 m buttress crest. This particular slip surface
location was not captured in the figures presented in AMEC’s equilibrium analyses.

Golder’s current analysis has several limitations:



The model geometry is approximate and has been obtained from overlay of drawings and other construction
records. A more accurate model geometry could be obtained from digital survey records and this may yield
different results.



The model does not take consideration of potentially higher effective friction angles for the Zone C material.



Golder’s analysis identified that the factor of safety is sensitive to the depth of penetration of the failure surface
into the GLU. Allowing deeper penetration of the GLU results in a reduced factor of safety. No attempt was
made in the current model to match the slip surface with the failure surface observed in the inclinometer
measurements through the GLU.



The analysis does not take consideration of three-dimensional effects.

The current analysis has been carried out as a check and should not be interpreted as overriding the analysis
carried out by AMEC. We note that AMEC has previously supplemented two-dimensional analyses with threedimensional analyses and that this produces a higher factor of safety. Rather, Golder’s analysis highlights the
outstanding need for additional checks to confirm that the stability analyses carried out by AMEC are consistent
with regulatory requirements and with the observed and long-term expected performance of the TSF.

3.4

Seismic Loading

The effects of seismic loading on the final TSF configuration were assessed using the two-dimensional plane strain
finite difference program FLAC (AMEC, 2010b). Analyses were carried out to assess the deformations from
seismic loading in the main valley section and a section through the south abutment.
Deformation was assessed applying a Maximum Design Earthquake (MDE) with a moment magnitude of 6.0 and
a peak horizontal ground acceleration (PGA) on bedrock of 0.19 g. The MDE was derived by AMEC based on a
site-specific seismic hazard assessment completed as part of the Stage 6 design. The MDE was later compared
against the 4th generation seismic hazard models for Canada that were incorporated into the 2005 National
Building Code Of Canada and was found to be conservative (AMEC 2004).
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Six earthquake time histories were applied to the deformation analysis and scaled to match the PGA generated
by the MDE. The analysis predicted horizontal and vertical displacements for the main dam in the range 0.05 to
0.3 m, depending on the shear strength applied to the GLU. The dam has been designed to accommodate
displacements of this magnitude.
In 2005, the Geotechnical Review Panel (GRP) expressed concern that seismic loading could result in the
liquefaction of tailings leading to the internal erosion of tailings through fractured rock in the south abutment
(GRP 2005). This fractured rock was previously identified in 2002 when sinkholes developed within the tailings as
a result of internal erosion. Further, the GRP expressed concern that, in the event of a seismic event, this fractured
rock could transfer excess pore pressures from the liquefied tailings to the GLU, resulting in a reduction in strength
of the foundation.
Over the proceeding years, several studies were carried out to investigate, characterise and model the response
of the tailings near the south abutment (AMEC 2007, 2008). CPT testing, blast response tests and analyses were
carried out to assess the potential for liquefaction of the tailings in the vicinity of the 2002 window. This testing and
analysis demonstrated, to the satisfaction of the GRP, that the tailings near the 2002 window are unlikely to liquefy
under loading from the MCE.
The analyses acknowledged that a seismic event could generate excess pore pressures in the tailings and these
may persist for a period of 3 to 30 days. Analyses concluded that the magnitude of these pressures was unlikely
to result in pressure head drops from the tailings to the fractured rock that exceed the conditions generated in
2002 (GRP, 2011). However, this was based on estimates of pressure head during closure. We recommend that
the actual pressure heads near the 2002 window be reassessed periodically, as the phreatic levels within the
tailings beach approach equilibrium. This check has not been carried out as part of the DSR.

3.5

Surface Water Management

The closure spillway has been designed to pass the PMF, defined as the peak flow from the routed inflow design
flood (IDF), assuming a 1 in 100 year 15-day snow melt, followed by the 24-hour spring probably maximum
precipitation (PMP) (AMEC 2013c). Peak flow associated with the routed IDF is 33.3 m3/s, corresponding to a
flood level of 1,507.5 m. The dam crest elevation (1,510 m) has been designed to accommodate a wave run-up of
2 m above the peak flood level (1,507.5 m), allowing for dam crest settlement from the MCE (up to 0.3 m).
The approach taken to estimation of the PMF and freeboard calculations is judged to be reasonable and consistent
with the appropriate design standards (CDA 2013). The IDF, flood routing and wave run-up calculations have not
been checked as part of the current DSR.
Closure design flows for the spillway consider that the Southern Diversion Dam has been removed. AMEC has
recommended that the Southern Diversion Dam be removed, however, this recommendation had not been
implemented at the time of inspection. The Southern Diversion Dam is designed to accommodate inflows from the
1 in 1,000 year return period, 24 hour storm inflow without overtopping. The dam’s reservoir provides storage for
up to 350,000 m³ under normal operating conditions. Therefore, it is conceivable that overtopping of this dam
during an extreme weather event could exceed the peak design flow for the spillway of 33.3 m3/s. The Southern
Diversion Dam should be removed expeditiously.
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3.6

Dam Break Assessment

A dam breach and inundation study was completed for the Kemess South TSF in 2013 (AMEC 2013b).
The objective of the study was to investigate the incremental effects on flows and water surface elevations that
could result from a failure of main tailings dam. The dam breach analysis was used to generate a flood inundation
map and inform emergency preparedness and response planning for the TSF.
Hypothetical flows from a dam breach event were modelled using the Hydrologic Engineering Centers River
Analysis System (HEC-RAS), developed by the US Army Corps of Engineers. The modelling considered both a
“sunny-day failure” scenario, which involves a sudden dam breach under mean annual flow conditions, and a
“flood-induced failure”, which assumes overtopping of the dam under PMF conditions.
The inundation modelling was updated in 2016 to reflect improved topographical information obtained for the
inundation area using LiDAR survey in 2015. Revised inundation maps were included in Revision 6 of the OMS
Manual (AMEC 2016a).
Golder has reviewed the dam breach assessment carried out by AMEC. For the flood induced failure scenario,
the model assumes “that PMF flow conditions are occurring in all the catchments at the time of breach”.
Hydrologically, this is a very conservative assumption, as the catchment area for the TSF is approximately 21 km2
compared to a total catchment area for the downstream basin of approximately 3,544 km2. It is highly unlikely that
the entire downstream basin would experience a PMP event at the same time as a PMP occurs within the TSF
sub-catchment, which is 170 times smaller.
In reality, we would expect a much smaller flood event to occur within the downstream basin during a flood induced
failure of the TSF. While this assumption is conservative in terms of total inundation level, it significantly
understates the Incremental Consequence Classification (ICC) of such an event. If anything, this approach would
predict the minimum increase in water level impact on the downstream study area resulting from a flood-induced
failure. Typical industry practice is to assume a significant but less severe flood event within the downstream
catchment, which yields a more realistic ICC for the event.
The potential impacts and inundation level generated by a dam breach event is highly sensitive to the dam breach
formation time. Release of the water and tailings over a shorter period results in larger peak flows and a
consequently higher inundation level. It also reduces warning time for the flood, which is important to the
formulation of emergency response plans.
AMEC has estimated the breach formation time assuming a breach height of 18 m. This results in an estimated
breach time of 2.5 hours for overtopping and 2.1 hours for a sunny-day failure scenario. Standard industry practice
is to assume a dam breach time of between 0.1 hour and 1.0 hour. This is consistent with publications from the
US Federal Energy Regulatory Commission (FERC), acknowledging that other approaches may result in
estimated breach times exceeding one hour (e.g., Fread 2001). Considering the uncertainty associated with
accurately estimating breach time and the potential impact it has on inundation impacts Golder recommends that
modelling should either apply a suitably conservative assumption for dam breach time or report the sensitivity of
inundation mapping to this assumption. The Dam Safety Guidelines indicate that the sensitivity should be
assessed (CDA 2013).
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The potential for a reduced breach time to result in inundation of the existing mine camp and offices located
downstream of the TSF should be checked. Even if a reduced breach time were to result in inundation of the camp
this is unlikely to result in a loss of life greater than 100 people or an increase in the dam consequence classification
from the current “Very High” classification (refer to Section 2.1). However, the change in the inundation zone could
necessitate changes to the emergency preparedness plans for such an event.

3.7

Previous Dam Safety Reviews

A DSR has not previously been conducted for the Kemess South TSF.
The TSF was developed with oversight from an independent geotechnical review panel (GRP) during operations.
The GRP delivered its final report on the TSF in February 2011 (GRP 2011). Subsequent Dam Safety Inspection
reports have recommended that the first DSR be carried out in 2016, five years after discharge of the GRP. The
adequacy of this frequency was confirmed by a third-party review of the 2014 dam safety inspection (KCB 2015).

4.0
4.1

FACILITY CONDITION
Physical Conditions

4.1.1

Site Inspection

A site inspection was completed by Herb Hawson, FEC, P.Eng. and David Anstey, P.Eng., of Golder over three
days from August 10 to 12, 2016. The site inspection report includes photographs and is provided in Appendix B.
Significant findings from the site inspection are summarised below.

4.1.2

Main Dam

In general, the main dam and spillway, inclusive of downstream buttresses and drainage works was observed to
be in a good condition at the time of inspection. Golder made the following observations:



There are some undulations in the level of the access road that runs along the tailings beach, upstream of
the dam. These undulations may be indicative of consolidation and settlement of the underlying tailings beach
with time. The settlements are located approximately 50 m from the dam crest and are not compromising the
freeboard of the dam.



During its inspection in May 2016, AMEC observed the presence of depressions up to 2 m in diameter and
1 m deep in the tailings beach near the south abutment (AMEC 2016c). At the time of Golder’s inspection,
these depressions had been backfilled.



Of the ten piezometers listed in the proximity of the south abutment, only four remained functional as of 2015
(AMEC 2016d). Surface expressions of seepage near the south abutment suggest that the phreatic surface
downstream of the dam may be higher than that assumed for the most recent stability analysis of the south
abutment (AMEC 2016a).



A vegetated cover has been constructed to reclaim a portion of the south abutment above the L2 Diversion
Ditch. Surface erosion has occurred on that portion of the abutment that has not been reclaimed. AuRico has
advised that repair of this erosion is planned as part of future reclamation works.



There is evidence of ravelling from the cut-slope above the R1 drain, into the drain. Golder understands that
this is an ongoing issue that necessitates periodic maintenance of the R1 drain.
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A tension crack has formed along the downstream crest of the access road downstream of the R1 drain.
Consideration should be given to the stabilising this slope against further failure that could obstruct surface
drainage features downstream. AuRico has advised that it is monitoring this tension crack for further
movement as part of routine inspections.



Recent animal activity and burrowing was observed on the downstream slope of the dam. Operational
personnel indicate that the creation of fox holes in the dam and downstream buttress is an ongoing
maintenance issue.



At the time of inspection, operational personnel advised that the satellite system for uploading data from the
instrumentation is non-functional and has been for some time. As a result, readings from the data loggers
were being downloaded manually during routine inspections of the dam. AuRico has subsequently advised
Golder that the remote collection of data from the dam is now operational with transmission of this data to
the Kemess Administration office and through the Atlas website.



Operational personnel advise that many of the vibrating wire piezometers within the dam, downstream
buttress and abutments are no longer functional.



Standpipes piezometers installed in the beach upstream of the dam have blocked or become partially filled
with sand. Only one well can be dipped to water level upstream of the dam. Operational personnel indicate
that standpipe piezometers both upstream and downstream of the dam are dipped for water level once per
year. However, water samples were last collected from the wells approximately three years ago. Subsequent
to Golder’s inspection, AuRico has advised that water samples were collected and will continue to be
collected annually.

4.1.3

Southern Diversion Dam

The South Diversion Dam is generally in a satisfactory condition. Minor surface erosion and sloughing was
observed on of the downstream slope of the Southern Diversion Dam. The erosion is not considered to pose an
immediate risk to the stability of the dam.
Operational personnel indicate that the vibrating wire piezometers in the dam are not functional. There is no lifebuoy located on the dam crest.

4.1.4

Northern Diversion Dam

In general, the Northern Diversion Dam appeared to be in a satisfactory condition. The vibrating wire piezometers
in the dam are not functional.

4.1.5

East Inlet

The east inlet comprises a valve-controlled pipe inlet with a concrete headwall and debris gate. At the time of
inspection, the valve was functional and the spillway was in good condition.

February 8, 2017
Report No. 1547387-002-R-Rev0

17

KEMESS SOUTH TSF 2016 DAM SAFETY REVIEW

4.1.6

Sediment Pond

The sediment pond has been raised in two lifts. Construction of the initial structure was undertaken under
engineering supervision in accordance with AMEC’s design. A subsequent lift was constructed to raise the level
of the dam and increase its capacity. This lift was constructed in the absence of a design or construction quality
assurance. AMEC has previously recommended that that this dam be decommissioned and the slopes flattened
and buttressed (AMEC 2016d). At the time of inspection, Golder made the following observations:



Seepage was observed to be emanating from the dam and south abutment, near the toe of the dam.



There is some erosion of the downstream slope of the dam. Most notably, an erosion gully up to 1 m deep
was observed on the downstream crest.



A polyethylene pipe appears to penetrate the upper metre of Sediment Pond dam near the left (south)
abutment.



Significant quantities of sediment have accumulated within the Sediment Pond reservoir. The water level
within the Sediment Pond is higher than the original design level and has submerged the outlets from the
underdrains within the main dam buttress. This precludes the ability to check outflow from the drains for
sediment, which is a potential indicator of internal erosion. Seepage was observed to be boiling up through
the sediment at the toe of the main dam buttress.

