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The Honourable Bill Bennett

Minister of Energy and Mines and Minister Responsible for Core Review
Parliament Buildings

Victoria, British Columbia

Dear Minister Bennett,

| am pleased to transmit to you under my signature this report detailing the investigation carried out by my
office on the breach of the tailings storage facility at Mount Polley Mine on August 4, 2014.

The report represents the process, findings, and recommendations of the office of the Chief Inspector of Mines
for the Province of British Columbia, resulting from the investigation carried out from August 4, 2014 through
November of 2015.

The report represents the labours of a dedicated and professional team of investigators from the Ministry
as well as external geotechnical engineering expertise and consultative resources who met the challenge
of a comprehensive, objective, and ultimately independent investigation. | am grateful to each of these
contributions to the investigation.

This investigation is the first of this magnitude for my office. Recognizing its complexity, several learnings and
processes have been adopted and will enhance investigations into the future.

The investigation was conducted in a manner that maintained the independence, integrity, and thoroughness
of the process. As a result, the findings and recommendations are those in which the people of British
Columbia, the mining industry, and the Government can be confident.

Sincerely,

Al Hoffman, PEng.
Chief Inspector of Mines
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Angle of repose

Artesian pressure

Barrier

Blow count

Beach

Borehole

Buttress

Centerline
construction

Chimney drain

Command
Triangle

Contact water
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The steepest angle, relative to
horizontal, that a material can be piled
without slumping.

A condition in a confined soil layer

in which the elevation of the water
pressure head is above water pressure
head in the overlying soils.

A passive defense in a system that
prevents or mitigates a hazard from
causing an undesired occurrence.

The number of hammer blows required
to advance a sampler one foot into a
soil during a standard penetration test.

The portion of tailings in a storage
facility that is not submerged below
the pond.

A hole drilled through the ground to
characterize soil or rock.

A structure used to add passive
resistance at the toe of a dam to
enhance stability.

A tailings dam construction method
in which the centerline of the dam
is held in the same position during
subsequent raises. This requires

that structural fill be placed both
downstream and upstream of the
centerline during raising and results
in a vertical core.

A zone within a dam that has a
relatively high hydraulic conductivity,
compared with the dam core. The
purpose of the drain is typically to
reduce the elevation of the phreatic
surface downstream of the core.

Interconnected leadership model in
Major Case Management consisting
of Team Commander, Primary
Investigator, and File Coordinator.

Runoff water at a mine that has
become contaminated by mine
processes.

Contributory
cause

Control

Cracking

Crest

Cyclone sand

Direct shear
testing

Downstream
construction

Factor of Safety

File Coordinator

An event or condition that may have
contributed to the occurrence of an
undesired outcome but, if eliminated
or modified, would not by itself

have prevented the occurrence.
Contributing factors change the
probability of an undesired outcome.

An active defense in a system that
detects a hazard and requires an
intervention of some sort to prevent
or mitigate the hazard from causing an
undesired outcome.

Linear features caused by brittle
deformation in a structural dam fill.
Cracks can be oriented both parallel
and perpendicular to the direction of
movement.

The top of the dam.

The coarse fraction of a granular
material that has been mechanically
separated (cycloned) from the fine
material.

A laboratory-based soil test in which a
sample is placed in a mold, saturated,
consolidated to a defined vertical
stress, and sheared at a rate slow
enough to prevent generation of pore
pressures. The test is used to determine
the strength of the soil.

A method of dam construction in
which the centerline is translated
downstream with subsequent raises
which results in a core inclined in the
downstream direction. This method
requires that structural fill be placed in
the downstream shell during raising to
support the inclined core.

In geotechnical engineering, the ratio

of resisting forces to the driving forces.
A Factor of Safety (FoS) below one (or

unity) means that failure will occur.

A member of the Major Case
Management Command Triangle,

the File Coordinator is responsible for
managing and auditing all materials
and information gathered, located and
generated during the investigation.
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Freeboard

Glaciofluvial

Glaciolacustrine

Inclinometer

Lower
glaciolacustrine
unit

Major Case
Management

Mines
Management
System (MMS)

Modified
centerline
construction

Overconsolidated

The vertical distance between the
lowest elevation of a dam crest
elevation and the pond elevation.

Soils that are transported and
deposited by meltwater from a glacial
river or stream.

Soils that are formed in a lake bottom
from sediments deposited by glacial
meltwater.

An instrument used to measure
horizontal movements in the ground.

A soil unit present in the foundation
of the Perimeter Embankment that

is differentiated from the upper
glaciolacustrine unit mainly based on
its higher shear strength and higher
overconsolidation ratio. This unit was
found at a lower elevation than the
upper glaciolacustrine unit.

An organizational philosophy
developed by public safety agencies
as a means of managing the
complexities and uncertainties of
large scale investigations. MCM
focuses on investigative coordination,
accountability, and a multi-disciplinary
approach to secure the best
information and evidence.

Operational database in use by the
Ministry of Energy and Mines.

A method of dam construction in
which the centerline is translated
upstream with subsequent raises
which results in an upstream inclined
core. The core and/or fill materials
are partially supported by the tailings
beach.

The state in a soil that has previously
been consolidated at a higher stress
(e.g. with the weight of the ice in a
glacier) than its current stress state.
Overconsolidated soils behave
differently under loading than
“normally” consolidated sails, soils that
have not been consolidated past their
current stress state.
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Overtopping

Phreatic surface

Piezometer

Piping

Pore pressures

Primary
Investigator

Pre-shearing

Process water

Proximate cause

Quaternary

history / geology

A type of dam failure in which the
elevation of the pond rises above the
elevation of the crest of the dam and
tailings and/or water could be released.

The line of zero pressure within

an embankment or foundation.
Commonly referred to as the “water
table!

An instrument that is used to measure
the water pressure head in a soil unit.

The formation of internal erosion
channels within an earthfill dam. Piping
can lead to large scale internal erosion,
loss of containment and collapse of a
dam.

Pressure within the water that is
contained within a soil’s void space.

A member of the Major Case
Management Command Triangle,
the Primary Investigator controls
the speed, flow and direction of the
investigation.

A soil that has been historically subject
to shear strain along a discrete plane,
effectively reducing the available shear
strength along that plane.

Water that is used in milling or mineral
concentration processes. Process water
is used to transport tailings to the

TSF, and is recycled for use in milling
processes.

An event, including any condition(s)
that exist immediately before the
undesired outcome, that lead
directly to the occurrence of the
undesired outcome. The elimination
or modification of a proximate cause
would prevent the occurrence of the
undesired outcome.

The study of the geologic history of
the Quaternary period (from present
time to 2.6 million years ago). The
Quaternary period includes the
Pleistocene epoch (2.6 million to
10,000 years ago) during which the last
glacial period occurred.
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GLOSSARY OF TECHNICAL TERMS

Residual strength

Root Cause
Analysis

Runup

Shear strength

Slope ratio

Slurry

Site investigation

Stratigraphy

Synoptic

Tailings

Investigation Report of the Chief Inspector of Mines -

The lowest possible strength of a soil
that is reached after it has undergone
large strains.

A root cause is one of multiple

factors (events or conditions) that are
organizational factors that contributes
to or creates a proximate cause

and subsequently the undesired
outcome. If a root cause is eliminated
or modified, the undesired outcome
would have been prevented or would
not have occurred. Typically, multiple
root causes contribute to an undesired
outcome.

The maximum vertical extent that

a wave will reach above the pond
elevation. Wave runup is one of the
components used to calculate the
required crest elevation (freeboard) of
adam.

The greatest shear stress (pressure) that
a material can sustain without failure.

The ratio of the horizontal component
of a slope to its vertical component,
usually presented in n.nH:1V format.

A mixture of tailings and process water,
which is used to transport tailings to
the TSF.

Investigation of site characteristics
including topography, hydrology,
seismology, and foundation soil
conditions through such means as
testpit excavation, in situ testing,
borehole drilling and laboratory
analysis of soil samples.

Layers of soil and/or rock.

A comprehensive approach or model
for observing systems that takes

into account multiple perspectives
(including different scales, different
perspectives, and different points in
time).

The material that is left over from the
processing of ore, typically a mixture of
sandy silt with a trace of clay particles.

Tailings Storage
Facility (TSF)

Till

Till borrow

Toe

Undesired
outcome

Undrained
strength

Varve

Water balance

A constructed facility that is used to
store tailings. Conventional facilities
typically consist of one or more
embankments used for tailings and
reclaim pond retention.

General term used to describe
unsorted sediment that is derived from
erosion and placement from glacial
movement.

An area in which glacial till is excavated
for use as structural dam fill material.

The line of contact between a dam’s
downstream slope and the ground
surface.

A negative consequence of an event.

The shear strength that a soil exhibits
when it is sheared more quickly than
shear induced excess pore pressures
can dissipate.

A layer in a soil unit that represents

a year of deposition. Varves are
commonly seen in lacustrine deposits
where coarser particles are deposited
during the high energy spring and
summer months and finer particles are
deposited during the low energy fall
and winter months.

A framework that describes the
contributors to water flows into and
out of a closed system.
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1.1.

EXECUTIVE SUMMARY

On the night of August 3-4, 2014, the dam enclosing the tailings

storage facility (TSF) at Mount Polley Mine, a copper and gold mine
in interior British Columbia, failed. Over the next 16 hours, the failure was the largest and most complex of its
led to a progressive breach of the Perimeter Embankment of the kind in more than a century of regulated

dam, releasing over 21 million cubic metres of water and mine tail- mining in British Columbia
ings into the surrounding environment and watercourses.

Concurrent with the response taken by the mining company,
the Chief Inspector of Mines took immediate actions including the
launch of a formal investigation. The Chief Inspector has the statutory authority to investigate any
incident that occurs on mine sites in the Province.

The investigation was the largest and most complex of its kind in more than a century of
regulated mining in British Columbia. Its mandate included determining of the root and contribu-
tory cause(s) of the event and preparing findings to address the accountability of the industry, the
Regulator, engineering practices, and any other contributors to the event. The investigation also
determined how to reduce the risk of such an event occurring again; and made recommendations
for regulatory changes for British Columbia and the mining community.

MOUNT POLLEY MINE AND TAILINGS STORAGE FACILITY

e

Figure 1.1 Immediate Aftermath of Breach on Hazeltine Creek, Quesnel Lake, Polley Lake
NASA high-altitude imagery (August 5, 2014)

Mount Polley Mine is a copper-gold mine located in the Central Interior of British Columbia, approx-
imately 65 km northeast of Williams Lake. The mine property is in the asserted traditional territory
of the Williams Lake Indian Band and Soda Creek Indian Band. The mine is owned and operated by
Mount Polley Mining Corporation (MPMC), a subsidiary of Imperial Metals Corporation. While in full

Investigation Report of the Chief Inspector of Mines - Mount Polley Mine Tailings Storage Facility Breach 1
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operation, the mine employed approximately 400 people and processed 21,000 tonnes of ore per

day. The ore was crushed and processed at the on-site mill, producing waste tailings transported as a
slurry to the TSF encompassing approximately 300 hectares enclosed by an engineered earthen dam
structure over 4 km long.

The mine commenced production on June 13, 1997. Mining operations continued until
September 2001, when the mine entered care-and-maintenance status. Mining operations re-com-
menced in March 2005, continuing until the night of the TSF breach.

1.2. TAILINGS STORAGE FACILITY DESIGN

The TSF, 3 km southeast of the mill site, receives mill tailings by a gravity-driven slurry pipeline. In
addition to storing tailings, the TSF serves as a collection pond for mine runoff water. Process water is
recycled to the mill via a reclaim barge and pumped uphill to the mill.

The TSF was designed as a U-shaped earthen dam structure extending from rising terrain that
forms the northwestern side of the impoundment. It was designed and built in a series of successive
lifts, or stages, each of which raised the crest of the dam and increased its capacity. The dam, over 4
km in length and up to 50 m high, consists of three embankments: the Main Embankment (ME), the
South Embankment (SE), and the Perimeter Embankment (PE).

Over the life of the facility, MPMC engaged a succession of three external engineering consul-
tants. Knight Piésold Ltd. (KP) was the Engineer of Record (EoR) for the TSF from the feasibility design
stage through 2010. AMEC Foster Wheeler (AMEC) took over in January 2011, and BGC Engineering
Inc. (BGC) was intended to become the EoR following completion of Stage 9 later in 2014.

1.2.1. FOUNDATION SOILS

Site investigations in the vicinity of the TSF were carried out during initial design and continued
during some of the subsequent development stages. These investigations were performed for a
variety of purposes including embankment foundation characterization, borrow source determina-
tion, basin liner delineation, hydrological monitoring and instrumentation installation. The investiga-
tions consisted of test pitting and drilling by a variety of methods. A series of site investigations was
conducted by the mine and its consulting engineers from 1989 to 2011.

The foundations soils were identified as interlayered glacial tills, glaciolacustrine (GLU) soils,
and glaciaofluvial (GLF) soils, overlying bedrock. The site investigations included three deep sample
drillholes in the 2-km length of the PE. The GLU was characterized as a stiff, overconsolidated silty
clay.

1.2.2. STABILITY CALCULATIONS

Stability analysis measures the robustness of an embankment, calculating the Factor of Safety (FoS).
Calculated through complex mathematical models based on the characteristics of the component
materials of the dam itself, as well as the soils that comprise its foundation, the FoS quantifies the
amount of strength required to resist failure built into a structure. A FoS of 1.0 (or unity) suggests that
failure is imminent or in progress.

Both KP and AMEC calculated stability to comply with Canadian Dam Association (CDA) guide-
lines, based on two key assumptions: maintenance of a FoS of at least 1.3, and a foundation strength
based on site investigations that identified the stiff, overconsolidated GLU. Based on their under-
standing of geotechnical conditions, the calculated FoS for the PE was 1.5 or greater.
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1.2.3. DESIGN ELEMENTS

The design of a TSF requires the integration of storage capacity for tailings and water; water manage-
ment; geotechnical and environmental considerations; availability of construction materials; and site

characteristics such as topography, climate, and seismology. In the case of Mount Polley, key consid-

erations also included the following:

WATER BALANCE. Engineers had initially forecast a net water deficit for the mine; the projected
deficit became a water surplus, which could not be treated and discharged, leading to a pond vol-
ume of 10.1 Mm? at the time of the failure.

BEACHES. The design included an expectation that tailings beaches would be maintained adjacent
to embankments enclosing the TSF. Beaches can serve as a buffer to maintain separation between
water in the tailings pond and the embankment structure.

EMBANKMENT ZONATION. Dam design utilized a zoned construction approach, with a core (Zone
S) consisting of compacted glacial till; an upstream section (Zone U) comprising compacted tailings
and mixed fill as required; and a downstream rock shell (Zone C). Between the core and the rock shell
were two additional filter zones to drain excess water away from the core (Zones F and T).

1.3. CONSTRUCTION CHRONOLOGY

The TSF was designed to be built and permitted in stages over the life of the mine, with each stage
driven by a number of variables, including mine plan, milling process water requirements, storage
capacity for tailings, and storage capacity for mine-influenced water. The stages were also dependent
on a sufficient supply of construction materials (quarry or run-of-mill rock) as well as construction ca-
pacity, including adequate time in a construction season and logistics limitations such as equipment
availability or weather constraints.

The Ministry evaluated and issued permits under the Mines Act for each successive stage of
construction. Periodic inspections by MEM geotechnical inspectors were conducted at the site.

1.3.1. CHRONOLOGY OF CONSTRUCTION STAGES

Stage la to 931m - 1995-1996. The initial Mines Act permit for Mount Polley Mine, issued August 3,
1995, approved the construction of a starter dam for the TSF to an elevation of 931 m, an embank-
ment with a maximum height of 11 m.

Stage Ib to 934m - 1996-1998. The planned raise to an elevation of 934m was approved on Sep-
tember 23, 1996.

Stage 2 - 1998-2000. An application for a Mines Act permit amendment to raise the dam to 940 m
was approved on April 7, 1998.

Stage 3 - 2000-2001. Stage 3 was approved on June 13, 2000, allowing a raise to 944 m. An
additional Mines Act permit amendment application for Stage 3, to increase the raise to 945 m, was
approved May 30, 2001.

Care and Maintenance - 2001- 2005. Mine operations were suspended in October 2001 and the
mine was placed in care-and-maintenance status. Over the course of the closure, substantial water
accumulated in both the pits and the TSF.

Stage 4 - 2005-2006. A restart permit was issued May 4, 2005. The accompanying application to
raise the dam to 948 m was approved on May 25, 2005.

Stage 5 - 2006-2007. An application for a Stage 5 raise of the dam to 951 m was approved on
August 2, 2006.

Stage 6a — 2007-2008. The Stage 6 raise planned for an elevation of 958 m was issued a Mines Act
permit amendment on February 9, 2008, and resulted in a raise to 954 m.
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Stage 6b — 2009-2011. The second year of construction completed the Stage 6 raise to 958 m.

Stage 7 - 2011-2012. An amendment application to raise the dam to 960.5 m was approved August
15,2011.

Stage 8 - 2012-2013. The application for the Stage 8 raise to 963.5 m was approved on June 29,
2012. In the same construction season, an additional application amending the Stage 8 raise to 965
m was approved October 15,2012,

Stage 9 - 2013-2014. The application for a Stage 9 raise to 970 m was approved August 9, 2013.

Stage 10 (Planned) — 2014. A Stage 10 design was produced, and a Mines Act permit amendment
application was submitted, but no Stage 10 raise was commenced due to the failure of the TSF em-
bankment.

The Stage 10 raise was planned to achieve a crest elevation of 972.5 m, raise the buttress along the
ME, and add a buttress along the full length of the PE.

The chronology of each stage of the TSF is presented in Chapter 6.

1.3.2. THE PERIMETER EMBANKMENT PRIOR TO THE FAILURE

The design profile of the PE at the close of Stage 9 (at the time of the failure) is shown in Figure 1.2.
The elevation of the crest is 970 m; the height of the embankment at its highest point (where the
breach occurred) is approximately 40 m, and the downstream slope is at 1.3H:1.0V.

_____ \—

FILL PLACED DURING /
STAGES 5 AND 6

Figure 1.2 Embankment Stages Appendix 3, Fig. 2.6

1.4. GEOTECHNICAL CONDITIONS

Post-failure site investigation and laboratory analyses revealed a complete picture of the character-
istics of foundation soils in the area of the breach. These investigations characterized a previously
unrecognized clay/silt layer, the upper glaciolacustrine unit (UGLU).The UGLU was deposited in the
period between glaciations of the region in a glacial lake. The history of the UGLU, the amount of
consolidation it received (by pressure from above caused by a glacier advancing over the UGLU), and
the level of attention it received from engineering consultants all plays a significant role in the dam
failure event.

This clay layer was shown to have a higher moisture content, higher plasticity, higher clay con-
tent and higher liquidity index (indicating less overconsolidation) than the lower glaciolacustrine unit
(LGLU), a layer that was identified during initial site investigations and used in all subsequent stability
calculations. To the extent the foundation conditions were revealed by post-breach site investiga-
tions, the UGLU was largely confined to the area of the failed embankment.
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Limited site investigation, first during the initial design and subsequently at each progressive
lift stage, did not reveal this layer of weaker glaciolacustrine clays roughly 10 m beneath the ground
surface. Neither its potential presence nor its strength was taken into account in any stability analyses
conducted pre-breach, so the Factor of Safety (FoS) values calculated by these analyses were intrin-
sically in error. As the dam height increased, the forces exerted by the dam exceeded the resisting
forces of the UGLU.

1.5. MECHANISM OF FAILURE

The dam failed by sliding on the UGLU. The weight of the 40 m high tailings dam subjected the UGLU
to vertical stresses up to 800 kPa and substantial portions of the UGLU beneath the dam were loaded
to stresses well above the pre-consolidation pressure.

The shear strength of the UGLU is controlled by the higher plastic zones within the clay layer.
The UGLU is also a strain-weakening material which loses appreciable strength when deformed past
its peak strength, in both drained and undrained loading conditions. The strain-weakening nature of
the UGLU was observed in direct shear tests, direct simple shear tests and undrained triaxial com-
pression tests.

1.6. CAUSES OF THE EVENT

Applying the concepts and tools of Root Cause Analysis (RCA), the Chief Inspector determined the
root and contributory causes of the breach event. RCA helps determine not only what happened and
how it happened, but also why it happened. It also identifies absent or deficient defenses that could
have prevented or mitigated the undesired outcome.

A root cause is an organizational factor that contributes to or creates a direct cause of a failure
(an “undesired outcome”). If a root cause is eliminated or modified, the undesired outcome would be
prevented. Typically, multiple root causes contribute to an undesired outcome.

RCA recognizes that most complex engineering failures do
not exhibit a simple linear process, but tend to result from a com- THE DAM FAILURE MECHANISM
plex system of factors and their relationships. WAS GEOTECHNICAL:

1.6.1. ROOT CAUSES OF THE EVENT sliding failure on a weak clay layer 10 m

below the surface
RCA exposed two discrete undesired outcomes at Mount Polley:
the breach of the dam, which resulted in the uncontrolled release of
water and tailings into the environment; and a structural failure of

THE DAM BREACH MECHANISM
WAS HYDROLOGIC:

the embankment, which itself was one direct cause of the breach. insufficient beaches to protect the

The breach required a second direct cause in order to be trig- ~ embankment from the surplus of
gered: the conditions of insufficient beaches and surplus water in water in the tailings pond once the
the TSF. Both causes, the structural failure and the lack of beaches/ embankment failed

surplus water, were necessary to cause the breach event. THE ROOT CAUSES OF THE EVENT
Three causal conditions were necessary to trigger the struc- WERE ORGANIZATIONAL:

tural failure of the PE, and include the weak clay of the UGLU, an
open sub-excavation at the embankment toe, and geometry of the
embankment (too steep/too high).

mistaken belief that adequate
foundation studies were completed

-- misplaced faith in the Factor of Safety
that resulted -- overconfidence in the
reliance on professional judgement

-- narrow planning perspective in mine
management -- failure to adequately
understand and act on risk
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1.7.

In addition to these direct (or “proximate”) causes of the failure and breach, a number of

defenses were either defeated or not present. A defense can intervene and break a causal chain,
mitigating or preventing an undesired outcome.

Failed defenses include site investigations that were not conducted with sufficient detail,
requests by the Regulator for information or clarification that were discounted, adequacy of site
supervision and risk identification, missing procedures, misplaced confidence, mistaken belief, and
organizational voids in key management areas.

FINDINGS OF THE CHIEF INSPECTOR

It is the responsibility of the Chief Inspector of Mines to make formal determinations regarding any
event investigated pursuant to the Mines Act. A finding is a considered, objective conclusion issued
by the Chief Inspector based on his assessment and consideration of the facts and analyses conduct-
ed as part of the investigation.

ITISTHE FINDING OF THE CHIEF INSPECTOR THAT:

1

a structural failure of the Mount Polley Mine tailings storage facility Perimeter Embankment occurred
at approximately 11:40 pm on August 3, 2014; that the failure led to a major and ongoing erosion
breach at approximately 1:08 am on August 4, 2014; and further that the breach resulted in uncon-
trolled release of tailings and process water into the environment.

undesired consequences beyond the mine site resulted directly from the breach, affecting the envi-
ronment, the mining industry, First Nations, and the citizens of British Columbia.

the structural failure of the embankment occurred because of three proximate causes: an uncharac-
terized glaciolacustrine unit in the native soil foundation of the dam structure; an over-steepening of
the downstream slope of the dam, coupled with the constructed height; and an unfilled excavation
at the toe of the embankment at the site of the failure.

the mechanism of the structural failure was a sliding failure through the lightly overconsolidated
glaciolacustrine clay unit (UGLU) located approximately ten metres into the foundation. The failure
caused the embankment crest to drop approximately 5 metres, and can be considered the initiating
event of the breach of the tailings dam.

MPMC and its engineering consultants did not fully recognize and manage geotechnical and water
management risks associated with the design, construction, factor of safety, and operation of the
tailings storage facility.

FINDINGS RELEVANT TO FOUNDATION SOILS

6

adequate studies of the embankment foundation were not conducted on the Perimeter Embank-
ment, and site investigations for the Perimeter Embankment did not meet generally accepted
standards of practice for embankment structures. There was an assumed degree of certainty that the
foundation soils were dense and strong, which was not supported by a robust understanding of the
foundation characteristics.

initial site investigations at the Perimeter Embankment foundation did not include adequate geo-
technical characterization of soils at depth, and further, no subsequent site investigations were con-
ducted on the Perimeter Embankment until 2011; drillholes were widely spaced and were principally
for the placement of instrumentation and the assessment of lower glaciolacustrine soils.
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8 although the upper glaciolacustrine unit (UGLU) was detected during site investigations, its sig-
nificance remained unrecognized, and the risk associated with the extent and characterization of
strength of this layer was a proximate cause of the embankment failure. Multiple opportunities to
review and characterize the foundation soils arose, either in response to queries by Government
inspectors, or available in extant drillcore records; but these opportunities were unnoticed, ignored,
and/or discounted.

FINDINGS RELATED TO SUPERNATANT WATER AND BEACH ADEQUACY

9 the structural failure of the embankment alone did not cause the breach, but coupled with the
condition of the tailings pond — with insufficient beaches and too much supernatant water — a
progressive erosional failure of the embankment rapidly widened into a complete breach.

10 adequate beaches could not be continuously maintained primarily as a result of surplus supernatant
water.
11 an adequate water management plan did not exist. Mount Polley Mining Corporation failed in its

management of the water balance with respect to long term planning, including site integration,
effective treatment, discharge plans and permits. There was no qualified individual responsible for
the water balance, and MPMC did not adequately characterize the risk of surplus supernatant water,
which had been compounding since the mine reopened in 2005.

FINDINGS RELEVANT TO MPMC MANAGEMENT

12 it was the responsibility of Mount Polley Mining Corporation to maintain a safe structure, irrespective
of the Mine’s reliance on external geotechnical engineering expertise. Mount Polley Mining Corpora-
tion did not meet this responsibility.

13 delegation of engineering tasks to a contractor with the skills, knowledge, and abilities to perform
a required task — even when the contractor is licensed and regulated as a professional engineer by
APEGBC — does not release the Permittee from this responsibility. The responsibility resides with the
mine; it cannot be delegated.

14 Mount Polley Mining Corporation did not recognize the risk of the excavation for the buttress
foundation, resulting in a small reduction in the FoS. This work was not recognized as a substantial
departure from the approved work plan by MPMC, and the Chief Inspector was not notified.

15 Mount Polley Mining Corporation did not identify or manage risks associated with changing Engi-
neers of Record at the tailings storage facility.

16 concerns regarding steep slope, dam construction material availability, buttress subexcavation, and
supervision were identified by employees but not elevated for action by MPMC management.

17 the mine failed to conduct a risk assessment, in accordance with Towards Sustainable Mining (TSM)
guidelines developed by the Mining Association of Canada (MAC), which may have been sufficient to
identify concerns about the steep geometry, the toe sub-excavation left open and unfilled, and the
absence of sufficient site investigations.

FINDING RELEVANT TO MEM

18 the Regulator works within the bounds of professional reliance; but the implementation of profes-
sional reliance is not adequately structured or formalized in policy.
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1.8. LESSONS LEARNED

In addition, the Chief Inspector recognizes the opportunity to learn, benefit and evolve from the
hard-earned lessons of the Mount Polley TSF failure of August 4, 2014. The Chief Inspector identified a
number of such lessons for the benefit of the mine operator, the mining industry, associated profes-
sional organizations, and the Regulator itself. These lessons are presented in Chapter 12.

1.9. RECOMMENDATIONS OF THE INVESTIGATION

The Chief Inspector has developed a series of seven recommendations on the basis of the investiga-
tion directed toward the mining operator (MPMC), mining industry, professional organizations and
the regulator.

1.9.1. RECOMMENDATIONS FOR THE MINING OPERATOR
RECOMMENDATION 1: PROPONENT GOVERNANCE

Recommendation 1-1: Mine Dam Safety Manager
Any mine with tailings storage facilities (TSFs) should have a qualified individual designated as a mine
dam safety manager responsible for oversight of planning, design, operation, construction and main-
tenance, and surveillance of the TSF, and associated site-wide water management. The individual
must possess the requisite knowledge, skills, and abilities to perform these responsibilities. Functions
of this role may include coordinating relevant parties involved with the TSF (e.g., consultants, contrac-
tors); ensuring appropriate approval of all activities has been obtained; maintaining compliance with
applicable permit conditions, Mines Act, and Code; life-of-mine planning for water, waste and tailings
management; site integration; integration of the OMS and MERP; and consideration of potential
factors that may influence tailings dam safety.

A qualified individual in this this role may prevent a TSF failure or breach by anticipating, recognizing
and preventing conditions from developing that could impact the safety of the tailings dam.

Recommendation 1-2: Water Balance Management
Water management and water balance issues for mining projects must be designed by a qualified
professional. These issues require the integration of relevant mine departments. Mine operators
should designate a responsible qualified individual to oversee site-wide water management and
water balance.

A qualified professional design and a qualified individual to oversee the water balance and water
management plan will be able to anticipate site conditions and long-term considerations towards
water management. Effective water management may prevent a structural failure from developing
into a breach.

Recommendation 1-3: TSF Operations, Maintenance and Surveillance Manual
The mine manager should ensure the Operation, Maintenance and Surveillance manual (OMS) re-
quired by the Code for all impoundments adheres to applicable CDA and MAC guidelines. Additional
guidance for the OMS should include incorporation of an annual risk assessment/risk management
plan and relevant findings of an independent technical review board. The OMS emergency response
section should be written so that it can be effectively utilized during an emergency, and should be
integrated into the Mine Emergency Response Plan (MERP).

An effective and well-implemented OMS will make all related personnel more attuned to hazard
identification and mitigation, knowledgeable in potential downstream consequences, and capable in
emergency response.
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Recommendation 1-4: Mine Emergency Response Plan

The mine manager must ensure that the Mine Emergency Response Plan (MERP) adheres to appli-
cable regulations, is maintained on a regular basis for currency, incorporates appropriate response
measures to emergencies including those involving the TSF, and is written and distributed in such
format as to serve as a procedural guide during an emergency or other event. Site emergency re-
sponse plans should be practiced and integrated across possible eventualities on the mine site allow-
ing for coordination of resources. Training should also be provided to improve effective emergency
response.

An effective MERP gives responding site personnel an actionable plan to implement during an emer-
gency, which can be instrumental in protecting lives and the environment.

Recommendation 1-5: Risk Recognition and Communication
All mine personnel have a role to play in recognizing and reporting risk conditions, especially those
that could affect health, safety and environmental protection; and should be educated in the
recognition of conditions and events that could impact TSF safety or contravene applicable permit
conditions and regulations.

An effective reporting mechanism for employees' safety or environmental concerns on the mine site
(whether directly or anonymously) should be established, implemented and monitored.

Personnel educated in risks associated with TSF-related activities can offer ongoing insight into con-
ditions that may compromise the safety of the structure.

RECOMMENDATIONS FOR THE MINING INDUSTRY
RECOMMENDATION 2: TSF DESIGN

Recommendation 2-1: Design Objectives
Tailings storage and water management systems and structures should be designed for worker and
public safety and the protection of the environment. TSF design should incorporate a comprehensive
feasibility assessment that considers technical, environmental, social, and economic aspects of the
mining project in sufficient detail to support the submitted design. An assessment of the applicable
best available technologies and best available practices for the project should be incorporated into
the design considerations to reduce the risks associated with the TSF for life-of-mine from construc-
tion to post-closure.

Design based on a comprehensive feasibility assessment will reduce the likelihood of unexpected
conditions developing that could negatively impact the safety of the structure.

Recommendation 2-2: Independent Technical Review Board
Mines with impoundments should each develop independent technical review boards (ITRB) to
provide additional perspectives on site investigation, site selection, design, construction, mainte-
nance, operations, surveillance, water management and closure. The ITRB's review should provide
additional oversight to include BAP/BAT for tailings storage and water management. The ITRB would
include one or more individuals with appropriate engineering expertise with similar structures; and
its opinions should be integrated into the mine’s TSF management system. The requirement for an
ITRB should be determined and incorporated into the Code.

ITRBs will strengthen oversight and risk management by providing review, professional opinion, and
feedback to the EoR and the mine regarding the TSF.
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RECOMMENDATIONS FOR PROFESSIONAL ORGANIZATIONS
RECOMMENDATION 3: PROFESSIONAL AND ASSOCIATION STANDARDS

Recommendation 3-1: Professional Reliance Standards
The Chief Inspector recognizes the necessity of reliance on professional practice for the design, con-
struction, operation and closure of mines and mine facilities. The Regulator does not design the mine
or associated structures, and thus is reliant on the professional practice of the designer.

Reliance on professional practice requires that the organizations overseeing the professionals or
developing guidelines and standards for the professional community incorporate best available
practices into their oversight. Organizations supporting such standards include:

Association of Professional Engineers and Geoscientists of BC (APEGBC). Responsibilities
include professional practice guidelines. APEGBC should develop specific practice guidelines for
site investigation, roles and responsibilities of the Engineer of Record (EoR), standards of practice for
transfer of FoR, especially when the transfer involves changing engineering companies, and stan-
dards for engineering presence on site during construction.

Mining Association of Canada (MAC). Responsibilities include participatory guidelines applicable
to tailings and water management, including applicable safety, operations, design, construction,
surveillance, and planning; and corporate governance standards of practice. MAC should review ex-
isting guidelines to define the roles and responsibilities of the mine dam safety manager, and should
develop guidance on what is required to document the tailings management system such that it can
be audited by a qualified third party such as the International Standards Organization (ISO).

Canadian Dam Association (CDA). Responsibilities include the ongoing development of design
guidelines for water and mining dams. CDA should update safety guidelines to reduce ambiguity,
and develop specific guidelines for mining embankments which recognize the continued changes
and raises during the life of the TSF and the consequence classification associated with a tailings dam
failure.

Strengthening standards of practice will enable better design, construction, and operation of im-
poundments, improve governance, and establish benchmarks to evaluate these practices.

Recommendation 3-2: Integration of Standards
The Regulator should consider and incorporate as appropriate guidelines from these external associ-
ations as applicable and consistent with MEM objectives.

The Regulator will be able to incorporate improved standards and guidelines to better align with
appropriate professional and industry practices.

RECOMMENDATIONS FOR THE REGULATOR
RECOMMENDATION 4: REGULATOR FUNCTIONS

Recommendation 4-1: Review of the Code
MEM should undertake a comprehensive review of the Code to ensure that the lessons learned and
recommendations from this report are fully considered and appropriately incorporated; and that all
relevant standards and guidelines from external bodies (such as MAC, CDA, and APEGBC) are fully
considered in the review as appropriate.

Enhancements to the Code will assist the inspectorate in the enforcement of necessary management
and engineering standards and guidelines.
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Recommendation 4-2: Life-of-Mine Planning for Permitting
Short-term, incremental Mines Act permit amendment applications can obscure life-of-mine condi-
tions and long-term risks. The Regulator should ensure a perspective that spans the life of the mine
be considered for Mines Act permit applications, while acknowledging that the nature of mining
frequently requires changes to the life-of-mine plan.

Requiring life-of-mine planning in TSF design and the permitting process will enhance the robust-
ness of the overall design of proposed structures.

Recommendation 4-3: Investigation, Compliance and Enforcement Review
The Regulator must enhance its investigative capacity, as well as its ability to exercise its existing
compliance and enforcement authority under the Mines Act and Code. A supported director-equiv-
alent position specific to investigation, compliance and enforcement should be established to
evaluate and oversee these roles. This oversight should extend to applying recommended standards
to the Regulator’s compliance and enforcement function. A full range of regulatory tools, such as
incentives, administrative penalties, outside agency collaboration and other best practices should be
considered.

Improved investigative and enforcement capacity will enhance the ability of the Chief Inspector to
increase compliance and achieve greater safety at mines, improve industry practices, and lead inves-
tigations in the future.

Recommendation 4-4: Geotechnical Oversight
The Regulator has a responsibility to oversee the decisions of the EoR. The Regulator must maintain
sufficient technical capacity to conduct appropriate oversight of the professional opinions on which
it relies. A Regulatory Dam Safety Manager dedicated to the coordinated regulatory oversight of
tailings dams in the Province could be responsible for ongoing policy development, technical review,
and inspection capacity as it relates to tailings impoundments.

Effective oversight of professional reliance in the design, maintenance, and operation of tailings
impoundments will increase compliance with engineering and operational standards, reducing risk
in tailings storage facilities across mines in the Province.

Recommendation 4-5: Organizational Review of Inspectorate
There exists an ongoing need to adequately support the increased tempo of review, monitoring and
inspection that would be placed on MEM’s inspectorate. It is recommended that a comprehensive
internal review of operational and business practices be conducted.

An organizational review of the Inspectorate is warranted by the scope and urgency of the recom-
mendations of this report, and will strengthen MEM's ability to fulfill the Chief Inspector’s obligations
to the citizens of BC.

RECOMMENDATION 5: STRENGTHENING RECORDS MANAGEMENT

Recommendation 5-1: Internal Records Management
A formal MEM management system of documentation for all mines from development to post-clo-
sure should be established. The system will assist the Chief Inspector in integrating regulatory over-
sight capabilities; assist with investigation, project tasking, formal documentation and indexing; and
enhance the ability of MEM to meet the expectations for transparency and appropriate disclosure
within the limits of privacy considerations.

An effective records management system will support long-term, integrated decision making by the
Regulator, the permittee and consulting professionals.
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1.10.

EXECUTIVE SUMMARY

RECOMMENDATION 6: REGULATORY INTEGRATION

Recommendation 6-1: Alignment of Regulatory Objectives
Agency objectives (environmental protection, worker health and safety, facilities integrity) overlap
but are not always integrated. MOE and MEM interests, disciplines and standards should be reviewed
for alignment opportunities to support timely and effective program outcomes while optimally
fulfilling the mandates of both agencies.

Recommendation 6-2: Permitting Process Alignment
Separate permitting processes for MEM and MOE should be reviewed for opportunities to integrate
and align these processes as appropriate to avoid duplication and increase efficiencies. There should
be a mechanism to flag each agency’s participation in the process to ensure that risks, such as those
related to the discharge permitting process, are adequately characterized and prioritized.

RECOMMENDATION 7: FOSTERING INNOVATION

Recommendation 7-1: Collaborative Education
MEM, the industry, professional organizations, and educational institutions should continue to seek
new collaborative opportunities to foster education (including formal academic, onsite or online
employee-focused, public-facing, and professional continuing education). This initiative could
include the availability of standards for education to better define the knowledge, skills, and abilities
for various accountabilities within mining; and to increase the knowledge base, information sharing,
and innovation. MEM could ensure that resources are allocated to enable the implementation of this
objective.

Recommendation 7-2: Research and Development
Current technologies in tailings processing, dewatering, and discharge water treatment have not
achieved a sufficient level of technical and economic feasibility in many projects. Both government
and industry should support research and development efforts to improve these technologies for
practical application.

NEXT STEPS: TOWARD A SAFER MINING INDUSTRY IN BC

As government, industry and others prepare to respond to the Chief Inspector’s recommendations,
action in response to the Mount Polley TSF breach is already under way. For example, the Province
has accepted all the recommendations of the Independent Expert Engineering Panel and has begun
working with the mining industry, unions and First Nations to conduct a major review of the Code.
The review is focused on a number of areas, including:

B Application of best available technologies (BAT) and best available practices (BAP) in mining

B Enhancing validation of safety and regulation of all phases of a TSF

B Improving dam safety and TSF management requirements

The BC Environmental Assessment Office has established additional requirements for evalu-
ating tailings management options for proposed major mines in BC. It has also taken steps to ensure
that best available technologies will be part of the environmental assessment process.

All mines in the Province were ordered to conduct accelerated Dam Safety Inspections and
assess the safety of their impoundments. APEGBC, which represents professional engineers and geo-
scientists, is developing professional practice guidelines for dam site characterization assessments,
to help ensure that future dams are built to consistent safety standards. CDA and MAC are likewise
moving forward with revisions to their guidelines.

These steps suggest that all affected parties are willing and able to work together to act on
the lessons learned from the Mount Polley dam breach, helping to improve the safety of workers,
communities, First Nations, and the environment.

The recommendations of the Chief Inspector will continue to focus the attention and com-
mitment of Government and the mining community to build a safer, more sustainable industry in BC.
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INTRODUCTION

On the night of August 3-4, 2014, the dam enclosing the tailings storage facility at Mount Polley
Mine, a copper and gold mine in interior British Columbia, failed. Over the next 16 hours, the failure
led to a progressive breach of the dam, releasing over 21 million cubic metres of water and mine
tailings into the surrounding environment and watercourses.

The release washed away a forested area and flowed upstream into Polley Lake, creating a de-
bris plug at the outlet of the lake, which raised the lake level by approximately one metre. The nearby
Hazeltine Creek, a narrow creek connected to the outlet of Polley Lake, was scoured into a 150-metre
wide mudflow stretching 7 km to Quesnel Lake. The discharge created a new delta at the outflow of
the creek on the shore of Quesnel Lake, one of the deepest lakes in the province, and introduced a
turbidity plume of tailings slurry to the lake.

(S

Figure 2.1 Immediate Aftermath of Breach on Hazeltine Creek, Quesnel Lake, Polley Lake
NASA high-altitude imagery (August 5, 2014)

The failure of the dam took place suddenly, without any warning signs. The failure of the
embankment led to a breach of the dam, which became uncontrollable in less than two hours. In the
ensuing days and weeks, as the mine ceased operations and began the challenge of stabilizing the
immediate surroundings and assessing the environmental damage, the full scope of the event began
to take shape. Imperial Metals Corporation, the owner of Mount Polley Mining Corporation (MPMC),
estimates that between 21 and 25 million m? of discharge was
released in the breach, including 10 million m?* of process water
stored in the tailings storage facility (TSF). Both Polley Lake (up-

stream from the dam breach) and Quesnel Lake were impacted by between 21 and 25 million cubic metres
of water and tailings were released in

the debris flow; tailings and debris were introduced into recreational
the breach

and drinking waters; and the public’s confidence in the industry and
government oversight were shaken severely.
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Concurrent with the response by the mining company, the Chief Inspector of Mines took
immediate actions including launching a formal investigation. The Chief Inspector has the statutory
authority to investigate any dangerous occurrence on mine sites in the province. The investigation of
the Mount Polley Mine dam breach is the largest and most complex ever conducted by the Ministry
of Energy and Mines in more than a century of regulated mining in British Columbia.

The investigation mandate included a determination of the root cause(s) of the event; any
contributory causes; and the preparation of findings that address the accountability of the industry,
the regulator, engineering practices, and any other contributors to the event. The Chief Inspector’s
intent was to determine how to reduce the risk of such an event occurring again, make recommen-
dations for regulatory changes for British Columbia and the mining community.

This document and its accompanying appendices comprise the final report of the investiga-
tion of the Chief Inspector.

2.1. MOUNT POLLEY MINE
Mount Polley Mine is a copper-gold mine located in the Central Interior of British Columbia, ap-
proximately 65 km northeast of Williams Lake (see Figure 2.2). While in full operation, the mine had
approximately 400 employees and processed 21,000 tonnes of ore per day from both open pit and
underground works. The ore is crushed and processed at the on-site mill, producing a copper-gold
concentrate using selective flotation. The process produces waste tailings, which are transported as a
slurry to the tailings storage facility (TSF) encompassing approximately 300 hectares enclosed by an
engineered earthen dam structure over 4 km long.

Mount Polley Location Map

* Mount Poley
® Cies
—— Major roads
1:11.500.000
0 625 125 250 s

Figure 2.2  Locator Map of Mount Polley Mine
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2.2. INVESTIGATING COMPLEX SYSTEMS

Complex systems — such as those involved in the operation and oversight of a large mine — exhibit
complex cause-and-effect relationships. These relationships can be identified to describe the physi-
cal causes of a failure in an engineered system. Determination of what occurred at the Mount Polley
TSF is outlined well in both the Assessment of Failure Mechanism, March 23, 2015 by Klohn Crippen
Berger, appended to this report; and the Report on Mount Polley Tailings Storage Facility Breach, pub-
lished by the Independent Expert Engineering Investigation and Review Panel, dated January 20,
2015.

Identifying why the TSF was breached requires further exploration of the complex organiza-
tional relationships within the system. These factors may include professional reliance, regulations,
accepted practice, behaviours of multiple individuals, and program oversight. The more layers, the
more interwoven and complex the relationships become. With more complexity comes the in-
creased possibility to misunderstand interactions or impacts of these relationships on the whole, or
to fail to recognize signs of a hazard altogether.

Designers, builders, operators, and users within complex engineered systems often unknow-
ingly have access only to incomplete information or a limited understanding of the information.

As such, system conditions may elicit complacent responses to unrecognized warnings due to an
ongoing misplaced faith in the design or system.

The discipline of systems engineering has evolved to address complex systems in an effort to
eliminate — or at least mitigate the damage from — failures of the system. And as systems become
more complex, the potential routes of failure also become more complicated.

Notable engineering failures of the last century such as the Challenger space shuttle explo-
sion, the 1940 collapse of the Tacoma Narrows Bridge, and Three Mile Island all occurred because
of multiple points of unrecognized weakness in the system. These disasters featured a layering of
failures of material properties that were not known or well understood; failure of the system to be
built with a sufficient safety factor; failures of the human operators of the system to adequately
respect the risks inherent in the system'’s operation, often characterized by a mistaken belief in the
robustness of the design or construction; complacency in the performance of routine maintenance;
lack of understanding of how altering inputs to the system — often in an obscure or marginally con-
nected corner of the structure — could affect the whole; and finally, faith in the mechanical barriers
engineered into the system, leading to unwarranted exposure to harm when those barriers were
circumvented or misunderstood.!

Another common trait in structural or systems failures over time is the cascading nature of the
failure itself. Rarely is there a single physical failure in isolation. One event or condition will trigger or
enable another, with specific impacts emerging from each one.

Recognizing these realities, Root Cause Analysis was developed as a means of examining
engineering failures by isolating the events, conditions, causes, and contributing causes of the failure
chain. Root Cause Analysis tends to define the root, or fundamental, causes of a failure as organiza-
tional in nature — that is, the most fundamental causes of an event are based in human or organiza-
tional behaviours rather than in physical properties of materials or limitations of systems. The Mount
Polley TSF investigation made extensive use of the discipline and structure of Root Cause Analysis
(see Chapter 10).