4.1.7

Seepage Recycle Pond

The Seepage Recycle Pond is located downstream of the Sediment Pond and collects outflow from the R1, R2
and L2 Diversion Ditches. Operational personnel indicated that a monitoring well located in the right abutment of
the dam develops artesian conditions and overtops each year during the freshet. Significant vegetation growth
was observed directly downstream of the dam, which is consistent with the presence of near-surface seepage.
At the time of inspection, four high-level polyethylene culverts through the dam served the function of an
emergency spillway for the pond. The culverts were not flowing at the time of inspection. Surface depressions up
to 0.2 m deep were evident in the dam crest directly above the culverts. The outlets of the culverts were inspected.
No obvious signs of internal erosion around the pipelines was observed. No life-buoy was located in proximity of
the dam crest.
Subsequent to Golder’s inspection, AuRico advised Golder that two of the four polyethylene pipes have been
removed and an additional steel pipe with flow control has been installed. The steel pipe is fitted with a valve for
future permitted release while the two remaining polyethelene pipes have been retained for emergency overflow.
The small (0.2 m deep) depressions in the crest that were observed during Golder’s inspection were backfilled as
part of the completed works.

4.2

Management Systems

Over the three-day site visit, the Golder team inspected the site, reviewed the site documentation and carried out
interviews with key personnel to understand protocols with respect to operation, maintenance and emergency
response for the TSF. Mr. Mike Abbot, TSF Technician, and Mr. Gordan Coyle, Site Superintendent, from AuRico
were interviewed for their input to the DSR.
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Messrs. Irwin Wislesky (the EoR) and Murray Helmer of AMEC were also on site during the three day visit. AMEC
did not participate in the site inspection by Golder. However, Golder did interview AMEC personnel during the visit
to gain an appreciation for the design and construction history of the dam.
In general, the operational personnel responsible for the TSF demonstrate a sense of pride in the TSF and the
reclamation work completed at the site. A small operational team and a long-term relationship between AuRico
personnel and AMEC appears to support effective communication between all parties. The TSF Technician
maintains regular contact with the EoR and AMEC, advising them of changes in conditions at the TSF.
Operational personnel have access to the latest copies of the OMS manual and EPP for the TSF. In interviews,
personnel demonstrated a sound understanding of the contents of these documents. Other historical documents
associated with the TSF can also be produced by operational personnel, on request.
The Site Superintendent is the person who takes ultimate responsibility for the operation, maintenance and
emergency response associated with the TSF. In this role, Mr. Coyle delegates responsibility for inspection and
monitoring to the TSF Technician and largely relies on the TSF Technician to keep him informed of changes in
conditions that could affect the TSF.

4.3

Maintenance and Surveillance

Maintenance and surveillance requirements for the TSF are documented in the OMS Manual (AMEC 2016).
Operational personnel inspect the dam on a monthly basis. Observations are recorded on an inspection checklist
and significant findings are reported to the EoR. Vibrating wire piezometer readings are taken daily and uploaded
from data loggers approximately bi-weekly. Inclinometers readings are taken manually, at a minimum annual
frequency.
AMEC inspects the dam annually, or more frequently, as requested by AuRico. Findings are reported annually in
a dam safety inspection report, which is consistent with the Dam Safety Guidelines (CDA 2013) and satisfies the
requirements of the BCHSRC (MEM 2008, 2016).
Operational personnel currently carry out inspections of vegetation growth in the main dam on a monthly basis.
The inspection frequency is not consistent with the recommendations in the 2015 DSI report (AMEC 2016d), which
recommends that vegetation growth be monitored bi-weekly.
The OMS manual requires that records be kept for all maintenance activities on the TSF. Presently, maintenance
activities are documented in the DSI reports and occasionally referenced in the monthly inspection checklists.
There is no specific documentation for tracking deficiencies and their resolution and recording sign off.

4.4

Emergency Planning

The Emergency Preparedness Plan (EPP) was under revision at the time of the DSR. A draft copy of the EPP was
provided to Golder for review (AMEC 2016e). In general, the contents of the EPP satisfy the requirements of Dam
Safety Guidelines (CDA 2013).
The roles and responsibilities lack definition in some sections of the document. For example, Section 1.7 identifies
the General Manager and Site Superintendent, as well as “Site Management”, as jointly responsible for several
tasks. Comments within the draft copy of the EPP provided to Golder identified this as an issue that will be rectified
in later revisions of the EPP.
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There are a few discrepancies in the emergency telephone numbers reported for some personnel in the latest
versions of the EPP (AMEC, 2016e) and the OMS (AMEC, 2016a). Subsequent to Golder’s review, AuRico has
advised Golder that these discrepancies are being updated and corrected.

5.0
5.1

HAZARDS AND FAILURE MODES MATRIX
Hazards and Failure Modes Matrix

A Hazards and Failure Modes Matrix (HFFM) has been prepared for the Kemess South TSF and is presented in
Appendix E, together with a brief description of each failure mode. Valid and non-valid failure modes have been
derived based on the potential internal and external hazards that apply to the TSF and their potential to result in a
valid failure mode. The external and internal hazards and failure modes are summarised below.

5.2

External and Internal Hazards

The HFFM is based the internal and external hazards for Kemess South TSF, as defined below.

External Hazard - Meteorological Events
Meteorological events for the dam comprise rainfall (storm) events and winds. As indicated earlier, the IDF for the
main dam is the PMF.

External Hazard - Seismic Events
The principal seismic hazard relates to potential earthquake activity. There is no significant risk of seismicity due
to other causes – such as man-made causes (e.g., mining), or reservoir induced seismicity. The TSF has been
designed with consideration to the MCE event.
Loads generated by the MCE event were found to be conservative compared to the fourth generation seismic
hazard models for Canada, incorporated into the 2005 update to the National Building Code of Canada
(AMEC 2004). The loads have not been checked against the fifth generation seismic hazard model for Canada
incorporated into the 2015 National Building Code of Canada.

External Hazard - Reservoir Environment
The principal reservoir environment hazards are reservoir landslides and debris generated from forested slopes.

Internal Hazards – Water Barrier
The water barrier for the dam consists of the dam foundation and abutments, as well as the downstream
conveyance system. The hazards primarily relate to the potential for internal erosion through the dam foundations
and abutments, the need for continued surveillance and maintenance, the potential for piezometric levels to
increase within the foundations, potential for instability of the Sediment Pond at the downstream toe and the fact
that piezometric levels upstream of the dam have not yet achieved a steady state.

Internal Hazards – Hydraulic Structure
The hydraulic structure for the dam consists of a free-flowing spillway cut into the south abutment, and the
accompanying debris boom, intake channel, outlet channel and dissipation structure. The principal hazards
associated with this structure relate to the potential for blockage as a result of inadequate monitoring or
maintenance.
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Internal Hazards – Mechanical and Electrical
The mechanical and electrical components for the Kemess TSF relate to the control structures for the water
diversion system and the piezometers used for monitoring of the main dam. The primary hazard relates to lack of
maintenance of the monitoring system resulting in a failure to detect conditions adverse conditions within the dam.

Internal Hazards – Infrastructure and Plans
The infrastructure for the Kemess South TSF comprise the water diversion dams and conduits, access roads and
water management structures downstream of the dam, including the Sediment Pond and Seepage Recycle Pond.
Plans include the documentation relating to dam safety including operating orders, operations and maintenance
plans, and engineering designs. The hazards relate primarily to the potential for inadequate design of the Seepage
Pond, overtopping of the Southern Diversion Dam and inadequate monitoring or maintenance.

5.3

Failure Modes

The HFMM divides the potential failure modes into two main “global failure modes”:



Dam Collapse by Overtopping (erosion or overturning); and



Dam Collapse by Loss of Strength (external or internal structural failure and weakening).

Collapse by Overtopping
For the Kemess South TSF, overtopping could occur as a result of:
1)

A large landslide within the reservoir, overwhelming the spillway capacity.

2)

Failure to adequately maintain the spillway and debris boom resulting in the accumulation of debris and
inadequate hydraulic capacity.

3)

Sudden failure of the Southern Diversion Dam from an event that exceeds the 1 in 1000 year design event
for this dam.

Dam Collapse by Loss of Strength
For the Kemess South TSF, collapse by loss of strength could occur as a result of:
1)

Internal erosion of the tailings into the rockfill shell or abutments.

2)

Increase in piezometric levels within the foundation units and, in particular, the GLU.

3)

Increased piezometric levels upstream of the dam, where water levels have not yet achieved steady-state
conditions.

4)

Rapid drawdown in the foundations resulting from failure of the Sediment Pond.
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6.0
6.1

FINDINGS AND RECOMMENDATIONS
Dam Performance Definitions

As part of the DSR, deficiencies have been characterised as actual, potential or non-conformance as detailed in
“Dam Safety Expectations & Definitions of Deficiencies and Non-Conformances” in the Dam Safety Review section
of the BC Government website and described below.

Actual Deficiency
An unacceptable dam performance condition has been confirmed, based on the CDA Guidelines, BC Dam Safety
Regulations or other specified safety standard. Identification of an actual deficiency generally leads to an
appropriate corrective action or directly to a capital improvement project.



[An] Normal Load – Load which is expected to occur during the life of a dam



[Au] Unlikely Load – Load which could occur under unusual load (large earthquake or flood)

Potential Deficiency
There is a reason to expect that an unacceptable condition might exist, but has not been confirmed. Identification
of a potential deficiency generally leads to a Deficiency Investigation.



[Pn] Normal Load – Load which is expected to occur during the life of a dam



[Pu] Unlikely Load – Load which could occur under unusual load (large earthquake or flood)



[Pq] Quick – Potential deficiency that cannot be confirmed but can be readily eliminated by a specific action



[Pd] Difficult – Potential deficiency that is difficult or impossible to prove or disprove

Non-Conformances
Established procedures, systems and instructions are not being followed, or, they are inadequate or inappropriate
and should be revised.



Operational [NCo], Maintenance [NCm], Surveillance [NCs].



Information [NCi] – information is insufficient to confirm adequacy of dam or physical infrastructure for dam
safety.

 Other procedures [NCp] – Other procedures to be specified.
6.2
Findings and Recommendations
A completed Dam Safety Expectations form for the TSF is included as Appendix F. The actual and potential
deficiencies and operational non-conformances identified for the dam and are summarised below:
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6.2.1

Actual Deficiencies



During its inspection in May 2016, AMEC observed the presence of depressions up to 2 m in diameter and
1 m deep in the tailings beach near the south abutment (AMEC, 2016c). The remedial grouting plan for the
TSF (AMEC 2013a) states that if “sinkholes or depressions are observed on the closure tailings beach in the
south abutment area”, this “would trigger a site assessment and possibly necessitate implementation of a
remedial grouting plan”. The evidence of internal erosion represents an actual deficiency under normal
loading conditions [An]. Golder recommends that the mechanism for the depressions be further investigated
and remediated, if necessary.



Significant seepage was observed from the Sediment Pond dam and abutments during the August 2016
inspection. In addition, the dam is steeply sloped, has signs of surface erosion and a pipe is buried within the
crest. Combined with the absence of an engineered design or documented construction quality assurance
for the raise to this dam, we judge that this dam currently poses an unacceptably high risk of failure. This
represents an actual deficiency under normal operating conditions [An]. The most likely consequence of
failure would be overtopping or breach of the Seepage Return Pond and environmental impacts downstream
of the dam. However, the potential for failure to result in a rapid drawdown case that impacts the stability of
the main dam upstream cannot be discounted. Golder agrees with AMEC’s recommendation to
decommission and flatten the slopes of this dam as soon as practical (AMEC 2016d).

6.2.2



Potential Deficiencies

Stability checks carried out by Golder (Section 3.3.3) suggest that the factor of safety for the main dam may
not satisfy the minimum requirements of the BCHSRC (MEM, 2016). This is because:

 Current analyses of the main valley section does not reflect the current water level within the reservoir,
the long-term piezometric conditions in the tailings beach, or the current water level at the downstream
toe.

 Of the ten piezometers listed in the proximity of the south abutment, only four remained functional as of
2015. Surface expressions of seepage suggest that the phreatic surface downstream of the dam may be
higher than that assumed for the most recent stability analysis of the south abutment.

 The analysed surfaces presented in the Closure Equilibrium Assessment (AMEC 2016b) for the main
valley section may not reflect the geometry of the slip surface with the minimum factor of safety.
The analyses suggest a potential deficiency under normal loads [Pn] that, if confirmed, would become an
actual deficiency in need of remedy. We recommend that stability analyses for the TSF be updated to reflect
the current operating conditions.



A tension crack has formed along the downstream crest of the access road downstream of the R1 drain.
Further failure of this slope has the potential to obstruct drainage features downstream. The effects of such
a failure have not been quantified and so this represents a potential deficiency under normal loads [Pn].
Movement of this crack should continue to be monitored and consideration should be given to measures that
would stabilise this slope against further failure.
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Seismic design loads were last compared to the National Building Code of Canada in 2004. A fifth generation
seismic hazard model has been generated for Canada and incorporated into the 2015 National Building Code
of Canada. This represents a potential deficiency that can be quickly eliminated by comparing values against
the national hazard model [Pq]. In the event that a deficiency was confirmed, dynamic analyses for the dam
should be updated.



The IDF used to design the spillway has been based on closure conditions for the TSF, which assume that
the diversion dams have been removed. AMEC has recommended that the diversion dams be removed,
however, this recommendation had not yet been implemented at the time of Golder’s inspection. The
Southern Diversion Dam has been designed to accommodate flows from the 1 in 1000 year event. It is
possible that sudden failure of the Southern Diversion Dam during an extreme rainfall event could result in
an IDF that exceeds the capacity of the spillway, resulting in overtopping of the main dam. This mechanism
is considered highly unlikely [Pu] because of the event frequency and the need for the dam to fail suddenly.
Notwithstanding, we recommend that the water diversion system, which includes the Southern Diversion
Dam, be expeditiously removed, consistent with AMEC’s recommendations.