The investigation exposed the same characteristics shared by historic engineering failures: a
mix of physical material properties and human responses to a complex structure, relationships and
information; lack of understanding of the impacts of actions and events on the system as a whole
over time; complacency or mistaken faith in the design; and a cascading of events and conditions.
All of these factors led to the ultimate breach and release of the contents of the Mount Polley Tailings
Storage Facility on August 4, 2014.
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2.3. ORGANIZATION OF THE REPORT

This report contains three principal components: narrative and historical, analytical, and for-
ward-looking. Chapters 3 through 9 present a review of factual data collected by the investigation.
Chapter 3 describes the organization, authority, and structure of the investigation itself. Chapter 4
provides a background and overview of Mount Polley Mine. Chapters 5 and 6 describe the history of
the TSF, from design through its construction chronology from 1995 to 2014. Chapter 7 summarizes
the extensive assessment of knowledge on the geotechnical characteristics of the site and the foun-
dation of the embankment structure. Chapter 8 is a description and timeline of the breach event and
its immediate aftermath. Finally, Chapter 9 provides an engineering assessment of the mechanism of
failure of the TSF.

The report’s analytical elements build on the factual data gathered to achieve an understand-
ing of the root causes of the failure. Using the discipline of Root Cause Analysis, Chapter 10 describes
the chain of events and conditions that contributed to the failure, back to root causes; and uncovers
failed or defeated defenses that could have contained the event at multiple points in the causal
chain. Chapter 11 describes the findings of the Chief Inspector with respect to the breach event.

Finally, the report assesses the breach and its impacts into the future. Chapter 12 outlines the
broader impacts, and reviews the lessons we can learn from the event. Chapter 13 concludes the
report with recommendations addressed to the mine owner, the mining industry, the geotechnical
engineering community, and Government.

Attached as Appendix 1 is a review of the actions of the Chief Inspector relating to both
Mount Polley Mine and the preventive measures taken in similar tailings facilities across BC in the
period following the breach. Also included as appendices are two engineering documents prepared
by Klohn Crippen Berger, Mount Polley tailings dam failure: Assessment of failure mechanism report (Ap-
pendix 2) and Mount Polley tailings dam failure: A summary of opinions in support of CIM investigation
report (Appendix 3).

Also incorporated into this report are the original texts of all references cited. To the extent
permitted by law, these documents are accessible at the following website:
www.gov.bc.ca/mountpolleyinvestigation

FOOTNOTE

1 Presidential Commission on the Space Shuttle Challenger Accident (1986)
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3.1.

3.2.

ORGANIZATION
OF THE INVESTIGATION

Upon notification of the dam breach by Mount Polley Mine to the Ministry of Energy and Mines on
August 4, 2014, Chief Inspector of Mines Al HOFFMAN, PEng,, initiated a formal investigation of the
event. The investigation was governed by the Terms of Reference developed by the Chief Inspector.

STATUTORY AUTHORITY

The Chief Inspector is the authority whose primary mandate is “to ensure worker health and safety,
public safety and reclamation and protection of the land and watercourses affected by mining and
exploration in B.C? The position and its authority are authorized under the Mines Act (RSBC 1996, c.
293).

The Chief Inspector is specifically authorized to:

B have full access to all parts of the mine property;

B |ead the investigation;

B obtain testimony from any witnesses, company officials, employees, or third parties;

B compel the conveyance of any documents or other things deemed relevant to the investigation;

B issue findings of contravention of the Mines Act, Regulation, Health, Safety and Reclamation Code
for Mines in British Columbia (the "Code”) and/or the mine’s permit number M-200;

B issue orders; and

B recommend further action by competent authorities under applicable legislation of the Prov-
ince.

OBJECTIVES

The objectives of the Mount Polley Mine TSF breach investigation were to:

B determine the root causes of Mount Polley Mine Tailings Storage Facility breach on August 4,
2014,

B determine contributory causes, if any, to the dam breach;

B determine the nature of contraventions of the Mines Act, Mines Regulation, Mines Act Permit
M-200 and/or Code, if any, occurred;

B determine orders, if any, that should be issued relative to the event;

B determine how best to reduce the risk that such an event could occur in the future on this site
or any mine site in British Columbia, and which actions, orders, or recommendations for changes
to relevant sections of the Mines Act, Requlation, or Code would support this objective;

B based on the findings, to consider whether to prepare a report for Crown'’s consideration; and

B based on the findings, make recommendations to the mine, the mining industry, the geotechni-
cal engineering community, and Government as warranted to reduce the risk that such an event
could occur in the future;

Investigation Report of the Chief Inspector of Mines - Mount Polley Mine Tailings Storage Facility Breach
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3.3. SCOPE

The investigation was convened principally to investigate the root and contributory causes leading
to the breach of the TSF. Included in this are many investigative themes, including but not limited to
the design, construction, maintenance, expansion, and surveillance of the tailings impoundment;
inspections and oversight by external engineering experts as well as inspections and orders by the
Ministry of Energy and Mines (MEM). The investigative boundaries are deliberately broad, so that the
investigation may trace all possible causes and contributing factors of the event.

The Chief Inspector’s statutory authority is limited to
mines. With respect to remediation activities, the Chief Inspec-
the Chief Inspector committed tor identified the area under the mine permit to include both
to an open, honest and objective the mine site and areas downstream of the breach to the Gavin
investigation Lake Road bridge over Hazeltine Creek. Any terrain beyond this
point was determined to be beyond the scope of the investi-
gation. Impacts off the mine site — including detrimental en-
vironmental impact, mudflow in Hazeltine Creek and Quesnel

Lake, inundation in Polley Lake and Quesnel Lake, and other issues around water quality — are the

purview of other agencies.

While the investigation was bounded spatially by the statutory authority, the investigative
team explored some external impacts of the event on the mining industry, the internal regulatory
process and the geotechnical engineering community, as well as the scale of impacts affecting the
relationship and trust of the local community, First Nations and citizens of British Columbia. The
following were included in the scope of the investigation:

B available documentation, records, reports, and any other information considered relevant to the
investigation.

B actions, plans, designs, operations, engineering, policy, and any other contributing things occur-
ring on Mount Polley Mine, by MPMC, or by its parent company, Imperial Metals.

B actions, plans, designs, operations, engineering, policy, and any other contributing things under
the control of any third parties deemed relevant to the investigation, including engineering
firms, subcontractors, outside agencies, or any other person(s) or entities considered relevant to
the investigation.

B appropriate unsolicited information from the public, voluntary information from the mine em-
ployees and managers, the public, First Nations, or any other party with relevant information.

B findings of contravention of the Mines Act.

3.4. ENABLING LEGISLATION

This section provides an informal summary of the legislation that enabled the investigation to pro-
ceed.

3.4.1. MINESACT (RSBC 1996, C. 293)

§7 An inspector may, and on the direction of the chief inspector must, make an investigation of
and report about an accident that has caused serious personal injury, loss of life or property
or environmental damage.

§8 (1)  for the purposes of conducting an investigation under §7, an inspector may make an order
requiring a person to do either or both of the following:

(@) attend, in person or by electronic means, before the inspector to answer questions, on
oath or affirmation, or in any other manner

(b) produce for the inspector a record or thing in the person’s possession or control.
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§10(9) Anowner, agent, manager or permittee must

(@) hold and maintain a permit for the mine,

(b) ensure that no work takes place in, on or about the mine, except under and in accor-
dance with a permit, and

(c) comply with all the conditions of the permit.

§15(4.1) If an inspector believes on reasonable grounds that a person has contravened or is contra-
vening an order under this section or a provision of the Act, the code, the regulations or a
permit and that the contravention has a detrimental environmental impact, the inspector
may order the owner, agent, manager, permittee or any other person apparently in charge
in, on or about a mine to do any of the following:

(@) take immediate remedial action;
(b) suspend regular work until remedial action is taken;
(c) close the mine or part of it until remedial action is taken.

(5) If an inspector is of the opinion that a delay in remedying a hazard would be dangerous to
persons or property, the inspector must issue an order

(@) forimmediate remedial action,
(b) to suspend regular work until remedial action is taken, or
() to close the mine or part of it until remedial action is taken.
©) Within 15 days after receiving the inspection report, the manager must

(@) submit a written report outlining the remedial steps taken and the work still outstand-
ing, and

(b) promptly provide a copy to the inspector, and, in the case of health and safety matters,
the occupational health and safety committee and the local union.

§18 The inspector may order the owner, agent, or manager to provide at the owner’s expense
an independent study prepared by an engineer or other licensed professional acceptable to
the inspector

(@) respecting health and safety at the mine or safety of its equipment, buildings, workings
or structures, or
(b) in connection with an accident or a dangerous occurrence that the inspector is investi-
gating.
§37 (1) A person who obstructs, impedes or otherwise interferes with an inspector in carrying out

the inspector’s duties under this Act commits an offence.

) A person who contravenes a provision of this Act, the regulations, the code or an order
made under any of them commits an offence.

(3) A person who commits an offence is liable to a fine of not more than $100 000 or to impris-
onment for not more than one year or both.

(3.1)  Thetime limit for laying an information to commence a prosecution for an offence under
this Act is 3 years after the date on which the chief inspector learned of the facts on which
the information is based.
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3.4.2. MINES REGULATION (BC REG. 126/96)
§1

An inspector may, during the exploration, development, operation, closure or abandon-
ment of a mine, investigate any matter relating directly or indirectly to the health and safety
of any person or the public, including an investigation with respect to

(@) death orinjury,

(b) accidents,

(©) dangerous or unusual occurrences, or

(d) complaints or allegations relating to health or safety,

and, for purposes of an investigation, management must provide the inspector with
access to all of the mine, including the underground and surface portions, and all mine
records.

3.4.3. THE CODE

The Health, Safety, and Reclamation Code for Mines in British Columbia (“the Code”) gives direction with
respect to the requirement for the mine manager to conduct an investigation subsequent to a “dan-

gerous occurrence” occurring on a mine site. Definitions of a dangerous occurrence pursuant to Parts
1.7.3 (2) and (11) of the Code include:

@

an

cracking or subsidence of a dam or impoundment dike, unexpected seepage or appear-
ance of springs on the outer face of a dam or dike; loss of adequate freeboard, washout or
significant erosion of a dam or dike, any of which might adversely affect the integrity of such
structures, and;

any other unusual accident or unexpected event which had the potential to result in serious
injury.

Part 10.1.11 of the Code addresses departures from approval, stating:

The owner, agent or manager shall notify the chief inspector in writing of any intention to depart
from the mine plan and reclamation program authorized under sections 10.1.1 or 10.1.2 of this code
to any substantial degree, and shall not proceed to implement the proposed changes without the
written authorization of the Chief Inspector.?

3.5. STRUCTURE OF THE INVESTIGATION

3.5.1. CONDUCT OF THE INVESTIGATION

The following guiding principles were adopted by the Chief Inspector to inform the conduct of the
investigation:

Independent conduct of investigation, with respect to influences from Government and inter-
ests of industry, labour, other interested parties, and the public;

Independent from any other investigative efforts surrounding the event;

Objective, evidence-based, thorough, defensible findings and recommendations;

Conducted with the understanding that time is of the essence, subject to the demands of objec-
tivity and thoroughness;

Conducted in a manner in accordance with law that guides the investigative process;

Oriented toward enhancing the safety and security of the public, the worker, the environment;
Respectful of the interests of First Nations, local and regional government, professional organiza-
tions, and labour;
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B Structured and implemented in accordance with the organizational and operational principles
of Major Case Management (MCM) best practices.

3.5.2. MAJOR CASE MANAGEMENT

Major Case Management (MCM) is an organizational philosophy developed by public safety agencies
as a means of managing the complexities and uncertainties of large-scale investigations. Developed
and implemented in police agencies across Canada, including the RCMP, Ontario Provincial Police,
and agencies in British Columbia, MCM focuses on investigative coordination, accountability, and a
multi-disciplinary approach to secure the best information and evidence.*

MCM recognizes that large investigations are complex; there are many variables creating
potential for uncertainty, high volumes of information and multiple individual investigators to be
managed. MCM builds on the ability to respond to findings produced by the investigation over time,
and to provide an integrated base for coordinating and sharing information that may have investiga-
tive value.

MCM provides discipline, structure, integrity, flexibility, and responsiveness for the conduct
of major investigations. It is particularly well suited to the dynamic and fluid environment that
characterizes major investigations, and provides an operating ethos as well as an overall command
and execution structure. The tenets of MCM are broadly applicable to any large-scale investigative
requirement, and have been successfully implemented in a variety of investigations, both criminal
and civil disaster. For example, principles of MCM were employed in the Swissair Flight 111 crash near
Peggy’s Cove, Nova Scotia in 1998.

Given the scope of the Mount Polley investigation, MCM integration was seen as a prudent
approach to organizing the structure and decision making process of the investigation team.

The fundamental structures, organizational rules, definitions of roles and responsibilities, and
best practices in communication and records management are applicable to this investigation.
Principles of MCM have been included within the goals of the investigation offering a formalized
investigative platform for the Chief Inspector’s investigation.

Central to MCM is the Command Triangle, which establishes the significance of management
and control of files (all documentation, evidence, and potential exhibits), and lays out operational
procedures for primary investigation.

Team Commander
(Chief Inspector)

Command
Triangle

Primary Investigator File Coordinator

Figure 3.1 Major Case Management Command Triangle

Three separate individuals in the roles of Team Commander, Primary Investigator, and File Co-
ordinator presupposes independent minds working together with individual responsibilities and the
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ability to interchange roles , allowing for both continuity of the investigative process and systematic

cross-checking that is organic to the investigation itself, to minimize such challenges as investigator
bias, “tunnel vision,  selective analysis, and other issues that can affect the integrity and objectivity of
large investigative efforts.

In addition to the Command Triangle, the investigation applied a number of technical skillsets
to the analysis of the event, including the following:

Geotechnical engineering
Mining engineering
Health and safety

Human factors
Information analysis
Quaternary geology

Geography and environmental studies
Environmental law

Human rights and society

Law enforcement/investigation

Legal services

Database administration

Other supporting services were drawn from many competencies, including:

B Industrial Hygiene B Permitting
B Emergency Preparedness B Transcription Services

The investigation team consisted of the Chief Inspector, plus seven dedicated team members,
with the assistance of several additional operational staff. Additional resources in database adminis-
tration, law enforcement, and file management were utilized. Additional training in file coordination
and investigative techniques were obtained.

3.5.3. CONCURRENT INVESTIGATIONS

The Chief Inspector required that any parallel investigations be treated and maintained as indepen-
dent. Any sharing of information complied with strict limitations to protect the integrity and inde-
pendence of each.

Independent Expert Engineering Panel. On August 18, 2014, the Minister of Energy and
Mines established an independent panel of distinguished experts in the field of geotechnical engi-
neering and dam failure analysis to investigate the root cause of the failure of the TFS.

The panel’s terms of reference outlined a mandate to identify the mechanisms of failure of the
TSF; to identify any technical, management, or other practices that may have caused or contributed
to the mechanism(s) of failure; and to identify any changes that could be considered to reduce the
potential for future such occurrences.

To preserve the integrity of the subsurface conditions, a coordinated geoforensic investiga-
tion was performed and information shared between MPMC, the Independent Expert Panel, and the
Chief Inspector.

The panel report was issued January 30, 2015.

Additional Investigations. The Conservation Officer Service (COS) of the Ministry of Environ-
ment is also conducting an investigation pursuant to the Environmental Management Act; and Federal
Fisheries Officers pursuant to the Federal Fisheries Act.

3.5.4 LOGISTICAL SUPPORT

The sensitivity and scope of the investigation warranted a dedicated workspace to provide a secure
base of operations. An operations centre was established for this purpose at MEM’s Victoria head-
quarters. The computer server used to support database operations was isolated from any network
connections external to the investigation, including the Government of British Columbia intranet
system.
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3.6. RECORDS MANAGEMENT

A key element of MCM is the filing, indexing, and management of records pertinent to the investiga-
tion. Investigators must have the ability to seek common threads of information and create linkages
between facts that may have been collected from a broad variety of sources in many different for-
mats. To achieve this demand, the Chief Inspector conducted an audit of available records. The audit,
completed in September 2014, identified approximately 4,500 documents, including photographs,
permit documents, technical documents, communications, and drawings and large-format docu-
ments in the possession of MEM. It also made specific recommendations on the capture, storage,
access, indexing, and control of documentation to assist in the investigation.®

A total of 935 documents pertaining to Mount Polley Mine and Permit M-200 were contained
in MEM'’s internal information management system, the Minerals Management System (MMS). In
addition, approximately 200 documents in offsite archival storage were scanned into machine-read-
able format.

Shortly after the event, MEM inspectors requested access to documents from MPMC man-
agement. The mine instituted a SharePoint electronic file transfer site to facilitate document delivery.
MEM staff would request documents by email; the mine would mount the documents requested on
the SharePoint site and send a confirming email. Documents already in the MEM inventory would be
discarded.” The process ensured information security and flow control of documents from MPMC.

Orders to provide information in accordance with Section 8(1)b of the Mines Act were issued
to engineering consultants such as KP, AMEC and BGC on September 24, 2014, and included orders
for named personnel to attend an interview. 8

The Chief Inspector was mindful of the balance to be struck between individual rights versus
the public’s right to know what transpired at Mount Polley, since the possibility of action by the
Crown against MPMC or various individuals involved in the mine's operations and design existed
throughout the course of the investigation.

The investigative team continued to amass relevant information stretching back to 1989, and
eventually had access to approximately 100,000 pages of documentation.

3.7. SUPPORTING RESOURCES

3.7.1. RCMP DATABASE

A document indexing system was implemented to manage, index, and reference documentation in
MEM'’s possession. This system was also referenced when dealing with a variety of freedom of
Information and Protection of Privacy Act (FOIPPA) information requests to MEM.

In accordance with the principles of Major Case Manage-
ment, all documents were controlled to maintain the integrity and INVESTIGATIVETOOLS

independence of the overall investigation. This practice continued RCMP supplied E&R Il software for

regardless of the actions of external bodies with respect to docu- records management

ment release (including MPMC and the Expert Panel). NASA supplied RCAT for Root Cause
The records management database is a critical tool to Analysis

support the investigative process. After considering a number of

investigative management software tools, the team borrowed

Evidence & Records Il (E&R IIl) from the RCMP. E&R Il is a relational database application designed to
support major investigations with a tailored thematic database that applies business rules to manage
the tasking of data, document, and evidence collection; and to manage tasking of actions to ensure
accountability and seamless data integration. The application software was installed on a SQLserver
platform on an isolated server, not connected to any local or wide area network, and is accessible
only in its secure location in the Investigation Operations Centre. The server data will remain in the
possession of the Chief Inspector.
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3.7.2. ROOT CAUSE ANALYSIS TOOL (RCAT)

To assist with the formal, objective, structured analysis of all information collected by the team for
such an extensive investigation, a Root Cause Analysis software application was essential. The team
evaluated several commercially-available packages, and opted to utilize the Root Cause Analysis Tool
(RCAT), a flexible event analysis tool developed by the National Aeronautical and Space Administra-
tion (NASA) to support the full spectrum of incident investigations by the agency, from small local
accident reports to large-scale spacecraft loss events. The RCAT software and root cause analysis
principles are discussed more fully in Chapter 10.

3.8. INVESTIGATIVE AVENUES
3.8.1. FAILURE HYPOTHESES

The investigation’s adoption of Major Case Management principles assisted to maintain an open,
honest, objective, and comprehensive inquiry for all potential failure modes for the breach. The
following is a summary of failure modes that could reasonably be considered to contribute to such
an event:

Shear failure through foundation due to self-weight of structure

Pond water level and phreatic surface upstream of the core leading to breach

Excessive rate of material placement leading to excessive pore pressures leading to slope failure
Artesian pressures leading to slope failure

Seismic or rock blast vibration

Convex corner at breach leading to slope failure

Overtopping through excessive water volume, extreme precipitation, or extreme wind event
leading to surface erosion of the dam

Piping or cracking

Drainage pipes through dam foundation

B Sabotage, terrorism, or other deliberate human malfeasance

3.8.2. GEOTECHNICAL ENGINEERING

The Chief Inspector engaged as technical advisors Klohn Crippen Berger (KCB), a Vancouver-based
engineering firm with extensive experience in designing, constructing, and evaluating the safety of
earthen dam structures. The senior engineers on the project also had significant experience analyz-
ing failures of such structures, including investigation of the Aznalcollar tailings dam failure near
Sevilla, Spain in 1998, and the investigation of the Omai tailings dam failure in Guyana in 1995.

The geotechnical investigation was carried out in two

INVESTIGATIVE RESOURCES phases: field 'observ'ations and a drilling program, and labo-
ratory analysis of drillcore samples. KCB engineers conducted

dedicated investigative team for extensive investigation of the breach site, including field
thorough, comprehensive, independent  mapping, site inspection, post-failure movement surveillance,
Investigation and a program of borehole drilling and logging carried out

between September and December 2014. The purpose of the
field investigations was to characterize the physical aspects of
the breach, embankment structure, and foundation characteristics; to collect evidence to assess the
potential failure modes; and to make a determination on the mechanism of failure.
In addition, the KCB team was contracted to investigate the failure, and events and conditions
prior to the failure, from a geotechnical perspective.
The full KCB reports on the mechanism of failure, an investigation into the events leading to
the failure, site investigation data and laboratory analysis, and review of engineering and manage-
ment practices are incorporated into this report, and appear as Appendices 2 and 3.
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3.8.3. STATEMENTS

Investigative staff collected nearly 100 statements from a broad array of individuals who could con-
tribute perspectives on the breach, background on procedures and operations, and other informa-
tion germane to the investigation.

Interviews were conducted at various locations throughout the province from August 2014

through May 2015.

Interviews were carried out with the following groups:

B MPMC employees: superintendents, equipment operators, mill operators, shifters, TSF inspec-
tors, trainers and personnel in health and safety, engineering , environmental, electrical and
maintenance roles. Construction contractors: Peterson Construction — equipment operators and
supervisors.

B Consultants: Knight Piésold Ltd. (KP), Amec Foster Wheeler (AMEC), and BGC Engineering Inc.
(BGQ).

B Senior managers and executives of MPMC and Imperial Metals.

B MEM inspectors: Health and Safety and Geotechnical Inspectors of Mines

The purpose of the interviews was to understand what happened and what might have caused the

failure. The Chief Inspector’s objectives were to:

B gain an understanding of the site conditions and possible mechanism of failure;

B collect information that could be used to improve future internal and external policy decisions
and state of practice;

B understand the communication and management systems that were in place; and

B determine if there were any contraventions of the Health, Safety and Reclamation Code ("the
Code").

All of the interviews were recorded by the Chief Inspector for permanent record purposes, tran-
scribed, and entered into the database. The purpose of the interviews was to elicit witness state-
ments regarding two main areas of interest:
1. Engineering and construction practices relevant to the mechanism of failure, site conditions and
design.
2. Practices relevant to the management of the TSF, which may have had some influence on the
facility’s construction, operations oversight and safety of the facility.
In addition to formal interviews, the investigative team solicited information and comment
from a broad variety of sources, including First Nations and the general public.

3.8.4. DOCUMENT EXAMINATION

The investigative team assembled, to the extent possible, relevant documentation in electronic or

hard copy form, related to MPMC and the Mount Polley Mine. This documentation included, but was

not limited to:

B Permit applications and supporting attachments

B Technical reports

B MPMC documentation, including operating and emergency response manuals; dam safety re-
views and safety inspection reports; design and construction manuals; as-built reports; periodic
facility monitoring, instrument monitoring, and construction reports;

B Geotechnical, mechanical, electrical, and health & safety inspection reports and inspection
orders

B FElectronic correspondence between MPMC and MEM

Statement transcriptions

B Technical documentation, electronic communications, and other records received from KP,
AMEC and BGC
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Documents were catalogued and indexed, and received a review by MEM investigators; all
technical documentation was reviewed and abstracted by engineers from KCB, and all relevant docu-
mentation was reviewed in detail by the investigative team.

Following formal business rules, each document was entered into the E&R IIl database. The
relational database facilitated indexing of each document as well as the extraction of general themes
related to the investigation.

FOOTNOTES

Ministry of Energy and Mines (2014b)
Ministry of Energy and Mines (2013) p. 1

-

Ministry of Energy and Mines (2008)

Ministry of Community Safety and Correctional Services, Government of Ontario (2004)
Independent Expert Engineering Investigation and Review Panel (2015) p. 1

Ard (2014)

Ard (2014) pp. 6-7

Hoffman (2014c), Hoffman (2014d), Hoffman (2014e)

Klohn Crippen Berger (2015b) pp. 8-9
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MINE & TSF OVERVIEW

Mount Polley mine is located in central British Columbia, approximately 65 km northeast of Williams
Lake (see Figure 2.2). The mine property is in the asserted traditional territory of the Williams Lake
Indian Band and Soda Creek Indian Band.

The property is located in the Quesnel terrane or Quesnellia, which extends from south of
the United States border to north-central British Columbia."Quesnellia hosts several major porphyry
copper deposits such as Highland Valley, Copper Mountain, Afton-Ajax and Mount Milligan.""

4.1. MINE OVERVIEW

4.1.1. OWNERSHIP

MPMC operates the Mount Polley property as a subsidiary of Imperial Metals Corporation, which is
publicly traded on the Toronto Stock Exchange (TSE: Ill). Imperial Metals is a Canadian mining compa-
ny, with its corporate head office in Vancouver, British Columbia.?

Generally, with metal mines of this size and complexity, the mine manager engages an outside
engineering consultant to provide technical expertise in site investigation, design of structures, and
development of operational, maintenance and surveillance standards.

Figure 4.1 View of TSF and barge pump-house, June 21, 2014,
Mount Polley Mining Corporation (2014b)
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4.1.2. MINE DEVELOPMENT AND OPERATIONS

Exploration of the ore bodies on the Mount Polley claim began in the 1960s, culminating in the is-
suance of an operating permit for the mine on August 3, 1995. Construction of the mine and milling

facility began in May 1996, and was completed in June 1997.
MPMC received project certification in the form of a Mine Development Certificate in 1992.

When the Environmental Assessment Act came into force in 1995, this certificate continued in force as
an Environmental Assessment Certificate.
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Figure 4.2 Mount Polley Mine Prior to Dam Breach, October 2013
AMEC Environment and Infrastructure (2014a)
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Mount Polley produces a copper-gold concentrate. Mining operations include both extensive

open pit activity and underground works. Standard hard rock drilling and blasting techniques are
used to produce ore for milling operations.

Run-of-mine ore is trucked to the mill and processed through a primary gyratory crusher to
reduce the rock to a nominal 200 mm. A hydraulic rock breaker is used to break the oversize material,
and the crushed ore is discharged onto an apron feeder which feeds onto a conveyor to the coarse
stockpile.

Further ore preparation is provided by a grinding circuit, con-
sisting of parallel rod mill/ball mill circuits and a pebble mill circuit. MINERAL PRODUCTION
When crushed to a size appropriate for mineral separation, the fines at peak, Mount Polley Mine produced

are pumped to the flotation circuit. 20,000 tonnes of gold/copper ore per
The selective flotation process separates the valuable miner- day

als from the waste rock, producing a concentrate. Initial separation is
done in a rougher/scavenger circuit. Rougher concentrate is further
upgraded in a cleaner circuit to produce the final product, which is
dewatered and shipped to market on 40 tonne trucks.?

Tailings from the mill, a slurry of ground rock and process water, is transported by pipeline to
the tailings storage facility.

The mine commenced production on June 13, 1997. Mining operations continued until
September 2001, at which time operations were suspended due to low metal prices and the mine
entered into care and maintenance. In August 2004, Imperial completed a feasibility study which
included an updated ore reserve statement and a new mining plan, and confirmed the viability of
restarting operations at Mount Polley Mine.

In October 2004, a Mines Act permit amendment was granted, and milling operations com-
menced in March 2005, operating continuously until August 4, 2014, the day of the TSF breach.

The mine development expanded over the life of operations to comprise five open pits and
approximately five mine rock waste dumps. In later years, an underground operation was also devel-
oped.

At startup, the mill throughput was approximately 13,500 tonnes per day (tpd), but by 1997
the projected throughput was increased 32% to 17,808 tpd* for an annual throughput of 6.5 million
tonnes per year. By 2013 this throughput had increased to approximately 20,000 tpd, or 7.3 million
tonnes per year, an increase of nearly 50% [48.5%] over the initial throughput projections.

4.1.3. TSF OVERVIEW

During the feasibility study and environmental permitting phase for the mine, MPMC commissioned
KP to carry out site investigations and a feasibility design for the TSF for a planned crest elevation of
965 m. The planned TSF would be approximately 4.4 km long and up to 45 m high. The TSF was to be
raised annually in stages of approximately 2 to 3 m in elevation. The dam design utilized a modified
upstream geometry, which included a slight tilting of the core zone in the upstream direction and
placement of a drain pipe around the upstream side of the core zone, which exited to the down-
stream seepage collection system.

A Mines Act permit of the TSF was issued for the starter dam (927 m) and amended for each of
the nine successive raises.

The TSF is located 3 kilometers southeast of the mill site, and receives mill tailings by a gravi-
ty-driven slurry pipeline. Tailings are stored in the facility, which also serves as an attenuation (collec-
tion) pond for mine runoff water. Water is recycled to the mill via a reclaim barge and pumped uphill
to the mill. Figure 4.2, taken near the eventual site of the breach during the 2014 construction season,
indicates the scale of the dam crest and the construction activity undertaken in Zone C rockfill place-
ment.
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Figure 4.3 Placement of Zone C Rock near the area of the breach, June 26, 2014,
Mount Poilley Mining Corporation (2014c)

4.1.4. TSF OVERSIGHT

MPMC oversight of the TSF consisted of both internal and external roles. Internally, the roles includ-
ed to MPMC, management roles involved in the TSF included the mine manager, mill operations
superintendent, mine operations superintendent, mine superintendent, environmental superinten-
dent, and tailings project coordinator. Various personnel with different knowledge, skills and abilities
transitioned in and out of these roles over the history of the project. In recent years, MPMC oversight
of the TSF included elements of the Mining Association of Canada (MAC) guidelines for tailings man-
agement systems. An Operations, Maintenance and Surveillance manual (OMS) was used to guide
and document roles and responsibilities, instrumentation and water management systems, and
other elements of the TSF.

Over the life of the facility, MPMC engaged three successive external engineering consultants:
Knight Piésold Ltd. (KP), Amec Foster Wheeler (AMEC), and BGC Engineering Inc. (BGC).

KP was the Engineer of Record (FoR) for the TSF from the feasibility design stage up until the
completion of Stage 6 in 2010. Although there is no formal definition, the EoR is commonly assumed
to be the Professional Engineer (PEng.) with the responsibility for certifying the structure; in general
terms, the EoR represents their company in this role. During its tenure KP was responsible for most
aspects of the TSF and maintained QA/QC supervision during all construction works.

In January 2011, MPMC designated AMEC as the EoR. The transfer included a larger role for
MPMC in the QC of the TSF construction. Students were trained for inspection duties and mine
personnel assumed a larger role in the oversight of dam construction. MPMC also established a water
management group responsible for site wide water management.
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At the time of the breach, MPMC was in the process of transferring the EoR responsibilities to
BGC, as a result of key personnel transfers from AMEC to BGC. BGC was intended to become the EoR
following completion of Stage 9.

Further information regarding MPMC and tailings management practices are detailed in
Appendix 3.

4.2. REGULATORY REGIME

Various regulatory agencies are involved in oversight of the mining industry in British Columbia. Mine
operators interact with these agencies in varying capacities throughout the life of the mine.

The Ministry of Energy and Mines is responsible in the review, consultation and authorizations
of the Mines Act. Its scope of oversight includes review of design plans, operational activity and per-
mitting of the Mines Act M-200 Permit. The oversight specific to the TSF includes permitting, inspec-
tions (including geotechnical), and compliance with the Mines Act, Permit and the Health, Safety and
Reclamation Code for Mines in BC (the Code). Details of permitting and geotechnical inspections are
presented in Chapter 6 as they relate to each stage of the TSF.

Mines Act permit application review must rely on the professional expertise of the designer,
who in many cases represents an engineering firm with significant worldwide experience in embank-
ment design and construction. Permit applications were reviewed and the EoR stamp was required
as a professional certification of the design, in accordance with the requirements of the Association
of Professional Engineers and Geoscientists of BC (APEGBC). MEM geotechnical inspectors do not
critique the professional design once satisfied that certain key elements are present or have been
addressed.

The regulatory regime that oversees mining in the province includes the Ministry of Environ-
ment, which is involved in the permitting of discharges to the environment under Effluent Permit PE
11678; and the Canada Department of Fisheries and Oceans, which oversees activities and discharges
affecting aquatic habitat for local and anadromous species.

4.3. POST-BREACH OPERATIONS

The breach on August 4, 2014 resulted in the release of tailings and water into Hazeltine Creek,
Polley Lake and Quesnel Lake. Ongoing environmental monitoring and site assessments have been
conducted in the impacted area. Activities by MPMC include water quality monitoring, sediment
sampling and toxicity testing in accordance with a Pollution Abatement Order from the Ministry of
Environment. As of the date of this report, MPMC continues remediation activities in Hazeltine Creek,
Edney Creek and their outlets to Quesnel Lake. Extensive ongoing monitoring is in place throughout
the impacted area.

To date, MPMC has completed a repair to the breached area of the TSF and buttressing of the
PE, in accordance with a Mines Act permit amendment issued on December 17,2014 to allow for
its use as a contingency during the 2015 freshet. Work is ongoing to ensure site-wide water man-
agement requirements are met. A restricted restart permit amendment was issued on July 9, 2015,
following consultation with First Nations, the public and detailed technical review by the Cariboo
Mine Development Review Committee. On October 22, 2015 a Mines Act permit amendment was is-
sued to allow construction of a buttress along the Main Embankment (ME) to ensure that the existing
structure meets minimum Factor of Safety (FoS) requirements of 1.5.

The FoS is a key measure of the robustness of an embankment. Calculated through complex
mathematical models based on the characteristics of the component materials of the dam itself, as
well as the soils that comprise its foundation, the FoS quantifies the amount of strength required to
resist failure built into a structure. A FoS of 1.0 (or unity) suggests that failure is imminent or in prog-
ress.
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FOOTNOTES

Mount Polley Mining Corporation (2013) p. 24
Mount Polley Mining Corporation (2013) p. 11
Mount Polley Mining Corporation (2013) p. 17
Knight Piésold (1997b) p. 1
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5.1.

TSF DESIGN

The tailings storage facility (TSF) design was developed by Knight-Piésold (KP) to support the envi-
ronmental assessment of the project and the initial permit application for the facility. The design was
to be implemented in stages, over the life of the mine, with separate Mines Act permit amendment
applications for each stage.

The TSF was designed as a U-shaped earthen dam structure extending from rising terrain that
forms the northwestern side of the impoundment. The TSF is underlain primarily with natural surface
glacial till, or lined with imported till for basin areas without a sufficient native layer. The dam com-
prises zoned earth/rockfill embankments approximately 4.3 km long, and as high as approximately
50 m. The TSF measures approximately 1.8 by 1.6 km, covering an area of about 304 hectares.

The capacity of tailings storage facilities is driven by a number of engineering and environ-
mental considerations, including anticipated quantity of tailings slurry discharged from the mill
process, estimated runoff of precipitation on the mine site, the area of the mine site draining into the
TSF, and the estimated maximum precipitation from a design storm event.

At Mount Polley Mine, associated TSF facilities include seepage collection ponds, surface
runoff diversion ditches and flow control structures, sediment control structures, gravity-fed tailings
distribution system, and a water reclaim system.

SITE SELECTION

During the initial design phase, three potential sites for the TSF were investigated. These locations are
illustrated in Figure 5.1 as Areas A, B, and C. Area B was selected “because it will provide secure tail-
ings storage that would meet all environmental and closure requirements at the least cost. Further,
it would minimize potential impacts to both Polley and Bootjack Lake catchments and would keep
mine tailings and any leachate confined to the Edney Creek Tributary watershed.”

Designs for the alternative sites would have incorporated a system of much higher embank-
ments so engineering prudence, along with economic concerns, were likely instrumental in deter-
mining the location of the TSF.
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5.2.

5.2.1.

5.2.2.

TSF DESIGN

MPERIAL METALS CORPORATION
MI. POLLEY. PROJECT
TAILINGS AREA ALTERNATIVES

P A . v

Figure 5.1 Tailings Site Location Alternatives
Knight Piésold (1995a) Fig. 4.1

SITE AND TAILINGS CHARACTERIZATION

The site selected for the TSF is a nearly flat basin, with a hillside forming the northwestern side of the
storage basin. In the initial year, the Main Embankment (ME) closed off the gentle valley that formed
the base of the TSF; in subsequent years, a South Embankment (SE) on the southwest side of the TSF
and Perimeter Embankment (PE) to the northeast and east enclosed the rising storage facility.

HYDROLOGY AND CLIMATE

Documentation of climatic conditions at the mine site was compiled by the EoR, KP, as part of the
design report for the TSF? Weather records of varying duration are available for a number of locations
within the general region. Two Forest Service stations in comparable terrain within 40 km of the site,
at Likely (established in 1989) and Horsefly (1985) provide automatically generated meteorological
data on an hourly basis. The regional climate is relatively temperate: the mean annual temperature
at Likely, the nearest station, is 4.0 C with extremes of 33.9 C and -37 C. At Quesnel, more distant but
with records maintained for roughly 70 years prior to mine development, records show extremes of
40.6 C and -47.6 C. Frost-free days in the area range from 199 at Horsefly Lake (elevation 788 m) to
244 at Barkerville (elevation 1244 m).

Precipitation is generally well-distributed throughout the year, with winter precipitation in
snowfall. This climatic regime leads to the primacy of the spring freshet in planning for maximum
runoff events, in addition to unusual precipitation events.

CHARACTERIZATION OF FOUNDATION SOILS

Site investigations in the vicinity of the TSF were carried out prior to construction of the starter dam,
and continued as a part of ongoing design during some subsequent stages. The investigations were
performed for a variety of purposes, including embankment foundation characterization, borrow
source determination, basin liner delineation, hydrogeological characterization and instrumentation
installation. The investigations consisted of test pitting and drilling by a variety of methods. A series
of site investigations were conducted from 1989 to 2012.
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The foundation soils were identified as interlayered glacial tills, glaciolacustrine (GLU) and
glaciaofluvial (GLF) soils, overlying bedrock.

During this phase, exploration of foundation soils underlying the PE foundation was focused
on the drilling program on the ME, the site of the starter dam. The GLU was characterized as a stiff,
overconsolidated silty clay.

KP's initial design focused on till borrow areas, both inside and outside the confines of the TSF
embankments, to supply adequate materials for the Zone S till core. A large number of test pits (over
130in 1996 and 61 in 1997) were dug or bored to identify and characterize borrow areas; in contrast,
only 4 shallow pits were developed for PE foundation studies.

5.2.3. TAILINGS CHARACTERIZATION

Tailings consist of silt (64%) and fine sand (30%) with a trace of clay (6%). Chemical analysis focused
on the tailings' potential to generate mine acid and associated risks to the environment. As shown
in the table below, the analysis determined that the “balance between acid producing components
(primarily pyrite) and acid consuming components (carbonates and other rock types with neutral-
izing capabilities)” produced a material that not only is not acid producing, but has a “significant net
neutralization potential

SUMMARY OF ACID BASE ACCOUNTING TEST RESULTS

Sulphur Acid Potential Neutrallz:f\tlon Net Neutral'lzatlon

( ercent) PaSte pH (k CaCO3/t) POtentIal Potent|a|

’ ° (kg CaCO3/1) (kg CaCO3/1)
0.02 8.22 06 24.6 24.0

Additional testing using an ASTM waste extraction test revealed benign characteristics with “very
low levels of water leachable constituents in the extract, all at concentrations below the lower range
concentration for the pollution control objectives for final effluent discharge!*

5.3. DESIGN BASIS

KP established design criteria for the TSF at the outset of the project.“The principal objectives for the

design of the tailings storage facility are to ensure complete protection of the regional groundwater

and surface water flows both during operations and in the long-term, and to achieve effective recla-

mation at mine closure”

The design requirements were also specific:

B “Permanent, secure and total confinement of all solid waste materials within an engineered
disposal facility.

B Control, collection and removal of free draining liquids from the tailings during operations for
recycling as process water to the maximum practical extent.

B The inclusion of monitoring features for all aspects of the facility to ensure performance goals
are achieved.

B Staged development of the facility to distribute capital expenditure over the life of the project

Initial design assumptions included:

B The embankment crest will be raised progressively throughout the life of the project; and

B Excess water from the catchment areas will be diverted to maintain a water balance that will not
require discharge of process water to the environment.’
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5.3.1. CONSEQUENCE CLASSIFICATION

At the design stage in 1995, the Canadian Dam Association (CDA) Dam Safety Guidelines for Existing
Dams were interpreted to assess a “LOW" consequence classification to the facility. The design criteria
for a LOW consequence tailings dam include a minimum flood design with a 1/100 to 1/1000 year
return period and a minimum seismic design with a 1/100 to 1/1000 year return period. (Subsequent
changes in the CDA (2007) Guidelines increased the number of consequence classification from 3
levels to 5 levels and this was considered in later design stages.)

5.3.2. STABILITY

In the opinion of the EoR, KP calculated stability to comply with existing CDA guidelines: “minimum
acceptable factors of safety of 1.3 and 1.5 have been adopted for this design for static conditions
during operations and at closure respectively. A minimum acceptable factor of safety of 1.1 is consid-
ered appropriate for the tailings residual strength condition.®

Stability calculations conducted by KP were based on two key assumptions: the geometry of
the rising embankment, which would maintain a 2H:1V downstream slope, and calculations of foun-
dation material strength that took into account the stiff, overconsolidated GLU.

5.3.3. FLOOD DESIGN CRITERIA

One critical factor in maintaining a safe water balance is the anticipation of a major precipitation
event. This statistic, known as a Probable Maximum Precipitation (PMP), is determined by calculating
rainfall into the mine's catchment area. It can be converted into freeboard requirements (the vertical
distance between the lowest point of the crest of the dam and the pond'’s water level). Planning for a
PMP, as well as consideration of wind-driven wave run-up, provides for sufficient freeboard to main-
tain safe water levels following a significant rainfall or snowfall event.

At the outset, KP envisioned a 10-day PMP.“An emergency storage volume of at least 0.68 mil-
lion m* will also be available on the tailings surface, both at start-up and during on-going operations.
This storage volume corresponds to the maximum total runoff from a 24 hour PMP event centered
on the tailings facility and the catchment area immediately above the facility, assuming complete
failure of the diversion ditches and a 95 % runoff coefficient. ... The volume is derived from a 24 hour
PMP value of 203 mm. ... There is a minimum of one metre freeboard available above the PMP runoff
volume inside the impoundment for wave runup and emergency flood storage. The 10 day PMP run-
off volume is projected to be approximately 1.36 million m3 which can also be completely contained
within the impoundment. Therefore adequate storage capacity will always be available within the
tailings impoundment for complete containment of the PMP event, and an emergency spillway will
not be required during operations.”

The design storm event calculations, based on precipitation predictions and wave run-up
calculations, resulted in a design minimum freeboard of 1.4 m.

5.3.4. SEISMIC DESIGN

Generally, the seismicity of the surrounding physiographic region is reliably low. Initial probabilistic
analyses completed by the Pacific Geoscience Centre in 1995 indicated that “the Northern B.C. mag-
nitude 5.0 earthquake corresponds to a worst case event occurring directly beneath the project site
with a focal depth of 20km. ... A Maximum Credible Earthquake (MCE) of M=6.5 causing a bedrock
acceleration of 0.13g" was assigned to the site.” The selected Maximum Design Earthquake (MDE)
was assigned a value of 50% of the MCE, e.g. 065g.

KP noted “as a result, the Design Basis Earthquake (DBE) for operations will be taken as the 1
in 475 year return period event. This corresponds to a maximum firm ground acceleration of 0.037g"
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KP’s assessment of the nature of foundation soils, based on site investigation and case studies,
suggested that “amplification is negligible through dense soil deposits overlying bedrock,’so that
maximum bedrock ground motion parameters would apply to design of the TSE."

5.4. EMBANKMENT DESIGN

5.4.1. MODIFIED CENTRELINE DESIGN

Tailings dam geometry varies from upstream to centreline to downstream. The overall design of

the Mount Polley TSF incorporated a zoned construction approach using a combination of center-
line and modified centreline methods. The modified centreline design used in the construction of
the TSF was employed by Knight-Piésold in mining applications in Montana and Alaska prior to its
introduction at Mount Polley. Its chief benefit is the significantly reduced requirements for down-
stream rock fill volumes compared to approaches typically deployed (centreline and downstream).'
Numerous subsequent documents prepared by KP for MPMC incorporated the modified centreline
paper coauthored by Haile and Brouwer as an attachment.
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Figure 5.2  Centreline and Downstream Embankments.
Haile and Brouwer (1994)
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Figure 5.3 Modified Centreline Embankment.
Haile and Brouwer (1994)
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5.4.2. DESIGN PARAMETERS

According to specifications, the TSF embankment was designed to maintain a crest width of 8 m,
and have maximum dimensions of 4,300 m in length and 50 m in height. The design capacity for mill
throughput was a maximum of 13,425 tonnes per day.'

The initial design called for incremental raises over the life of the mine, to accommodate
growing volumes of water and tailings. “The tailings embankments have been designed for staged
development during operations in order to minimize initial capital expenditures and maintain an
inherent flexibility to allow for variations in operation and production throughout the life of the
mine™

The ultimate height of the dam was intended to be at the 960 m level; however, the initial
design anticipated that raises above this level, if accompanied by downstream toe extension, would
safely increase storage capacity beyond the initial design limits: "Embankment raises above the
proposed final crest elevation of 960 m would be constructed as required by incorporating a down-
stream extension of the embankment toe. In addition to an increased storage capacity for the facility
this would also ensure that embankment stability is maintained. Detailed stability analyses would be
performed in the design of future embankment raises.” (italics added)™

The design parameters of the TSF, particularly the rate of rise of the embankment, were based
on a projection of filling rate driven by a production rate of 13,425 tonnes per day (tpd). The design
manual stated, “after approximately 3 years of operation the tailings surface area is sufficiently large
that the on-going rate of rise is less than 2.5 metres per year. Also, by Year 6 of operations the rate of
rise remains constant at approximately 2 metres per year. This projection was built around two key
assumptions:

B the mine would operate in a deficit water balance state; and
B the production rate was 13,425 tpd.

“The tailings facility has been designed to contain 68.6 million tonnes of tailings solids ... with
a flat tailings surface. ... additional storage capacity has also been incorporated into the design for 2
million m? of process (reclaim) water on top of flat tailings surface."'