Recent animal activity and burrowing was observed on the downstream slope of the dam. Operational
personnel indicate that the creation of fox holes in the dam and downstream buttress is an ongoing
maintenance issue. While these holes pose a low risk to the stability of the dam, they do represent a potential
failure mechanism under normal operating conditions [Pn]. Consideration should be given to strategies that
eliminate animal burrowing and reduce maintenance requirements in closure.

6.2.3

Operational Non-Conformances

The operational non-conformances identified by the DSR are summarised below.



Roles and responsibilities lack definition in some sections of the draft EPP. This represents a nonconformance in information for the dam [NCi]. The EPP should be revised such that all responsibilities are
clearly assigned to the responsible individuals.



As part of the DSR, discrepancies were identified in the emergency telephone numbers reported for some
personnel in the latest versions of the EPP and the OMS. This represents a non-conformance in information
for the dam [NCi]. We support AuRico’s commitment to update and correct these discrepancies as a matter
of priority.



There is no specific documentation for tracking deficiencies and their resolution and recording sign off. This
represents a non-conformance in information maintained for the dam [NCi]. A central register should be
maintained for documentation of maintenance records, consistent with the requirements of the OMS manual
(AMEC, 2016a).



At the time of inspection, piezometer readings were uploaded manually from data loggers approximately
twice per month. This represents a deviation from the surveillance procedures for the dam [NCs], documented
in the OMS. AuRico has subsequently advised Golder that the remote collection of data from the dam is now
operational with transmission of this data to the Kemess Administration office and through the Atlas website.
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At the time of inspection, life-buoys were not stationed in the proximity of working areas near the Southern
Diversion Dam and Seepage Recycle Pond. This represents a deficiency in terms of operator safety [NCo].
Golder recommends that the availability and positioning of life-buoys be checked regularly for consistency
with the requirements of the BCHSRC (MEM, 2008). AuRico advises that it has subsequently placed life
buoys at all water access points.



At the time of inspection, standpipes piezometers located upstream and downstream of the dam core had
not been sampled for approximately three years. This sampling is a required to identify the internal erosion
and represents a deviation from surveillance procedures outlined in the OMS [NCs]. AuRico advises that
sampling of these piezometers has now resumed. Golder recommends that blocked piezometers should be
replaced.



The EPP requires that drills be carried out to practice emergency scenarios that could arise with respect to
the TSF. No documented evidence was sighted that confirm these have been completed for a TSF
emergency scenario. This represents a non-conformance in terms of procedures for the TSF [NCp]. Drills
should be carried out and a register of emergency drills maintained.



Presently, trigger levels for the piezometers have been set for conditions that represent a static factor of
safety of 1.3 (AMEC 2016b). This means that a factor of safety less than 1.5 could exist within the dam
(i.e., the dam could be non-compliant) without triggering an alarm. This represents a deficiency in the
procedures for surveillance of the dam [NCs]. We recommend that trigger levels be set to alert personnel to
conditions that may indicate the dam is out of compliance.



The current dam break assessment may understate the ICC for flood-induced failure. Further, it may
underestimate breach time, resulting in an underestimate of downstream inundation level and area. This
could result in a non-conformance in terms of procedures for the TSF [NCp]. We recommend that the dam
breach assessment be updated giving consideration to the sensitivity of the dam breach assessment to flood
conditions and breach time.



Surface erosion was observed on the south abutment above the L2 Diversion Ditch. This erosion represents
a non-conformance in terms of maintenance standards [NCm] and should be remedied, consistent with the
recommendations from AMEC.



Several vibrating wire piezometers within the dam, downstream buttress and abutments are no longer
functional. The vibrating wire piezometers in the northern and southern diversion dams are also no longer
functioning. Failure to replace non-functioning equipment represents a non-conformance in terms of
maintenance [NCm]. Non-functioning instrumentation should be replaced and provided with real-time data
loggers. AuRico has advised that it is currently considering a proposal to replace these piezometers in 2017.



The water level within the Sediment Pond is higher than the original design and has submerged the outlets
from the underdrains within the main dam buttress. This precludes the ability to check outflow from the drains
for sediment, which is a potential indicator of internal erosion. This represents a non-conformance in terms
of the operating procedures for the TSF [NCo]. We recommend that the level within the Sediment Pond be
reduced as soon as practical. This deficiency would also be eliminated by decommissioning and flatten the
slopes of this dam as recommended above.
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Operational personnel currently carry out inspections of vegetation growth on the main dam on a monthly
basis. The inspection frequency is not consistent with the recommendations in the 2015 DSI report (AMEC
2016d), which recommends that vegetation growth be monitored bi-weekly. This represents a nonconformance in terms of procedures specified by AMEC [NCp]. Surveillance should be increased to satisfy
AMEC’s recommendation or the recommendation may be relaxed by AMEC, if this frequency is no longer
required. Clarification should be provided by AMEC.



We understand that ravelling of the cut-slope above the R1 drain is an ongoing issue that necessitates
periodic maintenance of the R1 drain. At the time of inspection, the R1 drain was well maintained. While this
does not represent a non-conformance, Golder recommends that consideration be given to a solution that
would reduce maintenance requirements for the drain in the long-term.
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STUDY LIMITATIONS
Golder Associates Ltd. (Golder) has prepared this document in a manner consistent with that level of care and
skill ordinarily exercised by members of the engineering and science professions currently practising under similar
conditions in the jurisdiction in which the services are provided, subject to the time limits and physical constraints
applicable to this document. No warranty, express or implied, is made.
This document, including all text, data, tables, plans, figures, drawings and other documents contained herein,
has been prepared by Golder for the sole benefit of AuRico Metals Inc. It represents Golder’s professional
judgement based on the knowledge and information available at the time of completion. Golder is not responsible
for any unauthorized use or modification of this document. All third parties relying on this document do so at their
own risk.
The factual data, interpretations, suggestions, recommendations and opinions expressed in this document pertain
to the specific project, site conditions, design objective, development and purpose described to Golder by
AuRico Metals Inc.are not applicable to any other project or site location. In order to properly understand the factual
data, interpretations, suggestions, recommendations and opinions expressed in this document, reference must be
made to the entire document.
AuRico Metals Inc. may make copies of the document in such quantities as are reasonably necessary for those
parties conducting business specifically related to the subject of this document or in support of or in response to
regulatory inquiries and proceedings. Electronic media is susceptible to unauthorized modification, deterioration
and incompatibility and therefore no party can rely solely on the electronic media versions of this document.
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APPENDIX A
Dam Safety Review Assurance Statement
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APPENDIX C2: DAM SAFETY REVIEW
ASSURANCE STATEMENT – MINING DAMS
Note: This Statement is to be read and completed in conjunction with the current APEGBC Guidelines for Legislated
Dam Safety Reviews in BC (“APEGBC Guidelines”) and is to be provided for dam safety review reports in accordance
with permit conditions and the Health, Safety and Reclamation Code for Mines in British Columbia or the British
Columbia Dam Safety Regulation, B.C. Reg. 44/2000 as amended (refer to Table C-1 in Appendix C). Italicized words
are defined in the APEGBC Guidelines. An assurance statement is required for each dam that is assessed

To: The Owner(s)

'FCSVBSZ 
Date: _________________________

"V3JDP.FUBMT*OD
Name

:POHF4USFFU
5PSPOUP 0OUBSJP 
$BOBEB.$5
Address
With reference to the permit conditions and the Health, Safety and Reclamation Code for Mines in British Columbia or the
British Columbia Dam Safety Regulation, B.C. Reg. 44/2000 as amended (refer to Table C-1 in Appendix C).
For the dam:
 N&   N&
UTM (Location): _______________________________________________________________________________
/PSUI$FOUSBM#SJUJTI$PMVNJB BQQSPYJNBUFMZLNOPSUIPG4NJUIFST
Located at (Description): ________________________________________________________________________
%FNFTT4PVUI5BJMJOH4UPSBHF'BDJMJUZ
Name of dam or description:_____________________________________________________________________
% % %
Provincial dam number: ________________________________________________________________________
5BJMJOHT4UPSBHF
Dam function: _________________________________________________________________________________
"V3JDP.FUBMT*OD
Owned by: ____________________________________________________________________________________
(the “Dam”)
Current dam classification is:
Check one
Low
Significant
High
Very High
Extreme
The undersigned hereby gives assurance that he/she is a qualified professional engineer.
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I have signed, sealed and dated the attached dam safety review report on the dam in accordance with the APEGBC
Guidelines. That report must be read in conjunction with this Statement. In preparing that report I have:
Check to the left of applicable items (see Guideline Section 3.2):

____ 1. Collected and reviewed available and relevant background information, documentation and data.
____ 2. Reviewed the environmental objectives for the materials stored in the impoundment and related design
requirements.
____ 3. Understood the current classification for the dam, including performance expectations.
____ 4. Undertaken an initial facility review.
____ 5. Reviewed and assessed the dam safety management obligations and procedures.
____ 6. Inspected the condition of the dam, impoundment area and relevant areas upstream and downstream
of the facility.
____ 7. Interviewed operations and maintenance personnel.
____ 8. Interviewed the Engineer of Record.
____ 9. Reviewed available maintenance and operating records, the Operations, Maintenance and Surveillance
(OMS) Manual and the Emergency Preparedness Plan.
____ 10. Confirmed proper functioning of mine waste and water management systems and environmental
control systems.
____ 11. After the above, reassessed the consequence classification, including the identification of required dam
safety criteria.
____ 12. Carried out a dam safety analysis based on the classification in Item 11.
____ 13. Evaluated facility performance and conformance with design basis and operating criteria.
____ 14. Identified, characterized and determined the magnitude of deficiencies in the safe operation of the dam
and non-conformances in the dam safety management system.
____ 15. Recommended and prioritized actions to be taken in relation to deficiencies and non-conformances.
____ 16. Prepared a dam safety review report for submittal to the regulatory authority by the owner and reviewed the
report with the owner.
____ 17. The dam safety review report has been reviewed in meeting the intent of APEGBC Bylaw 14(b)(2).
Based on my dam safety review, the current dam classification is:
Check one
Appropriate
Should be reviewed and amended
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I undertook the following type of dam safety review:
Check one
Audit
Comprehensive
Detailed design-based multi-disciplinary
Comprehensive, detailed design and performance
I hereby give my assurance that, based on the attached dam safety review report, at this point in time:
Check one
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.
The dam is reasonably safe but the dam safety review did reveal non-conformances with the regulatory
requirements as set out in section(s) ____ of the attached dam safety review report.
The dam is reasonably safe but the dam safety review did reveal deficiencies and non-conformances as set
out in section(s) ____
 of the attached dam safety review report.
The dam is not safe in that the dam safety review did reveal deficiencies and/or non-conformances which
require urgent action as set out in section(s) ____ of the attached dam safety review report.

)FSC)BXTPO

'FCSVBSZ 

Name

Date

Original Signed
and Stamped

Signature
4VJUF7JSUVBM8BZ 7BODPVWFS #$7.$
Address
 
Telephone

Original Signed
and Stamped
(Affix Professional Seal here)

If the qualified professional engineer is a member of a firm, complete the following:

(PMEFS"TTPDJBUFT-UE
I am a member of the firm _____________________________________________________________________________
and I sign this letter on behalf of the firm.
(Print name of firm)
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1.0

SITE INSPECTION

A site inspection was carried out as part of the Dam Safety Review (DSR) for the Kemess South Tailings Storage
Facility (TSF) from August 10 to 12, 2016. The inspection was carried out by Messrs. Herb Hawson, P.Eng. and
David Anstey, P.Eng., of Golder Associates Ltd. (Golder) in the company of Mr. Mike Abbot and Ms. Jordan Evans
of AuRico Metals Inc. (AuRico). The inspection was also carried out in the company of local First Nations
representatives. The First Nations representatives were Mr. Shawn Tomah of the Tsay Keh Dene First Nation,
Mr. Charles West of the Takla First Nation, and Messrs. Travis Abu and Dean Joseph of the Kwadacha First
Nation.
Over the three-day site visit, the Golder team inspected the site and carried out interviews with key personnel to
understand protocols with respect to operation, maintenance and emergency response for the TSF. Mr. Mike
Abbot, TSF Technician, and Mr. Gordan Coyle, Site Superintendent, from AuRico were interviewed for their input
to the DSR.
Messrs. Irwin Wislesky and Murray Helmer of Amec Foster Wheeler Americas Limited (AMEC) were also on site
during the three day visit. AMEC did not participate in the site inspection by Golder. However, Golder did interview
AMEC during the visit to gain an appreciation for the design and construction history of the dam.

2.0
2.1
2.1.1

OBSERVATIONS
Main Dam
Crest

The review team walked and inspected the length of the main dam crest, shown in Photograph 1. The crest of the
dam has been reclaimed by the placement of gravelly soil in hummocks. This has been complemented by the
establishment of grasses and small shrubs. No signs of excessive erosion, settlement, bulging or cracking of the
crest were observed during the inspection.

Photograph 1: Main dam crest looking north
February 2017
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2.1.2

Upstream Slope

The tailings beach immediately upstream of the dam crest has been reclaimed by the placement of a hummocked
soil cover and vegetation. The cover extends approximately 50 m upstream of the crest, increasing to
approximately 160 m from the crest for the southern portion of the dam. A gravel access road and rock armoured
slope trace the perimeter of the reservoir and submerged tailings beach. The access road and armouring are
shown in Photograph 2.