5.4.3. EMBANKMENT ZONATION

The PE was designed with a simple zoned system, with a core zone of glacial till, an upstream zone of
sand and/or tailings, and a downstream zone of rockfill shell (see Figure 5.4; Figure 5.6).
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5.4.4. TAILINGS BEACHES

According to the initial design specification, “the tailings slurry will be deposited from a series of
spigots situated along the crest of the embankment. The coarser fraction is expected to settle more
rapidly to form sandy beaches with an average slope of about 1 percent. Finer tailings particles will
be transported further before settling, with an overall slope of about 0.25 percent expected."”

The design included an expectation that tailings beaches above the supernatant water sur-
face would be maintained adjacent to embankments. “Although an average tailings beach slope of
0.5% is assumed, slopes adjacent to the upstream face of the embankment are typically in the range
of 1-2 percent. This assists in maintaining the supernatant pond and phreatic surface away from the
upstream face of the embankment during periods of high runoff into the facility."'®

“Tailings beach development and the embankment drainage system have been designed to
maintain the phreatic surface away from the upstream face of the embankment. However, the con-
servative case of a phreatic surface within the embankment core zone was also examined as a worst
case condition."?

5.4.5. EMBANKMENT DRAINAGE

The embankment drainage system included drainage provisions both upstream and downstream of
the core zone.

“Toe drains will be constructed at the Main and Perimeter Embankments and will run the full
length of each embankment. The toe drains will consist of perforated CPT tubing with a filter sand
surround. The perforated CPT pipes will be connected to solid conveyance pipework which runs to
the drain monitoring sump of the Main Embankment. At the Perimeter Embankment, the convey-
ance pipe will flow directly into the seepage collection pond. The drains will be constructed so that
future extensions are easily constructed in subsequent embankment raises.
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“The embankment drains will also be extended during on-going embankment expansions. ..
The Stage Ic expansion of the embankment will include extension of the blanket drain and riser
pipes. Some of the subsequent stages will include placement of an additional horizontal toe drain
with a perforated pipe that ties into the riser pipework. In general, every second embankment raise
will include the installation of a new toe drain. Additional outlet pipeworks to the seepage collection
ponds will be included as required based on operational monitoring. These additional toe drain sec-
tions and extensions of the pipework will ensure that the drains remain functional during operations
and after closure even if minor embankment settlements due to tailings consolidation or earthquake
induced deformation occur’

The KP design also included an upstream drain placed upstream of the core zone in the em-
bankment to reduce pore pressures in the tailings adjacent to the embankment.

5.4.6. LINER CONSIDERATIONS

Initial design considerations focused on the natural glacial till layer that would form the lining of the
TSF. The design document noted, “well graded low permeability glacial till extends over most of the
tailings basin, except at the lower basin and at the Main Embankment where saturated glacial lacus-
trine fine sand and silt are exposed at surface. These materials are typically dense to very dense and
have been heavily overconsolidated by glaciers.?

A’ 5 metre minimum thick cover of dense, low permeability glacial till blankets the majority
of the tailings basin and the Perimeter Embankment footprint as encountered in test pits..... The till
liner will act as a seepage barrier to prevent the migration of water out of the tailings facility and into
the foundation.

5.5. WATER MANAGEMENT

The Mount Polley TSF was designed to fulfill three functions: storing tailings, providing process water
for mill operations, and storing runoff from mine-influenced portions of the mine site.

The initial plan stated, “the tailings impoundment will be utilized as a water reservoir both
prior to start-up and during operations, thus eliminating the need for a dam on Polley Lake** They
adopted this approach given the projections of a deficit operating state for site and process water.

The facility was designed to capture runoff to use as process water, including construction of
diversion ditches and runoff collection ditches to “allow diversion of the required amounts of surface
runoff into the tailings storage facility to meet process water quantity requirements. The diversions
will have flow control structures to divert excess water from normal runoff and during storm events
out of the facility, as and when required”

Water balance projections calculated at the planning stage yielded a net water deficit for the
mine on an annual basis. There was also a requirement for additional water from Polley Lake during
extreme low water periods to ensure sufficient process water for mill and tailings transport opera-
tions.

Water management objectives updated in 1997 were stated as follows:

B "Maximizing the capture of surface and groundwater flows from within the project area.

B Maximizing the use of the poorest quality water recovered from within the project area in the
milling process.

B Minimizing the volume of fresh water extracted from Polley Lake.

B Monitoring the quality of surface runoff from disturbed areas and groundwater flows within the
project site.

B Releasing only the highest quality water from within the project boundaries in accordance with
permitted requirements.

B Managing the tailings supernatant pond to optimize the volume of water stored on the tailings
surface during operations and at closure!
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KP developed water balance models for different hydrologic conditions for each of the 14
years of operation (the anticipated lifetime of the mine at that time). Modelling indicated that as
much as 300,000 m? of water would need to be supplied from local waterways to supplement stored
water from the first year of impoundment (estimated at 1,500,000 m?). However, water management
would avoid the need for drawdowns from Polley Lake “except during the most extreme combina-
tions of dry years!

The water balance estimates produced in 1995 included assignment of 150,000 m?3/year for
dust control and 250,000 m?3/year lost due to enhanced evaporation. Most of the scenarios includ-
ed some discharge of surface runoff from undisturbed areas of the mine property, but such “clean”
runoff could also report to the TSF to meet operational minima.

5.6. STARTER DAM AND STAGED EXPANSION

5.6.1. CONSTRUCTION PLAN

The TSF was designed for staged expansion over the lifetime of the facility, with an initial starter dam
constructed in 1996 to a crest elevation of 927.0 m, and progressive raising over the life of the facility.

The starter dam consisted of a homogeneous compacted till fill embankment. Discharge of
tailings into the impoundment commenced in the summer of 1997. The starter dam, which expand-
ed to become the core of the ME, is shown in Figure 5.5 (note the designated borrow areas within
the TSF, and the reclaim barge channel dug to facilitate the pickup of reclaim water from the starter
dam impoundment).
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Figure 5.5 Starter Dam Layout KP (1995a)
Dwg. No. 1625-110

During construction of the starter dam, the earthworks in the PE area comprised foundation
preparation for future construction. KP proposed the staging of the PE as shown in Figure 5.5.
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5.6.2. EMBANKMENT ZONATION

The dynamic nature of this approach was underlined in the initial design documentation. KP noted,
“the staged expansions will incorporate a combination of centreline and modified centreline con-
struction methods and will utilize glacial till, cycloned sand and random fill for the various embank-
ment zones. The random fill zones will likely be constructed from glacial till from local borrow areas,
placed and compacted in 600 mm lifts. However, the specific requirements will be determined after
construction and operation of the first phase of the project. The on-going embankment raises will
be re-evaluated during mine operations to ensure that adequate storage capacity and embank-
ment freeboard are maintained throughout the life of the mine..” The design will be reviewed on an
on-going basis and modifications to drainage systems incorporated as required based on operating
experience and monitoring records.

The design was later modified to include two filter zones between the core and the down-
stream shell: a fine filter of sand to drain excess water away from the core, and a transition filter to
maintain separation between the filter and shell zones. The eventual construction design incorpo-
rated nine zones as-placed in the embankment as described in as-built records and reports, summa-
rized in the table below (see also Appendix 2, Section 2.3.3).

Zone Material Type Function
Glacial Till Till Core
B Glacial Till, Glaciolacustrine or Granular Material Fill Zone
C Rockfill Downstream Shell Zone
T Fine Rockflll Transition Zone/ Confining berm/Haul Road
F Sand and Gravel Chimney Drain, Longitudinal/Outlet Drain
G Drain Gravel Foundation/Longitudinal/Outlet drain
CBL Random/Select Rockfill Base Layer for Upstream Fill
cs Cycloned Sand Hydraulically or T;;Z;nipciﬁlly Placed as Up-
U Random Fill and Tailings Sand Upstream Fill

Glacial Till Core (Zone S and Zone B). Fine-grained glacial till for Zones B and S were
sourced from borrow areas around the perimeter of the TSF or within the TSF impoundment (during
early years of construction). Zone S was reported to be glacial till comprising a medium to low plastic
silty sand to sandy silt material, with some gravel, and trace to some clay. Zone B was only placed in
Stages 1 and 2.

Upstream Support for the Till Core (Zone U, Zone CS, and Zone CBL). The material used
in the support zone upstream of the till core varied throughout operation and has a high variability
in gradation and material characteristics. Zone U generally comprised gravelly sand fills with vari-
able fines content (3% to 62%) or zones of tailings placed hydraulically in cells (silty sand with fines
content of 10% to 45%).

Downstream Support for the Till Core (Zone C). Zone C rockfill materials were quarried
from rock exposures or mine pits. Zone C is rockfill comprising fine to coarse gravel with trace to
some sand, some cobbles and trace of boulders. As-built records report up to 10% fines. Compaction
was applied by a vibratory smooth drum roller and by the passage of trucks and other construction
equipment. Zone C was designed with a downstream slope of 2H:1V, which was also the slope
required for site restoration once the mine closed.
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Filters (Zone T and Zone F). Filter materials for Zones F and T were processed from the rock-
fill by crushing and/or screening. Zone F (fine filter) comprised sand and gravel and Zone T (coarse
filter) comprised gravel with some sand and trace cobbles. Fines content typically ranged from 0% to
15% for both materials.

Embankment zonation generally conformed to this plan throughout the dam’s con-
struction. The photo of the dam crest on the South Embankment (Figure 5.6), taken after the 2012
construction season, show the typical layout of these zones.

Figure 5.6  Typical Embankment Zonation
AMEC Environment and Infrastructure (2013a), photo 19

QUALITY ASSURANCE/QUALITY CONTROL

KP set out a Construction Quality Assurance (CQA) program for TSF construction in a site inspection
document in May 1995 with specifications, standards, procedures, and criteria for site QA. The pro-
gram was duplicated with little change throughout the lifetime of the facility in periodic operations,
maintenance, and surveillance (OMS) manuals.

The CQA program included appointment of a Resident Engineer, a KP representative on site
to oversee all activities at the TSF, including construction carried out by MPMC or a construction
contractor. The program called for a Resident Engineer, a Senior Technician, and a part-time Project
Manager — all KP employees — to represent the Engineer of Record on site.

Procedures for approval of work at key points (Construction Hold Points) were listed, and
included a written approval process for work completed at each point.

A comprehensive inspection procedure included the following elements of the TSF embankments:
B Inspection of setting out criteria;

Inspections and testing of embankment foundations;

Inspection of the installation of the foundation drains and pipeworks;

Inspection and installation of the foundation instrumentation;

Inspection and testing of the borrow and fill materials;

Inspection of the toe drain and pipework installations; inspection and testing of pond founda-
tions and berm fill materials; and

Inspection of the installation of the drain monitoring sump.

Responsibility for timely and accurate as-built reports and plan drawings was incorporated
into the CQA program as well.
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5.7. MINISTRY REVIEW

Review of the TSF was carried out as part of the overall mine project approval. At that time the MEM
review of the initial KP design report queried three main areas:

Adequacy of Storage Capacity for Future Mining Opportunities. In an update planning
document dated January 25, 1996, the issue was questioned by MEM:“In the event that Imperial
Metals may find more ore and tailings volume increases, the dam should only be increased in height
by the downstream method”” Subsequent dialogue between KP and MEM geotechnical engineers
suggest that KP was designing to accommodate additional dam raises beyond 960 m.

The inquiry received the response as follows: “The design currently incorporates a buffer zone
of approximately 35 m immediately downstream of the toe of the final embankment limits. The
storage capacity of the tailings impoundment could be easily expanded to accommodate over 30
million additional tonnes of tailings by raising the final embankment crest by about 17 m using the
centerline construction method”

Adequacy of Site Investigations. Additionally, the sparse number of test boreholes for the
dam foundation was raised by MEM.“"Only one drill hole appears to have been drilled in the main
embankment area. In B.C. valleys there is always the possibility of buried high permeability zones. It is
recommended that 2 more boreholes to expand the geotechnical information be drilled and tested!
(italics added)

The KP designers agreed with this assessment, and in fact drilled three additional boreholes to
develop those data points. During this period of initial construction of the TSF, the focus of founda-
tion characterization remained on the Main Embankment, which was the location selected for the
additional boreholes.

Detailed Design Review. Ongoing review of the design, leading into permitting, was carried
out by MEM and included retention of two external review consultants. These activities are further
described in Section 6.2.5 of this report.

FOOTNOTES
1 Knight Piésold (1995a)p 15 17 Knight Piésold (1995a) p. 11
2 Knight Piésold (1995a) p. 5 18  Knight Piésold (1995a) p. 28
3 Knight Piésold (1995a) p. 12 19 Knight Piésold (1995a) p. 29
4 Knight Piésold (1995a) p. 13 20  Knight Piésold (1995a) p. 38
5 Knight Piésold (1995a) p. 21 21 Knight Piésold (1995a) p. 39
6  Knight Piésold (1995a) p. 21 22 Knight Piésold (1995a) p. 19
7 Knight Piésold (1995a) p. 60 23 Knight Piésold (1995d) p. 16
8  Knight Piésold (1995a) p. 47 24 Knight Piésold (1995a) p. 56
9 Knight Piésold (1995a) p. 27 25 Knight Piésold (1995a) p. 26
10 Knight Piésold (1995a) p. 9 26 Knight Piésold (1997b) p. 24
1T Knight Piésold (1995a) p. 10 27 Knight Piésold (19956) p. 9
12 Haile and Brouwer (1994) 28  Knight Piésold (1995a) p. 39
13 Knight Piésold (1995a) Table 6.1 29 Knight Piésold (1995¢)
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16  Knight Piésold (1995a) pp. 26-7 32 Knight Piésold (1996) p. 2
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6.1.

TSF CHRONOLOGY

This chapter provides a narrative summary of the history of the Mount Polley tailings storage facility
(TSF) throughout its lifetime up to August 3, 2014. The chronology relies extensively on documenta-
tion provided to MEM by MPMC, in particular a series of Construction Manuals submitted in support
of Mines Act permit amendment applications (Mines Act permit
M-200), which were required at each stage in the facility’s raises; and
a corresponding series of as-built reports, required by MEM upon construction began in 1996 and
completion of each raise. The chapter is a summary of highlights of continued until the moment the breach
the TSF's history, not an exhaustive documentation of all activities occurred in 2014
and decisions surrounding the TSF.
The chapter structure reflects the cyclical construction
process used for the TSF. The TSF was built with a series of stages, each spanning one or more
construction seasons, which raised the crest of the embankment high enough to meet the capacity
requirements for each time period. Although each stage was designed and permitted discretely, the
construction and operation of the TSF was an ongoing and continuous process.
The chronology is an important element in understanding the roles that the engineer, MPMC
and MEM staff played over the life of the TSF. The chronology also highlights the dynamic nature of
the construction process and the complexities involved in the evolution of the TSF's design, construc-
tion and management.
The chapter also addresses changes over time in TSF oversight, engineering consultants, eco-
nomic conditions, and other elements during the life of the mine.

CONSTRUCTION STAGES

The TSF was designed and constructed in a series of lifts (stages), each of which was driven by a
variety of variables, including mine plan, milling process water requirements, storage capacity for
tailings, and storage capacity for mine-influenced water driven by current water balance constraints.
In addition, the stages were dependent on a sufficient supply of construction materials (quarry or
run-of-mill rock) as well as construction capacity, including adequate time in a construction season
and logistics limitations such as equipment availability or weather constraints.

The chronology of construction stages, dam crest elevations, and engineering consultant
responsibility is summarized in Figure 6.1.
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TSF CHRONOLOGY
6.2. STAGEATO931M - 1995-1996

6.2.1. PERMITTING

The initial permit for Mount Polley Mine, issued August 3, 1995, approved the construction of a
starter dam for the TSF to an elevation of 931 m. (For reference, the lowest point in the topography
of the Main Embankment (ME) Set-Out Line (SOL) was approximately 920m.) Permission was granted
for clearing, grubbing, and stripping of soils and overburden across the TSF site. The permit stipulated
that freeboard for the pond include storage for a 24-hour PMP and one metre for wave run-up. It also
required submission of an operating manual, including a “water management plan, which addresses
normal and extreme operating conditions,”and set forth the requirement for an annual tailings dam
report, submitted by March 31 of each year.

Review and additional requirements relative to the initial design were addressed by a number
of MEM staff and contract personnel. These contributions are addressed in Sections 6.2.5 and 6.3.5.

6.2.2. DESIGN

Design of the starter dam conformed to the initial design documents, as presented in Chapter 5.

6.2.3. CONSTRUCTION

Construction of the Stage la embankment at the ME was only intended to capture a full year of sur-
face runoff, including the 1996 freshet, prior to mill start-up to ensure that adequate water reserves
would be available for operations.

PE construction was limited to stripping and clearing of the footprint (to a design width ade-
quate for the 931 m raise), installation of toe drain outlet pipework and toe drain to elevation of 931
m, and construction of the PE seepage pond.’

The stage included “excavation of exploration trenches to define the limits of the glaciofluvial
sediments in the tailings basin and the Main Embankment foundation.? The purpose of determining
areal extent of these soils was to ensure that the initial basin was adequately lined with locally-ob-
tained glacial till, and was not focused on identifying foundation conditions.

6.2.4. OPERATION

An Operations, Maintenance and Surveillance manual (OMS) was prepared for the TSF by KP in 1997.
The OMS is a guidance document required by the Code for all mine impoundments. The OMS con-
tained an organizational chart of persons responsible for the facility, including the dam coordinator
(the mill superintendent), the dam operator (the mill shift foreman), and technicians (maintenance
crews, etc.). It required a daily visual inspection of the facility by the dam coordinator. The OMS also
described an annual inspection by a suitably qualified Professional Engineer, with an annual refresher
training course for all persons involved in the TSF3

The OMS required the dam operator to monitor, log all observations, and ensure prompt reac-
tion to unsafe or unusual situations to provide for “continuous surveillance of the facility.*

Milling of ore commenced June 13, 1997, with a design throughput of 13,500 tonnes per day
(tpd).”

6.2.5. MEM INSPECTIONS AND OVERSIGHT

Throughout the initial design phase, MEM inspectors raised design concerns, requested additional
description and explanation of plans, and proposed additional design verification for the TSF®

An external, independent review of the TSF design was required by MEM on September 5,
1995, the terms of which were limited to the current Stage (ME). This review was carried out by Chuck
BRAWNER, PEng.’
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In his report, BRAWNER provided review comments on the KP design report for the Mount
Polley project. He observed, “from environmental, volume storage and tailings dam height consider-
ations it is recommended that Imperial Metals be requested to review in detail the potential to mine
the pit sequentially and place tailings in them on completion of Pit 1 followed by Pit 2. The stability
and environmental benefits are significant. There may also be a cost saving® BRAWNER's review
comments also included:

B site investigation B groundwater monitoring wells;

B glaciofluvial sediments in the tailings basin; B compaction tests;

B underdrains; B seepage collection pond dam;

B seepage collection pond; B stockpile stabilization materials for urgent use;
B filter design; B modified centerline design; and

B random fill; B winter operation.

B compaction;

Four geotechnical inspections of the TSF site were conducted during this stage to review site
preparation activities for the starter dam. The inspections were carried out on September 20, October
11, and October 19 of 1995, and August 26, 2006. All were focused on the initial development of the
starter dam, restricted to the ME and the TSF liner and borrows.

A geotechnical inspection was conducted by George HEADLEY on September 20, 1995.
HEADLEY noted, “the site was being cleaned and grubbed. Test pit locations, sediment control mea-
sures, surface drainage trench locations ... were discussed. The proposals are satisfactory”He ordered
that “the company shall have its consultant [KP] excavate and log test pits as proposed in his letter
report of September 25, 1995 to the company. These shall be completed in the 1995 field work."®

In response, MPMC reported to MEM that 34 test pits were excavated between October 3 and
5,1995.1°

Follow-up geotechnical inspections were conducted by HEADLEY on October 11 and 19,
1995. The inspections included review of surface and ground water conditions, soil conditions in
test pits and surface drainage trenches and sediment control system. Test pit logs, photos and the
site plan provided by KP were used during the second visit. The information was to assist in design
review. Additional test pits were required to define permeable or soft foundation soils."!

In addition, a geotechnical inspection of the TSF site was conducted on October 19, 1995 by
C.O. BRAWNER, a geotechnical engineer on contract to MEM, as an independent reviewer. His inspec-
tion was carried out with HEADLEY. The inspection noted that “the site has been cleared of vegeta-
tion and numerous surface drainage trenches have been developed. The organic overburden has not
been removed. All test pits have been filled back in. The [KP] report adequately describes the site. A
review of the test pits indicates a sand horizon exists near the surface over a portion of the west flank
of the dam site area. This sand will have a moderate permeability and under moderate head could
develop piping. It will be necessary to develop a seepage cutoff to prevent such an occurrence. All of
the organic overburden must be removed. The excavation of the surface glacial till leaves a smooth
surface. To tie the first layer of fill and disrupt the smooth surface, that surface must be scarified”'? No
other concerns with site preparation were noted.

BRAWNER followed up on the site inspections with a review of the KP initial design docu-
ments, and provided recommendations for construction practices.”

On July 23, 1996, HEADLEY informed MPMC “prior to [MEM] issuing Permit Amendments for
construction above elevation 934 metres we require that you retain a qualified tailings dam expert,
independent of your current consultant to review the foundation conditions for the dam site, your
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particular storage requirements, the design of the dam and make recommendations for the most ef-
ficient and safest dam design.* The independent review was conducted by one of the MEM-recom-
mended engineers, Fred MATICH. The review was performed in accordance with the scope defined
by MEM: “[the] initial terms of reference were for a water storage dam. Initial work and reporting was
for impoundment foundation and starter dam. Next portion of review work was to be the upstream
part of the design.""®

The scope of the Matich review was limited to the ME, particularly with respect to the basin
liner, underdrains and internal drainage of the embankment. The report considered geotechnical
characteristics of the foundation soils, supplemented by additional data developed by KP during the
review. Artesian groundwater conditions were observed. No significant concerns regarding embank-
ment design, site conditions, or drainage were raised. The review concluded that the integrity of the
initial basin liner, particularly in the ME area where till depths were minimal and underlying glaciola-
custrine/glaciofluvial sequences were encountered, should be “‘checked for effectiveness, as should
the potential for frost penetration at certain portions of the liner. A downstream berm of the ME was
suggested to minimize potential piping, as was a more comprehensively implemented surveillance
and monitoring program. Matich suggested several improvements to the toe drain design, including
redundancy. '

A geotechnical inspection was conducted by HEADLEY on August 26, 1996. The TSF was
undergoing site preparation. HEADLEY observed soil stripping at the ME foundation and discussed
foundation drainage options with KP (EMBREE). He also noted that wet weather was contributing to
slowed construction of the starter dam."”

6.3. STAGEI(B) TO 934M - 1996-1998

6.3.1. PERMITTING

This amendment was identified as “Stage I(b)"and authorized a raise to an elevation of 934m. The
amendment was filed on September 5, 1996 and approved on September 23, 1996. The permit
conditions stipulated that freeboard for the pond include storage for a 24-hour PMP and one metre
for wave run-up. It also required that the “Permittee shall obtain permission from the Chief Inspector
prior to storage of water, tailings, or supernatant within the impoundment!

6.3.2. DESIGN

Design of Stage I(b) conformed to the specifications in the initial design documents (see Chapter 5).
The stage consisted primarily of continued construction of the starter dam at the ME, with an initial
embankment along a portion of the PE to 934 m.
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Figure 6.2 PE Design, Stage I(b)
Knight Piésold (1995d) Dwg. 1625.205

Investigation data collected in 1996 and early 1997 were presented in the KP Updated Design
Report (KP 1997Db). Drilling programs during 1996 and 1997 comprised the following (for additional
detail, see Appendix 3, Section 3):

B 6 groundwater monitoring wells were installed around the perimeter of the TSF, downstream of
the embankments. The holes were drilled through overburden with a tricone bit and standard
penetration tests (SPTs) were performed at 3.1 m to 6.1 m intervals in most holes. GW96-1 and
GW96-2 were drilled downstream of the PE at stations 4+020 and 3+260, respectively.

B Vibrating wire piezometers (VWPs) were installed in the foundation of the ME at 3 locations. The
holes were drilled with a hollow stem auger. Continuous SPTs were performed in the top 10 m
and samples were collected. Sample testing results, if any, were not reported.

B 4 pressure relief wells were drilled using a solid stem auger in the foundation of the ME. Two
samples collected in the GLU were tested for moisture content.

B 5 seismic cone penetration test (CPT) soundings were performed in the foundation of the ME.

B 4 pressure relief trenches were excavated in the ME foundation. Data collected during the exca-
vations were not reported.

B D5 shallow holes were drilled in Borrow Area No. 1 (original borrow area) within the TSF basin to
determine the maximum depth of the glacial till. The holes were drilled with solid and hollow
augers. Split spoon and auger flight grab samples were taken for laboratory testing; testing
results were not reported.

A large number of test pits were excavated in 1996/early 1997 both inside and outside the TSF
basin primarily to determine the required extent of the natural basin liner and to assess the suitability
of construction fill borrow sources. The number of test pits excavated and their locations are summa-
rized below:
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19 east of the PE and 14 at the west end of the reclaim barge channel to locate a borrow source

for filter sand;

28 in the upper natural basin liner area, upstream of the ME near the abutment with the SE;

14 in the lower natural basin liner area, upstream of the ME;

13 in Borrow Area No. 3 (Alternate Borrow Area) southeast of the TSF;

4 in the reclaim barge channel;

2 downstream of the ME toe; and

83 in Borrow Area No. 1. Twenty samples were collected from the excavations for index testing.

After the Updated Design Report was issued, additional test pits were excavated in 1997 to
investigate borrow areas and to gather more information for the PE foundation conditions. The inves-
tigations included:

B 21 test pits in Borrow Area No. 4, within the TSF basin upstream of the PE. Moisture content sam-
ples were collected in each of the pits.

B 18 test pits in Borrow Area No. 2 (Future Borrow Area), located southeast of the TSF downstream
of the ME. Moisture content samples were collected in each of the pits.

B 22 test pits in Borrow Area No. 3. Moisture content samples were collected in each of the pits.

B 4 test pits in the PE foundation. The pits were excavated to a depth of approximately 5 m and
moisture content samples were taken. No GLU was encountered in these pits.

Prior to mill startup, the TSF stored 2.1 million m?, including 670,000 m? pumped from Polley
Lake and the captured 1997 freshet.'®

CONSTRUCTION

Construction of the PE began with Stage 1b. Due to the elevation of the ground at the embankment
site, only a small section of the embankment was required. The elevation of the PE Set-Out Line (SOL),
the surveyed line that marked the eventual centerline of the dam crest was approximately 930 m at
the general location of the breach. The PE raise to 934m was completed in March 1997."°
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Figure 6.3  PE As-built (Instrumentation Section), Stage I(b)
Knight Piésold (1997a) Dwg. 1625.220

MEM INSPECTIONS AND OVERSIGHT

A geotechnical inspection was conducted by HEADLEY on September 27, 1996. With respect to the
TSF preparation, the report noted, “design, site investigations at this stage, construction quality, and
geotechnical engineering are satisfactory.” %
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On March 14,1997, HEADLEY reviewed the OMS for Stage 13, and authorized MPMC to fill the
impoundment and operate the tailings facility for water storage.”’

A geotechnical inspection was conducted by HEADLEY on July 21, 1997. The inspection
“confirmed as built conditions and water impoundment performance for approval to deposit tailings.
Conditions were very good!” The inspection report identifies the areas inspected, which included the
ME and PE.?

6.4. STAGE 2-1998-2000

6.4.1. PERMITTING

An application for a Mines Act permit amendment to raise the dam to 940 m was received on April
2,1998 and approved on April 7, 1998. The raise was identified in the amendment as “Stages [2] A, B
and C!'The permit called for revised water balance work by the mine:“A revised water balance for the
tailings facility, using recent precipitation data from the mine site and, if warranted, a contingency
plan to handle excess water, shall be submitted as part of the 1998 annual tailings report.” 2

6.4.2. DESIGN

In Stage 2, the modified centerline design (see Section 5.3.1) was used. It included a raise of both
core (Zone S) and chimney drain (Zone F), and initiated Zone C, the downstream toe rockfill. The raise
for Stage 2 was based on an increased throughput of 17,808 tpd with a full production startup date
of August 1, 1997. The stage was intended for three lift phases, each encompassing a raise of 2mto a
height of 940 m.*

Investigations in Stage 2A (1998) were focused on borrow area determination and delineation
of the basin liner extent. The investigations (see Appendix 3) comprised:

B 12 drill holes in Borrow Area No. 4. Drill rig type and drilling logs were not reported by KP. Three
samples were collected for index testing.

B FEleven drill holes in Borrow Area No 2. Drill rig type and drilling logs were not reported by KP.
Four samples were collected for index testing.

B 19drill holes upstream and within the footprint of the SE to delineate the basin liner area. Drill
holes were advanced to a maximum depth of approximately 7.5 m; the drilling method was not
reported. Three samples of glacial till were collected for index testing. One sample of GLU was
collected for moisture content determination.

In 1999 (Stage 20), site investigation included:

B 44 drill holes upstream of the SE near the right abutment to further delineate the natural basin
liner extent. The depth of drilling varied but the maximum depth achieved was approximately 9
m. 14 samples of glacial till and 2 samples of GLU were collected for index testing.

B 91 shallow holes drilled around the perimeter of the TSF to “evaluate the potential for seepage
infiltration into foundation materials during hydraulic placement of cycloned sand”* Dirilling
depth was variable but a maximum depth of 7.5m was achieved. Twenty-three of these holes
were located just downstream or within the PE footprint with some within the future breach
area. SPTs were performed in most holes; no laboratory testing data was reported.

B Twenty-three CPT soundings upstream of the PE and ME and downstream of the PE to assess
the properties of the cycloned sand trial berms and the tailings beach.
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Based on the Mines Act permit amendment condition, MPMC submitted a water management
plan, received by MEM on April 8, 1998. Based on over 1,000 different meteorological scenarios,
MPMC proposed a deficit water balance that would impound up to 2.5 million m?® of water in the
tailings impoundment prior to startup, ensuring that 1.9 - 2.5 million m* would be available in the
impoundment during ongoing mine operations and allowing for contingency extraction of up to 1.0
million m? from Polley Lake during dry periods.”

CONSTRUCTION

Construction of Stage 2 was split into three segments: 2A, from January - May 1998, resulted in a raise
to 936 m; a limited Stage 2B, from September - December 1998 (halted in October and November
due to rainy conditions) raised Zone S to 936.7 m. The planned construction raise to 938 m was not
warranted by production rates. The third segment, 2C, completed the raise to 941 m from April 1999
to February 20002
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Figure 6.4  PE As-Built Section, Stage 2
Knight Piésold (2000) Dwg. 11162-10-121

OPERATION

A total of 45 piezometers were installed prior to Stage 2, with 16 in embankment foundations; an
additional 10 instruments were planned for installation in Stage 2.8

MEM INSPECTIONS AND OVERSIGHT

A geotechnical inspection was conducted by George HEADLEY on June 11, 1998, to confirm the
as-built conditions of Stage 2 construction for 1998. He observed minor tension cracking along the
upstream crest side of the ME, which resulted from settlement of fine tailings between spigotting
locations. KP stated there would be no effect on core stability or permeability performance.?

HEADLEY conducted a geotechnical inspection on July 12, 1999. He noted a “waste dump
20,000 tonne failure of the south side of the dump, which was caused by wet weak foundation soils
and excess pore pressures in a swampy flat area. These conditions appear to exist over much of the
area south of the dump. Therefore potential failure conditions will continue for the foreseeable fu-
ture! HEADLEY recognized MPMC's failure to report a geotechnical incident, absence of dump failure
procedures, and control measures taken by the mine, which he discussed with PARSONS.2° While this
event does not relate to the TSF, it suggests a lack of risk recognition by MPMC.

STAGE 3 - 2000-2001

PERMITTING

Stage 3 of the dam raise was developed over two separate Mines Act permit amendment applica-
tions. The first, received on June 2, 2000 and approved on June 13, 2000 approved a raise to 944m.
The permit specifically did “not approve the use of sand fill for downstream shell construction,”and
focused on the geochemical characterization of rockfill used in shell construction (Zone C). The con-
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cern was around restricting the use of acid-generating rock — a condition that did not materialize in
either mill tailings or rockfill used in dam construction.

An additional permit amendment application for Stage 3, to increase the raise by 1 m to 945
m, was submitted on May 16, 2001 and approved May 30, 2001. The amendment included an evalu-
ation of using cyclone sand from tailings as dam fill. The amended permit highlighted the following
areas of concern: “visual and instrumentation monitoring and reporting shall be carried out in accor-
dance with the schedule provided by Knight Piésold Ltd. Two slope inclinometers shall be installed in
the downstream slope of the main tailings embankment.”?

6.5.2. DESIGN

In 2000, three holes were drilled downstream of the SE to install groundwater monitoring wells. The
holes were advanced to a depth of 21 to 24 m. SPTs were performed in two of the holes. No soil
samples were tested.

Holes were drilled in 2001 for instrumentation installation and borrow source determination

(see Appendix 3):

B Two slope inclinometers were installed at the downstream toe of the ME to monitor foundation
movements. The installations were drilled to a depth of 24.5 m and 30.5 m. SPTs were performed
at regular intervals through the overburden. No soil samples were taken for laboratory testing.

B 66 shallow holes were drilled southeast of the TSF near Borrow Area No. 2 to assess the suitability
of the till in the area for construction material. Hole depth ranged from approximately 1to 12 m
with moisture content samples collected in the majority of the holes.

While the design of Stage 3 represented a continuation of the previous stages, the mine un-
dertook the evaluation of a major design change: to incorporate coarse sand sourced from cycloned
tailings for use in construction of Zone C shell fill. This test phase, concluding in June 1999, validated
the method and its suitability for stable embankment construction.? Modifications to the cycloned
sand approach were made, largely for operational flexibility and construction scheduling.?®* These
modifications included mechanical placement of cyclone sand in the downstream zone of the PE
and placement of an upstream toe drain, among other changes. The eventual embankment would
have an ultimate downstream slope of 3H:1V. Since a chimney drain is considered unwarranted when
Zone Cfill is cyclone sand, the updated design eliminated the chimney drain zone beyond Stage 2.3
Ultimately the cyclone tailings design was not pursued. As indicated in the report on cyclone sand
construction dated December 13, 1999, daily volume of tailings throughput was expanded to an
estimate of 20,000 tonnes per day.*®

6.5.3. CONSTRUCTION
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No section drawings of the Stage 3 as-built PE were made at the critical section (the location
of the breach). Figure 6.5 depicts a section of the PE to the southeast of the breach area, similar to the
area of interest, though somewhat lower in overall height. Documentation presented an embank-
ment built in general accordance with the approved design.

6.5.4. OPERATION

Normal operations continued during this stage until the mine went into care and maintenance sta-
tus in October 2001 (see section 6.6).

6.5.5. MEM INSPECTIONS AND OVERSIGHT

In a letter to MPMC (BROUWER) dated January 24, 2000, HEADLEY commented on the cyclone sand
approach to embankment construction proposed for Stage 3. He specified aspects that required
more detailed information, to be discussed at an upcoming meeting with the mine, including: oper-
ations, construction methodology, design, stability analysis, risk assessment, monitoring and opera-
tional controls. He referred to specific issues critical to a risk assessment: “risk minimization, detailed
discussion of medium and high risk potential problems, vertical drainage, detailed risk assessment
of operating problems and construction methodology with monitoring and operational controls
and contingency controls in event of failures, and use of sensitivity analysis to set piezometric trigger
levels for phreatic surface in active cycloning construction.”** These comments were repeated in the
meeting held February 13, 2000.*

In a letter to BRAWNER dated February 4, 2000, EATON requested a review of documents for
MPMC, including the report on cycloned sand construction for Stage 3 and future stages of the TSF
(Volumes 1 and 2). EATON noted, "MPMC is anxious to move to cyclone sand construction for their
TSF dam. We are concerned that they may not have completed realistic cost estimates and recog-
nized all the construction difficulties.”*®

Correspondence between MEM Inspectors Brian MCBRIDE and CARR dated May 1, 2001 iden-
tified MPMC risk management concerns: “the tailings line has sprung several leaks, all tails are held
within containment structures. [MPMC recognized the problem] at the upper end of the tailings line,
the back eddy caused from the inside bead at the joints has eroded the inside of the pipe causing
the rupture; the lower end has flat spots in the line--the result of the raising of the tailings line--with
the increasing level of the tailings impoundment; large air bubbles are trapped in the line reduce
the cross-sectional flow area, increases pressure and causes leaks at the joints. Vacuum breaks will be
installed when the line is reconstructed during the June shut-down to eliminate the air bubbles!

CARR was concerned about the location of the tailings line, given the higher risk of its location
if the line breaks. MCBRIDE responded that he had not read inspection report, and that he would
follow-up with MPMC and KP. He also noted another concern: “the lack of storage volume in the con-
tainment structure itself. If there was a major rupture, the sands would fill that narrow containment
structure quickly and there are no dump ponds along the way." CARR responded, “you may want to
stress on MPMC the importance of moving the tailings line, if they have not already done so, due to
the added risk now that the pipeline is leaking."°

CARR conducted a geotechnical inspection on May 3, 2001 with MPMC and KP personnel. Fol-
lowing a review of construction and materials on the ME, CARR stated, “the Ministry would strongly
support the installation of two slope inclinometers at the downstream toe buttress (ME) to monitor
potential dam and/or foundation movement. The slope inclinometers should extend through the
underlying glaciolacustrine sediments.”“°

MPMC Manager George WIGHT responded to CARR's comments on May 21, 2001. The manag-
er reported submitting the documents as requested: construction drawings for the lift to 945 m and
a letter of application to amend the M-200 permit were submitted May 15, 2001. Regarding instal-
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lation of slope inclinometers at the downstream toe buttress [on the ME] to monitor potential dam
and/or foundation movement, MPMC forwarded the matter to their geotechnical consultants (KP)
for review. The manager confirmed the tailings pipeline was relocated onto the tailings beach on the
upstream side of the PE during the week of May 8, 2001.4'

6.6. SHUTDOWN-2001- 2005

Mine operations were suspended on October 13, 2001. The mine was placed in care and mainte-
nance status.

6.6.1. CARE AND MAINTENANCE

Over the course of the closure, substantial water accumulated in both the pits and the TSF. Additional
accommodation for water management was made for the care and maintenance period. On Febru-
ary 7,2002 MPMC received a Mines Act permit amendment for entering into care and maintenance
for transfer of supernatant water from the TSF to the Cariboo Pit and release of effluent from the PE
and ME seepage ponds to nearby surface water courses. This approach was requested noting that
dam raises would not be feasible during shut down conditions. Upon re-starting the mine and mill-
ing operations, an additional amendment was issued. It included pumping of pit water to the tailings
impoundment and removal of the PE settling pond discharge, which was now pumped back to the
tailings impoundment. The mine had also requested discharge from the tailings impoundment to
Polley Lake but this was not approved by MOE.*?

During the care and maintenance period, all permit conditions attached to Mines Act Permit
M-200 continued in force, including obligations for annual dam safety reviews and OMS compliance.
A permit condition on temporary shutdown stated, “if this mine ceases operation for a period longer
than one year, the Permitee shall either continue to carry out the conditions of the permit or apply
for an amendment setting out a revised program for approval by the Chief Inspector”* No such
amendment application was submitted during this period.

A limited number of personnel were present on site, primarily for maintenance and operation
of pumps for water management and discharge, environmental monitoring, mine development
planning, and security. No mining or milling operations were permitted. No construction activities
were undertaken on the TSF. However, planning was undertaken by MPMC to expand operations to
an additional ore body (the Wight Pit) as well as another source of high-grade ore in an underground
operation. This increased footprint would also expand the amount of mine contact water that would
be placed in the TSF.

With the suspension of operations, the experimentation with cyclone sand for Zone C fill pur-
poses was suspended and was not revisited in the future. No cycloned sand, with the exception of a
small area (east of the breach) used for cyclone testing, was placed on the Perimeter Embankment.

6.6.2. MEM INSPECTION AND OVERSIGHT

CARR informed MPMC in a letter dated April 22, 2002 that the annual Dam Safety Inspection report
for the TSF had been due on March 31, 2002. He reiterated the requirement in the Code and request-
ed notification of the expected date of report submission within 30 days. CARR provided a copy of
the revised MEM document, Guidelines for Annual Reports, Dam Safety Inspections (updated February
2002).** A geotechnical inspection of the Mount Polley mine site was conducted on May 6, 2002, by
Brian McBRIDE. The purpose of the inspection was to observe the effectiveness of the water diversion
works during the peak of the spring run-off and to tour the mine site during the care and mainte-
nance period.

The primary function of the diversion and pumping systems was to direct natural run-off and
seepage away from the TSF and discharge into the environment, while collecting any mine seepage,
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or run-off from the mine site, the rock disposal sites and mill site sump and direct the flow either
directly into the Cariboo Pit, or into the TSF and then pumped into the Cariboo Pit preventing any
discharge of these flows into the environment.

The inspection noted that contact water was being pumped from the TSF to the Cariboo Pit
for 15 days in May 2002, with a target volume of 400,000 m?, which should have been sufficient to
allow for the required freeboard of 1.27m.*

Water balance continued to be an issue of concern to MEM during the closure period. In a
letter dated June 26, 2003, to Greg SMYTH (Environmental Coordinator, MPMC), CARR noted, “the
water balance data indicates a projected temporary freeboard reduction to 0.9m during the 2003
freshet period and a more significant reduction of available flood storage and freeboard in 2004.
Please provide details of the plan to remove water prior to the 2004 freshet” CARR also requested that
MPMC follow-up regarding slope inclinometer displacement data and survey monument data from
their 2002 Annual Inspection Report. CARR further noted that an Emergency Preparedness Plan is to
be issued as part of a revised OMS, and requested a copy of the revised OMS. CARR also noted that a
dam safety review shall be done by a qualified person in 2006.%

6.7. STAGE 4 -2005-2006

6.7.1. PERMITTING

Stage 4 marked the restart of the mine following its period of care and maintenance. MPMC request-
ed a Mines Act permit amendment for restart and milling ore, which was issued May 4, 2005.” An
application to raise the dam to 948 m was received on March 17, 2005 and approved on May 25,
2005. The raise is identified as Stage 4, and the permit amendment highlighted the requirement for
a minimum freeboard of 1.39 m, as well as the requirement for three additional slope inclinometers
on the Main Embankment, and a reinforcement of the requirement for “monitoring of piezometers,
slope inclinometers and survey monuments ... in accordance with the OMS or as specified by the
design consultant” Additionally, the amended permit required that “foundation drains, toe drains and
associated water collection and recycle systems shall be extended or installed as specified by the
design consultant”“

6.7.2. DESIGN

The cyclone sand program, with its attendant construction methods, downstream shell material, and
downstream slope (3H:1V) were not pursued. An updated design using rock fill for Zone C - back to
the original modified centerline design parameters — was used. An “ultimate design elevation”of 965
m was introduced. A buttress was designed for the Main Embankment; the PE was maintained at a
slope of 2H:1V. %

The design included chimney, longitudinal, and outlet drains for the PE*°

The PE would continue to have a core (Zone S) width of 8 m, filter (Zone F) and transition
(ZoneT) zones of 1 m, and a downstream rockfill shell (Zone C) comprising waste quarry rock.

Stability analyses continued to be predicated on a FoS of 1.3 during operations and 1.5 at clo-
sure. The FoS calculated for the PE for static conditions without upstream toe drains was 1.9 (2.0 with
a toe drain). However, no upstream toe drain was constructed during this phase.”

Three slope inclinometers were installed at the downstream toe of the ME. The instruments
were installed in diamond drilled boreholes advanced to bedrock with depths ranging from 35
m to 42 m. SPTs were performed at regular intervals. Soil samples were collected using a Shelby
tube sampler in two of the three holes, and disturbed samples were collected from the SPTs. Select
samples were tested for index properties. One consolidation test was performed on a Shelby tube
sample collected in SI06-02. It is unclear from the logs whether the soil samples would be described
as glacial till or GLU (see Appendix 3).
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6.7.3. CONSTRUCTION

The mine recommenced milling operations in March 2005, with a mill throughput rate of approxi-
mately 18,000 tpd.>

The Stage 4 construction program involving a 4 m cap raise using a modified centerline
design commenced in May 2005 and was completed the first week of October 2006, with placement
of the Zone C downstream shell planned for April 2006.>* However, no Zone C shell rock was placed
during Stage 4 (see Figure 6.6); expansion of Zone C was delayed until Stage 5 instead.

Construction proceeded without a break throughout the winter months. Fill included core
till (Zone S), upstream shell (Zone U) comprised of random fill and coarse tailings sand cells, and a
coarse rockfill base over the tailings beach (Zone CBL). Zone U required being “‘constantly worked
with a dozer to ensure proper distribution within the cells, to compact the sand and to expedite the
drainage of excess water through the culverts!**
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Knight Piésold (2007a) Dwg. 10-225 Rev. 1
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TSF CHRONOLOGY

6.7.4. OPERATION

Thirteen months of piezometer data are missing (July 30, 2003 — September 2, 2004), and no pie-
zometer data were collected from September 22, 2005 through April 30, 2006. MPMC attributed
the cause of the missing data to a malfunctioning readout box cable, and accidental destruction of
instrument cables during construction.”

Twenty-two functioning piezometers were destroyed during this phase of construction. Once
5 were located and repaired, there was a total of 34 functioning piezometers.

As early as February 2004, MPMC was considering the implications of a surplus state of water
balance as it designed a mine restart plan. In an email, Art FRYE conveyed Imperial Metals CEO Brian
KYNOCH's recommendations: “[KYNOCH] wants a permit that will set discharge criteria for us to dis-
charge water from the pond now and in the future so that we can discharge any time we like as long
as we meet the criteria. This means that as long as we get the water to spec even if we have to treat
it we can discharge it. He thinks that at some point in the future we will have to discharge water and
getting the permit in place today is probably easier than it will be in the future!*¢

At restart in March of 2005, a geotechnical inspection by MEM came to the same conclusion.
“There is currently no discharge to the environment from the tailings impoundment. Projected water
balance indicates there will be a surplus water volume and a discharge permit will be required from
the Ministry of Water, Land and Air Protection [now MOE]. Plans for discharge from the TSF shall be
submitted to MEM for review."*’

6.7.5. MEM INSPECTIONS AND OVERSIGHT

As part of the Stage 4 Mines Act permit amendment review, review of the 2005

CHARACTERIZING A WEAK LAYER KP report Design of the TSF to Ultimate Elevation, Senior Geotechnical Engineer

MEM raised concerns about the
possibility of a weaker glaciolacustrine

clay unit

Chris CARR raised a concern with borehole GW96-1A, located downstream of
the breach location. He referred the following question through MPMC to KP:
“Glaciolacustrine deposit is noted in GW96-1A on cross-sections 9 and 10 [in
Dwag. 1627.011]. The material is described as firm. What are the characteristics
and extent of this deposit and could it have an influence on dam stability local-
ly?"The concern was discounted by KP as not being applicable to the dam footprint.®

The test holes located in the vicinity of the area of the breach included: MP89-231 (condemna-
tion drill hole), and GW96-1A (groundwater monitoring well), which are shown in plan on Fig 6.7 and
in section on Fig. 6.8. The highlighted section represents a lower-strength clay unit.
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A response letter from Les GALBRAITH, PEng., and Ken BROUWER, PEng. stated, “the glaciola-
custrine deposit encountered in GW96-1A and shown on cross-sections 9 and 10 consists of glacio-
lacustrine layers (silt, some clay) with lesser fine-grained glaciofluvial layers (sand). The material was
described as firm based on an SPT N value of 6. The glaciolacustrine unit encountered within the TSF
basin is a continuous unit near the Main Embankment, but is only present as thin, discontinuous layers
within the glacial till unit to the northeast near the Perimeter Embankment. This was investigated during
development of the original borrow area during the initial Stage 1 construction program which
involved excavating approximately 50 testpits and drilling approximately 22 hollow and solid stem
auger holes on a 50m grid pattern. The location of the original borrow area is illustrated on Drawing
1627.001.The borrow area was also inspected during Stage 2 construction. These investigations
confirm that the glaciolacustrine deposit encountered in GW96-1A is a discontinuous unit and will not
adversely affect the dam stability (italics added)."*

CARR conducted a geotechnical inspection of the TSF on March 3, 2005, as work on the inter-
rupted Stage 3C was completing. CARR was accompanied by Ron MARTEL (MPMC), Ken BROUWER
(KP) and John ERRINGTON (MEM). He noted, “the tailings facility embankment dams are planned to
be constructed to a final crest elevation of 965 m by the year 2012

"At the time of the inspection Zone C shell material was being placed. Due to the method of
construction, segregation of the rock fill was noted with many large boulders rolling to the base of

the slope. Better control is required to ensure the placement of a homoge-
neous well-graded dam shell that comprises material within the gradation
specified. It is understood that construction of the downstream shell of the
tailings dam with waste rock from Wight Pit is being considered. Details shall be
submitted to the Ministry for review and permitting.

“There is currently no discharge to the environment from the tailings
impoundment. Projected water balance indicates there will be a surplus water
volume and a discharge permit will be required from the Ministry of Water,
Land and Air Protection. Plans for discharge from the TSF shall be submitted to MEM for review.

“The annual Dam Safety Inspection report for 2003 was due November 30, 2004 and has not
yet been received. The last Dam Safety Review was carried out in 1999 and is required every 7 years
for a high consequence dam based on Canadian Dam Association guidelines. The next DSR is there-
fore due to be carried out in 2006.

“Changes to seismic standards in the National Building Code are expected to be issued soon.
It will therefore be necessary to check the tailings dam design (for mine operating period) to confirm
adequate seismic stability under the revised standard.

“Reclamation of the final downstream dam slope with a soil cover is required. Rather than
spreading the cover after completion of the dam embankment to final height it has been suggest-
ed that it may be more efficient to place and spread the soil as each lift of the downstream shell is
placed, which would allow for progressive reclamation.”

Nick ROSE, P. Eng., conducted a geotechnical inspection of the TSF on October 13, 2005,
accompanied by MARTEL of MPMC. The reduction in the raise from 2.5 m to 1.5 m was discussed, and
the report noted, “this adjustment was made to reflect the changes in mill start-up date and has been
stated by the design consultant that the reduced height will not impact storm water storage and
freeboard requirements.’®'

The inspection did reveal a concern about adequacy of tailings beaches. The report stated,
“the TSF pond level was at the 942.4 m elevation at the time of the inspection. The beach on the
southwest side of the impoundment was noticeably narrow or submerged. It is understood that a
tailings deposition plan is being developed to discharge tailings from the Perimeter, Main and South
Embankments to help develop beaches and manage the location of the pond in accordance with
recommendations from the design consultant.”®

managing surplus water through
discharge first noted in Stage 4
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6.8.

6.8.1.

6.8.2.

TSF CHRONOLOGY

A response to the inspection report from Howard BRADLEY, MPMC mine manager, on Febru-
ary 16, 2006 indicated that the beach construction method used for Stage 4 “was completed under
the supervision of Knight-Piésold and the constructed material met the design requirements.

STAGE 5 - 2006-2007

PERMITTING

An application for a Stage 5 raise of the dam to 951 m was received June 12, 2006 and approved on
August 2, 2006. The amended permit highlighted the requirements to maintain a minimum free-
board of 1.39 m, and reinforced the requirement to extend or install foundation drains, toe drains,
and “associated water collection and recycle systems”as specified by the design consultant.
Additionally, monitoring systems as specified by the design consultant were reinforced in the
Mines Act permit amendment. These monitoring requirements included the following:
“The inclinometers installed through the lacustrine unit

downstream of the Main Embankment shall be monitored to deter- DOWNSTREAM SLOPE

mine possible deflection with respect to the baseline survey using a
standard inclinometer probe. an “interim slope” of 1.4H:1V was

“Monitoring of piezometers, slope inclinometers and survey introduced to the PE

monuments shall be carried out in accordance with the OMS manu-
al or as specified by the design consultant.

"Any damage to piezometer cables from construction activities shall be repaired or replaced
in a prompt fashion to allow ongoing assessment of piezometric levels as specified by the design
consultant”®

DESIGN

Stage 5 commenced in October 2006 with a minimal break in construction following Stage 4 activi-
ties. The raise was to an elevation of 951 m, adding sufficient storage for one year of mine operations.
An upstream toe drain was part of the perimeter embankment design in this stage.®

The raise design included a modified centerline construction with Zones C, S, F, T, and U. The
downstream shell (Zone C) was designed to be constructed in two phases: the first, at an “interim
slope”of 1.4H:1V"to allow the embankments to be raised using the modified centerline construc-
tion method in the timeline required to maintain the storage and free board requirements of the
TSF"Once the design elevation was reached, the shell fill would be expanded to maintain the 2H:1V
slope.5

Calculated static stability FoS for the PE design was reported at a minimum of 1.9 with the
interim slope, and 2.0 for the final slope.®’

Two brass tube samples were collected in the GLU at the ME at approximately 2.5 m to 3.0 m
depth in a test pit downstream of the ME. Direct shear testing was performed on the samples, which
indicated lower strengths than previously used for stability analysis. Index testing on the samples was
limited to fines content.®®
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Figure 6.9 Stage 5 PE Section, Planned
Knight Piésold (2006a) Dwg. 12-225 Rev. 0

During this stage, a Dam Safety Review (DSR) was undertaken by Michael DAVIES of AMEC,
then a third-party engineering consultant. The review did not bring to light any major concerns.
Shortly after completing the DSR, AMEC was contracted by MPMC to produce an Optimization Report,
which considered the potential for reducing the size of the buttress, reducing the width of the core

zone, reducing freeboard requirements, and reducing the role of the EoR in the day-to-day QA/QC of
construction %

CONSTRUCTION

Construction of Stage 5 was an uninterrupted continuation of Stage 4 expansion, and was complet-
ed in November 2007. The crest of the PE was significantly widened (see Figure 6.9) resulting in a
considerable expansion of the volume of Zone C rockfill. The planned upstream toe drain was added
during this stage with an elevation of 946.3 m. The drain provided seepage control within the em-
bankment, as well as draining and consolidating the tailings mass near the embankment.”

The as-built report (shown in Figure 6.10) indicates that the upper portion of the slope was an
interim slope and the lower slope was 2H:1V. "
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6.8.4. MEM INSPECTIONS AND OVERSIGHT

On August 30, 2006, Nick ROSE, P Eng. conducted a geotechnical inspection of the TSF, accompanied
by MARTEL (MPMC) and Bruce MILLIGAN (MEM). The inspection was preceded by a request for an
updated OMS and a review of a technical memorandum regarding geotechnical instabilities in the
Bell Pit-West and East.

ROSE noted, “since the last geotechnical inspection, a wide

tailings beach has been developed across the Perimeter, Main and
South Embankments. Improvements in the beach development is
understood to have been achieved following construction of a dyke

ROLE OF BEACHES

the EoR stated that the minimum beach
width requirement did not need to be

to raise the tailings pipeline across a previous topographic low near continuously maintained
the South Embankment, that was resulting in sag in the pipeline

and associated flow losses. With respect to the tailings beach width,

the Ministry requests specification of the minimum design beach width that is required for construc-
tion and operation!

The inspection also noted monitoring of the GLU downstream of the ME."The inclinometers
installed in the toe of the Main Embankment are understood to have been recently monitored and
show negligible displacement. As per the conditions of the M-200 Stage 5 construction Mines Act
permit amendment, the inclinometers installed through the lacustrine unit downstream of the Main
Embankment shall be monitored to determine possible deflection with respect to the baseline sur-
vey using a standard inclinometer probe!"”?

MPMC supplied a response regarding beach specifications prepared by KP. The response
claimed that “the tailings embankments have been designed to remain stable for any condition and
therefore there is not a ‘requirement’for a minimum beach width in terms of embankment perfor-
mance. The fundamental requirement of the tailings deposition plan is to ensure that a blanket of
tailings solids are present immediately upstream of all embankments and along the abutments. Thus
there is a fundamental objective to establish adjacent to the embankments, but it is not necessary
to continuously maintain a minimum width of exposed beach adjacent to the embankment, and
periodic temporary (less than 2 months duration) shallow flooding (less than 0.5 meters depth) of the
beaches is anticipated.””?
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6.9. STAGE 6A -2007-2008

6.9.1. PERMITTING

An application for a Stage 6 raise to 958 m was received July 4, 2007 and approved February 9, 2008.
The design for Stage 6 included both the raise and addition of a downstream buttress on the ME to
increase the FoS.

6.9.2. DESIGN

Design of Stage 6 was intended to accommodate a 7 m raise to an elevation of 958 m, sufficient to
provide two years' storage to the TSF (see Figure 6.11). The design reflected the findings of the DSR
conducted by AMEC (at that time, a third party firm) in October 2006. Additional design modifica-
tions included a reduction of the core width (Zone S) from 8 to 5 m based on improved performance
of the dam's toe drains, and constructing a buttress at the ME. The design was also reflective of the
mining plan that increased the total resource at the mine from 85 to 100 million tonnes, which would
translate to an eventual height of 970 m for the TSF; and to an average daily throughput of 20,000
tonnes.’

The DSR questioned the level of preshearing in the GLU and its effect on strength. As high-
lighted in the DSR, KP reviewed the issue of foundation soils: “laboratory testwork on the foundation
soils indicates that the materials have adequate shear strength to ensure foundation stability of the
embankments. The lacustrine unit at the Main Embankment is being investigated further and sam-
ples have been collected for direct shear testing to confirm the shear strength of this material”’”* No
concerns were registered regarding foundation soils on the perimeter.

During Stage 6 design, maximum rainfall parameters were revised to address stormwater
runoff from a 72-hour PMP with wave freeboard. This runoff volume was estimated at 1,070,000 m?,
and would correspond to a 0.6m rise in the tailings pond elevation. Additionally, Stage 6 saw the first
discussion of the need for some form of water treatment, acknowledging that at the very least water
discharge at closure would be a necessity. The design engineers thought implementing appropri-
ate water treatment and discharge would be “beneficial” well in advance of closure to validate the
system.’®

Four inclinometers were installed and operational in the ME. New piezometers were also
recommended for the ME. A drilling program was undertaken to investigate a potential construction
fill borrow source downstream of the PE. Eleven holes were drilled by the sonic method to depths
ranging from 11 m to 24 m. SPTs were performed periodically in most of the holes. Samples were
collected but laboratory test results were not identified in any documentation (see Appendix 3).

Stability analyses, conducted for the planned construction stage dam configuration, were also
completed “to identify the buttress requirements at the Main Embankment should a weak layer exist in
the lacustrine material (italics added).””” The stability analysis for the PE indicated a factor of safety
of 1.7.
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6.9.3.

TSF CHRONOLOGY

CONSTRUCTION

Stage 6a utilized the same construction methods as Stage 5, including the development of sand cells
for Zone U.

Construction to an elevation of 954 m was completed in October 2008. Five new piezom-
eters’® were installed, for a total of 68 — 12 of which were foundation piezometers. Zones F, T, and
C used screened, crushed waste rock from mine operations. At the request of MPMC, the design
specifications for the slope of Zones S, F, and T were flattened to “facilitate the placement of the filter
materials!’”® As in the previous stage the upper portion of the embankment slope was 1.4H:1V and
the lower portion was 2.0H:1V (see Figure 6.12; the full embankment section is shown in Figure 6.13).
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During the 2008 construction season, a series of 11 sonic boreholes were drilled into a poten-
tial borrow area downstream of the PE (southwest of the breach area). Drilling to depths of 11 - 24 m,
the drillholes exposed some lacustrine sediments, which “typically occur as poorly sorted fine sands
and silts with trace clay. They have low to moderate plasticity and are typically moist to wet, very
dense and massive. The lacustrine sediments occurred as thin lenses within the till units, or as thick
deposits underlying the till"#° No laboratory testing results were reported on these samples.
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6.9.4

6.9.5.

6.10.

6.10.1.

TSF CHRONOLOGY

OPERATION

Design documents stipulate that the “minimum recommended tailings beach width is at least 20 m
along the abutments of the embankments (where the embankment contacts natural ground).”®'
One inclinometer showed “slight deviations”at a depth of 10 m in lacustrine silts, which
received closer monitoring. KP engineers recommended “increasing the monitoring frequency of the
inclinometers and increasing the current buttress elevation at the Main Embankment."#
Freeboard maintenance requirements were unchanged, at a total of 1.4 m to accommodate
storm runoff and wave run-up.®

MEM INSPECTIONS AND OVERSIGHT

A geotechnical inspection was conducted by Nick ROSE, PEng. on July 31, 2007, accompanied by
MARTEL and MILLIGAN.

The report noted, “construction of the Stage 5 dam raise was in progress on the Perimeter and
South embankments. The pond elevation was at 947.09 m on July 28, 2007. On the Main Embank-
ment, dam construction had reached the 950 m elevation. No geotechnical concerns were identified
with respect to the TSF.

“Monitoring of piezometers, slope inclinometers and survey monuments shall be carried out
in accordance with the OMS manual or as specified by the design consultant.”#

A geotechnical inspection was conducted by Derek APEL, PEng. and Chris CARR, PEng. on
June 7 and 10, 2008.

APEL noted a dangerous occurrence had not been reported: “the recent tailings line break and
release of tailings is considered to be a potential dangerous occurrence and incidents such as these
should be reported to MEMPR. As a result of the incident, and review by the mine, new operating
procedures shall be developed. We understand that this has been completed. The Operation, Mainte-
nance and Surveillance manual shall be updated to reflect the current construction and monitoring
requirements. Piezometers shall be installed during Stage 6 dam construction to replace those no
longer functioning and for additional monitoring purposes.”

APEL also reported on a contravention of the Code by MPMC, citing Section 10.1.11, Departure
from Approval: “the specification for till used in the construction of the dam core (Zone S) requires
that rock inclusions larger than 4 inches be removed prior to compaction. Rock boulders over 12 inch
in size were noted in the till core and shall be removed by machine or by hand”

APEL also cited an additional departure from approval in beach development: “the design
requires that an above water beach be developed against the upstream face of the dam. There
was no beach observed in the vicinity of the SE corner of the main embankment. A beach shall be
re-established as soon as possible in this area to meet the design objectives. In the meantime regular
monitoring of piezometers in the dam in this area shall be undertaken.

A similar compliance issue regarding the October 23, 2007 tailings line rupture was raised in
CARR’s review of the 2007 Annual Dam Safety Inspection. The review also noted that additional pie-
zometers were to be installed during Stage 6 construction to replace damaged or destroyed instru-
mentation on the embankments.®

STAGE 6B - 2009-2011

PERMITTING

An application for a Stage 6 raise to 958 m was received July 4, 2007 and approved February 9, 2008.
The design for Stage 6 included both the raise and addition of a downstream buttress on the ME. This
permit covered both phases of Stage 6 (a and b), and did not require amendment or alteration for
Stage 6b.
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6.10.2. DESIGN

Design of Stage 6 covered both phases; Stage 6b design was unchanged from the original.

6.10.3. CONSTRUCTION

Stage 6b, conducted from October 2009 to August 2010, completed the Stage 6 raise to 958 m. The
construction followed essentially the same methods as Stage 6a, with the exception of a suspension
of Zone U sand cell deposition in favour of “utilizing economical haulage of mine waste rockfill”from
the mine pits, beginning in May 2010.%

The engineers'as-built report noted that:“The Zone C material on the downstream shell is
constructed at a relatively steep grade of approximately 1.4H:1V. The buttress on the main embank-
ment construction has not been completed as designed. It is recommended that a review of the
embankment stability be completed prior to further embankment raises”#
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Figure 6.14 Stage 6b PE Section, As-Built, Reflecting an Interim Slope of 1.4H:1V
Knight Piésold (2011a) Dwg. 225
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6.10.4. OPERATION

The engineers'report submitted January of 2011 noted several operational inconsistencies. The
instrumentation installation program, intended to replace damaged or malfunctioning piezometers,
“is overdue and should be carried out prior to further embankment raises!"*® Recommendations

for additional inclinometer placement had been made, but the placement had not been complet-
ed.? The report indicated that replacement of instrumentation “will increase understanding of the
behavior and performance of the foundation soils under the dam and is an important aspect of the
operational monitoring requirements.” 2

Another observation regarding operations was that “the seepage flows were monitored only
once in the summer of 2010, which is inconsistent with the frequency specified in the OMS manual.
It is recommended that the seepage flow monitoring be increased to the frequency recommended
in the OMS manual (weekly)."*

In addition, the report brought to light an event on the PE involving a tension crack. It was
brought up to the KP engineer conducting the annual inspection: “a tension crack was observed
at the Perimeter Embankment at an approximate chainage of 3+400 [not in the area of the breach
location]. The tension crack is in the Zone C material at the downstream edge of the embankment
crest. The tension crack was apparently identified two months earlier by the grader operator and
was approximately 10 to 15 m long. The area has since been graded over but portions of the tension
crack are still visible. The location of the tension crack in relation to the downstream slope is not an
uncommon occurrence in rock slopes as the outer edge of the material typically receives less com-
paction effort. A tension crack does not necessarily indicate a plane of weakness in fill materials but it
can't be ignored either!

The report continued to recommend strongly that “a stability assessment be completed for
this area to assess whether the borrow area configuration has any impact on the integrity of the
current, and ultimate embankment section. It should also be noted that the identification of a ten-
sion crack, or any other abnormal observation at the tailings dam, should be reported to the design
engineer immediately and prior to any remedial action being taken.!*

The annual dam inspection was conducted by Knight-Piésold on October 7, 2010. The resul-
tant report issued in January 2011 served as a handover document on the expiration of KP's term as
Engineer of Record.®

6.10.5. MEM INSPECTIONS AND OVERSIGHT

No geotechnical inspections were conducted during Stage 6.

On August 12,2009 John COX, Health and Safety Inspector, conducted an inspection of
Mount Polley Mine. The report included a request for engineering reports for the TSF raise and ME
buttress. Both of these structures were approved in the Stage 6 Mines Act permit amendment issued
February 19, 2009. No further issues were reported at the TSF. %

6.11. STAGE7-2011-2012

6.11.1. PERMITTING

An amendment application to raise the dam to 960.5m was received on November 9, 2010 and
approved August 15,2011. The Mines Act permit amendment reinforced the construction process,
including potentially acid-generating (PAG) rock exclusion, selective removal of cobbles and boulders
greater than 100 mm diameter from the till used in the central core, and “direct supervision by the
design consultant during construction."The permit also required a minimum freeboard of 1.30 m at
all times, and required appropriate updates to — and compliance with — the OMS. In addition, the
amendment required that “damaged or inoperative geotechnical instrumentation including piezom-
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eters and slope inclinometers shall be repaired or replaced to ensure ongoing performance monitor-
ing’The amendment also reinforced the requirement that MPMC submit an as-built report within six
months of dam construction, and that an annual dam safety report be submitted.””

MEM geotechnical issues raised during permit application review produced the following
commentary from MPMC: “water balance projects through 2012 (and will continue to be projected
out each year), and is integral in managing material in the TSF. The water balance is updated with real
figures every month (i.e. precipitation, evaporation, daily mill throughput, water flow and pumping
rates), with projected inputs based on historical data and forecasted figures” MPMC concluded, “the
current dam elevation is 958.0 m, and according to the water balance provides sufficient freeboard
until June of 2011. Looking into later spring of 2012, the dam will need to be 961 m. The crest ele-
vation will be adjusted to maintain freeboard requirements for storage of the probably maximum
precipitation (PMP) event plus one metre for wave run-up as required by the current permit.”*®

6.11.2. DESIGN

Stage 7 was the first construction phase following the handover of Engineer of Record responsibili-
ties from KP to AMEC Environment & Infrastructure (AMEC), which occurred January 28, 2011.
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AMEC Earth & Environmental (2011a) Fig. 560.2011.05
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Several changes accompanied this stage, including the following:

B Updated CDA Dam Safety Guidelines, implemented since the DSR in 2006, resulted in a change
of consequence classification from “low” to “significant”

B Impoundment instrumentation was renumbered for data management purposes, and a pro-
gram of instrument replacement and updating was implemented. Three additional slope incli-
nometers and 11 VWPs were installed around the TSF. A total of

81 functioning VWPs were in place as of 2011 (15 in the PE), and
7 functional inclinometers were installed (one in the PE).?
Eight holes were drilled in the ME foundation, 4 in the PE Knight-Piesold transferred its
foundation (at 3 locations), and 2 in the SE foundation. The holes engineering duties to AMEC at this stage
were drilled using the sonic coring method with soil grab samples
taken at regular intervals for laboratory testing. Depth of drilling
ranged from approximately 11 m at the SE to 49m in the ME; 23 piezometers and 3 inclinometers

were installed.'®
Construction drawings for the PE indicated the design slope of 2H:1V.

6.11.3. CONSTRUCTION

The 2.1 m raise in Stage 7 took place between June 13 and September 21, 2011. Stage 7 fill place-
ment was conducted by Peterson Contracting Ltd (Zones S and F) and by MPMC (Zones U, T and C).
According to AMEC's overall assessment of Stage 7, the construction “achieved conformance with
design intent!" %2

g8 8 3 3

&
e

ELEVATION (m)
]
3
-g g

\\ J/— ULTIMATE DESIGN SLOPE

Y S AS BUILT QUTLINE
- et N ~+,//” AS OF DEC. 2011
UPSTREAM J \“» DOWNSTREAM

—_— e

T
TS /\‘\ PERIMETE
e e DRAIN MO

. Bag

B 8 B & %

secTioND  Tyud ¢
(AB2011.02) %ﬁd

Figure 6.16 Stage 7 PE Section, As-Built, Reflecting an interim Slope of 1.3H:1V
AMEC Earth & Environmental (2012) Fig. 2011AB.05

Prior to Stage 7, onsite engineering field presence under KP included daily engineering pres-
ence. For example, a report on Stage 2 reported that KP provided "day time supervision and quality
assurance (QA) services for ... construction of the [TSF]. MPMC provided technicians for night shift
supervision and QA services ... Key QA items addressed by KP included: foundation inspection and
approval prior to fill placement; assessment of borrow material suitability; inspection of fill placement
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procedures; in-situ testing of the placed fill for moisture content and density; collection of control

and record samples at the required frequencies; and installation and monitoring of instrumentation.
Monitoring was conducted by MPMC staff." 1%

It was noted that construction monitoring and QA/QC were continued as in prior lifts; how-
ever,"in 2011, MPMC undertook a greater role and responsibility in this regard. Specifically, MPMC
engaged its own engineers, technicians, and summer students to provide full-time construction
monitoring and field inspection during the construction of the embankment"'** MPMC's full-time
inspection personnel did not include a registered Professional Engineer or Engineer in Training.

AMEC's support engineer’s presence on site was intermittent during the construction period.
AMEC reported that it “was present onsite for critical, non-routine aspects of foundation preparation
and fill placement. During this period, AMEC verified that construction methods employed were
consistent with design expectations, material specifications were adhered to, and monitoring and
testing requirements were understood by MPMC personnel. AMEC's time on site was also used to
verify that daily technical/progress reports were being completed properly, QA/QC and reporting
responsibilities were thoroughly understood by all parties, and lines of communication between the
site and AMEC office-based support were clearly established and functional. Once AMEC was satis-
fied that the MPMC’s field inspectors were fully trained and prepared to undertake the construction
monitoring and reporting role with remote support required by AMEC, AMEC reduced their monitor-
ing presence to monthly visits, with monitoring of construction progress carried out via reports and
photographs issued by MPMC. Actual timing of AMEC’s support engineer site visits varied somewhat
to align with key construction activities such as foundation preparation and approval, and till core
trench approval!'® AMEC senior engineers visited the TSF site on 4 days in 2011 (June 20/21 and July
25/26).1%

AMEC maintained the steeper “interim slope” of the PE downstream shell as KP, its predecessor
EoR, had initiated; however, AMEC changed the nomenclature of the slope in its as-built drawings to
show an as-built slope of 1.3H:1V, and a dotted line for an “ultimate design slope”of 2H:1V (see Figure
6.15).

6.11.4. OPERATION

Freeboard requirements were specified as 1.3 m to accommodate a 72-hour PMP event.'”

In response to MEM questions emerging from the Mines Act permit amendment application,
MPMC stated that “effective water management at the site will ensure that the discharge of TSF water
will be minimized and that the removal of water from Polley Lake will not be required. An optimum
average volume of water to be stored in the TSF is 1,500,000 m*"Water balance calculations provided
by MPMC suggested TSF water volumes in the range of 1 to 2 million m3, 1%

However, as of September 2011, an estimated 3.6 Mm?were stored in the TSF, an increase in
1 year of 2.6 Mm?* above earlier reported volumes.'®

6.11.5. MEM INSPECTIONS AND OVERSIGHT

No geotechnical inspections were carried out during Stage 7. There were no geotechnical inspectors
on staff at MEM from December 2010 through November 2011 (although contract geotechnical
engineers were employed at this time).
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6.12. STAGE 8 -2012-2013
6.12.1. PERMITTING
The application for the Stage 8 raise to 963.5 m was received April STEEPENED DESIGN SLOPE
3,2012, and approved on June 29, 2012. The amended permit high-
lighted the requirement to measure toe drain flows in accordance the PE toe slope was maintained at
with the current OMS. In the same construction season, an addition- 1.3H:1V
al application amending the Stage 8 raise to 965 m was received on
September 18, 2012 and approved October 15, 2012. This amended
raise was labeled Stage 8A.
6.12.2. DESIGN
Design of Stage 8 generally continued the design from Stage 7, with a raise of 3.0 to 3.4m following
the modified centerline method, resulting in a narrowing of the dam crest. The PE downstream slope
was again acknowledged at 1.3H:1V, with an “ultimate design slope”of 2H:1V (see Figure 6.17).
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Figure 6.17 Stage 8 PE Section, Planned, Reflecting an Initial Slope of 1.3H:1V
AMEC Environment and Infrastructure (2012a) Fig. 2012.05)
A total volume of 160,400 m?of Zone C fill rock was estimated for Stage 8, including 70,100 m?
for the PE.'°
Two slope inclinometers were installed downstream of the PE. One was positioned adjacent
to the previously installed SI11-04 which was experiencing ‘compression failure deformation. The
second was installed near Sta. 3+270, nearby VW11-09 (see Appendix 3, Section 3.3).
An adjustment to the design to accommodate a raise to 965m was requested by MPMC
during the raise, and AMEC provided an amended design (Stage 8A) on September 10, 2012. The
design shifted to a centerline approach (see Figure 6.18).
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No other changes were made to the initial Stage 8 design.

6.12.3. CONSTRUCTION

The design document specified “Mr. Luke MOGER of MPMC will oversee the overall construction
monitoring. The day-to-day monitoring, reporting and instrumentation reading tasks will be the
responsibility of the MPMC Field Inspectors and mine technicians” """ AMEC continued it roles of
support engineers and senior engineering oversight.

MPMC contracted a third-party engineering firm, BGC Engineering Ltd. (BGC) to perform the
annual Dam Safety Inspection (DSI). In the report, BGC noted that “‘construction monitoring and qual-
ity control during the 2012 construction season was mainly carried out by MPMC personnel, AMEC
undertook regular site visits and carried out quality assurance activities. '

The construction of Stage 8A was completed on October 30, 2012, and the embankment
reached a height of 963.5 m.
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6.12.4. OPERATION

Freeboard requirements were reconfigured. According to the OMS, the effective definition of a PMP
event changed from 72 hours to 24 hours, which led to a “normal operating level” of 1.3 m freeboard
to a"maximum operating level” of 1.0 m freeboard, which “means the loss of storage capacity for
a 24-hour PMP event!” " In conflict with this value, AMEC maintained that its PMP event window
remained at 72 hours."

BGC's assessment noted, “‘given the orientation of the gravity-fed tailings line, insufficient

tailings line pressure prevented cell [Zone U] construction along the central portion of the Main Em-
bankment... The tailings delivery line is currently being redesigned with the expectation that the new
alignment will allow for upstream tailings cell construction to take place along the Main Embank-
ment in 2013”5 The limited cell development (and lack of beaches) can be seen in Figure 6.20.

Comerz B

7 &

No cell development

Corner 3

Figure 6.20 Sand Cell and Beach Development (commentary by BGC)
BGC Engineering Inc. (2013a) p. 6

A water discharge permit was issued in November of 2012 by MOE. The permit was issued
with the opinion that “although Mount Polley has maximized water recycling the water balance is
such that they now have an annual surplus of approximately 1.4 Mm?3and a discharge is required." "¢
Although the permit sought was for site-specific water quality objectives, allowing discharge directly
into Polley Lake, MOE denied the site-specific objectives permit. Instead, a discharge permit for up
to 1.4 Mm3annually was issued, with discharges dependent on water quality, flow rates of Hazeltine
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Creek, and seasonality (for fisheries protection). Since only dam-filtered seepage water met water
quality objectives, only approximately 100,000 m? of water was actually discharged annually. In addi-
tion, undisturbed runoff “must be diverted so that it does not flow into the tailings impoundment, or
to the mine or mill areas.” "’

6.12.5. MEM INSPECTIONS AND OVERSIGHT

A geotechnical inspection was conducted on September 24, 2012 by Michael CULLEN, MEM. Sand
cell development was raised: CULLEN noted, “we also observed sand cell construction on the
upstream side of the west dam and discussed the problems and potential impacts of limited sand
placement on the central dam due to gravity placement limitation, it is understood that the Mine's
consultants (AMEC) will be reviewing”

CULLEN also raised the issue of water balance on the mine. He noted, “the Mine is reminded
that the TSF and associated water management facilities are to be operated and monitored in accor-
dance with the recommendations prepared by the design engineers”

A final observation was the currency and adequacy of the OMS: “we reviewed the Operation,
Maintenance and Surveillance manual prepared for the TSF by Knight Piésold in March 2010. This
document is considered satisfactory but somewhat out of date in light of the recent dam construc-
tion and change of EoR from KP to AMEC. It is understood that the Mine in consultation with AMEC
are revising this document, and will submit to [MEM] in the near future!

No inspection orders were issued."®

In a follow-up geotechnical inspection on October 3, 2012, CULLEN stated, “the mine is
reminded that the TSF and associated water management facilities are to be operated and moni-
tored in accordance with the recommendations prepared by the design engineers” CULLEN's report
reinforces the recommendations prepared by the design engineers.'”

A site visit was conducted by MEM inspector George WARNOCK, accompanied by Steve ROTH-
MAN (MEM), on April 13, 2012. This site visit served as a familiarization tour for the MPMC operation.
Comments relevant to the TSF included a note that the steepness of the PE downstream slope
appeared to be at an angle of repose.'?

6.13. STAGE9-2013-2014

6.13.1. PERMITTING

The application for the Stage 9 raise to 970 m was received April 18, 2013 and approved August 9,
2013.The as-built report at the conclusion of the raise was to be stamped by a professional engineer
and “shall include a statement indicating that the facility was constructed in ‘general conformance
with the design”

A follow-up email with MPMC was sent by Heather NARYNSKI (MEM) on May 8, 2013 regarding
compliance with the mine's permit, including submission of the 2012 updated OMS and an updated
site water balance. These deliverables, required as permit conditions, reflected engineering recom-
mendations from the 2011 as-built report submitted to the Ministry.'?'

A further concern was raised by NARYNSKI on July 31, 2013, regarding TSF design in the Stage
9 Mines Act permit amendment application: “the stability analysis indicate that the FoS for the ME
only marginally achieves the short term CDA design criteria of 1.3". MEM required a commitment
from MPMC to work towards a FoS for the ME equal to that of 1.4. MOGER responded, “FoS is some-
thing we are working into our designs, we should be discussing this prior to our next raise submis-
sion (anticipated late 2013)." 1%
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6.13.2. DESIGN

Design parameters for Stage 9 essentially followed those for the pervious stage raise, with a center-
line approach further narrowing the dam crest. Design documentation confirmed the previous
as-built drawings showing a 1.3H:1V downstream slope, but maintained that the slope was “tempo-
rary given that the final dam downstream slope is currently planned to be flattened to 2H:1V. The
final design for the downstream slope may be revised after the current target elevation of 970 m is

reached! '

Independently of AMEC, MPMC retained BGC to conduct a _
study on TSF stability modeling to evaluate requirements for down- AL AP B AT
stream shell footprint expansion. Included in this analysis was a BGC would assume responsibility for TSF
review of stability requirements for crest elevations of 970 m, 975 m, engineering after Stage 9

980 m, and 985 m. BGC personnel also visited the site on June 10-11,
2013, to evaluate potential raises to an elevation of 1000 m.'*

BGC presented a Project Memorandum to MOGER on October 3, 2013.' BGC had also provid-
ed MPMC with additional documentation between June and October 2013. BGC's stability analyses
indicated the need for expansion of the ME buttress and creation of a buttress on the PE.

The memorandum strongly suggested the need for an updated water balance, produced by
a qualified professional. In addition, BGC urged MPMC to proceed with obtaining a reverse osmosis
(RO) water treatment plant to enable water discharge under the existing MOE discharge permit.

The document was not provided to MEM prior to the TSF breach.
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6.13.3. CONSTRUCTION

Construction of Stage 9 was undertaken during summer and fall months of 2013 and into the spring
and summer of 2014, toward a target permitted height of 970 m.

In January 2013, AMEC engineering personnel (Todd MARTIN
and Daryl DUFAULT) transferred to BGC, the engineering firm that
had produced the 2012 DSI.

At the end of the 2013 construction season, the PE was
raised to 966 m (with a core elevation of approximately 966.5 m. The
downstream slope of the PE remained at 1.3H:1V, and the maximum
elevation of the dam was sketched in at 980 m (see Figure 6.22).

Neither the construction of an expanded ME buttress nor the subexcavation of a buttress
foundation for the PE was included in the Stage 9 Mines Act permit amendment application. Neither
was approved as a design for Stage 9.

key personnel transferred from AMEC
to BGC
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Figure 6.22 October 2013 PE Section, As-built, with Slope of 1.3H:1V
AMEC Environment and Infrastructure (2014a) Fig. 2013.AB04

AMEC reported that its support engineer provided on-site supervision of construction during
the following periods in 2013: April 23-26; May 1-3, 7-9, and 13; June 4-6, 17-19, and 26-28; July 3-5;
and August 2 and 12-14.1%

While the supervision and oversight roles of engineering consultants were consistent with
previous stages, personnel changes resulted in different individuals filling these roles over time.

The Stage 9 raise continued in 2014 up to the time of failure. Stage 9 construction in 2014
included: the raise of the till core (Zone S) from approximately 967 m to 970 m, the raise of the
upstream and downstream support materials from 966 to 969 m, and the re-location of the seepage
recycle pipe located near Station 3+950. Further details on the construction sequencing for the PE
are as follows:

B Thetill core (Zone S) was raised to 967m by October 2013.Till core placement resumed in June
2014 starting at Station 3+100. Daily construction reports indicated the till core was completed
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to 968.8m on July 31, 2014. However, surveyed elevations from drill holes and a CPT sounding at
the embankment crest west and east of the breach area indicate the till core was likely closer to
970m.
B Raise of the downstream shell (Zone C) started in June 2014. AMEC's daily reports indicate that
by August 1, 2014, Zone C placement reached the target elevation and was being graded to 969
m. On August 3, 2014, Zone C placement at the re-located seepage recycle pipe was completed.
B Hydraulic placement of tailings in the upstream shell (Zone U) started November 2013 and
was last reported at 967.6 m in June 11, 2014 between Stations 4+286 and 4+396 m (AMEC'’s
construction daily report TSF14-06-11). Post-failure survey contours to the east and west of the
failure area showed that Zone U was likely between 968 m and 969 m.

Buttress Subexcavation - General. Following the delivery of an internal review report from
BGC to MPMC, which outlined the requirement of buttressing to increase the FoS on the ME and PE,
MPMC commenced a construction program to prepare foundations for the new buttress on the PE
(as indicated in AMEC's Construction Daily Reports from that time).'?

Although the permit for Stage 9 referred only to buttress preparation for the ME (and ME
buttress construction only included raising the height of the existing buttress, without new founda-
tion preparation), the construction activities included foundation subexcavation for over 1,700 m of
buttress along nearly the entire length of the PE, beginning in September of 2013 and progressing
until weather conditions deteriorated in late November/early December.

Although they were not referenced to specific locations along the embankment, daily
construction reports referred to buttress subexcavation along the PE. Construction photos likewise
depicted multiple instances (again not referenced by location) on the PE where a foundation was
prepared in panels of unspecified length, filled with Zone C rock, and compacted by equipment
traverses (see, for example, Figure 6.23). The excavations would require site engineer inspection prior
to refilling.

Figure 6.23 CZone Material Placed in PE Subexcavation, October 19,2013
AMEC Environment and Infrastructure (2013b)
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Although there seemed to be some local variance, the general dimensions of the buttress
foundation preparation were 0.5-3 m in depth (removing organics down to a depth of competent
soil) and 20-30 m in width. Excavated sections would be inspected by the site engineer, filled with
Zone C rock, and compacted following the construction monitoring manual.

Because of the limited detail of the construction daily reports, it is not possible to trace either
the timeline of construction or the specific location of panels. Location data were limited to “Perime-
ter Embankment,’and specific dimensions were not included in the
reports. Surveys of the construction activities were not available.

Excavation in the Breach Area. The buttress subexcava-
tion proceeded along the PE to include the area later breached.
The as-built report for the 2013 portion of Stage 9, issued in March
2014, reported that over 1,700 m of buttress foundation preparation
had been completed for the PE.“Foundation preparation was also
conducted downstream of the Perimeter Embankment within the final dam footprint. The area was
stripped of all organics and soft and over wet soils to expose dense inorganic native soils. The area
was then approved by the AMEC Support Engineer and waste material hauled outside the proposed
dam’s footprint. The area was approximately 1,700 m in length, extending from Station 2+700 to
4+400," ' which included the area of the breach.

It also reported, as an outstanding task whose completion is “important to the proper comple-
tion of the development of the tailings embankment,’ that a section of the foundation had not been
filled: “inspection of the prepared foundation between Station 4+100 and 44300 was attempted late
in the season but was covered with snow. It should be noted that this section will require approval
prior to any backfilling activities" ' The Independent Expert Panel’s report referenced an as-built
survey of the toe excavation (datum manually adjusted to a logical location) though no source of the

the excavation from Station 4+100 to
4+300 was left unfilled

survey is given.'3® No survey of the buttress excavation was found in records provided to MEM.

It was not possible to discern the exact dimensions of the open excavation. A variety of
dimensions were reported by various MPMC personnel.”" Drill logs that record soft soils to a depth of
1.5 =2 m near the breach area suggest that the depth of the excavation was at least 1.5 -2 m.

Dimensions of the excavation reported in the Independent Expert Panel’s report are consis-
tent with the MEM's interpretation from available construction records and interviews.

It is evident from the Stage 9 construction manual (which does not refer at all to the foun-
dation sub-excavation procedure) that any construction procedure, including paneling, inspection
or backfilling procedures, was applied informally. While a detailed procedure for sub-excavation,
inspecting, and tying in abutments—along the Set-Out Line (SOL) of the embankment, presumably at
the extreme western ends of the SE and PE, where they rose into the hillside that formed the western
end of the TSF-there was no mention of any buttress foundation preparation procedure or approval
process in the construction manual.

It was not until the 2013 as-built report issued in March 2014 that any procedure for buttress
foundation preparation was presented, and then only as a report of activities completed. There was
no discussion of either excavating or backfilling the buttress foundation subexcavation.'3? The fact
that the excavation was left open and untended for eight months suggests the documented guid-
ance in the construction manual for excavations was not applied.

The open excavation initially filled with snow, and once snowmelt occurred it continually filled
with water. The excavation was hydraulically linked to the perimeter seepage pond via a French drain
connecting to the area of the dam toe. Since the foundation could not be inspected in that condi-
tion, the inspection was never conducted. Instead, MPMC left the excavation open, a condition that
remained at the time of the failure and breach.
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6.13.4. OPERATION

Due to the failure of the PE on August 4, 2014, no as-built report was issued for Stage 9 as
construction had not yet completed.

Water Management. Water management, especially the maintenance

of sufficient freeboard in the TSF, continued to be a challenge for MPMC. For

AUl by ey e>.<amp|e, Figure 6.23 shows.cons'truction of'a s.and cell with pond ele\./ation'
as an overtopping occurred on May 24, higher than the cell. A case in point was an incident on May 24, 2014 in which
2014 the embankment core was overtopped by water in the TSF following a rainfall
event of 24 mm in a 24-hour period. (Associated snowmelt also drained to the

TSF) The overtopping was characterized as “a low flow of water passing over
the crest of the dam near Corner 3”13

Figure 6.24 Creation of sand cells 3+150 to 3+050, on May 18, 2014,
indicating high water level 6 days before the overtopping event
AMEC Environment and Infrastructure (2014c)

The overtopping is shown in Figure 6.25. The water flowed over the till core of the dam and
into the filter/rockfill zones. There were three additional low spots in the embankments where stand-
ing water on the till core were also observed. The event illustrates the precariousness of the water
balance for the site, the impacts of precipitation on freeboard, and the condition that MPMC was not
maintaining required freeboard of 1.4 m. Although the freeboard reported just prior to the rainfall
event was 0.7 m,"** such a rainfall event would not be expected to raise the TSF pond level by this
amount, which suggests that the reported freeboard was not correct.

The incident was described in AMEC's daily report as: “water is seeping through the U zone
and ending up on top of our till which then flows into the filter due to the water elevation in the
sand cell being 0.2 m higher than the top of the till at Corner 3" MPMC initiated response actions by
constructing a temporary berm at Corner 3, consisting of random fill (Zone U) over the sand cell and
glacial till. The berm was subsequently placed upstream of the core to contain the water. The pond
water elevation at the time of this incident was 966.5 m.'®
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Figure 6.25 Water Overtopping Embankment Core and Entering Filter Zone,
Station 1+530 on SE, May 24, 2014 AMEC (2014d) p. 5

AMEC Support Engineer Dmitri OSTRICHENKO assessed conditions on May 24, 2014. AMEC
requested a survey of the embankments by MPMC, which revealed three low spots (around Corners
2,3,and 5). Field review also discovered a low spot at the perimeter pipe crossing, with “standing
water noted to be present on the core! AMEC recommended immediate lowering of the pond level
through diversion of water, construction of temporary berms to protect the core at low points, and
prioritization of raising the embankments at the low spots.'*

The rainfall event (on the order of 25 mm) was not “significant”in that the original design of
the TSF calculated a PMP of 203 mm in a 24-hour period, when the mine’s footprint (and correspond-
ingly, the amount of surface runoff water draining to the TSF) was smaller.”*

Although the event was classified by the Code (1.7.3) as a dangerous occurrence, MPMC did
not notify the Ministry of the event until three days later, on May 27, 2014. At that time, MPMC report-
ed that freeboard was stable at 0.6 m, and water had been temporarily routed to the Cariboo Pit.'3
On May 27, MEM personnel conducted an aerial inspection of the site.

Based on MEM's understanding of the incident from discussions with MPMC during a May 27
teleconference, MPMC reported to have the situation under control. MEM indicated follow-up would
be required to confirm whether an overtopping and possible unauthorized discharge occurred, as
well as to discuss future dam design and operations.

MEM requested MPMC follow-up with an Advice of Geotechnical Incident form, which outlines
the details of the event and MPMC's response; and in the future provide MEM with a report regarding
similar incidents as the Code considers this to be a dangerous occurrence.'*®

Minimum operating freeboard of 1.3 m was re-established on July 4, 2014. MPMC, working
with AMEC, requested a temporary freeboard of 1.1 m for a“limited exposure window” of two weeks
while embankment construction addressed the low points in the TSE.° This temporary control mea-
sure (recommended by AMEC to MPMC) was recognized by the Ministry on July 18.'4
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MPMC classified the event not as an overtopping but a “loss of design operating freeboard

allowance at tailings storage facility, according to the Advice of Geotechnical Incident form submitted.
MEM did not have a record of receiving correspondence from MPMC during the incident to clarify
whether a dam overtopping occurred or what the minimum freeboard was during the event. The
first survey of freeboard was received by MEM on June 2, 2014 in AMEC's memo dated May 30 that
indicated the pond elevation and the dam elevation at Corner 3 to be recorded as the same ele-
vation (i.e., zero freeboard) on May 26. It was then, based on this information, MEM considered the
event to be classified as a dam overtopping.

MEM follow-up on the incident included weekly updates from MPMC on the status of the site
conditions (freeboard, construction activities, etc.), a memo issued by AMEC outlining the timeline
and incident daily status, and a water management plan endorsed by AMEC.