Photograph 2: Upstream slope of main dam looking south

The rock armouring is in good condition with no signs of erosion. There are some undulations in the level of the
access road, which may be indicative of minor settlement due to consolidation of the underlying tailings beach with
time. These settlements are distal from the dam crest and are not compromising the freeboard of the dam.

2.1.3

Reservoir

The water level within the reservoir at the time of inspection was at approximate elevation 1,505.7 m, 0.3 m below
the spillway invert level. This level is higher than the phreatic level assumed for the most recent stability analysis
carried out for the closure equilibrium assessment (AMEC 2016a), which assumed a phreatic level of
approximately 1,497 m in the main valley section. We recommend that the analyses be updated to reflect the
long-term reservoir water level 50 m upstream of the dam crest and the expected phreatic surface resulting from
steady-state seepage conditions.
The tailings beach near the southern abutment, adjacent to the spillway inlet is covered with a crushed rock cover.
During its inspection in May 2016 (AMEC 2016b), AMEC observed the presence of three depressions in the
upstream tailings beach near the south abutment, ranging in size from 0.3 to 2 m in diameter and up to 1 m deep.
At the time of Golder’s inspection, these depressions had been backfilled, as shown in Photograph 3. These
depressions may be of concern if they represent a return of internal erosion previously observed near the south
abutment.
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Photograph 3: Backfilled depression in upstream tailings beach

The remedial grouting plan for the TSF (AMEC 2013) states that, if “sinkholes or depressions are observed on the
closure tailings beach in the south abutment area”, this “would trigger a site assessment and possibly necessitate
implementation of a remedial grouting plan”. We therefore recommend the mechanism for the depressions
observed in May be further investigated and remediated, if necessary.
The reservoir is steep sided around much of the perimeter, with several avalanche paths active during the winter
and spring. Historically, landslides have occurred within the reservoir as a result of undercutting during
construction of the dam. No signs of recent instability were observed as part of the inspection.
A diesel water pump and an adequate length of hosing are available and maintained on site, if required to draw
down the reservoir in accordance with the Emergency Preparedness Plan (EPP) (AMEC 2016c). Various
gradations of rockfill are also stockpiled near the crest of the dam, if required to backfill sinkholes, in accordance
with the EPP.

2.1.4

Spillway

At the time of inspection, the reservoir level was approximately 0.3 m below the spillway invert level and the
spillway was yet to record a flow event. The intake channel was inundated and was protected at its entrance by
a high-density polyethylene (HDPE) cast-sealed floating boom. Debris, in the form of tree trunks and branches,
had been removed from the boom and stockpiled adjacent to the spillway inlet, prior to Golder’s inspection. The
spillway weir is shown in Photograph 4.
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Photograph 4: Spillway weir structure

Rock armouring of the spillway inlet, downstream channel and energy dissipation structure downstream appeared
in good condition. The spillway weir also appeared in good condition with the exception of some lifted liner on the
downstream face. The lifted liner was observed during the May 2016 inspection (AMEC 2016b) and uy yet to be
repaired.

2.1.5

South Abutment

There is a long-documented history of seepage through the south abutment of the dam. At the time of inspection,
seepage from the south abutment was evident in several areas. This included increased vegetation growth on the
south abutment and buttress, as well as audible flow in the L2 Diversion Ditch. Increased vegetation growth was
also evident on the downstream slope of the dam near the south abutment, above the first buttress, as shown in
Photograph 5.
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Photograph 5: Vegetation on main dam near south abutment

Of the ten piezometers listed in the proximity of the south abutment, only four remained functional as of 2015
(AMEC 2016a). Surface expressions of seepage, like those pictured in Photograph 5, suggest that the phreatic
surface downstream of the dam may be higher than that assumed for the most recent stability analysis of the south
abutment (AMEC 2016a). We recommend further investigation to better define the phreatic surface in the dam
and its foundations near the south abutment.
A vegetated cover has been constructed to reclaim a portion of the south abutment above the L2 Diversion Ditch.
Surface erosion has occurred on that portion of the abutment that has not been reclaimed, as shown on
Photograph 6. AMEC has previously noted this erosion and provided recommendations for its repair (AMEC,
2016b). AuRico has advised that repair of this erosion is planned as part of future reclamation works.
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Photograph 6: Reclaimed portion of south abutment (left), surface erosion of south abutment slope (right)

2.1.6

North Abutment

The cut-slope above the R1 drain has ravelled, resulting in the accumulation of debris in the R1 drain. At the time
of inspection, debris from the slope was minor, as shown in Photograph 7, and was not obstructing potential flow.
However, operational personnel indicate that this is an ongoing issue that requires periodic maintenance of the
R1 drain.
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Photograph 7: Flow of debris from cut slope above R1 drain

Further west, downstream of the R1 drain, a tension crack has formed along the downstream crest of the access
road, as shown in Photograph 8. There has been accompanying settlement of the road at this location and some
bulging evident downslope. The deformations are indicative of a relatively shallow failure surface that may mobilise
further in the event of raised phreatic conditions or additional loading. Such shallow failure deformations do not
pose any immediate risk to the dam but would have the potential to obstruct surface drainage features downstream
and reduce access. AuRico has advised that it is monitoring this tension crack for further movement as part of
routine inspections.
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Photograph 8: Cracking and settlement in access road downstream of R1 drain

2.1.7

Downstream Slope and Buttresses

The downstream slopes and buttresses have been largely reclaimed by the placement of gravelly soil in hummocks
and the establishment of small trees, grasses and shrubs, as shown on Photograph 9. No obvious signs of bulging,
deformation or cracking of the downstream slopes was observed.

Photograph 9: Downstream slope of main dam looking north

In general, erosion is minor. There is evidence that where significant erosion has occurred, it has been adequately
repaired by regrading of drainage, the placement of rock armouring and the reestablishment of vegetation. An
example is shown in Photograph 10. Erosion repairs appear to have been effective.
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Photograph 10: Areas of previous erosion along access road at base of downstream slope

Recent animal activity and burrowing was observed on the downstream slopes and buttresses, refer to
Photograph 11. Operational personnel indicate that the creation of fox holes in the dam is an ongoing maintenance
issue.

Photograph 11: Fox hole in downstream slope of dam
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2.1.8

Instrumentation

Instrumentation sheds located on the dam crest and near the spillway were inspected and found to be in a
satisfactory condition. Operational personnel advised that the satellite system for uploading data from the
instrumentation is non-functional and has been for some time. As a result, readings from the data loggers are
downloaded manually during routine inspections of the dam1.
Operational personnel advise that many of the vibrating wire piezometers within the dam, downstream buttress
and abutments are no longer functional.
Standpipes piezometers installed in the beach upstream of the dam have blocked or become partially filled with
sand. Only one well can be dipped to water level upstream of the dam. Operational personnel indicate that
standpipe piezometers both upstream and downstream of the dam are dipped for water level once per year.
However, water samples were last collected from the wells approximately three years ago.

2.2

Southern Diversion Dam

At the time of inspection, the inlet pipe for the South Diversion Dam was flowing and the outlet pipes and valves
were functional. There were no signs deformation of the dam crest and the upstream rock armouring appeared to
be in satisfactory condition. Minor surface erosion and sloughing was observed on the downstream slope of the
dam, particularly at water level, as shown on Photograph 12.

Photograph 12: Downstream slope of Southern Diversion Dam

Operational personnel indicate that the vibrating wire piezometers in the dam are not functional. There is no lifebuoy located on the dam crest2.

1

As of December 2016, AuRico advised Golder that remote real-time collection of data had been restored.

2

As of December 2016, AuRico advised Golder that life buoys have now been placed at all water access points around the TSF.
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2.3

Northern Diversion Dam

The crest, downstream and upstream slopes of the north diversion dam were observed to be in a satisfactory
condition. The low level outlet was unobstructed, as shown in Photograph 13.

Photograph 13: North diversion dam reservoir and low-level outlet

Healthy vegetation growth and ponded water located immediately downstream of the dam are likely attributable to
seepage from the dam. However, seepage flows were clear and operational personnel indicated that the
conditions were stable year-on-year. The vibrating wire piezometers in the dam are not functional and are no
longer monitored.
The spillway for the dam is located on the right abutment. The side slope of the spillway previously failed, partially
obstructing flow and leaving the side slopes vulnerable to erosion, as shown in Photograph 14. However, flow
under normal conditions is accommodated by the low-level outlet and, in consideration of the alignment and
foundation conditions of the spillway, it is unlikely that further erosion would pose a significant risk to the dam
structure.
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Photograph 14: North Diversion Dam spillway outlet

2.4

East Inlet

The east inlet comprises a valve-controlled pipe inlet with a concrete headwall and debris gate, as shown on
Photograph 15. At the time of inspection, the valve was functional and was closed by operational personnel to
divert flow through the spillway to a natural creek. The spillway was in good condition, unobstructed and free of
significant erosion.
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Photograph 15: East Inlet

2.5

Sediment Pond

The sediment pond has been raised in two lifts. Construction of the initial structure was undertaken under
engineering supervision in accordance with AMEC’s design. A subsequent lift was constructed to raise the level
of the dam and increase its capacity. This lift was constructed in the absence of a design or construction quality
assurance. AMEC has previously recommended that that this dam be decommissioned and the slopes flattened
and buttressed (AMEC 2016d).
Seepage was observed to be emanating from the dam and south abutment, near the toe of the dam. This is
consistent with previous observations made by AMEC (2016b). The downstream slope and toe seepage is shown
on Photograph 16.

February 2017
Report No. 1547387

13/18

APPENDIX B
Field Review Report

Photograph 16: Downstream slope of Sediment Pond dam

There is some erosion of the downstream slope of the dam. Most notably, an erosion gully up to 1 m deep was
observed on the downstream crest, as shown in Photograph 17.

Photograph 17: Erosion gulley in downstream crest of Sediment Pond dam

A polyethylene pipe appears to penetrate the upper metre of Sediment Pond dam near the left (south) abutment,
as shown in Photograph 18.
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Photograph 18: Polyethylene pipe through Sediment Pond dam near south abutment

There are no reflective markers or shoulder barriers to delineate the dam crest. A life-buoy is located on the crest.
Significant quantities of sediment have accumulated within the Sediment Pond reservoir, evidenced by the deltas
shown on Photograph 19. Operational personnel indicate that the thickness of sediment within the pond ranges
from 5 to 10 m. Seepage collection pipes from the main dam buttress flow into the pond at the upstream end.
Raising of the sediment pond has resulted in inundation of the seepage collection pond outlets. Seepage was
observed to be boiling up through the sediment at the toe of the dam. As a result of the pipes being submerged,
it was not possible to check the clarity of the seepage discharge.

Photograph 19: Sediment Pond reservoir
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2.6

Seepage Recycle Pond

The Seepage Recycle Pond is located downstream of the Sediment Pond and collects outflow from the R1, R2
and L2 Diversion Ditch. The pond was receiving flow at the time of inspection, as shown on Photograph 20.

Photograph 20: Flow entering Seepage Return Pond

Operational personnel indicated that a monitoring well located in the right abutment of the dam develops artesian
conditions and overtops each year during the freshet. Significant vegetation growth was observed directly
downstream of the dam, which is consistent with the presence of near-surface seepage.
Four high-level polyethylene culverts through the dam serve the function of an emergency spillway for the pond,
as shown on Photograph 21. The culverts were not flowing at the time of inspection. Surface depressions up to
0.2 m deep were evident in the dam crest directly above the culverts, as shown on Photograph 223. The outlets
of the culverts were inspected. No obvious signs of internal erosion around the pipelines was observed.

3

As of December 2016, AuRico advised that these depressions had been backfilled as part of works to replace two of the polyethylene culverts.
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Photograph 21: Culvert spillway in Seepage Return Pond dam

Photograph 22: Seepage Return Pond dam crest

Shoulder barriers are not present on the crest of the dam. No life-buoy was located in proximity of the dam crest4.

4

As of December 2016, AuRico advised Golder that life buoys have now been placed at all water access points around the TSF.
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POND

TEMPERATURE SENSOR

SEDIMENT POND
SONDEX ARGONAUT VELOCITY PROBE

INSTRUMENT
GROUP I

AUTOMATED INSTRUMENT MONITORING STATION
EXISTING INSTRUMENT CABLE EXTENSIONS
PROPOSED INSTRUMENT CABLE EXTENSIONS

GROUP I
AVW206 #800
(Controlled by V)
T1-PE1-20
T1-PE7-01
T1-PE7-02
T1-PE1-12
T4-PE1-12

GROUP IV
GROUP V
CR800 Datalogger #2 CR800 Datalogger #4
GROUP VII
(Transmits to VII)
(Transmits to VII) CR1000 Datalogger #1
T1-PE1-03
T1-PE1-19
(Controls all others)
T1-PE1-04
T3-PE1-05
T2-PE9-10
T1-PE1-06
T3-PE1-06
T2-PE9-11
MAXIMUM POND
T1-PE2-02
T4-PE1-10
T2-PE9-12
ELEVATION AT CLOSURE
T1-PE2-03
T4-PE1-11
T2-PE9-13
EL. 1506.0m
T1-PE4-03
T2-PE9-14
GROUP II
T1-PE4-04
GROUP VI
T2-PE9-15
T1-PE6-01
T2-PE9-16
CR800 Datalogger #7
AVW206 #600
T1-PE6-02
T2-PE9-17
(Transmits to VII)
(Controlled by VII)
T1-PE7-04
T2-PE9-18
T3-PE1-01
T2-PE1-01
T1-PE7-05
T2-PE9-19
T3-PE1-04
T2-PE1-5a
T2-PE1-6a
TW07-03
T3-PE7-01
T2-PE1-14
T2-PE1-6b
T3-PE7-02
T2-PE1-16
T2-PE1-13
IPI I-99-05
T2-PE1-17
GROUP VIII
T2-PE7-01
T2-PE1-18
AVW206 #500
T4-PE1-03
T2-PE1-25
(Controlled by VII)
GROUP III
T4-PE1-05
T2-PE1-26b
T2-PE1-09
CR1000 Datalogger #3
T4-PE1-06
T2-PE2-02
T2-PE1-11
(Transmits to VII)
WEATHER STATION
T4-PE1-07
T2-PE1-12
T1-PE1-11
T2-PE4-01
TO BE CONNECTED WIRELESSLY TO GROUP IX
T4-PE1-08
TW07-04
T1-PE1-14
INSTRUMENT AND DATA TO BE SEND VIA ATLAS
IPI I-01-09
TW07-05
GROUP IX
T1-PE1-17
CR1000
T4-PE1-02
DATALOGGER #5
(CONTROLS ALL
0m
20
40
60
80
100
OTHERS)
THERM-1
THERM-2
SCALE (m)
NOTES:
SPWL-1
SPWL-2
1. POND BATHYMETRY BASED ON 1 JULY 2011 SOUNDING
ARGO-1
PERFORMED BY AQUASPHERE SURVEYORS.

GROUP IX
INSTUMENTATION SYSTEM
CONTROL HUT AND AREA
OF REFUGE

CONTROL
STRUCTURE

SOUTH DIVERSION CONDUIT
(SDC)

CLOSURE
DITCH (L2)

SPILLWAY
SERVICE ROAD

2.

DETAILED TOPOGRAPHY AT GENERAL AREA BASED
ON MAY 2007 LIDAR SURVEY BY TERRA REMOTE.

3.

TAILINGS DAM & BEACH TOPOGRAPHY BASED ON
AUGUST 2011 SURVEY BY KEMESS.
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Stability Checks

February 8, 2017
Report No. 1547387-002-R-Rev0

APPENDIX D
Kemess South TSF - Slope Stability Results

Figure D1: Main Valley – Block Search, No Shear Key, Static
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APPENDIX D
Kemess South TSF - Slope Stability Results

Figure D2: Main Valley – No Shear Key, Post-Seismic
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APPENDIX D
Kemess South TSF - Slope Stability Results

Figure D3: Main Valley – Shear Key, Static, Maximum Piezometers
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APPENDIX D
Kemess South TSF - Slope Stability Results

Figure D4: Main Valley - Shear Key, Post-Seismic, Maximum Piezometers
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APPENDIX D
Kemess South TSF - Slope Stability Results

Figure D5: South Abutment – Static, Maximum Piezometers
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APPENDIX D
Kemess South TSF - Slope Stability Results

Figure D6: South Abutment – Post-Seismic, Maximum Piezometers
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Table E1 - Hazard and Failure Mode Matrix
A

DAM COLLAPSE BY
OVERTOPPING
(erosion or
overturning)

Water elevation too high

GLOBAL FAILURE MODES

B

C

External Hazards

D

MOST BASIC FUNCTIONAL
FAILURE CHARACTERISTICS

Inadequate installed
discharge capacity

Meteorological inflow > buffer +
outflow capacity

1

Inadequate reservoir operation (rules
not followed)

2

Random functional failure on
demand

3

Discharge capability not maintained
or retained

4

X

Excessive elevation due to landslide
or U/S dam

5

X

Wind-wave dissipation inadequate

6

Operation, maintenance and
surveillance fail to detect/prevent
hydraulic inadequacy

7

X

Operation, maintenance and
surveillance fail to detect poor dam
performance

8

X

Mass movement (external stability:displacement, tilting, seismic
resistance)

9

X

X

Loss of support (foundation or
abutment failure)

10

X

X

Seepage around interfaces
(abutments, foundation, water stops)

11

X

X

Through dam seepage control failure
(filters, drains, pumps)

12

X

X

13

X

Inadequate available
discharge capacity

Seismic

F

G

Internal Hazards (Design, Construction, Maintenance, Operation)

ELEMENT AND/OR
ELEMENT FUNCTION

Meteorological

E

Reservoir
Environment

Water barrier

Hydraulic struct.

Mech/elec

Infrastructure &
Plans

X

X

X

X

X

X

X

X

X

Management
System Failure

Inadequate freeboard

Stability under applied
loads
Crest elevation too low

DAM COLLAPSE BY
LOSS OF
STRENGTH
(external or internal
structural failure or
weakening)

Safeguards fail to provide
timely detection and
correction

X

Structural weakening (internal
erosion, AAR, crushing, gradual
strength loss)
Instantaneous change of state (static
liquefaction, hydraulic fracture,
seismic cracking)

14

1

Cells that are greyed out are functionally unrelated with no common contribution to dam safety

2
3

X denotes mode/hazard combinations requiring detailed assessment.
See attached Q & A.

X

X

X

X

X

X

Watertightness

Durability/cracking

Notes

X

X

GLOBAL FAILURE MODES

ELEMENT AND/OR
ELEMENT
FUNCTION

MOST BASIC
FUNCTIONAL
FAILURE
CHARACTERISTICS

Water elevation too high

DAM COLLAPSE
BY
OVERTOPPING
(erosion or
overturning)

Management System Failure

Safeguards fail to
provide timely
detection and
correction

DAM COLLAPSE
BY LOSS OF
STRENGTH
(External
orinternal
structural failure
and weakening)

Crest elevation too low

Stability under
applied loads

Human Attack

Could the reservoir environment (landslide?
debris?) cause a meterological event leading
to the dam to be overtopped/fail because of
insufficient installed discharge capacity ?

Could terrorist action cause a meterological
event that leads to the dam being
overtopped/fail due to insufficient installed
discharge capacity ?

Could the dam be overtopped/fail during a
Inadequate reservoir
operation (rules not meteorological event if the operating rules are
followed)
not followed ?

Could a seismic event create a condition that
prevents the operating rules from being
followed, leading to the dam being
overtopped/fail ?

Could the reservoir environment cause the
operating rules to not be followed leading to
the dam being overtopped/fail?

Could terrorist action cause the operating
rules to not be followed leading to the dam
being overtopped/fail?

Could a seismic event cause a random
functional failure of spilling capability leading
to the dam be overtopped/failed?

Could the reservoir environment cause
random functional failure on demand of
discharge capability and lead to the dam
being overtopped/fail?

Could terrorist action cause random
functional failure of spilling capability causing
the dam to be overtopped/fail?

Random functional
failure on demand

Discharge capability
not maintained or
retained

Inadequate
freeboard

Reservoir Environment

Could a seismic event cause a meterological
event and cause the dam to be
overtopped/fail from a reduced discharge
capacity (channels, chutes)?

insufficient installed discharge capacity?

Inadequate available
discharge capacity

Seismic

Meteorological inflow >
inflow to be greater than the outflow capacity
buffer + outflow
and lead to dam overtopping / failure due to
capacity

Could a meteorological event cause the

Inadequate installed
discharge capacity

Internal Hazards (Design, Construction, Maintenance, Operation)

External Hazards
Meteorological

Could the dam be overtopped/fail during a
meteorological event if there is a random
functional failure of spilling capability?

Could a seismic event cause the discharge
Could the dam be overtopped/fail during a
meteorological event if the discharge capacity capacity to be damaged causing the dam to
be overtopped/fail ?
is not maintained ?

Water barrier

Could design or construction of the water
barrier cause a random functional failure of
spilling capability and cause the dam be
overtopped/fail?

Could design or construction of the water
barrier cause a reservoir landslide or
upstream dam failure and cause the dam to
be overtopped/fail?

Excessive elevation
due to landslide or U/S
dam

Could the dam be overtopped/fail during a
meteorological event due to a reservoir
landslide or upstream dam failure?

Could a seismic event cause the dam to be
overtopped/fail by a reservoir landslide or
upstream dam failure?

Could the reservoir environment cause
excessive elevation of the reservoir leading to
the dam being overtopped/fail?

Wind-wave dissipation
inadequate

Is freeboard and wind wave dissipation
adequate to prevent overtopping/failure
during a meteorological event ?

Could a seismic event cause the dam to be
overtopped/fail due to inadequate freeboard
and wind wave dissipation?

Could design or construction of the water
Is freeboard and wind wave dissipation
Could terrorist action cause inadequate
barrier cause inadequate freeboard and wind
adequate to prevent overtopping/failure from
freeboard and wind wave dissipation leading
wave dissipation and cause
failure of features in the reservoir
to dam overtopping/failure?
overtopping/failure?
environment ?

Operation,
maintenance and
surveillance fail to
detect/prevent
hydraulic adequacy

Could a meteorological event prevent the
Dam Safety Engineers activities (based on
OMS requirements, see column L) from
detecting/prevent hydraulic inadequacy
leading to dam overtopping/failure?

Operation,
maintenance and
surveillance fail to
detect poor dam
performance
Mass movement
(external stability:displacement, tilting,
seismic resistance)
Loss of support
(foundation or
abutment failure)

Could a seismic event prevent the Dam Safety Could the reservoir environment prevent Dam
Safety activities (based on OMS
Engineers activities (based on OMS
requirements, see column L) from
requirements, see column L) from
detecting/preventing hydraulic inadequacy
detecting/preventing hydraulic inadequacy
leading to dam overtopping/failure?
leading to overtopping/failure of the dam?

Could terrorist action cause the OMS
activities to not detect/prevent hydraulic
inadeqacy leading to dam
overtopping/failure?

Durability/cracking

Infrastructure & Plans

Could the design or construction of the
hydraulic structure cause random functional
failure of spilling capabilityand lead to the
dam being overtopped/fail due to inadequate
available discharge capacity?

Could the design or construction of the
mech/elec systems cause a random
functional failure on demand leading to dam
collapse by overtopping?

Could inadequate infrastructure and plans
cause random functional failure on demand
leading to dam collapse by overtopping?

Could the design or construction of the
hydraulic structure cause loss of the
discharge capability and lead to the dam
being overtopped/fail due to inadequate
available discharge capacity?

Could the design or construction of the
mech/elec systems cause the discharge
capability to be not maintained / retained
leading to dam collapse by overtopping?

Could inadequate infrastructure and plans
cause discharge capacity to not be
maintained or retained leading to dam
collapse by overtopping?

Could the design or construction of the
Could the design or construction of the
Could inadequate infrastructure and/or plans
hydraulic structure cause excessive elevation
mech/elec systems cause excessive elevation
cause the dam to fail due to a reservoir
due to a landslide or upstream dam failure
due to landslide or upstream dam failure
landslide or upstream dam failure?
leading to the dam being overtopped/fail due
leading to dam collapse by overtopping?
to inadequate freeoard?
Could the design or construction of the
hydraulic structure cause inadequate windwave dissipation leading to dam collapse by
overtopping?

Could the design or construction of the
mech/elec systems cause inadequate windwave dissipation leading to dam collapse by
overtopping?

Could inadequate infrastructure and plans
cause inadequate wind-wave dissipation
leading to dam collapse by overtopping?

Could inadequate operation, maintenance and
Could inadequate operation, maintenance and Could inadequate operation, maintenance and Could inadequate operation, maintenance and
surveillance of the infrastructure and plans
surveillance fail to detect / prevent hydraulic surveillance fail to detect / prevent hydraulic surveillance fail to detect / prevent failure of
cause the OMS activities to not detect
adequacy and lead to failure of the hydraulic the mech/elec system leading to dam collapse
adequacy and lead to failure of the water
/prevent hydraulic inadequacy before leading
by overtopping?
structure?
barrier?
to overtopping/failure of dam?

Could inadequate surveillance and
Could inadequate operation, maintenance and Could inadequate operation, maintenance and Could inadequate operation, maintenance and
Could the meteorological event prevent the
Could a seismic event cause the OMS rules to Could the reservoir environment cause the Could terrorist action cause OMS activities to
surveillance of the hydraulic structure fail to surveillance of the mech/elec systems fail to management of the infrastructure and plans
surveillance fail to prevent poor dam
OMS rules from being implemented by the
not be followed leading to dam collapse by
not be followed leading to collapse by loss of OMS rules to not be followed leading to dam
cause the OMS activities to not detect
prevent poor dam performance and lead to
performance and lead to dam collapse by loss prevent poor dam performance and lead to
DS Engineer leading to dam collapse by loss
loss of strength?
collapse by loss of strength?
strength during a seismic event ?
/prevent dam collapse by loss of strength?
dam collapse by loss of strength?
dam collapse by loss of strength?
of strength?
of strength?
Could loss of strength and static instability
occur during a meteorological event and
cause dam collapse ?

Could a seismic event cause mass external
instability and cause dam collapse?

Could the reservoir environment cause
Could terrorist action cause external
external instability of the dam leading to dam instability of the dam and cause dam collapse
collapse?
?

Could reduction/lack of support in foundation Could a seismic event cause reduction/lack of Could the reservoir environment (debris, ice, Could terrorist action cause reduction/lack of
support in foundation or abutments and
landslides) cause foundation or abutment
or abutments during a meteorological event support in foundation or abutments leading
cause dam collapse ?
failure leading to dam collapse?
to dam collapse?
cause dam collapse ?

Could design or construction of the water
barrier cause external instability and lead to
dam collapse?
Could design or construction of the water
barrier cause reduction/lack of support in
foundation or abutments and cause dam
collapse?

Could the design or construction of the
hydraulic structure cause external instability
leading to dam collapse by loss of strength?