In a formal report of the incident, AMEC indicated the overtopping was localized to a section
of core stretching approximately 14 m. The after-action review noted, “due to poor weather condi-
tions, construction activities for raising the core were very limited"'*? Despite multiple recommen-
dations from the EoR (AMEC), “to date no extensive effort to lower the pond elevation was imple-
mented! ' It is unclear whether the mine took note of the causes of the event, implications for water
management, or other lessons learned and their application to the water management issues facing
the TSF1#

MEM inspectors concluded that the overtopping event indicated that MPMC:

B did not adhere to the OMS manual which indicates “the mine will implement emergency proce-
dures when the pond level is less than 1.3 m below the dam crest;”

B did not adequately monitor the water levels to be aware of the incident in a timely manner;

B did not produce sufficiently accurate water balance calculations to predict the anticipated water
levels.'®

Ultimately, MPMC recognized that some form of water treatment was essential to achieve a
realistic water balance on site. MPMC indicated that the company had “ordered” a reverse osmosis
water treatment system with a treatment capacity of 3 million m?/year that was scheduled to be
implemented in late 2014 or early 2015.1%

The estimated volume of supernatant water in the TSF as of August 2013 was approximately
6 million m?. ¥ Estimated supernatant water in the TSF as of August 3, 2014 was approximately 10
million m?3, &

MEM INSPECTIONS AND OVERSIGHT

A geotechnical Inspection was conducted on September 13, 2013 by Michael CULLEN, PEng., accom-
panied by Steve ROTHMAN (MEM). CULLEN reported “the Stage 9 dam raise to elevation 970m was
underway at the time of this inspection. MEM has previously reviewed and accepted the designs

for this lift. All construction work appears to be well done. A quality control and quality assurance
program is in place and it is understood that there have been no significant issues. The Mine reports
that instrumentation has responded as expected during construction.

"An inspection around the dams revealed no indictors of instability and no significant seepage
on the face or toe of the dams.

“We reviewed the revised Operation, Maintenance and Surveillance Manual prepared by
Mount Polley in July 2013. This document covers tailings and water management across the site and
is considered well thought out.

“Based on our observations and information reviewed we consider that the TSF is being
designed, constructed, and operated in general conformance with the requirements of the geotech-
nical components of the Code, Permit M-200, and accepted engineering practices'*

No inspection orders were issued.
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6.14. STAGE 10 (APPLICATION SUBMITTED) - 2015-

Although no Stage 10 raise was commenced due to the failure of the TSF, the Stage 10 design does
have a place in the chronological narrative. A design was produced for Stage 10, and it appears that
some construction work proposed in this design was started as early as October 2013.

The Stage 10 raise was planned to achieve a crest elevation of 972.5 m, and to accommodate
further lifts to meet tailings storage requirements for the remainder of the life of the mine. The raise
was anticipated to commence upon issuance of a Mines Act permit amendment, applied for on July
25,2014, to be completed by spring of 2015. In addition to the raise to 972.5 m, Stage 10 proposed
the following:

B Addition of Zone C buttresses along the main and perimeter embankments
B Additional shear strength testing of glaciolacustrine foundation layers

Commencement of Stage 10 would also mark the transition of Engineer of Record from AMEC
to BGC Engineering Inc. (BGC). Key engineering staff, including Todd MARTIN and Darryl DUFAULT,
had previously transferred from AMEC to BGC.

6.14.1. PERMITTING

The Stage 10 Mines Act permit amendment application, prepared on behalf of MPMC by BGC, was
received by MEM on July 25, 2014, less than two weeks prior to the dam breach. Due to the breach
event on August 4, the permit amendment application was not reviewed by MEM.

6.14.2. DESIGN

The crest raise to 972 m‘“is expected to provide sufficient tailings, water storage, and flood storage
freeboard until the end of September, 2015 "*° Figure 6.26 shows both the construction lift at the
dam crest and the development of a buttress to increase stability.
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Figure 6.26  Stage 10 PE Section Plan
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"The currently permitted mine plan runs to 2016. MPMC is reviewing and updating the mine
plan and as of issuance of this report, the mine life is projected to 2025. Extension of the mine life to
2025 would result in a projected final average tailings elevation (assuming flat deposition— neglect-
ing beach slopes) in the TSF of 990 m.

"The intent therefore is to provide an interim dam configuration in the 2015 design report up-
date. The design of the dam to its projected closure configuration will be completed once the water
balance is better clarified, the efficacy of the water treatment plant (WTP) at its design throughput
rate is confirmed, and the rate of decrease of the surplus pond volume, and coincident widening of
the above water tailings beaches, can be incorporated into the design."™’

The notion of the importance of wide tailings beaches was, for the first time, specifically
mentioned in a design document. The report stated, “‘an above water tailings beach, separating the
dams from the TSF operating pond, represents a fundamental structural element of the dams. Such a
feature achieves the following key functions:

B Support for ongoing centerline raising of the dam

B Reduction of seepage from the TSF

B Reduction of hydraulic seepage gradients, of particular importance given the low core width/
hydraulic head ratio for the core of the dams

B Reduction of pore pressures in the foundation soils underlying the dams

B Greatly restricts the supply of water to propagate a hydraulic fracture that could develop in a
narrow core zone

B Limits the rate at which water can flow through any defects (e.g. cracks) in the core

B Where tailings are directly against the upstream side of the core, they could potential function as
a crack-stopper.” 1>

The Stage 10 design document goes on to propose, as an “interim target, a minimum
above-water beach width of 400 m is judged a reasonable criterion for planning of tailings deposition
operations once the volume of water within the TSF has been reduced. In the next phase of design
for raising above 972.5 m, seepage analyses, calibrated to available seepage flow and piezometric
data, will be used to guide refinement of these criteria, as wider beaches against the Main and Pe-
rimeter dams than against the South dam may be appropriate. The next phase of design should also
include tailings deposition planning to provide operations with guidance for the tailings deposition
locations and tonnages/durations necessary to establish and maintain wide above-water beaches for
the entire length of the dams! (italics added)'*

The document noted, “portions of the Mount Polley TSF dams are underlain by glaciola-
custrine and glaciofluvial soils. There is evidence of a varved structure within the glaciolacustrine
unit, which raises the potential of brittle behavior (i.e. significant reduction in shear strength) upon
straining... In the worst case, foundation straining (in response to staged dam construction) could
result in a reduction of the shear strength to its residual (minimum) value... there is to date no
evidence, based on borehole and test pit data, site geology reports, or inclinometer monitoring, of
any such degradation in foundation shear strength. Nonetheless, in keeping with the tenets of the
observational approach, it is necessary to incorporate designs and/or viable plans of action to ‘deal
with every unfavourable situation that might be disclosed by the observations!In the case of a re-
duction of shear strength from peak to residual in potentially brittle soils within the foundation, there
is likely to be insufficient time available to recognize and respond to such a condition. Accordingly,
as a contingency measure, the following FoS criterion is applied for the staged raising of the Mount
Polley TSF: FoS >1.1 based on a reasonable worst case scenario for residual shear strength within the
glaciolacustrine foundation soils!" 1>

Investigation Report of the Chief Inspector of Mines - Mount Polley Mine Tailings Storage Facility Breach 93



94

6.14.3.

TSF CHRONOLOGY

“Itis important to note that the residual strength case is not the design basis — it is the basis
for contingency planning consistent with the observational method. If ongoing monitoring and
investigations indicate that the operative shear strength of the glaciolacustrine unit, where present,
is significantly lower than currently estimated, then the FoS > 1.5 criterion would apply for that lower
shear strength!” 1>

BGC concluded with the observation that “the Stage 10 crest raising will precede the down-
stream slope buttress raising, to take advantage of summer weather conditions for till core construc-
tion. For the Stage 10 crest raising, addition of fill prior to fill placement against the downstream
slope of the dam is acceptable as the FoS values were evaluated for the El. 972.5m crest without
buttress raising, and were found to be adequate although below target factor of safety criteria in some in-
stances... FoS design criteria are expected to be achieved or exceeded along the entire length of the
dam prior to commencement of crest raising above El. 972.5m in the spring of 2015/ (italics added)'®

WATER BALANCE

As in all recent (post-2005) design documents, water balance was performed by the mine, not the
engineer; the design document, however, recognized that the expanded disturbed area footprint,
coupled with the loss of water storage capacity in open pits due to mining operations, contributed
to demands on the TSF for site water storage.

“In recent years, the TSF has been operating with a significant annual water balance surplus,
with the result that the volume of water stored within the TSF has increased on a year over year basis.
MPMC has a permit to discharge up to 1.4 Mm? of water per year to Hazeltine Creek, but has gener-
ally been unable to discharge more than about 10% of this amount owing to water quality con-
straining allowable discharge volumes. As of the end of May 2014, following what is understood to
have been an abnormally high snowpack runoff and a significant multi-day rainfall event, the pond
volume was estimated to be between 8 and 9 Mm?. This is significantly more water than is required
to maintain a viable process water reclaim pond —in 2010, for example, the estimated volume of
water in the TSF was only about 900,000 m?.

“The ongoing accumulation of a water surplus within the TSF causes the following challenges:
B Foragiven dam crest elevation, tailings storage capacity is displaced by water storage.

B Wide, above-water, tailings beaches that separate the dam from the reclaim water pond, a fun-
damental component of the dam design ... can be neither established nor maintained.

B The conceptual closure configuration for the TSF incorporates reclaimed (covered and vegetat-
ed), wide, above-water beaches against the dam from abutment to abutment, and a minimal
water pond with an overflow spillway for pond level control. TSF pond volume that increases
year over year is incompatible with operating to achieve that closure configuration.

B The dam crest raising schedule has to be accelerated.

"The volume of water stored in the TSF is controlled by hydrologic conditions beyond MPMC's
control. The ability of MPMC to store water in open pits, a previous practice, is at odds with current
mine plans and on-going pit development. These circumstances have increased the potential for
flood storage and freeboard requirements to be infringed upon as a result of larger than anticipated
water accumulation within the TSF. To resolve this and the issues noted above, MPMC is advancing
the permitting and design for the construction of a reverse osmosis water treatment plant (WTP),
capable of treating and discharging up to 3 Mm? per year on a year-round basis. MPMC anticipates
commissioning of the WTP, and initiation of discharge to Polley Lake, in October 2014.

“MPMC has developed a site-wide water balance model that can be used to predict the site
wide surplus or deficit for average, wet, and dry year scenarios. The model accounts for the expand-
ed mine footprint of recent years and for the flows captured by recently constructed runoff and
seepage collection ditches. The model also allows MPMC to project TSF pond volume changes for
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various water treatment and discharge scenarios. MPMC has used the model to project various water
management scenarios for the coming year, prior to the 2015 dam crest raise, in order to determine
the appropriate target crest elevation for the TSF dams for the 2014 construction season.” '’

6.15. SUMMARY

The chronology of the TSF reveals a history of gradual changes. The embankment design and con-
struction was staged over the course of nearly two decades.

Certain parameters and operational protocols changed over time, especially the management
of water balance over the site, the oversight of construction activities, and the frequency of surveil-
lance activities.

The design profile of the PE at the close of Stage 9 (at the time of the failure) is shown in Figure
6.27. The elevation of the crest is 970 m; the height of the embankment at its highest point (where
the breach occurred) is approximately 40 m, and the downstream slope is at 1.3H:1.0V.

STAGE 6B

STAGE 6A!

STAGE 3A/38

STAGE 2A

FILL PLACED DURNG .~
STAGES 5 AND 6

Figure 6.27 Embankment Stages Appendix 3, Fig. 2.6

Design changes proposed by BGC were aiming the TSF toward increased stability and an
increased focus on water reduction, particularly by obtaining relief through treatment and discharge.
Stability increases were to be accomplished with construction of a new buttress on the PE and en-
hancement of existing buttress on ME. This chronology represents the history of the TSF up until the
PE failure and breach that took place on August 4, 2014.
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7.1.

GEOTECHNICAL CONDITIONS

Given the importance of understanding the geotechnical conditions in the dam’s foundation soils,
the investigation included the collection and analysis of geotechnical information to determine the
actual geotechnical conditions in the area of the breach.

To accomplish this investigation, the Chief Inspector engaged the engineering firm of Klohn
Crippen Berger (KCB) to review the level of knowledge of the engineering consultants who advised
MPMC over the lifetime of the TSF, and to compare this knowledge at the location of the failure with
the findings of the post-failure site investigation.

KCB noted differences in the interpreted foundation conditions, which focused on the under-
standing of the upper glacioacustrine unit (UGLU), which was either characterized as discontinuous
and thin (and therefore dismissed), erroneously conflated with the lower glaciolacustrine unit (LGLU)
that was accurately identified and characterized, or missed altogether. This chapter outlines the actual
structure of the foundation in the area of the breach, with a focus on understanding the UGLU and its
characteristics.

GENERALIZED SOIL UNITS

One area of focus of the investigation has been the weak layer of clay in the immediate vicinity of the
breach. This layer, known as the UGLU, was deposited in the period between glaciations of the region
in a glacial lake. The history of the UGLU, the amount of consolidation it received (by pressure caused
by a glacier advancing above the UGLU), and the level of attention it received from engineering
consultants all play significant roles in the dam failure event.

The Chief Inspector engaged KCB to collect pertinent geo-
o . ! _ UGLU
technical information to support an evaluation of the mechanism of

failure of the embankment. A summary of the previous site charac- the upper glaciolacustrine unit is a weak
terization information at the embankment failure area is presented clay layer resting 10 metres below the
in Section 7.2. The soil profile encountered in the vicinity of the em- site of the TSF failure

bankment failure consists of interlayered glacial till, lacustrine, and

glaciofluvial deposits. A review of the knowledge prior to the dam

failure suggests that the glaciolacustrine and glaciofluvial layers within the upper tills throughout the

tailings embankment footprint were variable in consistency and were distributed across the site, both

spatially and in elevation.

However, the post-failure site investigation identified a clay layer of glaciolacustrine origin
underlying glacial till approximately 10 m below the base of the embankment. This clay layer, termed
the UGLU, is a moderate to high plastic, clay-rich varved lacustrine deposit ranging up to 2 m thick
and, to the extent the foundation conditions were revealed by post-breach site investigations,
largely confined to the area of the failed embankment. As glaciolacustrine sediments are deposited
sub-aqueously, horizontally, and often contain high percentages of silt and clay, they typically repre-
sent weak units within the foundation and are therefore of particular geotechnical concern.

The glaciolacustrine foundation soils were classified by KCB based on the following:

B Glaciolacustrine/glaciofluvial units above approximately el. 917 m were classified as units within
the “upper tills” (referred to herein as the “upper glaciolacustrine units”).

B Glaciolacustrine units below approximately el. 917 m and below the ME were assumed to be
part of the main glaciolacustrine/glaciofluvial unit (referred to herein as the “lower glaciolacus-
trine unit”).

B Till below the main glaciolacustrine/glaciofluvial unit was classified as “lower till”
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A simplified schematic illustrating the generalized soils units is presented in Figure 7.1. The left
soil profile is the generalized summary of the foundation soils as known prior to the breach; the right
side shows the additional detail gained from investigations following the breach.

Glaciolacustrine (UGLU)

Upper Till (UGT)

Upper
Tills

Glaciolacustrine/
Glaciofluvial

B e o)

Glaciolacustrine/
Glaciofluvial Unit

(UGLU)

(LGLU)

Lower Till (lodgment/basal) (LGT)

Bedrock

Figure 7.1  Schematic of Generalized Soil Units Appendix 3, p. 79

The appropriateness of the geologic models developed by the engineering consultants and
presented in Appendix 3 (Section 3.4) was reviewed within the context of the relatively complex
geological setting and history described in the previous sections of this report. Some of the challeng-
es and key observations that can be made in trying to support or modify the previously proposed
geologic models include the following:

B The PEis approximately 2 km in length, with a current maximum dam height of approximately
40 m, which is a relatively long stretch of soil conditions that need to be quantified.

B The majority of the previous site investigations within the PE footprint were shallow drill holes
and test pits. Prior to 2011, only one drill hole extended to bedrock (MP89-231), and the tricone
rotary drilling method only employed sampling of the drill cuttings as the hole progressed. This
type of sampling is not adequate to quantify the soil properties or to identify thin layers.

B The 2011 drilling program included three locations near the downstream toe of the PE. Drilling
included continuous core sampling into bedrock. However, the spacing on the drilling was
approximately 500 m apart, a large spacing considering the glacial geology. A lower-strength
UGLU was not encountered in the drilling.
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B While there is evidence of UGLU downstream of the PE, there was no quantitative data that they
were present beneath the dam footprint. The glaciolacustrine units identified near the surface in
the breach area were reported to have been excavated as part of the dam foundation prepara-
tion.!

7.2. PREVIOUS SITE INVESTIGATIONS

Various site investigations were conducted from 1989 to 2012 at the TSF. Figure 7.2 presents the plan
of pre-failure site investigations conducted at or near the failed embankment. The deep condemna-
tion drillhole, MP89-231, is indicated with the arrow.
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Figure 7.2 Site Investigations Near the Breach Appendix 2, Fig 2.9
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The investigations conducted in the area of the failed embankment and the PE comprised the fol-

lowing:

B In 1989, MP89-231 was drilled below the failed embankment to 122 m depth by tricone rotary
drilling. The overburden was characterized from drill cuttings, which is usually imprecise in
quantifying soil properties or identifying thin layers. No glaciolacustrine deposits were identified
in MP89-231. The water table was at the surface.

B From 1995 and 1999, a total of 4 test pits and 17 drill holes were completed in the vicinity, with
2 test pits and 11 drill holes below the failed embankment. These investigations were restricted
to 5 m depth, except for DH99-132 which was 7.5 m deep. A clay layer, up to 2 m thickness, was
encountered near the surface overlying stiff to very stiff glacial till. The areal extent of this layer
was confined to the center of the failed embankment area, at DH99-114 to DH99-119 as shown
in Appendix 2, Figure 2.9. This correlates with the shallow clay deposit excavated during the
foundation preparation.

B In1996,a61 m deep groundwater monitoring well (GW96-1A/1B) was installed downstream of
the Perimeter Embankment Seepage Collection Pond, approximately 150 m downstream and
east of the failed embankment. A soft glaciolacustrine deposit was encountered from 919 m to
923 m, with a Standard Penetration Test (SPT) blow count of 6 blows per foot. Artesian condi-
tions were also encountered in a permeable glaciofluvial unit from 896 m to 885 m.

B Asdiscussed earlier, 5 Cone Penetration Tests (CPTs) were completed in 1999 through the
upstream tailings beach to 8 m below tailings level. Three CPTs are upstream of the failure area.
CPT99-14 reached 7.9 m below the tailings surface and encountered soils classified as silty clay.
Tailings thickness in the area was about 5 m, indicating this CPT sounding reached about 3 m
into the underlying foundation.

B |n 2011, two sonic core holes (VW11-10 and VW11-11) were drilled at the embankment toe.
VW11-11, located west of the failed dam, encountered a stiff glaciolacustrine deposit at 933 m to
929 m and VW11-10, located east, encountered a thin layer of glaciolacustrine at 917 m. Vibrat-
ing wire piezometers were installed in foundation soils in both holes.

B Alsoin 2011, one inclinometer (SI11-04) was installed downstream of the embankment toe,
approximately 150 m east of the failed embankment. A stiff to hard glaciolacustrine layer was
encountered at 914.9 m. In 2012, a replacement inclinometer (S112-01) was installed adjacent to
SI11-04 due to a suspected malfunction in SI11-04. Instrumentation records and readings from
instruments on the PE are presented in Appendix 2.

In summary, detailed information on the soil profile below the failed embankment was
restricted to a 7.5 m depth. The investigations encountered glacial till overlain in local areas by a
deposit of glaciolacustrine clay. Deeper investigations outside the failure area revealed the presence
of three other glaciolacustrine deposits at different elevations and depths, and the occurrence of
artesian pressures within glaciofluvial deposits at depth.?

7.3. INFORMED QUATERNARY GEOLOGY

The soil stratigraphy was studied by KCB as part of the failure investigation and this information was

used to update and confirm the quaternary geologic model discussed in Appendix 3 of this report

(Section 4.3). Some key observations from the failure investigation are summarized below:

B The preservation of laminations and layering within the lightly overconsolidated UGLU indicates
that the overlying upper glacial till (UGT) was deposited under relatively thin ice, likely less than
50 m in thickness based on the level of overconsolidation measured in free-field (outside of
breach area) samples. Conversely, the LGLU appears to have undergone much greater glacial
loading as evidenced by its overconsolidation ratio and wavy and distorted laminations that
may be indicators of glacial drag.
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B The gradation and texture of the UGT are typical of basal till. The lower relative strength and
higher moisture content of the UGT compared with the underlying MGT, however, indicates that
the UGT was deposited under much thinner ice than the MGT. The preservation of structure and
light overconsolidation of the underlying UGLU also indicate the ice that deposited the UGT was
relatively thin.

B When the UGLU was not present, the UGT and MGT were often differentiated in the field based
on colour. The UGT was generally brown/grey, whereas the MGT was green/grey. This, and the
differences in the properties described above, indicates the two units are of different age and
origin.

B Organic samples collected from the LGF indicated an age of approximately 34,000 years before
present (bp).

KCB's interpretation of the history of glaciation within the breach area is summarized below:

1. The LGT was deposited during the penultimate glaciation. Both the degree of consolidation and
high strength of this deposit suggest it was deposited subglacially under heavy glacial loading.

2. The LGF sediments were deposited as glacial outwash following the penultimate glaciation.
3. Asecond glacial advance deposited the basal MGT, and loaded the LGF unit.

4. A period of glacial advance and retreat during, or after, the second glaciation deposited ice-prox-
imal glaciofluvial (UGF) and glaciolacustrine sediments (UGLU) found within the breach area.

5. Afinal glacial advance overrode the UGLU and deposited the UGT subglacially. The “bowl
shaped”bedrock topography in the breach area may have created a stress shadow during the
final glacial advance that limited glacial loading of the UGT and UGLU?

7.4. GLACIOLACUSTRINE UNITS

As a result of the investigation carried out on site and in the laboratory by KCB, an understanding
of the structure of the foundation in the breach area emerged. As part of the KCB site investigation,
disturbed and undisturbed soil samples were collected to characterize the foundation soil units
and dam core. Drill holes were located so that observations of soil structure and differences in soil
strength could be assessed within the breach and in the “free field”

KCB compared the index properties of the two glaciolacustrine units encountered within the
breach area: the ULGU and the LGLU. A summary of the index properties is shown in in the table
below.

SUMMARY OF INDEX PROPERTIES FOR UGLU AND LGLU (KCB 2015A)

Parameter Upper Glaciolacustrine Lower Glaciolacustrine
(UGLU) (LGLU)
Soil classification Cl-CH @
Specific gravity 2.77 -
Gravel content (%) 0to4(2) 0
Sand content (%) 0to 15(8) 1104 ()
Fines content (%) 81 to 100 (90) 96 to 99 (97)
Clay content (%) 39to 67 (50) [59] 2310 32 (26) [31]
In situ water content (%) 13 to 54 (36) 15t0 29 (23)
Liquid limit (%) 331069 (50) [61] 31t0 42 (35) [41]
Plastic limit (%) 15to 26 (20) 11t023(18)
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Plasticity index (%) 18 t0 49 (30) [39] 111027 (17) [24]
Liquidity index (0.5) (0.2)
Activity (0.6) (0.6)

47% illite, 29% chlorite, 22% 43% illite, 27% chlorite, 24% smectite, and
smectite, and 11% kaolinite 10% kaolinite

XRD clay speciation (Note 3)

Notes:
1. Values presented are minimum and maximum range of tested data. The median of this range is included in brackets.
2. Square brackets shows mean + standard deviation value representing the upper 2/3 bounds of data.
3. Median values for semi-quantitative amount of clay minerals reported for the < 2 microns fraction.

Generally, the UGLU was shown to have a higher moisture content, higher plasticity, higher
clay content and higher liquidity index (indicating less overconsolidation) than the LGLU.

Drained peak and residual strength parameters for the UGLU were measured by KCB through
direct shear and triaxial compression testing. Consolidation tests indicate a mean preconsolidation
pressure of approximately 400 kPa, meaning that under significant portions of the dam the UGLU
would have been loaded beyond its preconsolidation pressure and into a normally consolidated
state. Accordingly, the undrained strength of the UGLU was assessed under direct simple shear.

Compared to the UGLU, the LGLU is very stiff to hard and overconsolidated. Oedometer
testing on one sample of LGLU indicates a preconsolidation pressure in excess of 750 kPa. This means
that under the dam the LGLU would have remained in an overconsolidated state and ultimate
strength of the soil would be governed by the drained frictional strength. One direct shear test
was performed on the LGLU which was understood to represent the “average”drained strength. To
approximate the strength of high plasticity, clay rich horizons in the LGLU unit, the fully softened and
residual drained friction angles were estimated using liquid limit and clay content.

Glaciolacustrine units'strength parameters used for the KCB failure assessment are summa-
rized in the table below.

SUMMARY OF STRENGTH PARAMETERS FOR FAILURE ANALYSIS -
GLACIOLACUSTRINE UNITS (KCB 2015A)

Parameter Upper Glaciolacustrine Lower Glaciolacustrine
(UGLU) (LGLU)
Peak effective friction angle 22° 28°
Residual effective friction angle 14° 23° (free field)

18° (below embankment)

Undrained shear strength

Su=50+0.13 ovo' (peak)
Su=36+0.11 ovo' (20% strain)
Su =22 +0.03 ovo' (remolded)

None of the stability analyses conducted prior to the TSF failure incorporated the weaker
UGLU layer. As the PE became steeper and higher, the forces exerted by the embankment pene-
trated deeper into the foundation soils, eventually incorporating the UGLU. See also Figure 9.2 for
additional data on strength of the LGLU.
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7.5. INSTRUMENTATION RECORDS

Figure 7.3 presents the pre-failure instrumentation plan at Corner 1 of the PE. Instrumentation

includes: 17 vibrating wire piezometers, 2 slope inclinometers and flow measurements from the up-
stream toe drain. Reference information for the instrumentation is included in the Failure Assessment,
Appendix 2.

LW

Figure 7.3 Instrumentation Plan at Section G and G’ at Breach Site
Appendix 2, Fig 2.10

Monitoring frequency varied throughout the operation of the TSF. Frequency was initially
every two weeks for inclinometers and piezometers, and was reduced to once a month after 2012.#
Seepage measurements from the upstream toe drain were typically recorded 3 to 8 times per year
starting in 2007.

7.5.1. PIEZOMETERS

The piezometers were either installed during construction within the tailings impoundment and fill

materials, or installed in foundation soils during site investigations. In the area of the breach, pie-

zometers were installed in the dam structure, but not in the foundation. 12 of the 17 vibrating wire

piezometers at the PE were functioning in 2014. The functioning piezometers are located along three

sections (2 are shown in Fig. 7.2; Section D is shown in Appendix 2, Figure 2.10:

B Section G (AMEC) — west of breach area: 2 in foundation soils (glacial till and glaciolacustrine);

B Sections G'(KP) — in breach area: One installed in the upstream tailings, one in the upstream fill
(Zone U), and one in the till core (Zone S); and

B Section D (KP and AMEC) - east of breach area: Three in foundation soils (glacial till, glaciola-
custrine, and glaciofluvial), 2 in the filter materials, one in the till core, and one in the upstream
tailings.
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Salient observations from the piezometers are as follows:

B Piezometers G2 and D04 were installed in the till core (Zone S) at a nominal elevation of 948 m.
Pore pressures in G2 began to increase as the pond elevation rose above about 960 m, indicat-
ing saturation of the core. No pore pressure response was observed in D04 in response to the
pond rise. However, the pore pressure in piezometer D03 located downstream in Filter Zone F
increased as the pond level rose above 955 m, an indicator of high seepage through the core.
Other explanations are that the readings for D04 and D03 are interchanged and misreported or
D03 is actually in the core.

B Piezometers installed in the upstream tailings (G3 and DO05) and in Zone U (G1) all responded as
the upstream pond level rose above the elevation of the piezometer tips. However, the piezo-
metric levels were typically 5 m to 10 m below the adjacent pond level, reflecting the influence
of the upstream toe drain.

B Piezometers installed in drain and fill materials downstream of the core showed no response to
embankment raising or pond level rise. The exception is the anomalous response in D03 noted
above.

B Only 2 piezometers at Section D outside the failure area, D01 and D02, are installed below the
embankment. Both were installed in the upper glacial till deposits. Neither piezometer showed
any transient increases in pore pressures caused by loading during periods of embankment
raising. DO1 gradually increased by about 5 m over time, likely in response to seepage pressures
increasing with the rise in the upstream tailings pond.

B Piezometers D6, D7, G4 and G5 are located outside the failure zone and beyond the downstream
toe of the embankment. G4 and G5 indicate a water table near the ground surface and a down-
ward gradient. Piezometric elevations at D6 and D7 are about 12 m below the ground surface
and also indicate a downward gradient.

7.5.2. INCLINOMETERS

Only one inclinometer (SI11-04) was installed in 2011 at the PE. It is located approximately 150 m
southeast of the dam failure and 20 m downstream of the embankment toe. As such, this inclinome-
ter would not have given prior warning of the dam failure.

There were no inclinometers installed in the area of the breach.

The 2012 as-built report indicated the following:“In late 2012, readings from an inclinometer
located downstream of the Perimeter embankment (S111-04) showed compression failure defor-
mation consistent with settlement at depths from ground surface to 15 m below ground surface.
AMEC recommended that additional instrumentation be installed, as the SI11-04 would likely cease
functioning due to the deformation” Based on the soil profile at SI11-04, this deformation occurred
in the upper glacial till unit. No significant displacements were observed in the glaciolacustrine layer
encountered at 914.9 m, which is described as very stiff to hard. The elevation and characteristics of
this unit are similar to the lower glaciolacustrine layer (LGLU).

An inclinometer casing with compression fittings (S5112-01) was subsequently installed to re-
place SIT1 04 and set 42 m below ground surface. Readings for SI12-01 began on March 12,2013 and
continued until August 13, 2014. No preferential displacement trends or shear planes were observed
in SI12-01. Cumulative displacement was in the order of 5 mm for a period of 10 months. Installation
details and readings from SI11-04 and SI12-01 are included in Appendix 2.
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7.5.3.

7.6.
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SEEPAGE FLOWS

The flow rates from the upstream toe drain were measured in the ditch downstream of the pipe out-
let. Flow records extracted from as-built reports are included in Appendix 2. Relevant observations
include:

B Seepage rates from the upstream toe drain increased with time as the tailings pond rose. The
seepage rate on July 2014 just prior to the dam failure was 23.4 /s at a tailings pond elevation of
966.3 m.

B Atemporary “spike”in seepage rate to 91 L/s was reported for April 2013. The tailings pond
during the spike was rising to 962 m, when the embankment crest was at 965 m. The seepage
rate diminished after the pond surpassed 962 m. The increased seepage may be related to the
higher permeability of the Zone U fills placed in Stages 6B and 7, which comprised mainly rock-
fill. The seepage dropped as this rockfill was covered by deposited tailings.

Flow measurements from the outlet drains located just east of the breach (see Appendix 2, Fig.
2.4) were reported from July 2000 to November 2006 and yielded flow rate of less than 1 L/s.

SUMMARY

Limited site investigation, first during the initial design and subsequently at each progressive lift
stage, did not reveal a layer of weaker glaciolacustrine clays, roughly 10 m beneath the ground
surface. This layer, the upper glaciolacustrine unit (UGLU), rested under the site of the breach. Neither
its potential presence nor its strength was taken into account in any stability analyses conducted
pre-breach, so the FoS calculated by these analyses were intrinsically in error. As the dam height
increased, the forces exerted by the dam reached this weaker layer. The following chapters assess the
role this weak clay layer had in the chain of events and additional conditions that led to the failure of
the dam and release of the TSF contents into the environment.

FOOTNOTES

I
2
3

Klohn Crippen Berger (2015b) pp. 81-3 4 AMEC Environment & Infrastructure (2013a)
Klohn Crippen Berger (2015a) pp. 9-10 5 AMEC Environment & Infrastructure (2013a)
Klohn Crippen Berger (2015b) p. 114
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EVENT NARRATIVE

The Perimeter Embankment (PE) of the tailings storage facility (TSF) at Mount Polley Mine failed
during the night of August 3-4, 2014 between Stations 4+110 and 4+350 of the TSF (see Figure 5.11).
The timeline of events during the failure and breach are summarized in Section 8.3. The initial dam
slump (failure) occurred at approximately 11:40 pm, August 3, 2014.

Subsequently, the crest of the dam was eroded, with the flow of TIMELINE
materials from the TSF starting at approximately 12:50 am August 4.
Major flow and power loss occurred at approximately 1:08 am the breach opened within just two

August 4. The dam continued to erode throughout the night until hours of the initial dam failure

approximately noon on August 4; outflow largely abated by approxi-
mately 4:00 pm.

The rapidity of the failure and breach events prevented possible remedial actions to repair the
dam or breach before the PE failed completely. The rapidity of the failure supports the conclusion
that a “brittle” failure mechanism was activated during the failure, as no prior evidence of distress in
the dam was visually evident to mine staff.

Figure 8.1 Aerial View of Dam Breach
Red line is limit of cracking and upthrust ground at toe. Appendix 2, Fig 3.2

Greater detail of the failure mechanism and process can be found in Chapter 9. Additional
information on interviews and other data collected to reconstruct the narrative of the event can be
found in Appendix 3.
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8.1.

8.2.

8.2.1.

EVENT NARRATIVE
CONDITIONS PRIOR TO FAILURE

Construction activities on the TSF continued up to the time of the breach. Figure 8.2 shows place-
ment of Zone C rockfill on the PE a week before the failure. The night of the event, sand cell construc-
tion was under way until the breach was in full progress.

The event occurred early in the morning hours of BC Day, a statutory holiday in British Colum-
bia. This is important as many staff, including managerial staff, were away during the long weekend.
Operations during the night shift included a sand cat operating on the sand cells of the TSF near
Corner 4, across the TSF, approximately 1.5 km from the site of the breach.

Figure 8.2  Placement of Zone C Rock on PE, July 28, 2014
AMEC Environment and Infrastructure (2014e)

EMERGENCY RESPONSE

At Mount Polley Mine, guidance for emergency actions was provided in multiple documents,
maintained at varying levels of currency, and with varying levels of access. Multiple emergency plans
across the site were developed in isolation and not integrated. This section briefly reviews the state
of two key emergency response documents, the Mine Emergency Response Plan (MERP) and the Oper-
ation, Maintenance and Surveillance Manual (OMS) and the role these documents played in the imme-
diate response to the event. It includes some analysis and evaluation of the emergency response.

MINE EMERGENCY RESPONSE PLAN

The MERP is a requirement under Part 3.7.1 of the Code. The MERP must be current, acces-
sible, and effective in providing emergency guidance. In the case of MPMC, the MERP fell short on
all of these requirements. It did not include any reference to emergency management at the TSF.
Although the MERP’s deficiencies have not been linked to any cause of the failure, they significantly
impacted the ability of MPMC senior staff to respond and could have severely impacted the safety of
persons downstream had any been present.
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The MERP available on site was not current. Prepared in 2005, the MERP appeared to have
been updated only in a cursory manner in 2010 and 2014. MEM inspectors recognized non-com-
pliance of the MERP with the Code and follow-up actions have been taken to rectify this finding, as
detailed in Appendix 1, Section 1.5.

8.2.2. OPERATION, MAINTENANCE AND SURVEILLANCE MANUAL

As an operator of a TSF, MPMC is required by part 10.5.2 of the Code

to have onsite a current OMS for the TSF. According to the OMS
in force at the time of the event, the OMS “describes the roles and
responsibilities of Mount Polley site personnel for the management
of the TSF and associated facilities; describes in detail the facility;
describes engineering and design of the components; establish-

es the procedures and processes for operation, surveillance and
maintenance of the facility; explains documentation associated with the OMS; and, outlines emer-

site personnel had to improvise a
reactive emergency response

gency procedures.” In addition to setting out requirements for the tailings facility, the OMS provides
operating procedures for managing water balance on site.

The MPMC OMS contained the emergency response plan for the TSF. The failure and breach
events were classified by the OMS as a Level 3 Situation, the most serious event, which called for the
following:

“The first actions in the event of any Level 3 Emergency Condition are:

B Check that all persons who could possibly be affected are safe; and
B [nitiate the appropriate chain of communications.

“The person who initiated the communication should then stand-by at a safe location near
the problem area and await further instructions or decisions. All those involved in emergency
response, after first having communicated with the appropriate parties, should consider two types
of actions as first steps in the emergency response, with respect to the protection of human life and
health, environment and property:

B What can be done to prevent the situation from worsening?
B What can be done to reduce the consequences of the impending or actual failure?

“Any such action must be presented to the Mine Manager who will decide on its implementa-
tion in consultation with the MEMRH [regional MEM office].
“The notification procedure for a Level 3 Emergency Condition is as follows:

B The person noticing a Level 3 Emergency Condition shall notify the General Manager and initi-
ate corrective actions and/or intensified monitoring, as appropriate.

B The General Manager shall notify Mount Polley Corporate office, Mount Polley Tailings Project
Manager, and the Engineer of Record.

“In the event of an emergency situation that will result in an actual or potentially imminent
dam failure, or release of untreated water, the General Manager shall also notify the MEMRH [MEM
regional headquarters]. Names and telephone numbers for the key contacts are given in Table 2.12
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8.3.

8.3.1.

A separate document, Appendix E-13 Emergency Levels, provided a somewhat more compre-

hensive action list. For “Failure or suspected imminent failure of a dam (any reason)," the list included:
1. “Initiate chain of communications and ensure safety of people.

Stop tailings discharge into the TSF.
Monitor water levels every 3 hours if safe to do so.

Lower pond by any practical means approved by the Design Engineer.

Contact the Design Engineer.

2

3

4

5. Mobilize pumps and earthmoving equipment.

6

7 Construct confinement berms downstream of the embankment and ponds where feasible.
8

Contact the Ministry of Energy and Mines.

The MPMC employees on duty at the time of the TSF breach did not access the OMS or the
MERP. They only referred to a list of telephone numbers, and many of the key staff on the sheet were
unavailable on the holiday weekend. Emergency response actions taken in reaction to the failure
were not guided by the MERP, the OMS, or the Emergency Levels documents; and that these plans
were not developed to prepare the mine for a disaster of this magnitude. The events of the early
morning hours of August 4, 2014 challenged the mine personnel to improvise a response despite
the lack of preparedness or existing tools at hand to guide their response.

TIMELINE OF THE FAILURE AND BREACH EVENTS

The timeline, reconstructed from interviews and statements of individuals on site at the time, indi-
cates the dam failed within a period of less than one hour between 10:35 pm on August 3, 2014 and
12:10 am August 4, 2014. The breach was under way with sufficient force by approximately 1:08 am
to demolish the power line downstream from the breach site, triggering an initial response by site
personnel to investigate the loss of power. Water level records obtained from the mill control room
were also instrumental in tagging specific events to time of occurrence. Reviewed and summarized
time records reflect local Pacific Daylight Time.

EVENT TIMELINE & MPMC RESPONSE

The following timeline has been reconstructed from physical logs of pumping station activity (with
relative times registered to clock time), statements of MPMC personnel, shift logs, and other sources.
Approximate times are noted as such; events for which no time was recorded are reported in se-
quential order. Pump station logs supply a quantitative record of events; times reported in personnel
interviews may vary significantly.

SUNDAY, AUGUST 3 2014

10:35 pm PDT [Mine Personnel] drives along the toe of the PE and goes up to the dam crest, near the
breach site, to turn on the No. 2 pump in the PE Seepage Collection Pond sump (a normal
procedure). [Mine Personnel] notes that the sump pipeline discharging into the TSF is
“turbulent!”

11:30 pm [Mine Personnel] is operating the sand cell cat on the South Embankment, on the opposite

side of the TSF from the breach site.

[Mine Personnel], back in the mill's control room, notices that the water level in the Pe-
rimeter sump is increasing., and by 11:40pm has leveled out or “flatlined;” that is, water is
flowing into the sump at a rate equal to the pumping, which is well above normal rates.
701/sec was flowing into the Perimeter pond.
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11:40 pm [Mine Personnel] observes that the water level in the Perimeter sump is “increasing rapidly.”

12:00 midnight [Mine Personnel] had turned the sand cell water line on, but still could “hear some water
flowing”elsewhere on the TSF.

MONDAY, AUGUST 4 2014

12:10 am PDT Water level starts to modestly increase — suggesting that failure has occurred and water is
overflowing the crest of the dam. 300 I/sec to Perimeter pond
[Mine Personnel] calls [Mine Personnel] [estimated between 12:00 to 12:30 am]

12:50 am 3m?/sec into Perimeter pond

12:30-1:00am [Mine Personnel] observes that the water level is dropping in the TSF. He drives to Corner 1

and could hear“roaring like a 50-foot waterfall! [estimated time]

071:00 to 1:06 am

Water level rapidly rises in the Perimeter Sump; a short interim spike within that
time suggests there may have been a surge of water, before the sump water level
was exceeded. The rapid rise suggests that the dam has breached further.

01:08 am

Time reported by a number of staff as to when the power went out at the mill,
which is near the time of the rapid rise in the sump water level. The power going
out appears to be the result of the dam failure inundating the power lines approximately
300 m downstream of the breach.

1:10 am

[Mine Personnel] reports that the power has gone out, so he resets breakers and uses tem-
porary lights in the mill. He attempts to restore power until [Mine Personnel] returns at 2:10
am with news of the failure.

[Mine Personnel] reports that “the power died in the mill/shack and emergency backup
lights activated. Light throughout the upper buildings started turning off slowly one by
one. ... [Mine Personnel] called the shift electrician and is informed that there was a power
loss at the mill” [estimated time]

1:30 am

[Mine Personnel] notes, "l called [Mine Personnel] three times on the radio before the PE
burst and the dam flowed into Polley Lake![estimated time]

01:40to 2:20 am

Staff go to the TSF to check the power lines and reclaim water lines and realize that failure
of the dam is in progress.

2:00 am [Mine Personnel], calls and says, “better get down here! [Mine Personnel] drives to Corner 5
and meets [Mine Personnel].[estimated time]
2:05 am [Mine Personnel] reports that “[Mine Personnel] contacts [Mine Personnel] asking him to

switch to channel 1. Operator informs [Mine Personnel] that he was asked on the radio if
the water level in the dam has been dropping. He said he looked over and noticed it had,
and promptly called [Mine Personnel] down to tailings. | drove with the lead hand from the
warehouse down to the tailings immediately. We intercepted a mill pickup that stopped
us and told us he believed the dam had let go and was not willing to drive any further
towards 1 corner [just above the breach location] due to the rumbling noise and fear of
what was going on in the darkness. [Mine Personnel] made it to 1 corner, also not moving
beyond the safe upper level. Sand cell operator was evacuated immediately and [Mine
Personnel] returned to the shack to begin making emergency response calls. | advised our
lead hand that we begin securing access point into the tailings dam with ‘Do Not Enter’
signs and delineators to prevent people from entering the incident scene until we had a
proper visual of what had taken place. This took approximately 30 minutes, in which time
[Mine Personnel] were sent to evacuate the underground”
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2:20am [Mine Personnel] calls Mill Maintenance Superintendent Don IBEY, the MPMC manager on
call; no answer.

2:25am [Mine Personnel] locks access to the site and notifies the underground operations to evac-
uate.

2:30am Marcel HABSBURG, Acting General Foreman, is called and attends the mine sometime
after 3:00am.

2:45am [Mine Personnel] “began assisting [Mine Personnel] with emergency response phone calls

1. Tried calling IBEY at home/cell, no answers. Multiple calls.
2. Tried calling Dave CARPENTER at home/cell, no answers. Multiple calls.

3. Tried calling [Mine Personnel] to try and retrieve alternate contact information for
Nicholas [Mine Personnel] and Dave CARPENTER, no answer. Multiple calls.

4. Tried calling [Mine Personnel] to try and retrieve alternate contact information for
[Mine Personnel] and CARPENTER, no answer. Multiple calls. Left message.

5. Tried calling [Mine Personnel] to try and retrieve alternate contact information for
[Mine Personnel] and CARPENTER, no answer.

6. Tried calling [Mine Personnel] to try and retrieve alternate contact information for
[Mine Personnel] and CARPENTER, no answer.

7. Answered phone call from Ministry of Environment. [Mine Personnel] was tied up
speaking to another department, informed Ministry of such and put on hold until
[Mine Personnel] was free to speak to him.

3:20am “[Mine Personnel] goes back into the pit to remove 05-005 from the 928 and shut down
the Springer pumps. [Mine Personnel] stays behind to assist [Mine Personnel] with the
phones and multiple calls potentially rolling in and handle the radio in the event himself
or the lead hand were busy!

3:54 am Start of Nautical Twilight (at which time the horizon is distinguishable):

3:55am “[Mine Personnel] calls [Mine Personnel] back. [Mine Personnel] makes him aware of the
current situation and tells us that he will go wake up CARPENTER who was in Likely and
inform him as well.

4:00 am “Per Art FRYE's request, [Mine Personnel] began to monitor the level of the water in Polley
Lake. With no easy access in the dark to see clearly from the Tower pad in the Wight pit -
we opted to use the access before the bridge to the lake shore where we could drive right
in.

4:25 am 1. "Before entering the access road - with daylight now on our side, [Mine Personnel]
drove towards Corner 1 at tailings to ensure the flow of water we could only judge by
sound was not going to impose a direct threat to us entering the access at lake level
given the situation. We were the first to arrive and get a visual of exactly what had
taken place. A large 'V’ cut was visible towards the Perimeter as we got close to the
bridge. It was approximately 250-300 feet at the top and had chiseled its way down
to about a 100 foot section. Water was flowing at a very rapid rate of speed below the
Corner 1 ramp level from the area above what used to be the road to the Perimeter
Seepage Pond. This area had been washed completely out and a very large mouthed
accumulated mass of tailings and debris was headed towards Polley Lake. We
checked the level at Polley Lake and noticed it was three feet above fresh vegetation
and informed [Mine Personnel].
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4:25am 2. "HABSBURG, [Mine Personnel Jand a few more people | did not recognize arrived at
the scene to take pictures. HABSBURG asked me if it would be possible to get haul
trucks to dump short above the breach and push the loads in with a dozer. | advised
him against it due to the danger imposed on the operators and drivers and explained
that the rate of flow would likely just remove anything put in its path. He asked me
about freeboard in the Cariboo Pit, which | figured was about 4 metres. He then asked
about the possibility of reversing the flow of water from the barge to the Cariboo and
I informed him that checking to see if the barge was still actually in water would be
the best course of action before giving the idea any more thought given the amount
of tailings and water already dispersed. He left the scene with [Mine Personnel] to
inspect the dam from above Corner 1 and check the barge!

4:30am CARPENTER visits the failure zone, which “sounded like Hells Gate;" waves and flow could
be -3 to 7 metres.

4:50 am Start of Civil Twilight (at which time terrestrial objects become distinguishable)
[Mine Personnel] attends site and documents grounded barge and breach flow photo-
graphically.