Instantaneous change
Could a seismic event cause instantaneous
Could instantaneous change of state occur
of state (static
iquefaction, hydraulic (Liquefaction, hydraulic fracture) caused by a
change of state to occur (Liquefaction,
fracture, seismic
meteorological event cause dam collapse ? hydraulic fracture) leading to dam collapse ?
cracking)

Could the reservoir environment (landslides,
Could terrorist action cause instantaneous
ice, debris) cause instantaneous change of
change of state to occur (Liquefaction,
state to occur (liquefaction, hydraulic
hydraulic fracture) and cause dam collapse ?
fracture) and cause dam collapse ?

Could design or construction of the water
barrier cause instantaneous change of state
occur (Liquefaction, hydraulic fracture) and
cause dam collapse?

Could the design or construction of the
mech/elec systems cause external instability
leading dam collapse by loss of strength?

Could inadequate infrastructure and plans
cause external instability leading to dam
collapse by loss of strength?

Could inadequate infrastructure and plans
Could the design or construction of the
Could the design or construction of the
hydraulic structure cause reduction/lack of mech/elec systems cause a reduction/lack of cause reduction/lack of support in foundation
support in foundation or abutments and lead support in foundation or abutments leading or abutments leading to dam collapse by loss
of strength?
to dam collapse by loss of strength?
to dam collapse by loss of strength?

Could the reservoir environment (debris, ice,
Could the design or construction of the
Could design or construction of the water
Could a seismic event cause seepage around
Could terrorist action cause seepage around
landslides) cause seepage around
hydraulic structure cause seepage around
barrier cause seepage around interfaces /
interfaces / abutments / foundation reduce
interfaces / abutments / foundation and
interfaces/abutments/foundation and reduce
interfaces/ abutments/ foundation leading to
abutments / foundation and reduce water
water tightness sufficient to cause dam
reduce water tightness sufficient to cause
water tightness sufficient to cause dam
dam collapse by loss of strength?
tightness sufficient to cause dam collapse ?
collapse?
dam collapse?
collapse ?
Could the design or construction of the
Could the reservoir environment (landslides,
Could a seismic event cause through dam
Could terrorist action cause failure of through Could design or construction of the water
Could through -dam seepage
hydraulic structure cause through dam
ice, debris) cause through dam seepage
Through dam seepage
seepage (filters/drains/pumps) to fail and
dam seepage (filters / drains / pumps) control barrier cause through dam seepage (filters /
(filters/drains/pumps, internal instability)
control failure (filters,
seepage control failure (filters/ drains/
control be lost (filters/drains/pumps) and
drains / pumps) and reduce watertightness
reduce watertightness and cause dam
and reduce watertightness and cause dam
during a meteorological event reduce
drains, pumps)
pumps) and lead to dam collapse by loss of
reduce watertightness and cause dam
and cause dam collapse?
collapse?
collapse?
watertightness and cause dam collapse?
strength?
collapse?
Could the design or construction of the
Could the reservoir environment (landslides,
Could design or construction of the water
Could a seismic event cause internal
Could terrorist action cause internal
Structural weakening Could structural weakening (internal erosion,
hydraulic structure cause internal structural
ice, debris) cause internal structural
barrier cause internal structural weakening
structural weakening (internal erosion,
structural weakening (internal erosion,
(internal erosion, AAR,
crushing, cracking, strength loss) caused by
weakening (internal erosion, crushing,
weakening (internal erosion, crushing,
crushing, gradual
crushing, cracking, strength loss) and cause
crushing, cracking, strength loss) and cause (internal erosion, crushing, cracking, strength
a meteorological event cause dam collapse ?
cracking, strength loss) leading to dam
cracking, strength loss) and lead to dam
strength loss)
loss) and cause dam collapse?
dam collapse?
dam collapse ?
collapse?
collapse?
Could seepage around
Seepage around
interfaces/abutments/foundation during
interfaces (abutments,
foundation, water
meteorological event reduce water tightness
stops)
sufficient to cause dam collapse ?

Watertightness

Mech/elec

Could the design or construction of the
Could inadequate infrastructure and plans
Could design or construction of the hydraulic mech/elec systems cause a meteorological
Could design or construction of the water
cause a meteorological inflow greater than
structure cause a meteorological inflow
barrier cause a meteorological event leading
inflow greater than the buffer + outflow
the buffer + outflow capacity and lead to the
greater than the buffer + outflow capacity and
to dam overtopping / failure due to
capacity and lead to the dam being
dam being overtopped/fail due to insufficient
cause the dam to be overtopped/fail?
insufficient installed discharge capacity ?
overtopped/fail due to insufficient installed
installed discharge capacity?
discharge capacity?
Could the design or construction of the
Could design or construction of the water
Could the design or construction of the
Could inadequate infrastructure and plans
hydraulic structure cause the operating rules mech/elec systems cause the operating rules
barrier cause the operating rules to not be
cause inadequate reservoir operation leading
to not be followed and lead to dam collapse
followed and cause the dam to be
to not be followed leading to dam
to dam collapse by overtopping?
by overtopping?
overtopped/fail?
overtopping/failure?

Could design or construction of the water
Could the reservoir environment cause loss Could terrorist action cause loss of discharge
barrier cause the discharge capability to be
capability and cause the dam to be
of the discharge capability leading to the dam
not maintained/retained and cause the dam to
overtopped/fail?
being overtopped/fail?
be overtopped/fail?

Could terrorist action cause a landslide or
upstream dam failure leading to the dam
being overtopped/fail?

Hydraulic struct.

Could inadequate infrastructure and plans
Could the design or construction of the
cause seepage around interfaces/ abutments/
mech/elec systems cause seepage around
foundation and reduce water tightness
interfaces/ abutments/ foundation leading to
sufficient to cause dam collapse by loss of
dam collapse by loss of strength?
strength?
Could the desig or construction of the
mech/elec systems cause through dam
seepage (filters/ drains/ pumps) and reduce
watertightness and cause dam collapse?

Could inadequate infrastructure and plans
cause through dam seepage (filters/ drains/
pumps) and cause dam collapse by loss of
strength?

Could the design or construction of the
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APPENDIX E
Screening of Hazards and Failure Modes

1.0

GENERAL

This section provides a summary of potential failure modes for the Kemess South Tailings Storage Facility (TSF).
A summary of the potential failure modes is provided in Table E1. Those failure modes that could occur are
indicated by an “X”, invalid failure modes are blank.
The potential failure modes are divided into two main global failure mode categories:
1)

Dam Collapse by Overtopping (erosion or overturning); and

2)

Dam Collapse by Loss of Strength (external or internal structural failure and weakening).

In this report, these two main categories have been assessed separately as a starting point to eliminate potential
failure modes.

2.0

SUMMARY OF FAILURE MODES

A summary of the valid and invalid failure modes for the Kemess South TSF is provided in the following sections.
A1

A2.

A3.

A4.

A5.

A6.

A7.

A8.

Q

Could a meteorological event cause the inflow to be greater than the outflow capacity and lead
to dam overtopping / failure due to insufficient installed discharge capacity?

A

No. Spillway designed to accommodate PMF.

Q.

Could the dam be overtopped/fail during a meteorological event if the operating rules are not
followed?

A.

No, the operating rules do not affect the spillway capacity, therefore not a valid failure mode.

Q.

Could the dam be overtopped/fail during a meteorological event if there is a random functional
failure of spilling capability?

A.

No, the dam has an ungated spillway. Therefore, this is not a valid failure mode.

Q.

Could the dam be overtopped/fail during a meteorological event if the discharge capacity is not
maintained?

A.

Yes. The discharge capability is a free flowing spillway, if the spillway is blocked with debris and is not
maintained then abutment overtopping could occur. Therefore this is a valid failure mode.

Q.

Could the dam be overtopped/fail during a meteorological event due to a reservoir landslide or
upstream dam failure?

A.

Yes. In the event that the meteorological event was to initiate a landslide, the dam abutment could be
overtopped. Therefore, this is considered to be a valid failure mode.

Q.

Could the dam be overtopped/fail during a meteorological event due to inadequate wind-wave
dissipation?

A.

No. At the design flow for the spillway adequate freeboard exists. Therefore, it is not a valid failure
mode.

Q.

Could a meteorological event prevent the Dam Safety Engineers activities (based on OMS
requirements) from detecting/prevent hydraulic inadequacy leading to dam overtopping/failure?

A.

No. The Dam Safety Engineer is stationed on site, and could carry out functions, if required.

Q.

Could the meteorological event prevent the OMS rules from being implemented by the DS
Engineer leading to dam collapse by loss of strength?

A.

No OMS rules are not used to prevent loss of strength and failure – therefore this is not a valid failure
mode.
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A9.

A10.

A11.

A12.

A13.

A14.

Q.

Could loss of strength and static instability occur during a meteorological event and cause dam
collapse?

A.

Yes. Stability is sensitive to piezometric level in the foundations. Foundation and abutment piezometers
show rapid response to precipitation and snow melt. Therefore a valid failure mode.

Q.

Could reduction/lack of support in foundation or abutments during a meteorological event cause
dam collapse?

A.

Yes. see A9. Therefore this is a valid failure mode.

Q.

Could seepage around interfaces/abutments/foundation during meteorological event reduce
water tightness sufficient to cause dam collapse?

A.

Yes. see A9, Abutment seepage has been linked to possible internal erosion. Therefore this is a valid
failure mode.

Q.

Could through dam seepage (filters/drains/pumps, internal instability) during a meteorological
event reduce water tightness and cause dam collapse?

A.

Yes. See A11 – Therefore this a valid failure mode.

Q.

Could structural weakening (internal erosion, crushing, cracking, strength loss) caused by a
meteorological event cause dam collapse?

A.

Yes. see A11 – Therefore this is a valid failure mode.

Q.

Could instantaneous change of state occur (liquefaction, hydraulic fracture) caused by a
meteorological event cause dam collapse?

A.

No. No evidence to suggest foundations are susceptible to liquefaction or hydraulic fracture. Therefore
this is not a valid failure mode.

Seismic
B1.

B2.

B3.

B4.

B5.

B6.

Q.

Could a seismic event cause a meteorological event and cause the dam to be overtopped/fail
from a reduced discharge capacity (channels, chutes)?

A.

Not possible.

Q.

Could a seismic event create a condition that prevents the operating rules from being followed,
leading to the dam being overtopped/fail?

A.

No. The operating rules are not used to control dam safety for a seismic event. Therefore, this is not a
valid failure mode.

Q.

Could a seismic event cause a random functional failure of spilling capability leading to the dam
be overtopped/failed?

A.

No. Not possible as dam has a free flowing spillway structure.

Q.

Could a seismic event cause the discharge capacity to be damaged causing the dam to be
overtopped/fail?

A.

No. The dam/spillway structure is designed giving consideration to deformations arising from the MCE.
Therefore, this is not a valid failure mode.

Q.

Could a seismic event cause the dam to be overtopped/fail by a reservoir landslide or upstream
dam failure?

A.

Yes. There is an indication of reservoir instability and this could be exacerbated by seismic loading.
Therefore this is considered a valid failure mode.

Q.

Could a seismic event cause the dam to be overtopped/fail due to inadequate freeboard and
wind wave dissipation?

A.

No, dam designed for MCE. Therefore this is not a valid failure mode.
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B7.

B8.

B9.
B10.

B11.

B12.

B13.

B14.

Q.

Could a seismic event prevent the Dam Safety Engineers activities (based on OMS
requirements) from detecting/preventing hydraulic inadequacy leading to overtopping/failure of
the dam?

A.

No. Personnel are located nearby and access would not reasonably be prevented for a significant
period. Therefore, this is not a valid failure mode.

Q.

Could a seismic event cause the OMS rules not to be followed leading to collapse by loss of
strength during a seismic event?

A.

No, not a valid failure mode.

Q.

Could a seismic event cause mass external instability and cause dam collapse?

A.

No. Dam has been designed for MCE. Therefore this is not a valid failure mode.

Q.

Could a seismic event cause reduction/lack of support in foundation or abutments leading to
dam collapse?

A.

No. See B9 above. This is not a valid failure mode.

Q.

Could seismic event cause seepage around interfaces/abutments/foundation reduce water
tightness sufficient to cause dam collapse?

A.

No. Designed for MCE. Deformations expected to be low. Therefore, not a valid failure mode.

Q.

Could a seismic event cause through dam seepage (filters/drains/pumps) to fail and reduce
water tightness and cause dam collapse?

A.

No. See B11 above.

Q.

Could a seismic event cause internal structural weakening (internal erosion, crushing, cracking,
strength loss) and cause dam collapse?

A.

Yes, cyclone sand tailings upstream of dam are saturated and do not have adequate filters. A seismic
even could cause liquefaction upstream, exacerbating internal erosion. This is a valid failure mode.

Q.

Could a seismic event cause instantaneous change of state to occur (Liquefaction, hydraulic
fracture) leading to dam collapse?

A.

No. Dam core and foundations designed to withstand MCE. Therefore this is not a valid failure mode.

Reservoir Environment
C1.

C2.

C3.

C4.

C5.

Q.

Could the reservoir environment (landslide? debris?) cause a meteorological event leading to
the dam to be overtopped/fail because of insufficient installed discharge capacity?

A.

Yes, there is some evidence of reservoir instability. A large landslide could cause a wave or
overtopping. Therefore this is a valid failure mode.

Q.

Could the reservoir environment cause the operating rules to not be followed leading to the dam
being overtopped/fail?

A.

The operating rules are not used to control dam safety for this event. Therefore, this is not a valid
failure mode.

Q.

Could the reservoir environment cause random functional failure on demand of discharge
capability and lead to the dam being overtopped/fail?

A.

Not possible as the dam has a free flowing spillway, therefore not a valid failure mode.

Q.

Could the reservoir environment cause loss of the discharge capability leading to the dam being
overtopped/fail?

A.

Yes, debris blockage of spillway may cause overflow and excessive reservoir elevation. Therefore, this
is considered to be a valid failure mode.