5:00 am “[Mine Personnel] return to check the water level [in Polley Lake] again and notice it had

dropped eight inches and inform [Mine Personnel].

[Mine Personnel] notes that Polley Lake, which had been up one m, had dropped approxi-
mately 200mm [from the heightened level].

HABSBURG visits the breach, and sees “lots of muddy water”flowing out, debris 200 yards
up, water cascading over the uplifted till bulge, large boulders, and no water in the TSF,
and reports that “the TSF sounded like the Fraser River Canyon”from the location of the
barge.

5:15am [Mine Personnel] began making our way up to the shack. We got a better vantage point at
the top of the SERD dump and noticed the water was no longer headed towards Polley
Lake but had diverted and was plowing its way past Gavin Lake road headed East [report-
ing to Hazeltine Creek].

BROWN arrives on site. MPMC attempts to contact MEM, MOE, IM, and additional
MPMC personnel. There is difficulty encountered in contacting most people; successfully
contact Don PARSONS and MOE Emergency Response Line (MOE headquarters and Prince
George office had already been faxed by EMBC at 4:19am).

5:30am [Mine Personnel] "informed all parties of the water level, where we checked it at, and the
direction the water was now headed in”

The reclaim barge is reported resting on tailings.

[Mine Personnel] attends at the TSF and witnesses water “roaring” out of the TSF.

537 am Sunrise

6:00 am Helicopter on site at request of MPMC: breach flow is observed as “going over the dis-
placed block of soil on the downstream side of the dam

6:30 am HABSBURG notes smaller flows at the breach, about 60 feet wide.

7:45 am Aerial reconnaissance from TSF to Quesnel Lake conducted by CARPENTER, [Mine Person-
nel], and BROWN. Aerial photographic record.

11:30 am FRYE arrives on site.

12:00 noon Flow is reduced but still “significant.”

4:00 pm Flow has abated.

Investigation Report of the Chief Inspector of Mines - Mount Polley Mine Tailings Storage Facility Breach 115



EVENT NARRATIVE

8.3.2. MEM RESPONSE TO THE EVENT

The following outlines the response of the Chief Inspector and key personnel including MEM’s notifi-
cation of the event. Initial actions are highlighted with respect to notification timelines, inspector site
presence, and the initiation of the investigation.

The first notification of the event to MEM was not from MPMC, but from Emergency Manage-

ment BC (EMBC). MPMC did not attempt to notify MEM until 5:15 am on August 4.

MONDAY, AUGUST 4 2014

3:20am PDT

Emergency Management BC (EMBC) receives notification from an anonymous caller that
the Mount Polley dam had breached.

4:19 am

EMBC sends an email to the On-call Mines Inspector (OCI). The EMBC protocol is to
contact the on-call inspector by phone rather than send an email notification, but a new
operator receiving the notification at EMBC does not recognize the event as sufficiently
severe to elevate to a call.

6:.04 am

Dam breach email notification from EMBC is read by Jerrold JEWSBURY, OCl.

6:19 am

JEWSBURY activates the internal Ministry Emergency Management Plan (MEMP) and OCI
Action Plan:

JEWSBURY attempts to contact Steve ROTHMAN.

06:23 am

JEWSBURY notifies George WARNOCK.

07:20am

JEWSBURY succeeds in contacting ROTHMAN by phone.

07:30 am

ROTHMAN contacts Chief Inspector Al HOFFMAN by telephone at home.

07:51T am

JEWSBURY notifies HOFFMAN.

12:09 pm

WARNOCK conducts helicopter reconnaissance to evaluate the scope of the breach event.

12:26 pm

WARNOCK conducts an overflight of Quesnel River (outlet to Quesnel Lake); notes that the
river is still flowing clear at the time.

1:00 pm

WARNOCK meets with MPMC personnel BROWN, [Mine Personnel], PARSONS, and FRYE
[approximate time].

Afternoon

WARNOCK inspects the TSF from the top of the TSF with BROWN.
ROTHMAN arrives on site.
HOFFMAN and key personnel attend Victoria headquarters to support inspectors on site.

HOFFMAN and key personnel initiate a conference call with EMBC.

TUESDAY, AUGUST 5 2014

11:20 am PDT

Heather NARYNSKI and Chris CARR respond on site.

12:15 pm

NARYNSKI, CARR and ROTHMAN fly over the site. Photographic record is taken, but no
ground inspection is carried out.

1:00 pm

HOFFMAN and MEM staff conduct a conference call with provincial Government agen-
cies including EMBC, the ministries of Environment, Forests, Lands & Natural Resource
Operations and Jobs, Tourism & Skills Training; as well as the Interior Health Authority and
Cariboo Regional District to discuss the current state of the site.

8:00 pm

HOFFMAN and personnel conference call, updates and planning for the investigation.
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WEDNESDAY, AUGUST 6 2014

Continued site presence from MEM geotechnical inspectors WARNOCK and NARYNSKI,
and health and safety inspector ROTHMAN.

WEDNESDAY, AUGUST 6 2014

10:00 am PDT Haley KUPPERS and Rolly THORPE arrive on-site to initiate the investigation into the TSF
breach, pursuant to section 7 of the Mines Act; briefing by on-site inspector ROTHMAN.

5:30 pm Investigative team conduct a conference call with on-site inspectors, establishing daily
briefings. HOFFMAN determines to increase health and safety oversight with two MEM
inspectors to provide a continuous site presence until further notice.

Additional actions taken by MEM are detailed within the reference documentation. Extensive
cross-agency consultation continued for several weeks to ensure all parties were briefed as to the
status of the tailings storage facility and the early remediation efforts to protect the environment and
any public or workers downstream of the at-risk area.

FOOTNOTES

Mount Polley Mining Corporation (2014e) p. 39
Mount Polley Mining Corporation (2013) p. 1
Mount Polley Mining Corporation (2013) pp. 77-8

AN W N =

Mount Polley Mining Corporation (nd)
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9.1.

MECHANISM OF FAILURE

This chapter is a summary of the Chief Inspector’s investigation of the mechanism of failure of the
Mount Polley TSF. The detailed forensic assessment included site investigations, laboratory testing
and technical analysis conducted for the Chief Inspector by the geotechnical engineering firm of
Klohn Crippen Berger Ltd., under contract to MEM. The full report, Mount Polley Tailings Dam Failure:
Assessment of Failure Mechanism, May 1, 2015, can be found in Appendix 2 of this report, and is incor-
porated by reference into this investigation report in its entirety.

An analysis of the events leading to the failure and determination of root causes is explored in
Chapter 10.

PROPERTIES OF THE UGLU

The dam failed by sliding on a foundation clay layer of glaciolacustrine origin, which lies approxi-
mately 10 m below the base of the PE. This clay layer, termed the upper glaciolacustrine unit (UGLU),
is a moderate to high plastic, clay-rich varved lacustrine deposit ranging up to 2 m thick. To the
extent the foundation conditions were revealed by post-breach site investigations, the areal extent of
the UGLU is largely confined to the immediate area of the failed dam.

The native UGLU is a “lightly over-consolidated” clay with a pre-consolidation pressure
between 380 kPa and 420 kPa. In its native state prior to dam construction, the UGLU would have
exhibited dilative response to shearing and its ultimate strength would be governed by the drained
frictional strength. The weight of the 40 m high tailings dam subjected the UGLU to vertical stresses
up to 800 kPa and substantial portions of the UGLU beneath the dam were loaded to stresses well
above the pre-consolidation pressure. These loaded portions of the UGLU became “normally con-
solidated”and would have displayed a contractive response to shearing. The ultimate strength of
normally consolidated clay is its undrained strength, which accounts for pore pressures developed
during shearing. This change from lightly over-consolidated behavior to normally consolidated
behavior occurred incrementally over time as the dam was raised. At the time of failure, the demarca-
tion point between “lightly over-consolidated” and “normally consolidated” behavior occurred below
the lower third of the dam slope.

The shear strength of the UGLU is controlled by the higher plastic zones within the clay layer.
Accordingly, the estimated peak drained strength of the UGLU was estimated as ¢'= 0 kPa and ¢p'=
22°,and the residual drained strength as @r'= 12° - 14°. The similarity of these parameters to the shear
strength of other clay soils [see Appendix 2] indicates that the UGLU is not a unigue or special soil.

Under rapid loading and straining, the undrained strength of the UGLU is represented by Su
=0.22 (OCR)0.8 ovo, where ovd'is the effective vertical confining stress and OCR is the overconsoli-
dation ratio. This relationship is identical to the average relationship for homogeneous sedimentary
clays recommended in the engineering literature [see Appendix 2] and again indicates the UGLU is
not unique.

The UGLU is also a strain-weakening material which loses appreciable strength when de-
formed past its peak strength, in both drained and undrained loading conditions. The strain-weak-
ening nature of the UGLU was observed in direct shear tests, direct simple shear tests and undrained
triaxial compression tests.

The piezometers installed in the UGLU after the failure found no evidence of high excess pore
pressures related to the loading of the dam during construction. However, unloading and deforma-
tions in the UGLU during the failure and breach would have substantially changed the pore pressure
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regime in the clay from that of the pre-failure state. Pore pressure analyses using the consolidation

properties of the clay and rate of dam construction predicts that excess pore pressures up to 158 kPa
may have existed at the time of dam failure.

On the other hand, evidence of “artesian” water pressures was encountered during post-failure
site investigations in the permeable glaciofluvial deposits present about 5 m below the UGLU. These
artesian water pressures were also predicted by pre-failure seepage analyses of the dam by KCB.
These pressures reduce the consolidation stress and strength of the UGLU by about 5% to 15%.

9.2. ANALYSIS OF FAILURE

At the time of failure, the Factor of Safety (FoS) of the dam was calculated using limit equilibrium
methods to be 1.27 using the peak drained strength of the UGLU and the pre-failure pore pressures
estimated by seepage analyses. The FoS reduces to 1.19 with an allowance for construction-induced
pore pressures.

Numerical stress analyses of the dam show that, at these low FoSs, the shear stresses induced
in the UGLU below the steep outer dam slope would have exceeded the available peak drained
strength, thereby initiating a progressive undrained failure mechanism in the UGLU. Using the peak
undrained strength of the UGLU, the calculated FoS of the tailings dam reduces to unity.

Because of the strain-weakening behavior of the UGLU, the displacement of the dam prob-
ably accelerated once failure was initiated (FoS less than 1) as described above. This acceleration of
movement subjected the UGLU to progressively larger strains and greater strength loss, with calculat-
ed FoS ultimately reducing to as low as 0.80 at the fully remolded strength of the UGLU. At this stage,
rapid movement of the dam continued until the geometry of the failed mass re-stabilized at a FoS of
unity.

Forensic drilling and excavations in the failed dam and breach area identified a distinctive
shear plane and down-drop in the upstream till core and upthrust of the foundation soils at the dam
toe. Movements interpreted from these and other features indicate net dam displacements in the
order of 5 to 10 m along the sliding plane in the UGLU. Numerical deformation analysis of the dam by
KCB shows that the down-drop of the dam crest during the failure would have been sufficient for the
tailings pond water to overtop the crest of the till core and initiate the subsequent dam breach.

A sliding plane in the UGLU is also consistent with the small movements in the UGLU recorded
by inclinometers installed post-failure, the heavily de-structured and folded varves of the UGLU in the
failure zone below the dam, and the weakened state of the UGLU in the failure zone consistent with
the remolding of the clay during the dam displacements.

9.2.1. FAILURE PROGRESSION

Dam failure would have been initiated by local yielding of the UGLU clay whereby the static shear
stresses in the UGLU exceeded the available drained strength defined by the peak effective friction
angle, ¢ This induced yielding of the clay would have led to rapid straining such that shear-induced
pore pressures in the contractive clay would have insufficient time to dissipate, reducing the strength
of the clay to its undrained resistance, Su. If the embankment was not stable with the available
undrained shear strength, it would continue to deform until a stable configuration was attained.
Such displacements would have strained the clay beyond its peak undrained shear strength and, if
displacements were large enough, reduced the undrained strength to its remolded value.
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A) UGLU - UNDISTURBED CLAY VARVES | B) UGLU - SHEARED CLAY VARVES

SH14-10 (Middle/Top UGLU Layer) SH14-03 (Bottom UGLU Layer)
Approx. 921.1-919.5m Approx. 920.9-918.8m
Sub-horizontal varved bedding. Folded laminations/soft consistency.
Water content = 35.77%; Liquid limit = 60%; Water content = 37%; Liquid limit = 44%;
Plastic index = 20%; clay fraction = 58% Plastic index = 17%

Figure. 9.1 Buckling of Varved Clay Laminations in UGLU
Appendix 3, Fig. 5-10

Evidence for the failure process described above includes:

B Buckling and de-structuring of varved clay laminations in the UGLU below the failed embank-
ment (see Figure 9.1).

B The reduced undrained strength of the UGLU measured below the failed embankment as a
result of shearing. This reduced strength approaches the remolded strength of the clay as deter-
mined by in situ vane shear testing.

B The upthrust UGLU observed in TP14-01 at the toe of the failed embankment.

B The post-failure movements measured by inclinometers in the UGLU.
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a) UGLU - INTERPRETED UNDRAINED STRENGTH FROM CPT TESTING
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b) LGLU - INTERPRETED UNDRAINED STRENGTH FROM CPT TESTING
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Figure. 9.2 Undrained Shear Strength in GLUs
Appendix 3, Fig. 5-16, 5-17
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Figure 9.2 demonstrates the difference in undrained shear strength between the well-un-
derstood LGLU and the UGLU. The typical value of 100 kPa of the LGLU is three times stronger than
the typical value of 300 kPa for the UGLU. Following from the above, KCB developed a conceptual
sequence of dam failure as a framework to evaluate the failure process of the embankment. This
hypothesized failure sequence is set out in five stages as listed in the table below. Each stage corre-
sponds to the strength state of the UGLU and considers the influence of other contractive clayey soils
and fills on the failure process. The progressional failure occurred in five stages:

B Failure Stage 1 considers the static stability of the embankment under fully drained conditions,
using the peak effective friction angle of the UGLU. Local yielding of the foundation clay could
occur if the limit equilibrium Factor of Safety (FOS) is low, typically less than 1.3, using the drained
strength of the clay.

B Failure Stage 2 considers the embankment stability assuming that local yielding triggers the
undrained strength of clay. If the FoS is less than or close to unity, then failure of the embank-
ment would occur. Mobilization of the peak undrained shear strength occurs at shear strains
of 5% based on laboratory testing. For a 2 m maximum thickness of the UGLU, movements in
the UGLU would be in the order of 0.1 m or less. Such movements would not be detectable by
observation at the crest of the embankment.

B Failure Stage 3 considers failure of the embankment is occurring and the undrained shear
strength of the UGLU is reduced to a post-peak strength due to the accumulation of strain with-
in the clay. At 20% shear strain in the UGLU, maximum movements in the UGLU would now be in
the order of 0.4 m. At these larger displacements, triggering of undrained shear strength in the
compacted clay core and underlying upper glacial till (UGT) is now assumed.

B Failure Stage 4 represents the advanced state of failure with the undrained shear strength of the
UGLU reduced to its remolded value.

B Failure Stage 5 represents the failed embankment coming to rest on the weakened foundation
at a FoS of 1. This final state was achieved by two factors: the reduction of driving force as the
crest of the embankment dropped, and the increase in resisting force with the buckling and
mounding of displaced soils at the embankment toe.

CONCEPTUAL SEQUENCE OF DAM FAILURE

Approximate

F;t!m: Description Movement Sheia:jgfsgth
. in UGLU (m)
1 Static conditions using peak effective angles and 0 op'=22°

piezometric conditions prior to failure.

Peak undrained shear strength mobilized at 5% strain
2 within the UGLU as a result of local yielding. Peak drained strength 0.1 Su=50+0.13 ovo'
in all embankment fills and other foundation soils.

Post-peak undrained shear strength achieved in the UGLU at 20%
strain due to continued movement. Peak undrained strength

3 : 04 Su=36+0.11 ovo'
triggered
in other contractive embankment fills and foundation soils.
Remolded undrained shear strength in the UGLU and peak B .
undrained shear strengths in contractive fills and foundation soils. > SU =22+003 0vo
5 Failed embankment at equilibrium in post-failure configuration 53 SU =22 40,03 Ov0'

with a factor of safety close to 1.0
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9.2.2.

10

10 -

BREACH PROGRESSION

Breach of the embankment followed Failure Stage 5 as the impounded water pond overtopped the

down-dropped crest of the embankment.

Following the structural failure of the dam, the breach increased progressively. While it is diffi-
cult to assign specific durations to each element of this sequence, flow records from the pump at the
Perimeter Sump indicate the volume of water overtopping the dam at the times noted in Figure 9.3.

SEEP1-SUMP-LEVEL

Pump level “flatlining” (level
readings) Dam Failure —
11:40 PM (“new Inflow”
equivalent to approx.70 L/s)

i

Pump level increasing
=12:10 AM (“new
inflow” increasing to
approx. 300 L/s)

Major breaching and power
lines down — 1:08 AM

MPMC employee drives
over breach crest 10:40 PM

No. 2 Sump pump turned on and
water level starts to decrease —

Maximum sump
pond level reached
—water released
from sump.

Pond level increases -
breach failure in
progress —12:50- AM
(“new inflow” increasing

“ | 10:30 PM (dewatering rate to approx. 3 m%/s)
approximately 70 L/s)
0
0 + "’ A M " M v - v ¥ ' v v v v
YIS RN HAIN G ANE ST O85BE 2201220823 RRAXARKRRRAR
88sg'ﬁaqnggg;gﬁgaaﬁd:;‘oﬁg:g:‘nﬁ::-ﬂﬁﬁ:nnbn:—aasgun‘ocz
RENAHNNNRRAAAANNARAARAR22 233388353383 283383337A2a%

Figure 9.3  Perimeter Sump Volumes Appendix 3, Fig. 5-1

Overtopping flow rates began to increase at approximately 10:30 pm, and by 11:40 pm the
rate was 70 L/s. By 12:10 am, the rate had increased to approximately 300 L/s. As the breach was in
progress by 12:50 am, the flow level increased to 3 m3/s (or 3,000 L/s). The breach increased with
sufficient flows to take down the power lines below the dam by 1:08 am.

The investigation hypothesizes this progressive breach process as shown in Figure 9.4. Note
that the blue triangle symbol tracks the level of water in each diagram.
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Figure 9.4 Hypothesized Embankment Breach Sequence
Appendix 2, Fig. 3-12

This chapter has explained and illustrated the events that occurred on August 3 and 4, 2014
at the Mount Polley TSF. To describe why this failure took place, the following chapter analyzes the
causes of the event back to the originating, or “root,’ causes.
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10.1.

CAUSES OF THE EVENT

CAUSAL ANALYSIS APPROACH

Root Cause Analysis (RCA) is “a structured evaluation method that identifies the root causes of an
undesired outcome and the actions adequate to prevent recurrence!” While many approaches and
tools are available for the implementation of RCA, the Chief Inspector selected the Root Cause
Analysis Tool (RCAT), a flexible and comprehensive suite of protocols and software tools developed
by the National Aeronautics and Space Administration (NASA). RCAT serves as a structured, adaptable
template to investigate the full spectrum of events that NASA might encounter: from industrial
accidents in ground facilities to aviation accidents and close calls to loss of spacecraft. NASA licensed
the RCAT software for the Mount Polley investigation.

RCA helps determine what happened, how it happened, and
why it happened. It also identifies absence of, or deficiencies in, var-
ious defenses that could have prevented or mitigated the undesired
outcome. “RCA is more than just a search for the obvious cause; it is
a comprehensive analysis to identify root causes, both the basic and
underlying organizational factors. With an in-depth look at caus-
es and contributing factors, RCA enables the analyst to generate
specific recommendations that can prevent a repeat of the undesired outcome, and prevent similar
problems, close calls, and mishaps from occurring. This is conducted through the creation and imple-
mentation of recommendations that specifically target the root causes of the undesired outcome.”

The RCAT used in the investigation uses a structured language including the following terms
to describe important analytical concepts, which will be used throughout this chapter:

Undesired Outcome. Any event or result that is unwanted and different than the desired and
expected outcome is an undesired outcome. This can include, for example, loss of productivity, poor
quality, increased risk, increased cost, delay in schedule, damage to property, harm to the environ-
ment, or harm to personnel."An undesired outcome may also include intangible costs such as loss
of public confidence or a decline in motivation. Most of these undesired outcomes are event-based.
They usually do not occur because of one single event, but rather from a series of events and actions,
with specific conditions present. All events and conditions must be identified and evaluated in order
to identify the cause of the undesired outcome and generate a solution to prevent its recurrence.”

Root Cause. A root cause is one of multiple factors (events or conditions) that are organi-
zational in nature and contribute to or create a proximate cause and subsequently the undesired out-
come. If a root cause is eliminated or modified, the undesired outcome would have been prevented
or would not have occurred. Typically, multiple root causes contribute to an undesired outcome.

It is important to note that, under the discipline of RCA, a true root cause is always an organi-
zational factor, usually representing some deficiency at the operational, policy, or management level.
Organizational factors include any operational or management structural entity that exerts control
over the system at any stage in its life cycle, including, but not limited to, the system’s concept de-
velopment, design, fabrication, test, maintenance, operation, and disposal. The objective of RCA is to
continue the analysis until organizational factors have been identified (or, alternatively, until all avail-
able data or avenues of inquiry are exhausted). Examples used by NASA include budget, information,
responsibilities, reporting, scheduling, documentation, performance, and accountability.*

Cause-Effect Relationship. A cause can be an event (a single discrete occurrence), or a
condition (any as-found state of a system or entity). RCA defines and structures causal chains using

seeks out root causes of undesired
outcomes at the organizational level
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a specific set of criteria. For an event or condition to be a cause, it must have preceded the effect or

occurred simultaneously; have a demonstrable relationship, not simply association; be necessary for
the effect to occur; and be sufficient to produce the effect.

Proximate Cause. A proximate or direct cause is one or more events that have occurred,
including any condition(s) that exist immediately before the undesired outcome, that lead directly to
its occurrence. The elimination or modification of a proximate cause would prevent the occurrence
of the undesired outcome.

Contributing Factor. An event or condition that may have contributed to the occurrence of
an undesired outcome but, if eliminated or modified, would not by itself have prevented the
occurrence. Contributing factors change the probability of an undesired outcome.

Barrier. A passive physical device or an administrative intervention employed without human
intervention to prevent or reduce the likelihood of the undesired outcome occurring. Barriers provide

physical intervention (e.g., a guardrail) between hazards and

m the target or provide separation. Barriers are passive in that
their presence does not require active surveillance or reaction,

barriers and controls are passive or and can be engineered (like a guardrail) or administrative (like
active defenses that can keep a causal a stop sign).
chain from occurring Control. In contrast to the passive nature of a barrier, a

control is an active mechanism used to detect the initiation of
an event and/or hazard and enable an active device (hardware,
software, or human) to prevent or reduce the potential that the hazard will produce an undesired
outcome. Controls minimize the effects of the initiating event by detecting and correcting it before it
transitions to a negative effect.
Controls can be extremely important components of any complex engineered system. They
often include such active components as:

audit, inspection or investigation quality check

alarm/alert redundancy
design, peer, technical review risk analysis/assessment
independent assessment sign off, check off
inundation analysis technical authority

monitoring and surveillance verification

operational check warning (audible, visual, tactile)

Defense. Barriers and controls together comprise defenses that function to keep an event or
condition from becoming a causal factor. Not all defenses work all the time. When sufficient defenses
are not present or defeated, a significant event can take place, such as an aircraft crash, a building
collapse, or the release of tailings and water from the Mount Polley TSF. Defenses can fail for a num-
ber of reasons:

B defenses don't exist (they were never placed into the system, or the mechanism by which the
initiating event affects the hazard was not understood or known)

B defenses do not control the hazard or only control part of the hazard (they are inadequate, or the
hazard was impossible to control)

B defenses fail prior to or during the initiating event, or the initiating event destroys the defenses

B the organization did not have the resources (financial, time, personnel, or technical knowledge)
to develop an adequate defense, or were responding to external pressures (corporate, environ-
mental, financial) that reduced the priority of establishing defenses

128 Investigation Report of the Chief Inspector of Mines - Mount Polley Mine Tailings Storage Facility Breach



10 CAUSES OF THE EVENT

B defenses could have been temporarily and deliberately removed to save time (a short-cut), to
perform some sort of maintenance or test activity, or to resolve a problem, and personnel forget
to re-instate the defense

Recommendations. The ultimate objective of RCA is to support recommendations that can create
or reinforce existing defenses or alter organizational behaviours so that the event is precluded in the
future, or that its undesired consequences can be minimized. A recommendation, under the disci-
pline of RCAT, must meet five criteria:

B track with a finding of root cause;

address a problem in some manner (eliminate, reduce, or mitigate);

be clear (identify who needs to act, the action recommended, and the result anticipated);

be verifiable (so that implementation can be verified by inspection or audit); and

be achievable

Under the RCAT, the analytical result is an Event and Causal Factor Tree (ECFT) that graphically
depicts multiple chains of causality, working backward from the undesired outcome to the root caus-
es (see Figure 10.1). It simplifies the relationships uncovered during the analytical process and links
conditions and events graphically to the analysis of barriers and controls that failed or were missing.
This result captures the nature of complex events with multiple, interconnected causal chains. The
failure of the TSF was not a simple linear process; rather it was a complex system of factors and their
relationships. These elements are captured and the outcomes are described with the ECFT.

The following section describes the Chief Inspector’s Root Cause Analysis of the TSF failure and
its undesired outcomes, beginning with a simplified ECFT developed in the course of the analysis.

10.2. ROOT CAUSES OF THE EVENT

This chapter presents the full analytical component of the RCA process undertaken by the investiga-
tion. The analysis is summarized in the ECFT in Figure 10.1.

The causal factor tree then explores the proximate causes and failed controls that populate
each branch. Viewed in a chronological framework, the fault tree is read from the bottom up: events,
conditions, and failed controls produce certain events or conditions, which themselves become
proximate causes of undesired outcomes, until the ultimate release of water and tailings occurs. The
diagram also serves as an outline of the structure of the chapter, which follows the thread of con-
sequences down through proximate causes to root causes. It also illustrates how controls, had they
been in place or exercised, could have broken these causal chains.

The ECFT traces the ultimate undesired outcome, the breach of the PE and subsequent release
of water and tailings into the environment, through its two categories of proximate causes, both of
which were necessary for the breach to occur: first, the structural failure of the embankment; and
second, the twinned proximate causes of insufficient beaches and surplus supernatant water. These
two together led to the embankment breach, which emerged as the undesired outcome.

Three proximate causes are associated with the structural failure of the PE: geometry of the
embankment, an uncharacterized foundation glaciolacustrine unit, and an open sub-excavation at
the embankment toe. The proximate causes are linked with an “and” gate, indicating that each of the
three causes was necessary to produce the structural failure.
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10.3. PROXIMATE CAUSES OF BREACH OF DAM

The event at Mount Polley unfolded in a sequence of events, each of which played a causal role in
the next. This section describes the logic of each step in the RCAT process, working down through
the ECFT shown in Figure 10.1, and backwards through time to arrive at the root causes of each
branch of the diagram. The ultimate undesired outcomes of the event are labelled Downstream
Consequences in the ECFT, encompassing the effects of the dam breach on the environment down-
stream of the embankment and ultimately far beyond the mine’s boundaries. These downstream
consequences are discussed in Section 10.7.

At each step, a single element, such as “Breach and Release of Tailings and Water,"can be both
an undesired consequence and the cause of the next step. Following this diagram deeper into the
chain of causality in the TSF event, the breach and release of tailings and water was initiated by two
preceding causes, each of which was necessary for the breach to take place. These two proximate
causes are the structural failure of the PE (Proximate Cause 1A) and the combination of insufficient
beaches and too much supernatant water in the TSF (Proximate Cause 1B). The structural failure is
discussed in Section 10.4, and the beach/water proximate cause is discussed in Section 10.5.

The structural failure was a sliding failure through the lightly overconsolidated glaciolacustrine
clay unit (UGLU) located approximately 10 m into the foundation. The failure caused the embank-
ment crest to drop approximately 5 m, and can be considered the initiating event of the breach of
the tailings dam.

However, the structural failure alone was not sufficient to account for the breach and release
of between 21 and 25 million m? of tailings and water into the environment. The RCAT revealed that
it is possible for the dam to fail structurally and yet not lead to a breach and release of TSF contents.
Triggering the breach required a second proximate cause: the lack of an adequate beach at the loca-
tion of the failure and a surplus of supernatant water in the facility. These two conditions are tightly
coupled and are considered to represent a single proximate cause of the breach. The initial release of
water and tailings over the crest of the dam led to erosion of the dam crest and, over a period of at
least six hours, a complete breach of the dam.

10.4. PROXIMATE CAUSES OF STRUCTURAL FAILURE
OF EMBANKMENT

Following the causal chain back to its origins, the proximate causes of the PE structural failure must
next be identified. Proximate causes are those which, had they not occurred, would have prevented
the undesired event from taking place. To cause the structural failure of the PE to occur at the time it
did, each of the following three proximate causes had to be present:

B 2A Uncharacterized upper glaciolacustrine unit (UGLU)

B 2B Open sub-excavation of buttress foundation at embankment toe

B 2COver-steep geometry of embankment

10.4.1. PROXIMATE CAUSE 2A: UNCHARACTERIZED WEAK UGLU

Itis now well understood that the basic mechanism of failure at the Mount Polley tailings dam was
a sliding failure through the lightly overconsolidated glaciolacustrine clay unit (UGLU) in the foun-
dation, which dropped the crest enough to allow the pond to overtop the slumped embankment.
It is the engineering and organizational responses to this glaciolacustrine unit, not the nature of the
UGLU itself, that defines this proximate cause.

Chapter 7 provides a detailed discussion of the nature of the UGLU, its characteristics, and the
various site characterization activities undertaken to characterize the foundation soils of the TSF.
While the location of the UGLU directly under a part of the PE was unfavourable the subsurface
investigation was inadequate to the engineering requirements of the TSF — both at the site investi-
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gation stage prior to construction and for subsequent lifts. The existence of the UGLU would not
have precluded the construction of a safe structure as there are engineering approaches to safely
build on such soils, such as simply creating a less steep embankment slope.

Site Investigations. Initial site investigations (up to 1996) failed to identify or capture
the significance of the UGLU. The UGLU was not identified in the one deep reference hole in the
footprint of the dam located in the area of the breach. The hole, MP89-231, was the only deep
drill hole in the approximately 2 km length of the PE foundation. MP89-231 had been drilled
ROXIVIATE with a rotary diamond with sampling of drill cuttings. This drilling method is not adequate to
CAUSE 2A characterize foundation soils, particularly when there is potential for interbedded glacial soils.
Chapter 6 describes the drilling programs in greater detail.

Weak UGLU Not
Characterized

PE Design Section Moved The significance of the UGLU was also not recognized in the groundwater monitoring
well (GW96-1A), located approximately 140 m downstream of the breach area. This groundwa-
ter well produced a drillcore profile identifying a glaciolacustrine unit of “laminated silt with vari-
EoR Changeover able clay layers”at approximately 919 - 923 m (see Figure 10.2).> Overall, the decision to discount

(2011) the possibility of structurally weak glaciolacustrine layers under the PE was not supported with
existing site investigation data.

In subsequent investigations (up to 2010), there were many shallow drill holes (less than

8 m depth), for the purpose of characterizing borrow areas and till blanket depth; but again,
these investigations did not adequately characterize foundation soils to an appropriate depth,
given the dam’s height of up to 40 m.

MEM Query Discounted In 2011, thr rillholes were placed along the PE ing of approximatel
(KP 2005/AMEC 2012) | 011,t ge deep drillholes were p acgd a o. g.t e | até spacing of approximately 500
m for instrumentation placement and foundation soils investigation. In contrast, the average
spacing of deep drill holes on the ME is on the order of one hole every 150 m and on the SE
MEM Request for .
Additional Starter Dam approximately évery 330m. o ) _ _
Boreholes (1995) There exists no prescriptive recommended number or spacing of drill holes for site
investigations of a dam foundation. The drilling and sampling plan’s requirements should be
TSF Site Investigation considered with respect to the complexity of the geologic environment and the dam design

Inadequate for
PE Foundation

assumptions. At a minimum, the hole commonly extends to a depth equivalent to the height of
the dam; some contemporaneous reference documents suggest a spacing of 100 m to 150 m
or less for dams.® Given the occurrence of UGLU only 140 m downstream of the dam, and the
complexity of the geologic environment, the Chief Inspector determined more
drilling would have been warranted and would not have been in excess of
prudent industry norms.
the root cause associated with The inadequate site investigation influenced stability analysis of the dam
!Droxirr.\ate. Cause 2A s that the site structure. The mistaken belief in the strength of the foundation soils led to inac-
investigation conducted for the - .
Perimeter Embankment was inadequate curate parameters for dam stability analyses up to the time of the breach.
It appears upon investigation that the following can be summarized
regarding foundation soils:

B The glacial history of the dam foundation was not adequately understood.

B There was a disconnect between the level of understanding and an appreciation of uncertainty
with respect to that understanding. The risk associated with the potential for weak UGLU was
not appreciated, and never taken into account with stability analyses. There was limited effort
to either conduct more soil exploration or to anticipate potentially unknown soils with a more
conservative design. Either approach would have, in all likelihood, avoided the failure.

B Site investigations appeared to be focused on the initial starter dam (which was limited to the

ME) or at most, the first two stages. Subsequent construction stages seemed to operate on the
assumption that all necessary foundation studies had been completed during the initial design
phase, and that test holes were mainly for installation of monitoring instrumentation.

132 Investigation Report of the Chief Inspector of Mines - Mount Polley Mine Tailings Storage Facility Breach



10

CAUSES OF THE EVENT

Failed or Defeated Controls. The Chief Inspector’s investigation identified a number of
failed or defeated controls that, had they been in place, could have blocked or mitigated the effect of
the inadequate site investigation from triggering Proximate Cause 2A (Weak UGLU Not Character-
ized).

MEM Geotechnical Review (1995). Following an inspec- _
tion of the TSF development site in 1995 by George HEADLEY, C.O. THEUGLU

BRAWNER raised a concern with respect to foundation preparation: The glacial history of the dam
‘only one hole appears to have been drilled in the main embank- foundation was not adequately
ment area. In B.C. valleys there is always the possibility of buried understood

high permeability zones. It is recommended that 2 more boreholes
to expand the geotechnical information be drilled and tested!”
Although the request was narrowly focused on the starter dam (the ME), it accurately identified a
general concern with sufficient geotechnical information to adequately characterize the foundation.
MEM Query Discounted (KP 2005, AMEC 2012). As part of the Stage 4 Mines Act permit
amendment application, MPMC submitted the 2005 KP report Design of the TSF to Ultimate Eleva-
tion. In his review of the document, Senior Geotechnical Engineer Chris CARR raised a concern with
borehole GW96-1A, located downstream of the breach location. He referred the following question
through MPMC to KP: “Glaciolacustrine deposit is noted in GW96-1A on cross-sections 9 and 10 [in
Dwg. 1627.011; see Figure 10.2]. The material is described as firm. What are the characteristics and
extent of this deposit and could it have an influence on dam stability locally?"®
The concern was discounted first by KP and later by AMEC, as not being applicable to the
foundation within the dam footprint.
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Figure 10.2 Detail of UGLU
Knight Piésold (1997¢c) Dwg 1627.011
A response from Les GALBRAITH, PEng., and Ken BROUWER, PEng,, of KP, stated, “the glaciola-
custrine deposit encountered in GW96-1A and shown on cross-sections 9 and 10 consists of glacio-
lacustrine layers (silt, some clay) with lesser fine-grained glaciofluvial layers (sand). The material was
described as firm based on an SPT N value of 6. The glaciolacustrine unit encountered within the TSF
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basin is a continuous unit near the Main Embankment, but is only present as thin, discontinuous layers

within the glacial till unit to the northeast near the Perimeter Embankment. This was investigated during
development of the original borrow area during the initial Stage 1 construction program which
involved excavating approximately 50 testpits and drilling approximately 22 hollow and solid stem
auger holes on a 50m grid pattern. The location of the original borrow area is illustrated on Drawing
1627.001. The borrow area was also inspected during Stage 2 construction. These investigations
confirm that the glaciolacustrine deposit encountered in GW96-1A is a discontinuous unit and will not
adversely affect the dam stability (italics added).”

AMEC made a similar conclusion in 2012.“The upper GLU in GW96-1 is described as firm, but
it is not of significant concern in this instance as the drill hole location is approximately 140 m further
downstream from the current toe of the dam... In general clay layers within the GLU appear to be
discontinuous and less than 5 mm in thickness which suggest a distinct facies change relative to the
GLU along the ME alignment... Based on available information, foundation concerns along the PE
appear more favourable than those along the ME, in terms of the presence and extent of clay-rich
zones.""?

The cited test pits and auger holes were not only in areas completely separate from the PE
foundation, they were of insufficient depth to reach the UGLU. The EoR discounted a query that
could have exposed the weak UGLU, and may have sparked additional test bores that could have
identified the extent of the weak layer. These events represent failed controls, in which MEM engi-
neers raised a concern about foundation properties and the concern was discounted by the EoR.

Dam Safety Review (2006). The Dam Safety Review (DSR) conducted in December 2006 by
AMEC (then a third-party reviewer) suggested, “the minimal increase in computed factor of safety
for a 2H:1V geometry over a 1.4H:1V embankment for all cases analyzed is consistent with no plane
of weakness in the foundation soils being assumed. Though not implying a plane of weakness, evaluating
the potential ramifications for a subhorizontal presheared plane in the glaciolacustrine (or similar) soil
would be prudent dam safety engineering” (italics added)." This concern was limited to preshearing,
which was determined not to have been a factor in the failure. However, it represents a failed control:
had this concern been interpreted carefully, it may have triggered additional investigation of the
subsurface structural conditions.

Engineering Changeover from KP to AMEC (2011). Change of EoR engineering firm rep-
resents an opportunity for a fresh, objective assessment of design assumptions to date. The transfer
from KP to AMEC presented an opportunity to ensure that the transfer was seamless and that key
information, data, and learnings maintained continuity over the life of the TSF. KP transferred some
materials and engaged in knowledge transfer, but lab test data were not transferred. It was also an
opportunity for a fresh set of eyes and minds to review the design of the dam. This event is a defeat-
ed control.

PE Design Section Moved (2011). In 2011 three deep holes were drilled within the dam
footprint along the toe of the PE between Station 2+200 to 44850 to install instrumentation and
examine foundation soils. Two of the holes were drilled between Station 3+700 and Station 44850,
with a spacing on the order of 500 m. The drillholes missed the upper clay layer (UGLU).

The site investigation program proposed by AMEC in 2011 included drilling in the area of
the breach (Section G). However, MPMC was using this area for an access ramp onto the dam crest
and consequently, access for the drill rig and security for the installed instrumentation could not be
provided. As a result, Section G was relocated approximately 200 m west of the original section. Had
drilling been carried out on the original Section G (renamed G'by AMEC), it is likely that AMEC could
have encountered the UGLU and revised the design accordingly. The failure of the embankment at
the location of the original Section G demonstrates that the KP engineers accurately identified a de-
sign section of the PE. Moving the section for the purpose of expediency on the ground represents a
defeated control.
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Summary of Failed or Absent Controls. KP and AMEC assessments of the significance of
the UGLU encountered in GW96-1A did not address the depth of drilling, quality of soil sampling, and
spatial distribution of the site investigations in the PE foundation. MPMC's acceptance of the reloca-
tion of Section G by AMEC did not recognize the significance of moving the instrumentation section
from the low point in the PE foundation in what was previously a design section.

MEM relied on the EoRs' (both KP's and AMEC's) professional assessment of the significance of
the UGLU encountered in GW96-1A. Responses to concerns raised by MEM reviewers were answered
by professional engineers. Based on this reassurance, MEM did not further question or comprehen-
sively review all site characterization data (see also Professional Reliance discussion in Section 10.6.1).

There are no formalized guidelines or regulatory requirement for site investigations. Standards
of professional practice regarding the adequacy of foundation soils investigation may have provided
an adequate characterization of the UGLU. This condition represents an absent control.

10.4.2. PROXIMATE CAUSE 2B: BUTTRESS SUBEXCAVATION

The second proximate cause structural failure of the embankment was the existence

of an unfilled foundation excavation, approximately 2 m or more in depth, extending Sub?::z::tion

from the toe of the embankment outward by up to approximately 20 m, along a left unfilled

length of the PE from approximately Station 44100 to 4+300. This section of em-

bankment corresponds to the location of the structural failure. Eig)s(lEMzABTE
Background. Design Basis. Approval of the Stage 9 raise was granted in a

Mines Act permit amendment on August 9, 2013. There was no reference to but- Engineer Did Not

tress foundation excavation or buttress stripping on the PE in the Mines Act permit Manage Risk

amendment application.

That construction season, MPMC contracted with BGC Engineering Ltd to i e @
conduct stability modeling of the TSF to address concerns around surplus water Complete Inspection
storage. On October 3, 2013, BGC provided a draft Interim Stability Analysis Project
Memorandum to MPMC and MOGER. The memorandum included modelling for dam
elevations of 970, 975, 980, and 985 m. At each elevation, a calculation of area for
foundation sub-excavation was computed, and design drawings for the extent of
such foundations were supplied.

Even at the design height of 970 m, stability analysis indicated that an area of EoR Changeover
Not Integrated

Management Oversight
Insufficient

60,300m? would need to be prepared for buttress construction. The memorandum
also indicated an awareness of the practical utility of putting the Peterson contrac-
tor to work during the fall of 2013 to prepare for buttress expansion.'? It is unclear
whether MPMC or BGC communicated these findings to AMEC, the EoR at the time.
The issues raised in the BGC memorandum were reflected by BGC in its Stage
10 Mines Act permit amendment application, which proposed a buttress on the PE.
) BGC Recommends
The Stage 10 design was the first attempt to restore a less steep downstream slope, MPMC Construct PE Buttress
which had been constructed to 1.3H:1V in Stages 7 through 9. BGC designed Stage
10 to incorporate a buttress along the entire PE, as well as extending the existing
buttress on the ME. The buttress was to have been constructed following the raise to
972.5 m beginning late in 2014 and continuing into 2015."
The design for the PE buttress, including detailed construc- BUTTRESS SUB EXCAVATION
tion drawings, was submitted to MEM as part of the Stage 10 Mines LEFT UNFILLED
Act permit amendment application prepared by BGC Engineering,
and received by MEM on July 25,2014 — 10 days before the breach
event.

MEM Not Informed

The root cause associated with

Proximate Cause 2B is that an

unapproved buttress subexcavation
Design Approval. Since it was not provided to MEM, it is reduced the PE Factor of Safety

assumed that the BGC Interim Stability Analysis Project Memorandum
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was solely intended as an internal document to support the planning of Stage 10, which was being
undertaken by BGC as early as mid-2013. It is the opinion of the Chief Inspector that MPMC acted

on the recommendations in the project memorandum; these plans were not conveyed to MEM,
although it appears that AMEC concurred with the work undertaken, since in most areas AMEC engi-
neers approved the foundation preparation.

Construction. The excavation was made as a part of an extension of the buttress foundation
along nearly the entire length of the PE in late fall of 2013 (during Stage 9)." It is not possible to
discern the exact date of the excavation from the daily construction reports. [Mine Personnel], TSF
Supervisor, recalled the subexcavation to have taken place in December,'”® but most reports, includ-
ing numerous statements and the as-built report, suggest that the subexcavation at the breach
location was excavated in November 2013.

There were no construction procedures supplied in the construction
manual for the buttress excavation. The actual construction did not include
. provisions for inspection and backfilling, which would normally be included in
a 200 metre-long excavation at the toe i ] )
of the dam was left unfilled for eight construction procedures. The excavation from Station 4+100 to 4+300 was left
months unfilled from the date of its construction to the failure of the dam, approximate-
ly eight months.
According to [Mine Personnel],“there was an agreement with MPMC
that if Peterson had any slowdowns due to the mine area [such as delays in obtaining rock], they
would be diverted to hourly work and continue on other projects MPMC had on the go,’such as
the buttress foundation preparation.’® It was reported that Luke MOGER was directing the buttress
foundation sub-excavation.” While the practice of providing for work to fill available time and avoid
construction downtime may be appropriate for certain construction tasks, including those that are
not mission-critical, it is never appropriate for such actions to be taken on unapproved structures that
affect the FoS of the embankment.

The as-built report further documents this foundation subexcavation in the following photo-
graph (Fig. 10.3). The location or station number along the PE was not supplied; however, the photo
represents the general layout and scale of the foundation disturbance. (Note also the visible steep-
ness of the downstream slope on the PE)

Figure 10.3 Typical Buttress Subexcavation
AMEC Environment and Infrastructure (2014a) Appendix A)
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The as-built report for the 2013 portion of Stage 9, issued in March of 2014, reported that over
1,700 m of buttress foundation preparation had been completed for the PE.“Foundation preparation
was also conducted downstream of the Perimeter Embankment within the final dam footprint. The
area was stripped of all organics and soft and over wet soils to expose dense inorganic native soils.
The area was then approved by the AMEC Support Engineer and waste material hauled outside the
proposed dam’s footprint. The area was approximately 1,700 m in length, extending from Station
2+700 to 4+400,"® which included the area of the breach.

The as-built report also noted, as an outstanding task whose completion is “important to the
proper completion of the development of the tailings embankment,’ that a section of the foundation
had not been filled: “inspection of the prepared foundation between Station 44100 and 44300 was
attempted late in the season but was covered with snow. It should be noted that this section will
require approval prior to any backfilling activities.'® This section of open excavation corresponds to
the location of the embankment failure.

Impacts on Factor of Safety. Post-failure geotechnical analysis conducted by KCB includ-
ed modeling of the impact of the buttress excavation on the embankment's FoS. Stability analysis
indicated that “without the 2 m deep excavation at the embankment toe, the FoS increased from
1.27 to 1.34 for static conditions using peak effective strengths and from 1.02 to 1.10 for a condition
where local yielding occurred in the UGLU mobilizing peak undrained strengths. The FoS fell below
unity [FoS = 1] for a condition with remolded undrained strength in the UGLU. The increases in FoS,
especially for peak undrained strength conditions, which indicate that the embankment failure may
not have occurred on August 4, but could be expected to occur as the dam was being raised higher,
although further analysis would be required to define the elevation.” The addition of the excavation
to the existing foundation and embankment profile thus reduced the static FoS by approximately 5%.