Q.

Could the reservoir environment cause excessive elevation of the reservoir leading to the dam
being overtopped/fail?

A.

Yes, a large landslide could cause excessive elevation of the reservoir with overtopping of the dam.
Therefore, this is a valid failure mode.
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C6.

C7.

C8.

C9.
C10.

C11.

C12.

C13.

C14.

Q.

Could the reservoir environment lead to inadequate freeboard to accommodate wind wave
dissipation resulting in overtopping/failure.

A.

No, wind wave activity insufficient to cause dam overtopping. Therefore this is not a valid failure mode.

Q.

Could the reservoir environment prevent Dam Safety activities (based on OMS requirements)
from detecting/preventing hydraulic inadequacy leading to dam overtopping/failure?

A.

No. This would not prevent dam access and is therefore not a valid failure mode.

Q.

Could the reservoir environment cause the OMS rules to not be followed leading to dam
collapse by loss of strength?

A.

No. OMS rules are not used to prevent sudden loss of strength and failure due to events in the
reservoir – therefore this is not a valid failure mode.

Q.

Could the reservoir environment cause external instability of the dam leading to dam collapse?

A.

No, upstream is buttressed by tailings. This is not a valid failure mode.

Q.

Could the reservoir environment (debris, ice, landslides) cause foundation or abutment failure
leading to dam collapse?

A.

No. A reservoir event could not cause loss of foundation support. This is not a valid failure mode.

Q.

Could the reservoir environment (debris, ice, and landslides) cause seepage around
interfaces/abutments/foundation and reduce water tightness sufficient to cause dam collapse?

A.

No, reservoir event is not expected to raise phreatic conditions within the dam or foundations
sufficiently to cause failure. Therefore this is a valid failure mode.

Q.

Could the reservoir environment (landslides, ice, debris) cause through dam seepage control be
lost (filters/drains/pumps) and reduce water tightness and cause dam collapse?

A.

No. Seepage is controlled through till core, performance of which is not linked to reservoir event.
Therefore this is not a valid failure mode.

Q.

Could the reservoir environment (landslides, ice, debris) cause internal structural weakening
(internal erosion, crushing, cracking, strength loss) and lead to dam collapse?

A.

No. See C11 and 12. This is not a valid failure mode.

Q.

Could the reservoir environment (landslides, ice, and debris) cause instantaneous change of
state to occur (liquefaction, hydraulic fracture) and cause dam collapse?

A.

No. see C11 – this is not a valid failure mode.

Water Barrier
D1.

D2.

D3.

D4.

Q.

Could design or construction of the water barrier cause a meteorological event leading to dam
overtopping / failure due to insufficient installed discharge capacity?

A.

Not feasible.

Q.

Could design or construction of the water barrier cause the operating rules to not be followed
and cause the dam to be overtopped/fail?

A.

No. The dam has a free flowing spillway. Therefore, this is not a valid failure mode.

Q.

Could design or construction of the water barrier cause a random functional failure of spilling
capability and cause the dam be overtopped/fail?

A.

No. The dam is provided with a free flowing spillway capable of passing the PMF. Therefore, this is not
a valid failure mode.
Could design or construction of the water barrier cause the discharge capability to be not
maintained/retained and cause the dam to be overtopped/fail?
No. The dam is provided a free flowing spillway capable of passing the PMF. Therefore, this is not a
valid failure mode.

Q.
A.
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D5.

Q.
A.

D6.

D7.

D8.

D9.

D10.

D11.

D12.

D13.

D14.

Could design or construction of the water barrier cause a reservoir landslide or upstream dam
failure and cause the dam to be overtopped/fail?
No, design or construction of the water barrier cannot trigger landslides, therefore not a valid failure
mode.

Q.

Could design or construction of the water barrier cause inadequate freeboard and wind wave
dissipation and cause overtopping/failure?

A.

No, design and construction of the water barrier could not affect wind wave activity insufficient to cause
dam overtopping and overturning. Therefore this is not a valid failure mode.

Q.

Could inadequate operation, maintenance and surveillance fail to detect / prevent hydraulic
adequacy and lead to failure of the water barrier?

A.

Yes. In the event that the spillway is blocked or capacity reduced due to debris which is not cleared as
per the OMS, then overtopping of the dam abutments could occur. Therefore, this is a valid failure
mode.

Q.

Could inadequate operation, maintenance and surveillance fail to prevent poor dam
performance and lead to dam collapse by loss of strength?

A.

Yes, Hazards due to sinkhole development could lower freeboard if not monitored and maintained.
Therefore, this is a valid failure mode.

Q.

Could design or construction of the water barrier cause external instability and lead to dam
collapse?

A.

Yes, geotechnical instability of dam could result in loss of containment. Therefore, this is a valid failure
mode.

Q.

Could design or construction of the water barrier cause reduction/lack of support in foundation
or abutments and cause dam collapse?

A.

Yes, lack of design or inadequate construction of the sediment pond could result in failure, causing a
rapid drawdown in the foundations and resulting in foundation failure. Therefore, this is a valid failure
mode.

Q.

Could design or construction of the water barrier cause seepage around interfaces / abutments /
foundation and reduce water tightness sufficient to cause dam collapse?

A.

Yes, water retained behind dam has increased piezometric level in foundations and abutments.
Therefore, this is a valid failure mode.

Q.

Could design or construction of the water barrier cause through dam seepage (filters / drains /
pumps) and reduce water tightness and cause dam collapse?

A.

Yes, seepage flow through dam and foundations could result in internal erosion and loss of water
tightness. Therefore this is a valid failure mode.

Q.

Could design or construction of the water barrier cause internal structural weakening (internal
erosion, crushing, cracking, strength loss) and cause dam collapse?

A.

Yes, see D12. This is a valid failure mode.

Q.

Could design or construction of the water barrier cause instantaneous change of state occur
(Liquefaction, hydraulic fracture) and cause dam collapse?

A.

Yes. Although dam construction has now ceased, seepage conditions have not yet achieved a steady
state in all units. Future change in loading could reach a threshold that results in an instantaneous
change in state. Therefore this is a valid failure mode.
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Hydraulic Structure
E1.

E2.

E3.

E4.

E5.

E6.

E7.

E8.

E9.

E10.

E11.

Q.

Could design or construction of the hydraulic structure cause a meteorological inflow greater
than the buffer + outflow capacity and cause the dam to be overtopped/fail?

A.

Not feasible.

Q.

Could the design or construction of the hydraulic structure cause the operating rules to not be
followed and lead to dam collapse by overtopping?

A.

No The dam is provided with a free flowing spillway. Therefore, this is not considered a valid failure
mode.

Q.

Could the design or construction of the hydraulic structure cause random functional failure of
spilling capability and lead to the dam being overtopped/fail due to inadequate available
discharge capacity?

A.

No. The dam is provided with a free flowing spillway. Therefore, this is not considered a valid failure
mode.

Q.

Could the design or construction of the hydraulic structure cause loss of the discharge
capability and lead to the dam being overtopped/fail due to inadequate available discharge
capacity?

A.

Yes. Design incorporates a debris boom, which if overwhelmed could result in reduction of capacity to
discharge flows. Therefore, this is a valid failure mode.

Q.

Could the design or construction of the hydraulic structure cause excessive elevation due to a
landslide or upstream dam failure leading to the dam being overtopped/fail due to inadequate
freeboard?

A.

Yes. The spillway is cut into the abutment. Failure of the abutment into the spillway could reduce
capacity and result in overtopping. Therefore, this is a valid failure mode.

Q.

Could the design or construction of the hydraulic structure cause inadequate wind-wave
dissipation leading to dam collapse by overtopping?

A.

No. The dam is provided with a free flowing spillway. Therefore, this is not considered a valid failure
mode.

Q.

Could inadequate operation, maintenance and surveillance fail to detect / prevent hydraulic
adequacy and lead to failure of the hydraulic structure?

A.

Yes. Should the spillway become blocked with debris and not be detected by the OMS, could reduce
capacity of the hydraulic structure. The hydraulic structure is armoured founded on rock. However
excessive reservoir elevation could result in overtopping of the dam. Therefore this is a valid failure
mode.

Q.

Could inadequate operation, maintenance and surveillance of the hydraulic structure fail to
prevent poor dam performance and lead to dam collapse by loss of strength?

A.

No. Failure of spillway would not result in loss of strength. Therefore this is not a valid failure mode.

Q.

Could the design or construction of the hydraulic structure cause external instability leading to
dam collapse by loss of strength?

A.

No. Hydraulic structure is founded on rock and could not result in loss of strength. Therefore this is not
a valid failure mode.

Q.

Could the design or construction of the hydraulic structure cause reduction/lack of support in
foundation or abutments and lead to dam collapse by loss of strength?

A.

No, see E9. This is not a valid failure mode.

Q.

Could the design or construction of the hydraulic structure cause seepage around interfaces/
abutments/ foundation leading to dam collapse by loss of strength?

A.

No. Inflows to abutment from spillway operation are not expected to be significant enough to lead to
loss of strength in foundation or abutments. This is not a valid failure mode.
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E12.

E13.

E14.

Q.

Could the design or construction of the hydraulic structure cause through dam seepage control
failure (filters/ drains/ pumps) and lead to dam collapse by loss of strength?

A.

No, spillway is founded on bedrock and lined 145 m upstream such that the locality of pond is not
significantly influenced by spillway. Therefore this is not a valid failure mode.

Q.

Could the design or construction of the hydraulic structure cause internal structural weakening
(internal erosion, crushing, cracking, strength loss) leading to dam collapse?

A.

No, free flowing spillway is lined and founded on bedrock. Therefore this is not a valid failure mode.

Q.

Could the design or construction of the hydraulic structure cause instantaneous change of state
to occur (Liquefaction, hydraulic fracture) leading to dam collapse?

A.

No, free flowing spillway founded on bedrock. Therefore this is not a valid failure mode.

Mechanical / Electrical
F1.

F2.

F3.

F4.

F5.

F6.

F7.

F8.

F9.

F10.

Q.

Could the design or construction of the mechanical/electrical systems cause a meteorological
inflow greater than the buffer + outflow capacity and lead to the dam being overtopped/fail due
to insufficient installed discharge capacity?

A.

The dam has a free flowing spillway. Therefore not a valid failure mode.

Q.

Could the design or construction of the mechanical/electrical systems cause the operating rules
to not be followed leading to dam overtopping/failure?

A.

No. See F1.

Q.

Could the design or construction of the mechanical /electrical systems cause a random
functional failure on demand leading to dam collapse by overtopping?

A.

No. See F1 above. Not a valid failure mode.

Q.

Could the design or construction of the mechanical /electrical systems cause the discharge
capability to be not maintained / retained leading to dam collapse by overtopping?

A.

No. See F1 above.

Q.

Could the design or construction of the mechanical /electrical systems cause excessive
elevation due to landslide or upstream dam failure leading to dam collapse by overtopping?

A.

No. Not a valid failure mode.

Q.

Could the design or construction of the mechanical /electrical systems cause inadequate windwave dissipation leading to dam collapse by overtopping?

A.

Combination is not possible.

Q.

Could inadequate operation, maintenance and surveillance fail to detect / prevent failure of the
mechanical /electrical system leading to dam collapse by overtopping?

A.

No, not a valid failure mode.

Q.

Could inadequate operation, maintenance and surveillance of the mechanical /electrical systems
fail to prevent poor dam performance and lead to dam collapse by loss of strength?

A.

Yes. Failure to adequately maintain the electrical (piezometers) and mechanical (inclinometers)
systems that identify conditions within the dam could result in a failure to detect poor dam performance,
resulting in a lack of response and failure of the dam. Therefore this is a valid failure mode.

Q.

Could the design or construction of the mechanical /electrical systems cause external instability
leading dam collapse by loss of strength?

A.

Not possible.

Q.

Could the design or construction of the mechanical /electrical systems cause a reduction/lack of
support in foundation or abutments leading to dam collapse by loss of strength?

A.

Not possible.
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F11.

F12.

F13.

F14.

Q.

Could the design or construction of the mechanical / electrical systems cause seepage around
interfaces/ abutments/ foundation leading to dam collapse by loss of strength?

A.

Not possible.

Q.

Could the design or construction of the mechanical /electrical systems cause through dam
seepage (filters/ drains/ pumps) and reduce water tightness and cause dam collapse?

A.

Not possible.

Q.

Could the design or construction of the mechanical /electrical systems cause internal structural
weakening (internal erosion, crushing, cracking, strength loss) leading to dam collapse by loss
of strength?

A.

Not possible.

Q.

Could the design or construction of the mechanical /electrical systems cause instantaneous
change of state to occur (Liquefaction, hydraulic fracture) leading to dam collapse by loss of
strength?

A.

Not possible.

Infrastructure and Plans
G1.

G2.

G3.

G4.

G5.

G6.

G7.

G8.

Q.

Could inadequate infrastructure and plans cause a meteorological inflow greater than the
buffer + outflow capacity and lead to the dam being overtopped/fail due to insufficient
installed discharge capacity?

A.

No. The dam has a free flowing spillway designed to accommodate the PMF.

Q.

Could inadequate infrastructure and plans cause inadequate reservoir operation leading to
dam collapse by overtopping?

A.

No. The dam has a free flowing spillway.

Q.

Could inadequate infrastructure and plans cause random functional failure on demand leading
to dam collapse by overtopping?

A.

As above.

Q.

Could inadequate infrastructure and plans cause discharge capacity to not be maintained or
retained leading to dam collapse by overtopping?

A.

As above.

Q.

Could inadequate infrastructure and/or plans cause the dam to fail due to a reservoir landslide
or upstream dam failure?

A.