Failed or Defeated Controls. The Chief Inspector’s investigation identified a number of
failed or defeated controls that, had they been in place, could have prevented or mitigated the effect
of the buttress preparation from initiating the event, Proximate Cause 2B (Buttress Subexcavation Left
Unfilled).

MEM Not Informed. MPMC did not provide MEM with notification of the buttress subexca-
vation or an application for a Mines Act permit amendment to accommodate the departure from the
approved work. The Chief Inspector did not find any reference to a buttress on the PE in TSF design
stages before Stage 10. Most significantly, the Stage 9 Mines Act permit amendment approved work
that incorporated only an extension of the buttress on the ME, and in that location only atop the
existing buttress. In other words, there was no approval of any expansion of the dam'’s foundations to
accommodate future buttress construction.

Design drawings submitted as part of the Mines Act permit amendment application for Stage
9 reflected the following condition: on the ME, the existing buttress would be raised. On the PE,
the only construction was to extend the height of the dam atop the embankment and extend the
abutment at the extreme western end of the PE, at station 4+980. This extension, following the same
foundation preparation specifications used throughout the construction of the TSF, would accom-
modate any lengthening of the PE as it approached the hillside that formed the western side of the
TSF, and then only to accommodate the anticipated raise to 970 m authorized for Stage 9.

Excavation construction records lacked sufficient detail to reconstruct an accurate timeline
of this work in the breach area. The lack of accurate construction documentation represents a failed
control in the administrative function of both AMEC and MPMC: no one was sufficiently informed of
the open excavation to recognize its risk; and MEM was unable to carry out its regulatory oversight
role it would have played had this information been documented and reviewed.

Insufficient Management Oversight. The timeline of events surrounding the buttress
subexcavation indicate that the construction took place during the early stages of the handover of
EoR responsibilities from AMEC to BGC. The work each firm was undertaking was occurring at the
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same time, but there is no indication that the work was integrated or coordinated by MPMC. As such,
MPMC did not provide the appropriate level of management oversight on the construction activity
around the PE buttress subexcavation. Had the mine exercised such oversight, the subexcavation
would not have been left open for eight months.

Numerous employees on site expressed concern with the unfilled status of the excavation.
Despite this concern, the open excavation was treated as a low-priority issue. [Mine Personnel] report-
ed: "across the site there were multiple conversations related to how the excavation needed to be
completed, but nothing was ever done about it

The lack of an appropriate system through which employees of either of the construction con-
tractor or of MPMC could escalate their concerns from witnessing the unfilled excavation at the toe
of the dam represents an absent administrative control. Effective communication of valid concerns
of ground-level employees regarding the potential impact on the embankment’s structural integrity
could have raised a red flag to management, and additional measures could have been taken to ad-
equately inspect the excavation and allow for its refilling. This lack of oversight by MPMC represents a
failed control.

MPMC managers did not recognize or address the risk of the open excavation. MOGER report-
ed that "nobody raised the question to [him] that the toe excavation should be filled, and [he] did
not see any concern with the toe excavation remaining unfilled,"although he acknowledged that “an
open excavation at the bottom of the slope would decrease the FoS!??

Although occurring in different circumstances, further indication of this lack of awareness of
the risk associated with the practice of removing material from the toe of an embankment took place
post-failure on September 7, 2014, when two MEM inspectors witnessed a worker digging into the
toe of the PE with an excavator. The inspectors issued an immediate verbal “Stop Work” order to the
pit shifter and followed up with a written order to the mine manager on September 7, 2014.3

Engineer Did Not Manage Risk. Throughout the unfolding of the buttress subexcavation,
there was a failure of the engineering oversight control. The design was not submitted for approval
to MEM, and did not appear in any design documents prior to construction. No specific construction
procedure was developed, which could have focused attention on the open excavation.

It is the opinion of the Chief Inspector that AMEC accepted the construction of the buttress
subexcavation. AMEC reported on the progress of the subexcavation in its 2013 as-built report,
and Luke MARQUIS, AMEC support engineer, was onsite filling the duties of the TSF field inspector
from the end of August to mid-December, during which time the foundation preparation took
place. Although MARQUIS attended the subexcavation to inspect it prior to backfilling, he could not
complete the inspection due to snowfall. The excavation remained open for eight months without
additional action or risk mitigation.?

The transfer of EoR responsibilities from AMEC to BGC was planned to take place at the con-
clusion of Stage 9 construction. The transition, however, was already under way as early as mid-2013:
BGC performed stability analysis and consulted with MPMC on steps to take. However, AMEC was not
involved in these activities, although they certified the 2013 construction work. Additionally, there
were four EoR designates within AMEC between 2011 and the breach, and AMEC's original EoR had
since transferred to BGC.

Although the work was not incorporated into the Stage 9 design and construction docu-
ments, AMEC certified that “in general, the 2013 Stage 9 raise of the embankment is judged to have
been carried out in conformance with design intent. This conclusion is based on AMEC's periodic
observations of the construction, review of reports prepared by MPMC when AMEC was not on site,
and the review of QA/QC records.?

[Mine Personnel] reported that the water needed to be drained from the subexcavation before
approval for refilling could begin. AMEC was to approve the excavation and MPMC was awaiting that
approval to complete filling.?¢ The AMEC support engineer’s repeated on-site inspections did not
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identify the risk inherent in the open excavation.

The failure of the EoR to adequately manage risk posed by the subexcavation during the Stage
9 construction season represents a failed administrative control to effectively manage risk on the TSF.

Summary of Failed or Absent Controls. While post-event stability analysis suggests that
the open buttress subexcavation contributed only a small reduction in the embankment’s FoS, this
reduction was a proximate cause of the structural failure. Had the subexcavation been filled, the
failure would not have occurred when it did. Stability modeling demonstrates that the failure would
only have been delayed, not avoided. However, it is possible that the delay may have allowed for
other interventions to be implemented.

The casual approach to the design and construction of the subexcavation, without MEM
approval or management oversight, allowed the subexcavation to occur and remain open for eight
months — nearly a whole construction season — without comment or concern from either MPMC
or the EoR. The lack of integration of the anticipated changeover of the responsible engineering firm
led to inconsistent oversight of the construction process, including inspections by the EoR.

PROXIMATE CAUSE 2C: EMBANKMENT GEOMETRY

The final proximate cause of the structural failure of the PE is embankment geometry: both steepness
of the downstream slope and the height of the embankment (see Figure 10.4). A downstream rockfill
shell with adequate slope represents a conventional engineered barrier: it is a completely passive,
effective defense against failure of an embankment.

At the time of failure, the downstream slope angle of
the PE was 1.3H:1V, which is the steepest slope that dumped
rockfill can typically maintain (the “angle of repose”). Coupled Too Steep for Height
with the rising height of the dam (nearly 40m at the site of
the failure), this geometry comprised a proximate cause of the

Embankment
Geometry:

PROXIMATE

embankment failure. CAUSE 2C

AMEC's daily construction reports indicate that by

August 1,2014, Zone C placement had reached its target
elevation and was being graded to 969 m. The till core was
completed to 968.8 m on July 31 (but surveyed elevations Engineering
from either side of the breach indicate the till core was closer Standards of Practice
t0 970 m).?” On July 28 and 29, Zone C rockfill was placed at
the breach site to an elevation of 969.0 m.%

Chronology of Downstream Slope Geometry. Design pa- Professional Reliance
rameters for the slope of the downstream Zone C shell of the
TSF embankments had been specified at 2H:1V from the initial
design in 1995 At the time, a slope of 2H:1V met stability re- L} Mistaken Belief in FoS
quirements as indicated in a number of stability analyses, and
also met the reclamation specifications for tailings facilities
under the Code. As-built drawings show that 2H:1V down-
stream slopes were achieved in all construction stages up to
and including Stage 4.

In Stage 5, the design was modified during the 2007

construction season as recorded in KP's design documents,
including a steepening of the slope to 1.4H:1V"to allow the
embankments to be raised using the modified centerline

method in the timeline required to maintain the storage and Priorities
freeboard requirements of the TSF! It appears that prioritiza-
tion of rockfill material or logistics led to this design change.

Production Logistics

Limitations

Demand for
TSF Capacity
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The steepened slope was intended to be an interim slope, to be expanded to 2H:1V once the Stage 5
elevation was reached.*® MEM approved the design including the interim slope as submitted. As-built
drawings issued after the Stage 5 construction program confirm that the downstream slope of the PE
changed from 2H:1V to 1.4H:1V at approximately 944.0 m.*'

_ The Construction Manual used for the Mines Act permit amendment
INTERIM SLOPES application for Stage 6, prepared in June 2009, again indicated a designed

KP asserted the steeper “interim” slope downstream slope of 2H:1V for the perimeter Embankment. However, the Stage
was driven by balancing construction 6a as-built report issued in July 0f 2009 noted “the slope of Zone C at the end of
material requirements with the waste Stage 6a varied for each embankment, but on average was 1.4H:1V” In addition,

production schedule

the PE drawing noted an “interim slope for Zone C rockfill approx. 1.4H:1V."32
In the 2009 Annual Inspection Report, KP states “the tailings embankments
currently have a downstream slope of approximately 1.4H:1V. This was previous-
ly constructed as an interim slope to balance the construction material requirements with the waste
production schedule for that particular year. This short-term slope configuration still exists. It is
recommended that the downstream slope of the ME be evaluated during the Stage 7 design phase
to assess whether it requires flattening at this time.
In the Stage 6b as-built report issued in January 2011, the final report un-

ANGLE OF REPOSE der KP’s direction, the PE drawing again noted an “interim slope for Zone C rock-

fill approx. 1.4H:1V** The report concluded, once again, that “the outer slope of

the downstream slope angle was Zone C at the end of Stage 6b varied for each embankment; the average Zone

1.3H:1V, the steepest slope that dumped
rockfill can typically be placed

C downstream slope is 1.4H:1V*> The use of an interim slope continued due to
demands for increased TSF storage capacity, lack of rock placement in Zone C,
and balancing construction material requirements with waste rock production.

As-built construction record drawings for Stages 6a and 6 show the
interim steeper slope continued after Stage 6. Additionally, there appear to be inconsistencies in
the reported as-built downstream slopes between years, with both AMEC and KP. For example, a
change in steepness of the downstream slope (the break point between the 2H:1V slope and the
1.4H:1V slope) occurs at a lower elevation on the Stage 6 record drawings, at approximately 938 m.*
KP recommended the stability of the as-built embankment with 1.4H:1V be analyzed in Stage 7, to
determine whether flattening was required.®” KCB noted the stability of the PE for the Stage 6 design
report was analyzed assuming a downstream slope of 2H:1V.%®

In January of 2011, AMEC took over as EoR for Stage 7. The AMEC record drawings that show
Stage 6 indicate an average slope of 1.4H:1V.** The as-built drawing for Stage 6 includes a discrep-
ancy: the slope of the line measured on the drawing is 1.8H:1V.“* Without a ground survey, the Chief
Inspector can only speculate which value reflected reality. As in all prior stages, the Stage 7 design
specified a 2H:1V slope for the downstream shell#! The as-built report, however, noted a 1.3V:1H
slope in the PE*, despite the statement that “based on AMEC's observations of the construction,
review of reports prepared by MPMC when AMEC was not on site, and the QA/QC records, the 2011
Stage 7 raise of the dams was carried out in conformance with design intent”*

Mirroring the Stage 7 as-built report, the Stage 8 (2012) Construction Manual acknowledged
an as-built slope of 1.3H:1V, with the drawing (see Figure 10.4) noting a 2H:1V slope as the “ultimate
design slope,** the slope that would remain after closure. Language referring to an “interim slope”
no longer appeared in design documentation. The Stage 8 As-Built and Annual Review Report docu-
mented a 1.3H:1V slope as of October 2013 without comment on the as-built drawings.* The slope
became accepted in Stage 9: the Stage 9 Construction Manual specified a 1.3H:1V downstream slope
without comment.*
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The steepness of the downstream slope contributed to the initiation of the failure of the PE on
August 4, 2014. The over-steepened slope and increased height of the dam led to stress concentra-
tion below the downstream slope of the dam within the UGLU, which ultimately induced undrained
strength behavior, leading to progressive failure of the dam.

Root causes. The root causes of the geometry of the PE are organizational in nature. The
onset of an oversteep downstream toe occurred in conjunction with the greatly increased Zone C
rockfill requirements of Stage 5. It is clear from the record that this oversteep condition was initially
accepted only as an interim solution to be addressed once construction pressures eased. This interim
condition gradually drifted to acceptance, despite generally accepted engineering practices allowing
for angle-of-repose dam steepness only when the foundation was well-understood to be very
competent, a condition that was not present at the PE.

In determining why the embankment was oversteepened,

. o o X AS THE PE BECAME STEEPER
the Chief Inspector identified three conditions that comprise the AND HIGHER
root causes:

Production Priorities. Although production priorities are the forces exerted by the embankment
inherent in any enterprise, the Chief Inspector observed an overar- penetrated deeper into the foundation

soils, eventually finding the weaker clays

ching focus on production to the detriment of other issues at the
of the UGLU

mine, such as TSF operations limitations. Likewise, even the prioriti-
zation of health and safety issues at the mine was subordinate (see

Appendix 1). These choices influenced other activities and planning
at the mine, including the following two points.

Logistics Limitations. There was ongoing difficulty in MPMC's ability to obtain sufficient
Zone C rockfill due to availability of trucks, lack of an adequate haul road to the TSF, and prioritization
of hauling ore over TSF construction materials. These challenges were compounded by production
priorities: a manager may be inclined to devote scarce resources such as mine trucks in the ore sup-
ply logistical chain, rather than in the TSF construction tasks that could be delayed.

Demand for TSF Capacity. Increasing production at the mine coupled with increasing water
surplus conditions required dam raises that outstripped MPMC'’s ability to maintain the original 2H:1V
slope. Production demand coupled with a surplus water balance condition compelled MPMC to
pursue adequate freeboard with continuing lifts.
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Failed or Defeated Controls. The following controls either failed, defeated, or absent in the
causal chain that led to the Embankment Geometry: Too Steep for Height (Proximate Cause 2C)
Mistaken Belief in FoS. Oversteepening was tested by successive

EMBANKMENT GEOMETRY: EoRs using standard engineering numerical modeling of stability analysis. Test
TOO STEEP FOR HEIGHT sections were created and defined using data gained from drillcore assessment.
S R GRS frseE e The calculated FoS was, in all cases, greater than 1.5 on the PE. However, the
Proximate Cause 2C are production parameters of the stability analysis were flawed because the strength of the
priorities, logistics, and demand for UGLU was not characterized accurately. If it had been, the risks associated with
TSF capacity driving the PE higher and the embankment geometry as built would have been exposed clearly and

SIREREr adjustments to the design geometry could have been be made.

In its post-breach investigation, KCB conducted further stability anal-
ysis of the PE taking into consideration various embankment elevations and
additional factors specific to calculating the PE factor of safety (FoS). Had the PE's downstream slope
been at the less steep 2H:1V (versus the 1.3H:1V slope at the time of failure), the dam’s FoS would
have increased from 1.27 to 1.59 and the stress concentrations would also have been diminished,
preventing a failure.*’

Professional Reliance. Professional reliance places a substantial burden on the EoR, both
in design and in ongoing oversight of the TSF. The approach is based on a reliance on the technical
skills, knowledge, and experience of the engineer, who in turn assumes responsibility for the adequa-
cy of the work with his or her professional seal.

Both MPMC and MEM rely on the EoR's recommendations for such design elements as
downstream slope. Steeper slopes than the design specified were built in Stage 6 through 8 (Stage 9
was designed for a slope of 1.3H:1V.) Despite this inconsistency, all as-built reports indicated that the
construction was in “general conformance”with the design plans.

Steeper slopes reported in these documents from Stage 6 through 9 all indicated an FoS
greater than 1.5.

In the permitting process, MEM approves work to be carried out in accordance with an engi-
neered design, and in these cases it is not MEM's mandate to endorse or refute the judgement of the
EoR at mines across the Province.

A recognition of the increased risk of maintaining the steep “interim” slope of the PE, and
thorough review of as-built reports from as early as Stage 5 could have exposed the risk of the steep
slope’s significance on the FoS.

Prudent Engineering Standards. A steepened slope coupled with a confirmed lack of
certainty regarding subsurface conditions would typically result in a more cautious approach to em-
bankment design. Empirically, steep slopes on variable soil foundations should be flatter than 1.3H:1V
despite the calculated factor of safety. A prudent standard of practice would imply flatter design
slopes. The control exists in the system but was not implemented as intended.

Summary of Failed or Absent Controls. The intrinsic geometry of the PE contributed to the
failure. And, while a number of controls exist in the current system to counter such erroneous design
decisions, the authority and competence of the EoR at each stage of the TSF's construction was not
questioned, because there is a general expectation of professional competence and responsibility.
Engineering firms contracted to design mining dams in BC are often highly respected authorities,
and it is beyond the level of experience — and resourcing — of either the client mine or MEM geo-
technical engineers to challenge their recommendations. In the numerous cases where MEM asked a
question regarding the design, the question was answered by the EoR.

Misplaced confidence in the knowledge of foundation characteristics contributed to an on-
going faith in the original design parameters of the TSF, including subsequent stability analyses that
produced the erroneous FoS for the embankment.
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10.5. PROXIMATE CAUSE 1B: BEACHES AND SUPERNATANT WATER
Returning to the breach and release of tailings and water, the root cause analysis exposed two prox-
imate causes: Proximate Cause 1A, the structural failure of the PE (discussed above), and Proximate
Cause 1B, insufficient beaches and too much supernatant water in the TSF. These two conditions are
sufficiently interrelated to warrant presentation as a single proximate cause.
Proximate Cause: Insufficient Beaches. Beaches in a tailings impoundment are formed by
spigotting tailings from the dam crest. They may be an intrinsic design requirement, particularly for
centerline and upstream constructed tailings dams, and may perform multiple roles, including
structural support of the embankment’s critical components, especially the core zone; reducing
hydraulic gradients in the dam; reducing the likelihood of piping; and providing a buffer against
release of supernatant water should the embankment slump (fail).
Regardless of the facility, a smaller water pond — and larger
beaches — serve as viable barriers to a potential dam breach.
Beaches can mitigate the impacts of a failure of the embankment. = bl @ S (L e ME s EEEs

As such, beaches can be viewed as an element of risk management o= G e

in the operation of a TSF.

Throughout the lifetime of the Mount Polley TSF, design doc-
uments called for the establishment and maintenance of beaches
along all embankments. There was no consistent indication of target beach width but some design
drawings indicated beaches extending over 200 m. For example, an above-water beach averaging
over 250 m on the PE was shown in the Stage 8 Construction Manual submitted in 2012.%

In the opinion of the Chief Inspector, both MPMC and its engineering consultants had difficul-
ty reconciling the conflicting objectives of beach maintenance and surplus water volume. For exam-
ple, the OMS prepared in 2013 stated, “the fundamental requirement of the tailings deposition plan
is to ensure that a blanket of tailings solids is present immediately upstream of all embankments and
along the abutments. There is a fundamental objective to establish beaches adjacent to the embank-
ments, but it is not necessary to continuously maintain a minimum width of exposed beach adjacent
to the embankment, and periodic, temporary (less than two month duration), shallow flooding (less
than 0.5 m depth) of the beaches is anticipated.*

The requirement for a beach was defined by the consultant engineers as necessary to provide
adequate support for the core of the dam. The beach width was not necessarily predicated on the re-
quirement to continuously maintain the free water pond away from the dam crest, but the engineers
all agree that this outcome is desirable. The lack of adequate tailings beach for construction of Zone
U was recognized as early as 1997 and borrow material was used to construct this zone for the ME. As
the impoundment grew over time, MPMC's ability to deliver tailings to adequately develop beaches
was limited by two constraints:

B asthe dam elevation became higher, MPMC did not have adequate pumping capacity to deliver
tailings to the ME, and

B MPMC did not have a tailings deposition plan integrated with the water balance, which would
likely have demonstrated that construction of a beach was not possible as the increasing water
inflow volumes would “over-ride”the beach.

B MPMCinitiated studies to assess how a beach could be established and/or how material could
be used to construct Zone U.

B The use of cyclone sand was assessed in 2007, demonstrating that cyclone sand could be pro-
duced for Zone U and possibly for the downstream shell zone of the dam. This option was prob-
ably not pursued due to the limitation of the pumping capacity to provide adequate hydraulic
head to produce cyclone sand, or variability, and cost.

B Construction of sand cells was trialled in 2009 and implemented in 2011. However, the construc-
tion of sand cells was constrained by variability in the ore being milled, which resulted in “system
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upsets” due to high fines (silts and clays) in the tailings, reducing productivity; delivery of tailings
to the ME was still not conducted because of inadequate pumping capacity; and the increasing
pond water level, due to an increasing water surplus, resulted in intermittent flooding of the
sand cells and increased the requirements on materials for the sand cell,

Up to the time of failure, rockfill and sand cell construction continued to be used to augment
Zone U material requirements.

Although the role of beaches was not fully appreciated as a potential barrier against the risk of
a failure leading to a massive breach, efforts were taken to manage tailings deposition and dam raises
to allow for beach generation. However, tailings management was not effectively meshed with water
balance, leading to inadequacies in both systems. Above all, risk recognition and management were
not incorporated into operations or expansion plans.

The Dam Safety Inspection (DSI) in 2010 stipulated that beaches of at least 10 m must be pres-
ent, and where missing must be reestablished within two weeks. The requirement to adhere to MEM
conditions establishing beaches along all embankments was reiterated by KP engineers

The Chief Inspector believes the mine found it difficult to maintain beaches, especially at
points far from the tailings slurry line such as the ME. The 2012 DSI noted, “in 2012, given the orienta-
tion of the gravity-fed tailings line, insufficient tailings line pressure prevented cell construction along
the central portion of the Main Embankment ... The tailings delivery line is currently being rede-
signed with the expectation that the new alignment will allow for upstream tailings cell construction
to take place along the Main Embankment in 2013’

In their assessment of the TSF in 2014, BGC noted a number of concerns about the lack of
adequate beach establishment, registering concern that the lack of beaches essentially converts the
TSF into a water-retaining structure, with characteristics quite different from the initial design.>?

Despite these efforts, as Figure 10.5 shows, very limited beaches were established at the site of
the embankment failure only days prior to the event (July 29, 2014).

BT vV
-~

Figure 10.5 NASA High Altitude imagery, July 29, 2014
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Defeated Control: Maintenance of Beaches. Although it is impossible to accurately predict
what the impact of sufficient beaches would have been at the time of the embankment failure, the
lack of beaches represents a barrier that, had it been present, would have mitigated or prevented the

structural failure of the PE from becoming a breach.

Proximate Cause: Too Much Supernatant Water. The lack of beaches can be attributed
directly to the chronic growth of surplus supernatant water as well as shortcomings in tailings
deposition. Surplus water submerges beaches, reducing their role in buffering the embankment from
the pond. The amount of supernatant water in the TSF pond at the time of the breach was at least
10.6 million m?, the amount calculated by Imperial Metals Ltd. released in the breach event.®

Water Levels. Both a tailings depo-
sition model and an effective water bal-
ance are needed to assess if the tailings
beach can be maintained throughout
the operation of the TSF. Historical pond
elevation and tailings beach levels are
shown in Figure 10.6 below. The pond
elevation immediately prior to failure
was 966.8 m (freeboard was reported to
be between 2.7 and 3.0 m) as reported
in AMEC's daily report dated August 3,
2014.The beach elevation in the area of
the breach at that time was estimated to
be 966.3 m as inferred from the post-fail-
ure tailings contours outside the breach
area, the observed submergence of the
tailings beach and photographic records
from August 2014.%*

No procedure for measuring pond
level is included in the OMS; in addition,
MPMC's tailings check procedure refers
only to checking the pond level on the
computer before field-checking the TSF>

There is likewise no reference to
measuring or evaluating freeboard, a
term referring to the difference between
pond level and the lowest point in the
Zone S till core. However, daily construc-
tion reports include pond elevation and
the location and elevation of the lowest
point in the till core (Zone S)*¢. Interview
statements suggested that monitoring of
freeboard and measuring of pond water
levels were inconsistent and conducted
with varying frequency, leading to ques-
tionable reliability of results.

Insufficient Beaches

Maintenance of Beaches

Too Much Supernatant

Water in TSF

PROXIMATE
CAUSE 1B

Poor Water Management

Discharge Permit Process

Water Management Plan
Inadequate

Uncontrolled
Water Balance

No Qualified No Site
Person Integration

No Long-term
Planning
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Figure 10.6 Embankment Zone C Elevation Over Time

Independent Expert Engineering Investigation and Review Panel (2015), p. 5-5

The embankment crest was raised to meet freeboard requirements and
to allow development of the beach upstream of the embankment. Starting in
expansion of disturbed area for mine June 2011 (Stage 7), rises in the pond level hampered the ability to maintain
operations contributed to a surplus of 2 tailings beaches. Subsequently, the tailings beach along the PE in the breach
million m* annually area was partially submerged during Stage 8 and completely submerged
during the final Stage 9 construction.
Given the pace of dam raises on a continual basis, and the requirements
for sufficient freeboard to contain Predicted Maximum Precipitation (PMP) events and wave run-up,
MPMC struggled to generate sufficient storage volume in the TSF to accommodate all water enter-
ing the system. The mine operated the tailings impoundment with an observed triple-use function,
where the TSF was the storage basin for tailings from milling operations; for process water storage
and recycling; and for storage of runoff water from disturbed areas of the mine’s footprint.
Water Balance Planning. Initial engineering estimates of water balance for the mine conducted
in 1995 indicated a deficit state would exist, and the mine would need to withdraw water from Polley
Lake at intervals during dry months®’. However, as early as 1997, MPMC received notification the
mine would experience a hydrologic surplus state. The original MOE effluent permit, issued in May of
1997, stated:"it was noted in the Ministry’s Technical Assessment that a review of climate data using the
records for the Likely weather station indicated that the area has about 150 mm/year more precipita-
tion than the estimated evaporation for Mt. Polley suggesting that enhanced evaporation or enlarg-
ing the depth of the tailings impoundment will have to be implemented before the end of mine life
to maintain a negative tailing impoundment water balance and avoid discharge!*® Water balance
was also influenced by the storage of water in the voids of the tailings, and consequently, even with
higher precipitation it could be anticipated that a deficit water balance could occur in initial mine op-
erations. However, the effect of higher precipitation would become exacerbated over time, especially
given the increase of the mine’s disturbed area.
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Water management, especially the maintenance of sufficient freeboard in the TSF, continued
to be a challenge for MPMC, as demonstrated by the overtopping event in May 2014 (see section
6.134).

Responsibility for Water Management. Following the re-start of operations in 2005, the mine's
disturbed area footprint continued to expand with the opening of the high-grade ore Wight Pit,
commencement of underground operations, and expansion of waste rock storage areas. This expan-
sion increased the water surplus onsite to well beyond initial predictions, with increased volumes of
mine contact water yielding an annual surplus of up to approximately 2 Mm?in 2014.% At the same
time, responsibility for water balance was removed from the engineering consultants and assumed
by MPMC personnel.

For the period of 2006 to January 2012, the TSF was managed by Mr. Ron MARTEL, environ-
mental technician. MARTEL was actively involved in all aspects of the TSF, including construction,
consultant overview, water balance, environmental reporting and regulatory reporting. Prior to this
period, water balance had been developed and reviewed by KP in its role as EoR. In January 2012 TSF
responsibilities devolved to Tailings Project Manager Luke MOGER and various others in the group
responsible for water management. The level of knowledge transfer with respect to TSF and associat-
ed water management is unknown.

According to the OMS, the tailings project manager is responsible for all aspects of construc-
tion of the dam. The Water Management Leadership Group® is responsible for site-wide water man-
agement and integration with TSF management. However, the definition of responsibilities was not
clearly documented in the OMS, which resulted in no one individual responsible for the TSF who also
had the training and expertise to fulfill the requirement of that position. Indicators of this condition
include:

B While the MPMC environment department was responsible for water balance, this role was not
adequately integrated into TSF planning. Consequently, the MPMC Water Management Lead-
ership Group did not fulfill its mandate of management of water, as demonstrated by the dam
overtopping in May 2014 and the delays in planning the necessary discharge treatment.

B The mine manager was not fully aware of all of the activities of the TSF or its management.

B The tailings project manager’s responsibilities were defined as only being for the construction of
the dams.

In its 2012 annual review of the TSF, submitted in April 2013, BGC noted, “"MPMC maintains the
water/mass balance model which is updated monthly with actual tonnages (milled/mined), precip-
itation data and surveyed pond water elevations to maintain the accuracy of the model and pond
level projections. The MPMC balance has not been reviewed by BGC'

It is the opinion of the Chief Inspector that the organizational structure of the MPMC Water
Management Leadership Group itself resulted in a diffusion of responsibility for integrated water
management and its direct impacts on the capacity of the TSF.

MPMC appeared to focus on meeting freeboard requirements for the coming year only. MPMC
did not carry out adequate long-term planning of the water balance to predict annual volumes of
surplus water. MPMC was focused on meeting the minimum annual requirement, although even
this was exceeded with the dam overtopping in May 2014. The methodology that MPMC adopted
for determining annual water storage requirements assumed the ability to predict water inflows in
freshet (based on snowpack) and timely dam construction/raises, neither of which turned out to be
reliable parameters.5?
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Discharge Permit Process. In 1989, during the exploration phase, Imperial Metals initiated
an initial environmental assessment. MOE reported on the company’s commitment at that time.
"Although it was considered unlikely that tailings pond water would need to be discharged Imperial
Metals Corporation made a commitment to design and install whatever treatment system would be
necessary to ensure that any discharge of tailings supernatant or open pit water, if required, would
meet appropriate discharge requirements."s3

An effluent discharge permit was issued on May 30, 1997 for discharge of tailings slurry into
the TSF. The permit was routinely amended over the years but did not allow discharge of water into
the environment, with the following exceptions: prior to the first operational stage and during the
care and maintenance stage, MPMC was permitted to discharge seepage water from the ME seepage
pond to a tributary of Hazeltine Creek under Permit #PE-116785*

Additional accommodation was made for the care and maintenance period. On February 7,
2002 MPMC received a Mines Act permit amendment for entering into care and maintenance, for
transfer of supernatant water from the TSF to the Cariboo Pit, and release of effluent from the PE
and ME seepage ponds to nearby surface water courses. These accommodations were requested
because dam raises would not be feasible during shut down conditions. Upon re-starting the mine
and milling operations, an additional amendment was issued. It included pumping of pit water to
the tailings impoundment and termination of the PE settling pond discharge, which was now being
pumped back to the tailings impoundment. The mine had also requested discharge from the tailings
impoundment to Polley Lake but this discharge was not granted in the permit amendment.®®

“In early 2005, Mount Polley forwarded a proposed approach to developing site-specific water
quality objectives (SSWQO) to the MOE and embarked on an exercise of identifying priority param-
eters upon which to focus their efforts and, for those priorities, of evaluating options for developing
SSWQO. The former represented an effort by the mine to identify any parameters, in addition to cop-
per, that could be considered priorities or‘contaminants of concern’as defined by risk of their causing
an adverse effect on the future aquatic receiving environment. In April 2005, Mount Polley met with
MOE and presented the overall approach as well as preliminary findings. At that time, there was a
general agreement on approach and discussion around the need for an additional Water Effect Ratio
(WER) toxicity test. Mount Polley proceeded with the additional toxicity test and the identification of
priority parameters.’s

The amendment application to allow for discharge of surplus water proceeded through the
MOE evaluation process on the following timeline:

October 2006 Amendment Application July 2009 | Revised Application
Commenced
April 2007 | Initial Draft Application October 2009 | Revised Application
July 2007 Modl.ﬁed. Draft September 2010 Rewsed Application
Application (Final)
December 2008 Complete Application November 2012 DeC|s.|on Record/
Package Permit Issuance

The discharge permit was ultimately issued in November of 2012, with
the opinion that “although Mount Polley has maximized water recycling the
water balance is such that they now have an annual surplus of approximately
the root causes associated with 1.4 Mm3 and a discharge is required.®” Although the permit sought was for
Proximate Cause' 18 inclu'de lack Of‘ site-specific water quality objectives, allowing discharge directly into Polley
!on'g-‘term pl'annlng, no single gu'a.llﬁed Lake, MOE denied the site-specific objectives permit. Instead, a discharge per-
individual with overall responsibility, ) . o

R . mit for up to 1.4 Mm? annually was issued, with discharges dependent on water
and no site integration
quality, flow rates of Hazeltine Creek, and seasonality (for fisheries protection).

INSUFFICIENT BEACHES AND

TOO MUCH SUPERNATANT WATER
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Since only dam-filtered seepage water met water quality objectives, only approximately 100,000 m?
of water was actually discharged annually. In addition, undisturbed runoff “must be diverted so that it
does not flow into the tailings impoundment, or to the mine or mill areas.s®

The Chief Inspector did not determine the root causes of the duration of this permit process.
However, regardless of the cause(s), the time delay in completing the permitting process was identi-
fied as a contributing factor in the proximate cause of surplus supernatant water.

Interim measures to reduce surplus water conditions were initiated with the installation of
evaporators around the ME seepage ponds and elsewhere on the mine site. MPMC conducted some
experimental processing of tailings pond water using a pilot-scale aerobic biological reactor (ABR),
to process water for future discharge, under MARTELS direction. The trial was ongoing but reportedly
had limited success.

Ultimately, MPMC recognized that some form of water treatment was essential to achieve
a realistic water balance on site. MPMC indicated that they had ordered a reverse osmosis water treat-
ment system with a treatment capacity of 3 million m?/year that was scheduled to be implemented
in late 2014 or early 2015.%°

Root Causes. There were three root causes identified with the proximate cause of Insufficient
Beaches/Too Much Supernatant Water in the TSF (Proximate Cause 1B): a lack of long-term planning
for water management; no qualified, individual role to take on responsibility for water balance; and
no integration of water planning across the entire mine site. These conditions led to poor water
management, which in turn led to Increased Demand for TSF Capacity (in Proximate Cause 2C) and
resulted in the uncontrolled water balance that continued to challenge the mine.

No Long-Term Planning. Managing surplus water balances on a mine that is expanding op-
erations and its disturbed area requires long-term planning with targets set on more than an annual
basis. In many ways, MPMC's planning was guided solely by the predicted water balance and produc-
tion targets for the coming year. These annual goals were the driver in determining TSF embankment
raises, the only water management tool MPMC used with effect. Planning for water treatment and
discharge should have been a high priority throughout the life of the mine.

No Qualified Responsible Person. Responsibility for water management underwent a num-
ber of transitions during the mine’s operational history. MPMC shifted responsibility for water balance
from KP to MPMC upon reopening in 2005; under MPMC's management, the complexities and risks
associated with water balance and management were not fully understood by the company. Water
balance, especially under surplus conditions, is not only intricate and challenging; it increases risk
significantly.

No Site Integration. Finally, effective water management requires not only a long-term per-
spective, but a synoptic view that takes into account the entire mine site, not just the TSF. Although
the OMS identified the elements of the water management system across the site (from ditches to
process water reclaim to the TSF), the Chief Inspector’s investigation found there was no integration
of these components across the site. For example, expansion of the mine and its disturbed area foot-
print in 2005 did not increase urgency in managing the growing surplus.

Failed or Defeated Controls. Two failed controls contributed to the condition of uncon-
trolled water balance at Mount Polley Mine. The first was the inadequacy of the water management
plan, and the second was handling water discharge: both treatment of water to reach discharge
standards, and obtaining of discharge permits from MOE. Effective water management planning and
discharge capability would have reduced excess supernatant water and increased the likelihood of
maintaining effective beaches — which in turn could have kept the structural failure from becoming
a large-scale breach.

Inadequate Water Management Plan. An effective water management plan that accounts
for the mine as an integrated site; is developed and managed by an appropriately qualified individu-
al; and is responsive to water balance over the long term represents a powerful control that can meet
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water balance objectives, manage appropriate water levels in the TSF, and support the maintenance
of adequate beaches. Instead, MPMC maintained an inadequate water management plan that ulti-
mately was reduced to proposing embankment lifts that could only marginally contain annual water
and tailings influx with adequate freeboard. Indicators, such as the overtopping of the PE in May
2014, did little to place more focus on this process.

Discharge Permit Process. The failed control, an ineffective discharge permit process, was
identified as a contributor to the condition of uncontrolled water balance. Discharge was the only
measure available to deal with surplus water balances year after year; TSF surplus water would re-
quire treatment to MOE standards prior to discharge; and the process of obtaining discharge permits
continued for seven years.

The mine had ample warning. Indicators as early as February 2004 and again the following
year (see Section 6.7.4) indicated a growing awareness of the urgency of water discharge planning.

MEM Query Discounted (2006). MEM raised concerns regarding beach establishment on a
number of occasions. In 2006, MEM requested MPMC provide specification of the minimum design
beach width required for construction and operation of the TSF (see Section 6.8.4). The response,
prepared by KP for MPMC, claimed that there was no requirement for maintenance of continuous
beaches.

SUMMARY: FAILED CONTROLS

The discipline of Root Cause Analysis (RCA) provides the opportunity to build a systematic roadmap
of the causes of an event and identify defenses whose absence or failure allowed the causal chain to
continue.

Defenses can take the form of barriers and controls. In contrast to the
CONTROLS passive nature of a barrier, a control is an active mechanism that is used to

controls require both detection and
preventive action to keep a hazard from

its target

detect the initiating event and/or the hazard and enable an active intervention
to prevent or reduce the potential that the hazard will produce an undesired
outcome. However, in order to function, controls require two active events to
occur: detection and prevention of the hazard from reaching a target (that is,
becoming an undesired consequence). Several general themes emerge in the
assessment of the failed or absent controls exposed by the RCA.

10.6.1. PROFESSIONAL RELIANCE AND ENGINEERING STANDARDS

OF PRACTICE

Professional reliance is employed in many applications every day, in all industries. However, it is

not well understood or well defined; and when there are failures in the control, the impacts can be
substantial. The mine manager must apply professional reliance; complex engineering tasks such as
design of a large TSF must be carried out by engineers with specialized knowledge and experience.
Such knowledge and experience should not need to be tested by either the mine manager or the
Regulator.

However, professional reliance can lead to mistaken belief, such as faith in the adequacy of site
investigation, leading to misplaced faith in design parameters and stability modeling. Professional
reliance can also be blinded by the confidence of an authority, or by the assumed accuracy of prior
testing. In the case of the TSF, it appears that engineers guiding initial site investigations focused on
the study of the ME foundations since the ME was the highest — and first — embankment to be
constructed. They may have expected similar foundation studies to be undertaken prior to starting
the PE and SE, but left no documentation of this intent. It is more likely that focus on the importance
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of the ME kept the PE foundation from receiving the attention it needed. Likewise, the profession-
al authority of the designers kept the oversteep downstream slope from emerging as an item of
concern, and the subexcavation of the buttress stayed open and exposed for nearly a year without
raising concern by the engineer.

The Regulator must have the capacity to assess the adequacy of the designer’s work product,
and when questions arise, must have an appropriate vehicle to receive substantive answers.

Professional reliance can be diluted when it conflicts with client expectations. While clients
must rely on the judgement of the EoR, they should not create conditions that exert undue influence
on the professional with respect to minimum standards.

In addition, any task that requires specialized knowledge must be assumed by an individual
with the appropriate knowledge. There was, for example, no requirement for a qualified professional
to design and manage water balance, and no guidelines to require water management of an ade-
quate scope to address these complex issues at Mount Polley Mine.

At the time of the construction of the TSF, no formal standard of practice guidelines for site
investigation in British Columbia were in existence, and the professional opinions exercised were not
sufficient. Likewise, there are no standards guiding the definition and practice standards of an EoR,
although the concept is commonly applied.

Finally, professional standards of practice or practice guidelines around the change of an EoR
(especially the transition from one firm to another) are not defined. The potential loss of corporate
knowledge can be significant, and the transitions require a well-defined handoff of responsibilities.

10.6.2. RISK MANAGEMENT

The issue of risk identification and management is woven through these failed controls. In general,
risk management as a professional practice was absent on the TSF. Despite assertions to the contrary
regarding the Mining Association of Canada’s Toward Sustainable Mining (TSM) program, MPMC had
not conducted a comprehensive risk assessment on the mine, nor had an inundation study been
conducted for the TSF. Also, no formal risk assessment was carried out by the EoR at any time in the
life of the TSF.

Risks as significant as the inadequate foundation studies, variance and absence of beaches,
rapidly growing surplus water, reactive TSF raise planning, an overtopping of the TSF and the toe
excavation were all discounted, dismissed, or not identified at all. Concerns raised by workers regard-
ing slope, material availability, buttress excavation, and supervision did not appear to be elevated or
reviewed by management. Concerns raised by MEM around foundation soils, beaches, and surplus
water were also discounted.

This condition is a reflection of the broader theme of flawed risk perception and risk manage-
ment that was evident at Mount Polley Mine. This theme also encompasses the lack of effective man-
agement by MPMC in issues as broad as water management, materials supply, definition of account-
able roles and responsibilities, life-of-mine planning, and overall responsibility under the Mines Act.

10.6.3. REGULATORY REVIEW

Regulatory oversight can also influence the defeated controls, and in many cases cited the Regula-
tor’s role did not support effective controls. The regulatory regime does not place any requirement
on suitably-qualified persons to manage water balance. Nor does it place requirements on minimiz-
ing information loss upon the transfer from one EoR to another.

The Regulator has full authority to question, and request clarification of engineering specifica-
tions and design elements; however, it does not have the capacity to make full use of this authority in
many cases. Many of the defeated or absent controls identified in the RCA relate to the limitations of
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MEM with respect to professional reliance on which the Regulator relies. A formalized mechanism of

requests for additional information, coupled with additional technical resources to evaluate respons-
es, would support the implementation of these controls.

10.7. UNDESIRED OUTCOME: DOWNSTREAM CONSEQUENCES

The undesired outcomes (failure of the impoundment structure and subsequent release of tailings
and water from the TSF) led directly to a number of consequences that extended far beyond the con-
fines of the Mount Polley Mine.

The downstream consequences of the release represent threats to the key strategies of British
Columbia’s mining industry. These strategies, presented in the provincial Government’s Mineral Explo-
ration and Mining Strategy, include:

B Enhance our competitive edge

Streamline regulatory processes

Ensure the health and safety of our workers
Protect the environment

Build partnerships with First Nations
Develop a skilled workforce”

The specific consequences of the breach event presented below affect the ability of MEM, as
well as the industry as a whole, to achieve these key strategies.

The undesired outcome of a breach to the PE was proximate to the ultimate undesired out-
come: the release of approximately 21-25 million m? of tailings, interstitial water, supernatant process
water, and construction debris into the environment, affecting the watercourses from Polley Lake,
Hazeltine Creek and Quesnel Lake.

This outcome represented a large-scale failure to meet corporate, government, and industry
objectives. The impacts of this undesired outcome include at least the following:

B Environmental. A major purpose of the Code is environmental protection. Long-term envi-
ronmental impact is not known at present, but the release affected both the Polley Lake and
Quesnel Lake ecosystems, and devastated the full length of Hazeltine Creek. Turbidity and chem-
ical changes to lake water have been recorded throughout Quesnel Lake, although the relatively
low toxicity of the tailings water and the dilution throughout the lake could mitigate the effects.
Remediation efforts to restore anadromous and freshwater fish habitats and terrestrial terrain are
under way, but the results in these fisheries have not yet been quantified.

B Public Safety. Injury or loss of life was avoided in part due to the timing of the breach (there
were no workers on the PE at the time of the failure) and in part due to fortuitous circumstances
(there were no recreational users on Polley Lake or the Hazeltine Creek floodplain). Health and
safety of the public is a key priority of the Code.

B Social Contract. All citizens of BC have a reasonable expectation that their interests are con-
sidered in the development and regulation of the mining industry. These expectations include
safety, public health, environmental protection, interests of First Nations, and economic well-be-
ing. All these expectations have been threatened with the TSF breach.

B Economic. Economic impacts of the event have been felt throughout the mining industry in
Canada, from Imperial Metals and their investor relations to the broader perception of risks of
investing in mining in BC and across the country, potentially reducing both industry revenues
and job creation. Larger spinoff effects in the regional economy, including tourism as well as
other sectors, are also at risk. The event, cessation of production at the mine, and potential com-
plications of the incident on other mining activities in BC and elsewhere in Canada could pose
threats to secure, well-paid jobs in mining communities — not only direct jobs in the industry,
but larger spinoff impacts throughout the local and regional economies.
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CAUSES OF THE EVENT

International Relations. The event has shaken the reputation of the Canadian mining industry,

both within Canada and internationally. In particular, the relationship with Alaska cultivated by
the mining industry, especially due to the mine development in northwest BC, where drainage

passes through fish-bearing streams of the Alaska coastline. Cross-border relationships and

treaties are under stress or being revisited. Potential consequences may be felt in terms of future
water, fisheries, and other treaties with US interests both in Alaska and across the 49th Parallel.
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FINDINGS OF THE CHIEF INSPECTOR

11.1.

11.1.1.

RESPONSIBILITIES

MPMC has an obligation as the Permittee to perform in accordance with the Mines Act, the Code, and
the Mines Act permit.

A responsibility is imposed on the mine manager for all matters occurring on the mine site,
and in particular — but not exclusively — maintaining a safe working environment, maintaining the
integrity of mine structures, and preventing uncontrolled discharge of mine waste or contaminants
to the environment, all of which could cause harm in some form to employees, the general public or
the environment.

In the British Columbia mining industry, the services of a

qualified professional geotechnical engineer — including the EoR RESPONSIBILITY

for such large structures as the TSF — are commonly met by a spe-
cialized engineering firm contracted by the mine manager.

The mine manager engages the EoR with an expectation of
professional reliance. It is generally the responsibility of the client
to ensure that the contractor is performing in a professional and
capable manner. Likewise, the Regulator has an expectation of professional reliance on the advice,
certification, and judgment of the EoR. It is the purview of the Association of Professional Engineers
and Geoscientists of BC (APEGBC) to regulate the performance of its Professional Engineer (PEng.)
members.

Similar to the engineering contractor, the construction contractor works on behalf of the
Mine, and the mine manager retains the responsibility for adhering to the Mines Act.

The Regulator (the Chief Inspector of Mines) maintains a specific role with regard to the TSF,
performing Mines Act permitting and inspections of the mine, and ensures that it is performing work
in accordance with the Mines Act, Regulation, Code, and Mines Act permit. It does so by periodic
on-site inspections and review of documents (in the case of the Mount Polley TSF, such records as as-
built reports and Dam Safety Inspection reports). The Regulator seeks to ensure that such documents
are approved and sealed by a PEng. In addition the Regulator relies on the professional engineer to
indicate that construction has been carried out in general conformance with the approved plan. The
Regulator does not serve as an additional professional resource for the mine, and does not provide
professional advice or engineering design contributions.