Yes. The upstream diversion dam is designed to contain flow from a 1 in 1,000 year event without
overtopping. It has a capacity of 350,000 m3. The spillway is designed to accommodate 33.3 m3/s
and is designed on the assumption that the southern diversion dam has been removed. A rapid
failure of the southern diversion dam could conceivably exceed capacity of the spillway. Therefore
this is a valid failure mode.

Q.

Could inadequate infrastructure and plans cause inadequate wind-wave dissipation leading to
dam collapse by overtopping?

A.

Not valid as the dam has sufficient freeboard and a free flowing spillway.

Q.

Could inadequate operation, maintenance and surveillance of the infrastructure and plans
cause the OMS activities to not detect /prevent hydraulic inadequacy before leading to
overtopping/failure of dam?

A.

Yes, Should the spillway become blocked with debris and not be detected by the OMS, excessive
reservoir elevation may occur and lead to dam overtopping. Therefore, this is a valid failure mode.

Q.

Could inadequate surveillance and management of the infrastructure and plans cause the
OMS activities to not detect /prevent dam collapse by loss of strength?

A.

Yes, the Sediment Dam at the toe of the main dam could fail by loss of strength, if OMS is
inadequate. Therefore, this is a valid failure mode.
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G9.

G10.

G11.

G12.

G13.

G14.

Q.

Could inadequate infrastructure and plans cause external instability leading to dam collapse
by loss of strength?

A.

Yes, see G8. Therefore, this is a valid failure mode.

Q.

Could inadequate infrastructure and plans cause reduction/lack of support in foundation or
abutments leading to dam collapse by loss of strength?

A

Yes, see G8. Therefore, this is a valid failure mode.

Q.

Could inadequate infrastructure and plans cause seepage around interfaces/ abutments/
foundation and reduce water tightness sufficient to cause dam collapse by loss of strength?

A.

No, not a valid failure mode.

Q.

Could inadequate infrastructure and plans cause through dam seepage (filters/ drains/
pumps) and cause dam collapse by loss of strength?

A.

No, infrastructure is not connected to dam core or filters. Therefore this is not a valid failure mode.

Q.

Could inadequate infrastructure and plans cause internal structural weakening (internal
erosion, crushing, cracking, strength loss) and cause dam collapse by loss of strength?

A.

No, see G12. This is not a valid failure mode.

Q.

Could inadequate infrastructure and plans cause instantaneous change of state occur
(Liquefaction, hydraulic fracture) and cause dam collapse by loss of strength?

A.

No, see G12. This is not a valid failure mode.
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APPENDIX F1
Dam Safety Expectations

DAM PERFORMANCE DEFINITIONS
As part of the Dam Safety Review (DSR), deficiencies have been characterised as actual, potential or
non-conformance as detailed in “Dam Safety Expectations & Definitions of Deficiencies and Non-Conformances”
in the Dam Safety Review section of the BC Government website and described below.

Actual Deficiency
An unacceptable dam performance condition has been confirmed, based on the CDA Guidelines, BC Dam Safety
Regulations or other specified safety standard. Identification of an actual deficiency generally leads to an
appropriate corrective action or directly to a capital improvement project.
[An] Normal Load – Load which is expected to occur during the life of a dam
[Au] Unlikely Load – Load which could occur under unusual load (large earthquake or flood)

Potential Deficiency
There is a reason to expect that an unacceptable condition might exist, but has not been confirmed. Identification
of a potential deficiency generally leads to a Deficiency Investigation.
[Pn] Normal Load – Load which is expected to occur during the life of a dam
[Pu] Unlikely Load – Load which could occur under unusual load (large earthquake or flood)
[Pq] Quick – Potential deficiency that cannot be confirmed but can be readily eliminated by a specific action
[Pd] Difficult - Potential deficiency that is difficult or impossible to prove or disprove

Non-Conformances
Established procedures, systems and instructions are not being followed, or, they are inadequate or inappropriate
and should be revised.



Operational [NCo], Maintenance [NCm], Surveillance [NCs].



Information (NCi) – information is insufficient to confirm adequacy of dam or physical infrastructure for dam
safety.



Other procedures [NCp]- Other procedures to be specified.

https://capws.golder.com/sites/p1547387dsrkemesssouthtailingsfacility/technical/report/rev0 report/appendices/appendix f - dam safety expectations/appendix f1 - dam performance
definitions.docx
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APPENDIX F2
Dam Safety Expectations
TR6

1

DAM SAFETY EXPECTATIONS

Dam Safety Management System

Comments

The Dam is classified appropriately in terms of the consequences of failure including life, environmental,
cultural and third-party economic losses (Consequence classifications are based on the MEM Regulation
and are laid out in the CDA Guidelines)

Agree with Very High classification based on
guidelines and considering environmental setting of
TSF
Yes, HFMM prepared

1.4

Hazards external and internal to the dam have been defined
The potential failure modes for the dam and the initial conditions downstream from the dam have been
identified
The dam system and all other components of the water barrier are defined for dam safety.

Yes

1.5

The discharge characteristics for the failure modes have been estimated

Yes – refer to Dam Break Analysis

1.6

The dam safety management system for the dam is in place incorporating:

1.1
1.2
1.3

Recommendation

NCi

Update EPP to clearly define roles and
responsibilities

NCi

Develop records system for non-conformance
and maintenance

NCs

Automate instrumentation uploads

Yes

a.

policies,

Yes

b.

responsibilities,

No, not all roles clearly defined in EPP

c.

plans and procedures including OMS, public safety and security,

Yes

d.

documentation,

Yes

e.

training and review,

f.

prioritization and correction of deficiencies and non-conformances,

g.

periodic Dam Safety Reviews

h.

supporting infrastructure

Yes
Yes, understand that priorities are derived in
consultation with design engineer. However, this is
not documented.
Yes, first DSR.
No, instrumentation not automatically uploaded as
required by OMS

1.7

Deficiencies are documented, reviewed and resolved in a timely manner. Decisions are justified and
documented

No, see 1.6f

1.8

Records relevant to dam safety are available including design documents, historical instrument readings,
inspection and testing reports, operational records and investigation results.

Yes

1.9

Applicable regulations are met

Yes
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Operation, Maintenance and Surveillance

Comments

Deficiency /
Non-Conformance

Recommendation

2.1

Responsibilities and authorities are clearly delegated within the organization for all dam safety activities

No, responsibilities of individuals connected with dam
safety not well defined and EoR not designated

NCp

Better define responsibilities on site and in
EPP

2.2

Requirements for the safe operation, maintenance and surveillance of the dam are documented with
sufficient information in accordance with the impacts of operation and the consequences of dam failure

Yes

2.3

The OMS Manual is reviewed and updated periodically when major changes to the structure, flow control
equipment, operating conditions or company organizational structure and responsibilities have occurred.

Yes

2.4

Documented operating procedures for the dam and flow control equipment under normal, unusual and
emergency conditions exist, are consistent with the OMS Manual and are followed

Yes

NCo

Install life-buoys, where necessary

NCi

Record and sign-off maintenance

Operation
Critical discharge facilities are able to operate under all expected conditions.

Yes

a.

Flow control equipment are tested and are capable of operating as required.

Yes

b.

Normal and standby power sources, as well as local and remote controls, are tested.

N/A

c.

Testing is on a defined schedule and test results are documented and reviewed.

d.

Management of debris and ice is carried out to ensure operability of discharge facilities

Yes
Yes, debris monitored and removed from spillway on
main dam

2.5

2.6

Operating procedures take into account:

a.

Outflow from upstream dams

b.

Reservoir levels and rates of drawdown

c.

Reservoir control and discharge during an emergency

d.

Reliable flood forecasting information

e.

Operator safety

Yes
Yes, levels and allowable rates of drawdown are
documented.
Yes, pumps available and maintained on site.
Yes
Yes, with the exception of the absence of life-buoys
at some locations

Maintenance
2.7

The particular maintenance needs of critical components or subsystems, such as flow control systems,
power supply, backup power, civil structures, drainage, public safety and security measures and
communications and other infrastructure have been identified

Yes

2.8

Maintenance procedures are documented and followed to ensure that the dam remains in a safe and
operational condition

No, maintenance records not maintained in central
registry as required by OMS. (refer to 1.6f)

2.9

Maintenance activities are prioritized and carried out with due consideration to the consequences of
failure, public safety and security

Yes, priorities are set in consultation with EoR and
documented in DSIs.

Surveillance
2.10

Documented surveillance procedures for the dam and reservoir are followed to provide early identification
and to allow for timely mitigation of conditions that might affect dam safety
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2.11
a.

Deficiency /
Non-Conformance

Recommendation

No, water samples required to confirm internal
erosion have not been taken from monitoring wells for
three years

NCs

Resume water sampling from wells and
replace damaged wells

NCi

Record and sign-off maintenance

NCp

Update dam breach assessment giving
consideration to shorter dam breach times.

NCp

Document emergency drills related to TSF.

The surveillance program provides regular monitoring of dam performance, as follows:
Actual and expected performance are compared to identify deviations

c.

Analysis of changes in performance, deviation from expected performance or the development of
hazardous conditions
Reservoir operations are confirmed to be in compliance with dam safety requirements

d.

Confirmation that adequate maintenance is being carried out

b.

Comments

Yes
Yes
No, maintenance activities not documented (refer 2.8
and 1.6f)

2.12

The surveillance program has adequate quality assurance to maintain the integrity of data, inspection
information, dam safety recommendations, training and response to unusual conditions

Yes, records sent to Design Engineer.

2.13

The frequency of inspection and monitoring activities reflects the consequences of failure, dam condition
and past performance, rapidity of development of potential failure modes, access constraints due to
weather or the season, regulatory requirements and security needs.

Yes

2.14

Special inspections are undertaken following unusual events (if no unusual events then acknowledge that
requirement to do so is documented in OMS).

Yes

2.15

Training is provided so that inspectors understand the importance of their role, the value of good
documentation, and the means to carry out their responsibilities effectively.

Yes

2.16

2.17
3
3.1

Qualifications and training records of all individuals with responsibilities for dam safety activities are
available and maintained
Procedures document how often instruments are read and by whom, where the instrument readings will
be stored, how they will be processed, how they will be analyzed, what threshold values or limits are
acceptable for triggering follow-up actions, what the follow-up actions should be and what instrument
maintenance and calibration are necessary.
Emergency Preparedness
An emergency management process is in place for the dam including emergency response procedures
and emergency preparedness plans with a level of detail that is commensurate with the consequences of
failure.

Yes

Yes

Yes

3.2

The emergency response procedures outline the steps that the operations staff is to follow in the event of
an emergency at the dam.

Yes

3.3

Documentation clearly states, in order of priority, the key roles and responsibilities, as well as the
required notifications and contact information.

Yes

3.4

The emergency response procedures cover the full range of flood management planning, normal
operating procedures and surveillance procedures

Yes

3.5

The emergency management process ensures that effective emergency preparedness procedures are in
place for use by external response agencies with responsibilities for public safety within the floodplain.

N/A

3.6
3.7

Roles and responsibilities of the dam owner and response agencies are defined.
Inundation maps and critical flood information are appropriate and are available to downstream response
agencies.

3.8

Exercises are carried out regularly to test the emergency procedures.

3.9

Staff are adequately trained in the emergency procedures.
Emergency plans are updated regularly and distribution is controlled so that all copies are kept up to
date.

3.10
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Dam Safety Review

Comments

Deficiency /
Non-Conformance

5

A safety review of the dam ("Dam Safety Review") is carried out periodically based on the consequences
of failure.
Dam Design and Capability

5.1

The MDE selected reflects current seismic understanding

No, based on 4th generation seismic model. Should
be checked against 5th generation seismic model.

Pq

5.2

The IDF is based on appropriate hydrological analyses

Yes, except that it assumes the diversion dams have
been removed.

Pu

4.1

5.3
5.4
5.5

The dam is safely capable of passing flows as required for all applicable loading conditions (normal,
winter, earthquake, flood)
The dam has adequate freeboard for all applicable operating conditions (normal, winter, earthquake,
flood)
The analyses are current

Recommendation

Yes
Check design loads against most recent
seismic model.
Confirm that overtopping of diversion dams
would not breach spillway or remove diversion
dams.

Yes
Yes
Yes

5.6

The approach and exit channels of discharge facilities are adequately protected against erosion and free
of any obstructions that could adversely affect the discharge capacity of the facilities

Yes

5.7

The dams, abutments and foundations are not subject to unacceptable deformation or overstressing

Yes. Deformations are within predicted limits.

5.8

Adequate filter and drainage facilities are provided to intercept and control the maximum anticipated
seepage and to prevent internal erosion

No, no filter installed during construction, potential for
internal erosion identified

An

Ensure controls are adequate to prevent future
internal erosion

5.9

Hydraulic gradients in the dams, abutments, foundations and along embedded structures are sufficiently
low to prevent piping and instability

No, beach above water length is shorter than 300 m.
Depressions observed in May 2016 suggest internal
erosion has occurred.

An

Lower gradients

5.10

Slopes of an embankment have adequate protection against erosion, seepage, traffic, frost and
burrowing animals

No, animal burrowing observed but considered low
risk.

Pn

Consider alternatives to eliminate animal
burrowing and reduce maintenance
requirements

5.11

Stability of reservoir slopes are evaluated under all conditions and unacceptable risk to public safety, the
dam or its appurtenant structures is identified.

No, static factor of safety is less than 1.5. Trigger
levels set at a factor of safety of 1.3 could allow an
unacceptably low factor of safety to persist.

Pn

Confirm that factors of safety satisfy minimums
and increase stability if they do not.

5.12

The need for reservoir evacuation or emergency drawdown capability as a dam safety risk control
measure has been assessed.

Yes
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