FINDINGS

[tis the responsibility of the Chief Inspector to make formal determinations regarding any event
investigated pursuant to the Mines Act. A finding is a considered, objective conclusion issued by

the Chief Inspector based on his assessment and consideration of
the facts and analyses conducted as part of the investigation. This FINDINGS

assessment was accomplished through the RCA as described in

Chapter 10: conditions; events; and absent, defeated or failed con-
trols identified through this objective analysis support the findings
as summarized below. Inspector
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FINDINGS OF THE CHIEF INSPECTOR

Following the findings, Chapter 12 presents a series of lessons which emerged from the event

and its investigation. Chapter 13 outlines the Chief Inspector’s final recommendations from the
investigation.

The Chief Inspector makes the following findings with respect to the breach of the tailings
storage facility (TSF) at Mount Polley Mine on August 4, 2014,

ITISTHE FINDING OF THE CHIEF INSPECTOR THAT:

1 a structural failure of the Mount Polley Mine tailings storage facility Perimeter Embankment occurred
at approximately 11:40 pm on August 3, 2014; that the failure led to a major and ongoing erosion
breach at approximately 1:08 am on August 4, 2014; and further that the breach resulted in uncon-
trolled release of tailings and process water into the environment.

2 undesired consequences beyond the mine site resulted directly from the breach, affecting the envi-
ronment, the mining industry, First Nations, and the citizens of British Columbia.

3 the structural failure of the embankment occurred because of three proximate causes: an uncharac-
terized glaciolacustrine unit in the native soil foundation of the dam structure; an over-steepening of
the downstream slope of the dam, coupled with the constructed height; and an unfilled excavation
at the toe of the embankment at the site of the failure.

4 the mechanism of the structural failure was a sliding failure through the lightly overconsolidated
glaciolacustrine clay unit (UGLU) located approximately ten metres into the foundation. The failure
caused the embankment crest to drop approximately 5 metres, and can be considered the initiating
event of the breach of the tailings dam.

5 MPMC and its engineering consultants did not fully recognize and manage geotechnical and water
management risks associated with the design, construction, factor of safety, and operation of the
tailings storage facility.

Findings Relevant to Foundation Soils

6 adequate studies of the embankment foundation were not conducted on the Perimeter Embank-
ment, and site investigations for the Perimeter Embankment did not meet generally accepted
standards of practice for embankment structures. There was an assumed degree of certainty that the
foundation soils were dense and strong, which was not supported by a robust understanding of the
foundation characteristics.

7 initial site investigations at the Perimeter Embankment foundation did not include adequate geo-
technical characterization of soils at depth. Further, no subsequent site investigations were conduct-
ed on the Perimeter Embankment until 2011; drillholes were widely spaced and were principally for
the placement of instrumentation and the assessment of lower glaciolacustrine soils.

8 although the upper glaciolacustrine unit (UGLU) was detected during site investigations, its sig-
nificance remained unrecognized, and the risk associated with the extent and characterization of
strength of this layer was a proximate cause of the embankment failure. Multiple opportunities to
review and characterize the foundation soils arose, either in response to queries by Government
inspectors, or available in extant drillcore records; but these opportunities were unnoticed, ignored,
and/or discounted.
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11 FINDINGS OF THE CHIEF INSPECTOR

Findings Related to Supernatant Water and Beach Adequacy

9 the structural failure of the embankment alone did not cause the breach, but coupled with the
condition of the tailings pond — with insufficient beaches and too much supernatant water — a
progressive erosional failure of the embankment rapidly widened into a complete breach.

1 0 adequate beaches could not be continuously maintained primarily as a result of surplus supernatant
water.
1 1 an adequate water management plan did not exist. Mount Polley Mining Corporation failed in its

management of the water balance with respect to long term planning, including site integration,
effective treatment, discharge plans and permits. There was no qualified individual responsible for
the water balance, and MPMC did not adequately characterize the risk of surplus supernatant water,
which had been compounding since the mine reopened in 2005.

Findings Relevant to MPMC Management

1 2 it was the responsibility of Mount Polley Mining Corporation to maintain a safe structure, irrespective
of the Mine's reliance on external geotechnical engineering expertise. Mount Polley Mining Corpora-
tion did not meet this responsibility.

1 3 delegation of engineering tasks to a contractor with the skills, knowledge, and abilities to perform
a required task — even when the contractor is licensed and regulated as a professional engineer by
APEGBC — does not release the Permittee from this responsibility. The responsibility resides with the
mine; it cannot be delegated.

1 4 Mount Polley Mining Corporation did not recognize the risk of the excavation for the buttress
foundation, resulting in a small reduction in the FoS. This work was not recognized as a substantial
departure from the approved work plan by MPMC, and the Chief Inspector was not notified.

1 5 Mount Polley Mining Corporation did not identify or manage risks associated with changing Engi-
neers of Record at the tailings storage facility.

1 6 concerns regarding steep slope, dam construction material availability, buttress subexcavation, and
supervision were identified by employees but not elevated for action by MPMC management.

1 7 the mine failed to conduct a risk assessment, in accordance with Towards Sustainable Mining (TSM)
guidelines developed by the Mining Association of Canada (MAC), which may have been sufficient to

identify concerns about the steep geometry, the toe sub-excavation left open and unfilled, and the
absence of sufficient site investigations.

Finding Relevant to MEM

1 8 the Regulator works within the bounds of professional reliance; but the implementation of profes-
sional reliance is not adequately structured or formalized in policy.

In addition to these findings of the Chief Inspector, additional conclusions and recommenda-
tions supporting the investigation and can be found in Appendix 3, Chapter 10: Summary of Opinions
in Support of the CIM Investigation, by KCB.
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12.1.

LESSONS LEARNED

The history of engineering is replete with examples of hard-earned lessons, often as an outcome of
an industrial accident or disaster. Every bridge collapse or aircraft crash offers the opportunity to make
improvements in operating practices, standards, and design that not only reduce the likelihood of
similar events occurring in the future, but also advance the understanding of engineering across the
sector. It would be irresponsible for any individual or organization involved — including Mount Polley
Mining Corporation, the Regulator, the industry, the Mining Association of Canada, and professional or-
ganizations such as the Canadian Dam Association (CDA) and the Association of Professional Engineers
and Geoscientists of BC (APEGBC) — to fail to learn, benefit and evolve from the equally hard-earned
lessons of the Mount Polley TSF failure of August 4, 2014,
These lessons learned relate to:
B oversight, policy, practice, and organization broadly across the Mount Polley mine site (relating to
management, communication, accountability, definition of roles and responsibilities, etc);
B issues that could not be proven to have played a direct role in the event, but are suspected to be
contributory;
B issues that have the potential to degrade safety at other tailings impoundments in the Province or
beyond; and
B issues that stem from adherence to or interpretation of global, national, or industry standard prac-
tices demonstrated to be lacking in the mining industry.

LESSONS FORTHE MINE OPERATOR

While this section incorporates lessons learned specific to MPMC, the lessons are equally applicable to

all mines in the sector.

B Mine Development Planning. The mine did not make use of best available practices (BAP) or
life-of-mine planning in managing its site water balance and material for TSF dam construction.
Water management appeared to be focused on short-term requirements: the TSF raises eventually
became a recurring annual attempt to maintain adequate freeboard. Materials for dam construc-
tion were sometimes starved based on logistical difficulties and production planning that were not
aligned with freeboard requirements and slope recommendations.

B Water Management. A substantial expansion of the mine’s disturbed area footprint did not lead
to effective management of increased site water volumes. Despite a chronic water surplus recog-
nized by senior management, limited means to safely discharge water were developed. The pace
and urgency of water treatment — critical to water discharge — did move forward, but were never
sufficient. It took seven years to obtain a water discharge permit, but the Chief Inspector found no
information suggesting there was action to simultaneously obtain water treatment infrastructure
to address the chronic water surplus in a timely manner.

B Mine Dam Safety Manager. While there was a defined role for construction oversight of the
TSF, there was no dam safety manager with the knowledge, skills, and abilities to be accountable
for management of the TSF. This same role should also address accountability and authority for a
synoptic, long-term, integrated perspective in water balance management.
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LESSONS LEARNED

B Role of the Engineer of Record. The role of the EoR was not well articulated or integrated
with the responsibilities of the mine manager. Frequent changes of the EoR (the individual as
well as the contract engineering firm) led to a loss of site-specific knowledge, and there was
little effective continuity over the change of tenure from KP to AMEC. Broader lessons include
communication, continuity of knowledge, and clear definition of the responsibilities of the EoR.

B TSM Guidelines. While MPMC asserted its compliance with the Mining Association of Canada’s
Towards Sustainable Mining (TSM) framework, a number of elements were missing in the MPMC
submission. The value of a management system that supports the TSM framework cannot be
underestimated; the structure, accountability, and perspective offered by TSM can minimize
communication, coordination, and continuity issues in any operation.

B Construction Reports. The mine did not ensure that accurate, detailed TSF construction
reports were maintained. Detailed construction reports in relation to the work on the PE buttress
foundation would have supplied critical information either to the EoR (to perceive a risk of the
open sub-excavation) or to MEM (to assist in the analysis of the nature of the organizational
control failure).

B Employee Contributions to Risk Recognition. Risk education coupled with a process that
encourages reporting and follow-up of concerns may increase the potential of effective risk
management. Adequate recognition and characterization of risk should be an essential daily
component for every worker on the mine. A fundamental understanding of situations that may
influence health and safety needs to be an ongoing component of worker education. Such
education starts at the crew tailgate safety meeting, continues through the effective work of the
Occupational Health and Safety Committee (OHSC), and should be implemented as part of an
educational curriculum for mine workers. This process needs to include the escalation of con-
cerns or alerts from workers to management, and effective response of management to these
concerns.

B Mine Emergency Response Plan. An effective Mine Emergency Response Plan (MERP)
requires site integration and designated persons. The breach took place at a time with the least
site supervision: in the early morning hours in the middle of a long weekend, when most of the
management staff, and many employees, were not only off duty but unreachable. Conversely,
it may have happened at the most fortunate time: when no one was at work at or below the
breach or engaged in recreational activities on Polley Lake or Hazeltine Creek, particularly since
no accurate tally of personnel on site was available, and there was no expedient means of com-
munication with underground personnel.

Employees who were onsite as the event was detected reacted to the best of their ability given
their understanding and the availability of a mine emergency response plan. This improvised
emergency response was required because the MERP was inadequate and out of date, and
designates had not been named or trained on how to use the MERP. It was also evident that
the MERP did not include a usable reference guide for action as the emergency developed. The
MERP did not include any reference to emergencies involving the TSF; instead, it only contained
a cross-reference to the OMS. The OMS was equally opaque as an emergency reference. There
was no mention of downstream warnings. No practice exercise of the plan was required by
MPMC. On the mine, at least five individual MERPs were maintained separately.

This situation points to a broader need for more effective emergency planning, including inun-
dation studies and disaster table-top exercises, at mines across the Province; training, including
practice drills; and for MERPs that are actually effective in guiding response to events.
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12.2. LESSONS FORTHE MINING INDUSTRY

A disaster of the magnitude of the Mount Polley TSF breach has generated repercussions throughout
the mining industry. It announces, in no uncertain terms, that the status quo is no longer acceptable.
It offers a glimpse of the consequences of short-term planning, and the importance of oversight to
integrate systems across the mining operation. These are hard-earned lessons that suggest a way
forward.

B Life-of-Mine Planning. Life-of-mine planning, especially when applied to tailings storage and
water management, is more effective than an ongoing series of annual design plans. While it
may not be possible to design production and water management with certainty over the life of
the mine, a life-of-mine planning frame of reference allows for early initiation of water manage-
ment and discharge planning. Early development of discharge capacity is essential to water
balance on mines facing water surplus conditions. A long-term, integrated, synoptic view of site
water, tailings storage, material supply and delivery (such as rockfill) is essential to the successful
operation and closure of tailings facilities.

H  Full Implementation of TSM. In general, mining operations place significant reliance on exter-
nal professional expertise, from geotechnical engineers and designers as well as through prac-
tice standards and guidelines from independent organizations. Professional reliance depends on
working in partnership with external professional, rather than seeking means to avoid or delay
implementation of their recommendations. Guidelines such as those developed in the Towards
Sustainable Mining (TSM) program of the Mining Association of Canada (MAC) provide a frame-
work of standards and protocols for responsible mine operation. Instituting these guidelines can
build credibility for the mining operation, promote self-regulation, and achieve the expectations
of the Regulator.

B Effective Emergency Response Tools. Developing tools that can serve as an immediate
reference and roadmap to implement emergency response plans should be a priority at every
mine. Placing these tools within reach of personnel, and providing sufficient training in their use,
should also be incorporated into ongoing employee training. In addition, the practical applica-
bility of emergency response should be evaluated, trained, and tested on an annual basis.

B Risk Identification and Management. Comprehensive risk assessment, management, and
mitigation must be an ongoing component of all mine site activities. MAC should extend the
OMS standard to include an update of risk assessment and risk management plans on an annual
basis (or during any substantial change to design).

B Role of Mine Dam Safety Manager. Organizational structure played a role in the Mount Polley
event. There was no single authority on site to manage and be accountable for the TSF; and
since the TSF was inseparably bound to site water management, this single authority should
have been accountable for water balance, management, and discharge planning. A person
responsible for tailings dam safety, including a long-term, synoptic perspective on water and
tailings management, should be the standard of practice for all facilities.

B Independent Review. The nature of the breach event speaks to the merits of independent
review at multiple points in the life of the facility. Dam Safety Reviews were conducted too
infrequently despite reminders from MEM. Independent review provides an additional set of
expert eyes, and an opportunity to recognize design, construction, and other issues that might
otherwise go unnoticed. Independent review should be sought out at design, site investigation,
construction phase completion, and closure checkpoints. Review of as-built reports, annual
safety inspection reports, and OMS updates presents another opportunity for independent
review. In addition, an independent assessment of deviations from approved work plans or from
standard practice could potentially catch operational errors before they affect mine safety.
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12.3.

LESSONS LEARNED

B OMS Guidelines. Guidelines should be enhanced to require designation of a Mine Dam Safety
Manager for each TSF; define roles and responsibilities of the manager as well as the EoR; devel-
op TSF documentation systems that can be audited externally; develop means of implementing
appropriate corporate management systems to integrate TSF safety into the existing health,
safety and environment systems guidelines; and integrate risk assessment and risk management
plans into annual OMS updates.

LESSONS FOR PROFESSIONAL ORGANIZATIONS

Professional organizations such as the Canadian Dam Association (CDA) provide guidelines for tail-
ings dam safety; the Association of Professional Engineers and Geoscientists of BC (APEGBC) certifies
professional designations of engineers and oversees their actions. Guidelines produced by profes-
sional organizations have in some cases been incorporated into regulatory requirements by spe-
cific reference. While the Mount Polley TSF breach caused some inevitable damage to the public’s
confidence in the engineering community, it also presents an opportunity to improve design and
professional practice guidelines to reduce the likelihood of similar occurrences in the future.

B Moving Practice Guidelines Nationwide. The Professional Practice Guidelines prepared by
APEGBC should be considered by all provinces. The most current relevant guideline is the Dam
Safety Review Guideline (2014). APEGBC is currently preparing a guideline for site characteriza-
tion of dams, as recommended by the Independent Expert Panel.

B Engineering Integrity. APEGBC and its counterparts in other jurisdictions should review
professional practice guidelines around the potential conflicts between mining companies and
the consultants who advise them. Maintaining professional engineering integrity that may run
contrary to client expectations represents an ongoing challenge that APEGBC could potentially
address.

B Factor of Safety in Tailings Dams. The Canadian Dam Association (CDA) provided techni-
cal specifications for FoS for embankment stability, which were incorporated into the Code.
However, some ambiguity permitted misapplication of the FoS standards to the dam structure.
Although the TSF had been in full use since its opening in 1998, a series of EoRs applied the
construction FoS for dams during operation. Rewriting these specifications to exclude any am-
biguity and to provide specific standards for tailings embankments would benefit the industry.

B Post-Closure Guidelines. CDA guidelines should also emphasize risk reduction at all stages of
the TSF life cycle, with emphasis on landform design and reducing the risk of long term environ-
mental legacy risk.

B Consequence Classification. The CDA also develops guidelines for consequence classification
for dams. The Mount Polley TSF breach provides strong empirical evidence to assist in the re-
finement of the definition of the actual consequences of a failure in a dam with a specific set of
characteristics. The consequences of the failure (see Section 10.7) were far-reaching, and posed
more impact than the current guidelines suggest. The adequacy of the current consequence
classifications should be reviewed to tailor the standards of practice attached to each conse-
quence to these realities.

B External Practice Guidelines. CDA, MAC and APEGBC should evaluate and consider incor-
porating into their guidelines certain standards, whose absence may have contributed to
the Mount Polley event. These include developing procedures for any actions that affect FoS:
clear operating procedures, restriction on any deviations from plan, and requiring professional
engineering presence on site during any construction that impacts FoS; guidelines or minimum
standards for adequate site investigation; standards of practice for transfer of EoR, especially
when the transfer involves changing engineering companies. Transfer of EoR may dilute the
knowledge base, and such losses must be minimized.
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12.4. LESSONS FORTHE REGULATOR

This investigation examined the role of the Chief Inspector as Regulator. While the Regulator is not

the designer of the impoundment, it plays a role in ensuring safe design and operation.

MEM geotechnical inspectorate evaluates and issues Mines Act permits, conducts period-
ic geotechnical inspections, and reviews as-built reports and Dam Safety Inspection reports. The
Regulator plays an important role but cannot assume responsibility for neither design of engineered
structures such as tailings facilities nor construction oversight by approving or improving upon the
work of the design engineers. By necessity, the Regulator must defer to the technical expertise and
experience of the designer, who is, in turn, regulated and overseen by their professional association,
in this case APBGBC.

Likewise, it is not realistic to expect that geotechnical inspections, no matter how frequent or
thorough, will expose the risk of such events as those that occurred at Mount Polley. The purpose
of these periodic inspections is to ensure compliance with the Act, Code, and permit conditions;
identify hazards to health and safety; and review permit changes in mining structures as the mine
develops.

There are a number of areas MEM can address to improve the safety of tailings facilities across
the Province. These include the following:

B Application of Elements of BAP and BAT. The Regulator should use its best efforts to en-
courage the application of best available practices (BAP) and best available technologies (BAT)
in mining operations. BAT for tailings storage should be applied to reduce risk as far as practica-
ble. Although filtered tailings storage (or“dry stacking") is appropriate in some applications, the
Chief Inspector recognizes that it may not be an appropriate technology, at its current state of
refinement, for most low-grade, high-tonnage operations in BC or other areas challenged by
climate and topography. Through the guidance of regulatory instruments, BAP and BAT in areas
of site assessment and foundation characterization, water and water management, tailings
management and storage, and closure landforms must be assessed for incorporation into the
mining operations plan.

B Workplan Deviations. The Regulator should review and consider strengthening the Code
section addressing substantial deviation from approved workplans (Section 10.1.11).

B Incorporating Standards into Legislated Requirements. Updates to standards and guide-
lines from professional organizations are not yet reflected in the Code. This evaluation should
include the TSM protocols as well as other updates discussed in Section 12.3 above.

B Risk Education. There is an ongoing need for defined education of industry personnel in safe
practices and identification of hazards as possible at the TSF. This need may be met by requiring
training programs similar to those in place in the health and safety area. Training allows the
front-line worker to escalate recognized concerns, and encourages management to be more
responsive to risk identification, enhancing capacity in risk management.

B Reconciling Competing Roles in MEM. The Regulator faces multiple challenges in achieving
its objectives, and the Mount Polley event is a microcosm of these often competing challenges.
Many agencies have faced the same dilemma the inspectorate does: promoting and fostering
the success of an industry while at the same time regulating it. The role of the inspectorate as
well as its perception and understanding by industry must be refined and reinforced.

B Resourcing the Inspectorate. Support developing the internal capacities and skills to provide
the geotechnical and health and safety inspectorate to adequately enforce the Mines Act and
Code.

B Investigative and Enforcement Tools. The inspectorate does not have an ongoing capacity
to investigate multiple significant events concurrently. There is a need to develop operational
policies, develop a robust and effective enforcement structure, and build effective tools for the
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inspectorate. There is also a need to address the current gap in the existing penalty structure in

the statute, which limits the Regulator’s compliance and enforcement tools.

Improved Integrated Investigative Capacity. The inspectorate would benefit from expertise
in investigation, and should reach out to other agencies across government (including such
related organizations as the RCMP, WorkSafeBC, the Justice Institute of BC, and the Conservation
Officer Service, MOE) to gain this expertise. The Mount Polley investigation provides a number of
lessons that can be applied to future events: it initiated development of a scalable investigation
approach (including independence of the Chief Inspector from external influences, isolation of
regulatory versus prosecutorial investigation considerations, and the requirement for transparen-
cy —including FOIPPA — versus investigative integrity).

Records and Information Management. The investigation of the breach informed MEM
about the need for a comprehensive records management system. The Regulator’s records and
information management pertaining to mines does not adequately support operational, emer-
gency response, investigative, or FOIPPA disclosure requirements. Such a system would assist
MEM in regulatory oversight capabilities, investigations, project tasking, and providing formal
documentation and recording of all decisions, inspections, communications with permittees,
and responses. It would also enhance the ability of MEM to meet the expectations of the citizens
of British Columbia for transparency and disclosure of all appropriate information pertaining to
mine permits within the limitations of privacy considerations. Such a system could also support
long-term, integrated decision making by the permittee and consulting professionals with
responsibilities on mines.

Regulatory Trigger Events. The TSF overtopping in May 2014 was a strong indication of the
fragility of the water management situation at Mount Polley, and — in hindsight — may have
been a missed opportunity for identification by the Regulator. This event could have triggered
additional review and orders addressing water balance concerns and/or other actions; the
unfortunate lesson from this particular event is that no regulatory measures in place at the time
would have prevented the eventual failure of the embankment.

MAC Guidelines. The Mining Association of Canada (MAC) has developed a comprehensive
mine management program, Towards Sustainable Mining (TSM), that provides a framework of
protocols and standards of practice for responsible, credible mining operations. The program
invites voluntary participation from mine operators. Consideration should be given to requiring
mine operators to implement the MAC TSM guidelines relating to tailings dam safety, and to
submit to periodic audit by a third party.

Alignment of Regulatory Objectives. \While many objectives are congruent, there exists a
fundamental dilemma between the regulatory priorities of the Ministry of Environment and

the Ministry of Energy and Mines. MEM focuses on mine safety and the protection of land and
watercourses; MOE focuses on environmental protection for the receiving environment and

the regulation of mine discharges. In some circumstances, such treatment may not be practi-
cal or realistic given current technology and risk to the environment. Instead, risk of accidental
discharge was governed in part by accumulation of surplus water in the TSF, which could be
addressed only through discharge. The breach led to a failure in both ministries'key objectives:
safety, productivity, and water quality. Collaboration between the Regulators, involving the in-
dustry and encouraging innovation at large, is essential to address the urgency of improving the
technology of water treatment and the process of permitting.
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13.1.

13.1.1.

RECOMMENDATIONS
OF THE CHIEF INSPECTOR

This chapter lists the Chief Inspector’s recommendations emerging from the investigation of
the TSF failure at Mount Polley Mine on August 4, 2014. Recommendations comprise the ulti-
mate outcome of the Root Cause Analysis (RCA) described in the findings of the Chief Inspector
in Chapter 11, and in lessons learned, set out Chapter 12.
An effective recommendation will, once implemented, reduce the likelihood of a similar
event by:
B eliminating a hazard;
B creating an engineering barrier to minimize risk through design;
B producing an administrative barrier to minimize risk through procedure;
B introducing or strengthening controls to minimize risk by inserting hazard identification
and correction; or
B developing administrative procedures including standards and guidelines, regulations, and
related training requirements to minimize risk.

The Chief Inspector has identified a series of seven recommendations, directed to the
mining operator (MPMC), the mining industry, professional organizations and the Regulator.

RECOMMENDATIONS FOR THE MINING OPERATOR

RECOMMENDATION 1: PROPONENT GOVERNANCE

RECOMMENDATION 1-1: MINE DAM SAFETY MANAGER

Any mine with tailings storage facilities (TSFs) should have a qualified individual designated as a
mine dam safety manager responsible for oversight of planning, design, operation, construction
and maintenance, and surveillance of the TSF, and associated site-wide water management. The
individual must possess the requisite knowledge, skills, and abilities to perform these respon-
sibilities. Functions of this role may include coordinating relevant parties involved with the TSF
(e.g., consultants, contractors); ensuring appropriate approval of all activities has been obtained;
maintaining compliance with applicable permit conditions, Mines Act, and Code; life-of-mine
planning for water, waste and tailings management; site integration; integration of the OMS
and MERP; and consideration of potential factors that may influence tailings dam safety.

A qualified individual in this this role may prevent a TSF failure or breach by anticipating,
recognizing and preventing conditions from developing that could impact the safety of the
tailings dam.

Investigation Report of the Chief Inspector of Mines - Mount Polley Mine Tailings Storage Facility Breach 165



RECOMMENDATIONS OF THE CHIEF INSPECTOR

RECOMMENDATION 1-2: WATER BALANCE MANAGEMENT

Water management and water balance issues for mining projects must be designed by a qualified
professional. These issues require the integration of relevant mine departments. Mine operators
should designate a responsible qualified individual to oversee site-wide water management and
water balance.

A qualified professional design and a qualified individual to oversee the water balance and
water management plan will be able to anticipate site conditions and long-term considerations
towards water management. Effective water management may prevent a structural failure from
developing into a breach.

RECOMMENDATION 1-3: TSF OPERATIONS, MAINTENANCE
AND SURVEILLANCE MANUAL

The mine manager should ensure the Operation, Maintenance and Surveillance manual (OMS) re-
quired by the Code for all impoundments adheres to applicable CDA and MAC guidelines. Additional
guidance for the OMS should include incorporation of an annual risk assessment/risk management
plan and relevant findings of an independent technical review board. The OMS emergency response
section should be written so that it can be effectively utilized during an emergency, and should be
integrated into the Mine Emergency Response Plan (MERP).

An effective and well-implemented OMS will make all related personnel more attuned to
hazard identification and mitigation, knowledgeable in potential downstream consequences, and
capable in emergency response.

RECOMMENDATION 1-4: MINE EMERGENCY RESPONSE PLAN

The mine manager must ensure that the Mine Emergency Response Plan (MERP) adheres to appli-
cable regulations, is maintained on a regular basis for currency, incorporates appropriate response
measures to emergencies including those involving the TSF, and is written and distributed in such
format as to serve as a procedural guide during an emergency or other event. Site emergency
response plans should be practiced and integrated across possible eventualities on the mine site
allowing for coordination of resources. Training should also be provided to improve effective emer-
gency response.

An effective MERP gives responding site personnel an actionable plan to implement during
an emergency, which can be instrumental in protecting lives and the environment.

RECOMMENDATION 1-5: RISK RECOGNITION AND COMMUNICATION

All mine personnel have a role to play in recognizing and reporting risk conditions, especially those
that could affect health, safety and environmental protection; and should be educated in the
recognition of conditions and events that could impact TSF safety or contravene applicable permit
conditions and regulations.

An effective reporting mechanism for employees’ safety or environmental concerns on the
mine site (whether directly or anonymously) should be established, implemented and monitored.

Personnel educated in risks associated with TSF-related activities can offer ongoing insight
into conditions that may compromise the safety of the structure.
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13.2. RECOMMENDATIONS FOR THE MINING INDUSTRY

13.2.1. RECOMMENDATION 2: TSF DESIGN

RECOMMENDATION 2-1: DESIGN OBJECTIVES

Tailings storage and water management systems and structures should be designed for worker and
public safety and the protection of the environment. TSF design should incorporate a comprehen-
sive feasibility assessment that considers technical, environmental, social, and economic aspects
of the mining project in sufficient detail to support the submitted design. An assessment of the
applicable best available technologies and best available practices for the project should be incorpo-
rated into the design considerations to reduce the risks associated with the TSF for life-of-mine from
construction to post-closure.

Design based on a comprehensive feasibility assessment will reduce the likelihood of unex-
pected conditions developing that could negatively impact the safety of the structure.

RECOMMENDATION 2-2: INDEPENDENT TECHNICAL REVIEW BOARD

Mines with impoundments should each develop independent technical review boards (ITRB) to
provide additional perspectives on site investigation, site selection, design, construction, mainte-
nance, operations, surveillance, water management and closure. The ITRB's review should provide
additional oversight to include BAP/BAT for tailings storage and water management. The ITRB would
include one or more individuals with appropriate engineering expertise with similar structures; and
its opinions should be integrated into the mine's TSF management system. The requirement for an
ITRB should be determined and incorporated into the Code.

ITRBs will strengthen oversight and risk management by providing review, professional opin-
ion, and feedback to the EoR and the mine regarding the TSF.

13.3. RECOMMENDATIONS FOR PROFESSIONAL ORGANIZATIONS

13.3.1. RECOMMENDATION 3: PROFESSIONAL AND
ASSOCIATION STANDARDS

RECOMMENDATION 3-1: PROFESSIONAL RELIANCE STANDARDS

The Chief Inspector recognizes the necessity of reliance on professional practice for the design, con-
struction, operation and closure of mines and mine facilities. The Regulator does not design the mine
or associated structures, and thus is reliant on the professional practice of the designer.

Reliance on professional practice requires that the organizations overseeing the professionals
or developing guidelines and standards for the professional community incorporate best available
practices into their oversight. Organizations supporting such standards include:

B Association of Professional Engineers and Geoscientists of BC (APEGBC). Responsibilities include
professional practice guidelines. APEGBC should develop specific practice guidelines for site
investigation, roles and responsibilities of the Engineer of Record (EoR), standards of practice
for transfer of EoR, especially when the transfer involves changing engineering companies, and
standards for engineering presence on site during construction.
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B Mining Association of Canada (MAC). Responsibilities include participatory guidelines applicable
to tailings and water management, including applicable safety, operations, design, construction,
surveillance, and planning; and corporate governance standards of practice. MAC should review
existing guidelines to define the roles and responsibilities of the mine dam safety manager, and
should develop guidance on what is required to document the tailings management system
such that it can be audited by a qualified third party such as the International Standards Organi-
zation (ISO).

B Canadian Dam Association (CDA). Responsibilities include the ongoing development of design
guidelines for water and mining dams. CDA should update safety guidelines to reduce ambigu-
ity, and develop specific guidelines for mining embankments which recognize the continued
changes and raises during the life of the TSF and the consequence classification associated with
a tailings dam failure.

Strengthening standards of practice will enable better design, construction, and operation of
impoundments, improve governance, and establish benchmarks to evaluate these practices.

RECOMMENDATION 3-2: INTEGRATION OF STANDARDS

The Regulator should consider and incorporate as appropriate guidelines from these external associ-
ations as applicable and consistent with MEM objectives.

The Regulator will be able to incorporate improved standards and guidelines to better align
with appropriate professional and industry practices.

13.4. RECOMMENDATIONS FOR THE REGULATOR

13.4.1. RECOMMENDATION 4: REGULATOR FUNCTIONS

RECOMMENDATION 4-1: REVIEW OF THE CODE

MEM should undertake a comprehensive review of the Code to ensure that the lessons learned and
recommendations from this report are fully considered and appropriately incorporated; and that all
relevant standards and guidelines from external bodies (such as MAC, CDA, and APEGBC) are fully
considered in the review as appropriate.

Enhancements to the Code will assist the inspectorate in the enforcement of necessary man-
agement and engineering standards and guidelines.

RECOMMENDATION 4-2: LIFE-OF-MINE PLANNING FOR PERMITTING

Short-term, incremental Mines Act permit amendment applications can obscure life-of-mine condi-
tions and long-term risks. The Regulator should ensure a perspective that spans the life of the mine
be considered for Mines Act permit applications, while acknowledging that the nature of mining
frequently requires changes to the life-of-mine plan.

Requiring life-of-mine planning in TSF design and the permitting process will enhance the
robustness of the overall design of proposed structures.
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RECOMMENDATION 4-3: INVESTIGATION, COMPLIANCE
AND ENFORCEMENT REVIEW

The Regulator must enhance its investigative capacity, as well as its ability to exercise its existing
compliance and enforcement authority under the Mines Act and Code. A supported director-equiv-
alent position specific to investigation, compliance and enforcement should be established to
evaluate and oversee these roles. This oversight should extend to applying recommended standards
to the Regulator’s compliance and enforcement function. A full range of regulatory tools, such as
incentives, administrative penalties, outside agency collaboration and other best practices should be
considered.

Improved investigative and enforcement capacity will enhance the ability of the Chief Inspec-
tor to increase compliance and achieve greater safety at mines, improve industry practices, and lead
investigations in the future.

RECOMMENDATION 4-4: GEOTECHNICAL OVERSIGHT

The Regulator has a responsibility to oversee the decisions of the EoR. The Regulator must maintain
sufficient technical capacity to conduct appropriate oversight of the professional opinions on which
it relies. A Regulatory Dam Safety Manager dedicated to the coordinated regulatory oversight of
tailings dams in the Province could be responsible for ongoing policy development, technical review,
and inspection capacity as it relates to tailings impoundments.

Effective oversight of professional reliance in the design, maintenance, and operation of tail-
ings impoundments will increase compliance with engineering and operational standards, reducing
risk in tailings storage facilities across mines in the Province.

RECOMMENDATION 4-5: ORGANIZATIONAL REVIEW OF INSPECTORATE

There exists an ongoing need to adequately support the increased tempo of review, monitoring and
inspection that would be placed on MEM’s inspectorate. It is recommended that a comprehensive
internal review of operational and business practices be conducted.

An organizational review of the Inspectorate is warranted by the scope and urgency of the
recommendations of this report, and will strengthen MEM'’s ability to fulfill the Chief Inspector’s obli-
gations to the citizens of BC.

13.4.2. RECOMMENDATION 5: STRENGTHENING RECORDS MANAGEMENT

RECOMMENDATION 5-1: INTERNAL RECORDS MANAGEMENT

A formal MEM management system of documentation for all mines from development to post-clo-
sure should be established. The system will assist the Chief Inspector in integrating regulatory over-
sight capabilities; assist with investigation, project tasking, formal documentation and indexing; and
enhance the ability of MEM to meet the expectations for transparency and appropriate disclosure
within the limits of privacy considerations.

An effective records management system will support long-term, integrated decision making
by the Regulator, the permittee and consulting professionals.
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13.4.3. RECOMMENDATION 6: REGULATORY INTEGRATION

RECOMMENDATION 6-1: ALIGNMENT OF REGULATORY OBJECTIVES

Agency objectives (environmental protection, worker health and safety, facilities integrity) overlap
but are not always integrated. MOE and MEM interests, disciplines and standards should be reviewed
for alignment opportunities to support timely and effective program outcomes while optimally
fulfilling the mandates of both agencies.

RECOMMENDATION 6-2: PERMITTING PROCESS ALIGNMENT

Separate permitting processes for MEM and MOE should be reviewed for opportunities to integrate
and align these processes as appropriate to avoid duplication and increase efficiencies. There should
be a mechanism to flag each agency’s participation in the process to ensure that risks, such as those
related to the discharge permitting process, are adequately characterized and prioritized.

13.4.4. RECOMMENDATION 7: FOSTERING INNOVATION

RECOMMENDATION 7-1: COLLABORATIVE EDUCATION

MEM, the industry, professional organizations, and educational institutions should continue to seek
new collaborative opportunities to foster education (including formal academic, onsite or online
employee-focused, public-facing, and professional continuing education). This initiative could
include the availability of standards for education to better define the knowledge, skills, and abilities
for various accountabilities within mining; and to increase the knowledge base, information sharing,
and innovation. MEM could ensure that resources are allocated to enable the implementation of this
objective.

RECOMMENDATION 7-2: RESEARCH AND DEVELOPMENT

Current technologies in tailings processing, dewatering, and discharge water treatment have not
achieved a sufficient level of technical and economic feasibility in many projects. Both government
and industry should support research and development efforts to improve these technologies for
practical application.

Alignment of these recommendations with the findings and lessons learned in this report
were developed by the Chief Inspector.’

13.5. INDEPENDENT EXPERT PANEL RECOMMENDATIONS

While the Chief Inspector’s investigation was conducted in isolation from that of the Independent
Expert Panel, the recommendations from both investigations overlap. Some of the recommenda-
tions from this investigation reflect the Chief Inspector’s mandate to investigate the root causes — in
terms of organizational processes, policies, and behaviours, of the major parties in the TSF failure
event — which extend beyond the Panel’s terms of reference. The following table summarizes the
alignment of the two authorities'recommendations.
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Chief Inspector Recommendation I;::g;::::;:;::'
1-1 Mine Dam Safety Manager 2
1-2 Water Balance Management 5
1-3 TSF Operations Manual
1-4 Mine Emergency Response Plan
1-5 Risk Recognition and Communication
2-1 TSF Design Objectives 1,3
2-2 Independent Technical Review Board 4
3-1 Professional Reliance Standards 6,7
3-2 Integration of Professional Standards 2
4-1 Review of the Code
4-2 Life-of-Mine Planning 1
4-3 Investigation Compliance and Enforcement Review 5
4-4 Geotechnical Oversight 5
4-5 Organizational Review of Inspectorate
5-1 Internal Records Management
6-1 Alignment of Regulatory Objectives
6-2 Permitting Process Alignment
7-1 Collaborative Education
7-2 Research and Development 1

13.6. NEXT STEPS: TOWARD A SAFER MINING INDUSTRY
IN BRITISH COLUMBIA

As government, industry and others prepare to respond to the Chief Inspector’s recommendations,
action in response to the Mount Polley dam breach is already under way. For example, the Province
has accepted all the recommendations of the Independent Expert Engineering Panel and has begun
working with the mining industry, unions and First Nations to conduct a major review of the Code.
The review is focused on a number of areas, including:

B Application of best available technologies (BAT) and best available practices (BAP) in mining

B Enhancing validation of safety and regulation of all phases of a TSF

B |Improving dam safety and TSF management requirements

The BC Environmental Assessment Office has established additional requirements for evalu-
ating tailings management options for proposed major mines in BC. It has also taken steps to ensure
that best available technologies will be part of the environmental assessment process.

Across BC, all mines in the Province were ordered to conduct accelerated Dam Safety Inspec-
tions and assess the safety of their impoundments. APEGBC, which represents professional engi-
neers and geoscientists, is developing professional practice guidelines for dam site characterization
assessments, to help ensure that future dams are built to consistent safety standards. CDA and MAC
are likewise moving forward with revisions to their guidelines.
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These steps suggest that all affected parties are willing and able to work together to act on
the lessons learned from the Mount Polley dam breach, helping to improve the safety of workers,

communities, First Nations, and the environment.
The recommendations of the Chief Inspector will continue to focus the attention and com-
mitment of government and the mining community to build a safer, more sustainable industry in BC.

T Ministry of Energy and Mines (2015c)
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APPENDIX 1

APPENDIX 1 ACTIONS OF THE CHIEF INSPECTOR

This attachment documents the actions of the Chief Inspector of Mines (Chief Inspector) subsequent
to the breach of the Mount Polley TSF on August 4, 2014. It describes the orders to all tailings dam
operators in the Province, actions carried out in response to the recommendations of the Indepen-
dent Expert Panel, the launch of a comprehensive review of the Health, Safety and Reclamation Code
(“the Code"), and health and safety inspection actions. The chapter concludes with documentation
of all orders issued to Mount Polley Mine following the breach on August 4, 2014. These actions sup-
ported the mandate of the Chief Inspector to reduce the risk of a similar event occurring in BC.

1. DAM SAFETY INSPECTION ORDER

The Chief Inspector issued orders on August 18, 2014, to all mining companies in the Province with

permitted tailings dams in response to the Mount Polley event. The Chief Inspector ordered:

B The deadline for 2014 Dam Safety Inspections (DSIs) be accelerated from March 31,2015 to
December 1, 2014;

B Those inspections be reviewed by an independent, qualified, third-party professional engineer
from a firm not associated with the tailings storage facility;

B The dam’s consequence classification be reviewed by a third party; and,

B For dams with a consequence classification of high, very high or extreme: the Emergency
Preparedness and Response Plans (EPRP) be reviewed, tested and updated as required.

The third-party reviews (TPR) were to include the reviewer's comments
on the overall condition and consequence classification of the dams as well as
to enhance TSF embankment safety the reviewer's recommendations to improve the overall safety of the tailings
across BC -- and at Mount Polley storage facility.
All mines with High to Extreme consequence classifications conduct-
ed a Dam Break Inundation Study, and updated and tested their Emergency
Preparedness and Response Plans as required by the Chief Inspector’s orders.
Through these exercises, the mine managers and responding agencies have a better understanding
of their emergency management procedures and requirements.
The Chief Inspector also ordered that companies submit letters:
B outlining commitments for completing the recommended work proposed in the DSl and TPR
reports, along with a schedule for implementing that work.
B summarizing their Emergency Preparedness and Response Plan test and any identified gaps and
lessons learned from that test. “The orders expedited the normal annual Dam Safety Inspection
(DSI) reporting schedule from March 31, 2015 to December 1, 2014.

According to the contractor’s report, “the intent of the orders was to provide an overall picture
of dam safety in the Province of BC, recognizing that the orders, and associated document submis-
sions, provide information on a component of a much larger dam safety framework.

“The general findings of the review are as follows:

B Good response from mines to fulfill the Chief Inspector’s orders by the specified time

B The majority of reports were deemed to satisfy the orders, some with additional information
required;

B The dam safety inspections and third party reviews did not identify immediate safety concerns
at any of the tailings storage facilities in the province;

B mine managers have provided commitments to complete any necessary maintenance or
repairs;
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B Mines with a High to Extreme consequence classification were required to conduct a Dam Break
Inundation Study, and to update and test their EPRP. Through these exercises, the mine man-
agers and responding agencies have a better understanding of their emergency management
procedures and requirements, and mining companies are able to identify gaps and incorporate
lessons learned into the EPRPs; and,

B All outstanding requirements have been documented in the Chief Inspector’s response letters
to the mine managers and will be followed-up for compliance”

The completed review and inspections have been posted online.

The Chief Inspector engaged First Nations, sharing the information obtained through the
Dam Safety Inspections between February and April, 2015. There were 15 meetings involving 19 First
Nations held throughout the Province.

2. ACTIONS PURSUANT TO EXPERT PANEL RECOMMENDATIONS

An Independent Expert Panel, established by the Government of BC through the Ministry of Energy
and Mines together with the Williams Lake Indian Band and the Soda Creek Indian Band, investigated
and reported on the Mount Polley Tailings Storage Facility breach. The Panel concluded its investi-
gation and issued a final report on January 30, 2015, setting out a series of seven recommendations,
which Government has accepted.

In response to the Panel recommendations, the Chief Inspector ordered all operating mines
with tailings dams, and all closed mines with tailings dams classified as significant or higher conse-
guence classification, to provide a letter of assurance by June 30, 2015 to confirm whether materials
such as glaciolacustrine clays similar to those at Mount Polley exist in the foundation of any of their
dams. If those materials are present, the letters must also confirm whether sufficient investigations
and testing were completed to properly understand the strength and location of those materials,
and whether the dams were designed to account for those conditions.

In addition, the Chief Inspector order included a requirement for an assessment of water bal-
ance adequacy and filter adequacy. If any gaps were identified, a plan and schedule for addressing
these issues was required to be submitted.

Proponents for new mines are being asked to evaluate the conclusions and recommenda-
tions of the Panel and to indicate how these were considered for the proposed project. Finally, the
Chief Inspector has initiated a comprehensive review of the Panel’s recommendations in terms of its
relation to the existing Code, and potential means of reconciling the Panel recommendations with
Code updates.

3. MINES ACT PERMITTING

In December 2014, following emergency work by MPMC to mitigate further release of tailings
subsequent to the breach, the Deputy Chief Inspector approved an amendment to the MPMC Mines
Act permit to allow the company to begin repairing the breach in the TSF. The Mines Act permit
amendment process involved a detailed technical review of the permit application by the Mine
Development Review Committee (MDRC) including consultation with First Nations, the surrounding
community, and other ministries.

On July 9, 2015, the Deputy Chief Inspector approved an amendment to the MPMC Mines Act
permit to allow the company to conduct a restricted restart of mining operations at Mount Polley,
subject to water and tailings management capacity. The restricted restart under the Mines Act (and a
parallel Environmental Management Act permit) specifically prohibits use of the TSF; requires long-
term mining and reclamation plans, including TSF reclamation plans, by September 30, 2015; and
requires an updated water management plan by December 31, 2015.
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4, HEALTH, SAFETY AND RECLAMATION CODE REVIEW

A comprehensive review of the Health, Safety and Reclamation Code for Mines in British Columbia (the
Code) will be undertaken. A review committee will be chaired by the Chief Inspector and will include
an equal number of nominees from mine labour unions, First Nations and mine operation manage-
ment. The committee will recommend how best to fully implement the Panel’s recommendations
and the recommendations from the Chief Inspector’s investigation that relate to the Code.

The TSF portion of the Code review is expected to be completed in early 2016 and revisions
could be legally in force by mid-2016. The health and safety technical review is expected to continue
through 2016 with all revisions complete and in force by spring 2017.

5. ORDERS ISSUED TO MOUNT POLLEY MINE

The Chief Inspector and his designees issued a number of orders to MPMC following the breach.
These orders were issued under the authority of the Mines Act, and were issued subsequent to onsite
inspections of Mount Polley Mine.

The Chief Inspector maintained a continuous presence of inspectors at Mount Polley follow-
ing the breach to ensure work was carried out in accordance with the Code. The on-site inspectors’
role focused on risk prevention through increased oversight and communication with MPMC during
remediation and stabilization activities.

While a number of orders relate directly to the breach event, others address broader health
and safety issues on the mine site. These orders are relevant to the investigation in that they devel-
op a narrative of ongoing challenges in operating performance with respect to worker health and
safety. This ongoing challenge across multiple mine operation areas informed the Chief Inspector’s
investigation. At the time of publication of this report, MPMC is working with MEM to address these
deficiencies to ensure a safe and healthy work environment for future operations.

INTERNAL INVESTIGATION ORDER

On August 11, 2014, the Chief Inspector issued a letter to Mr. Dale REIMER, Mine Manager of MPMC,
summarizing the directions transmitted verbally and via email in the week following the dam breach.
The Chief Inspector indicated that the mine manager had “a responsibility to conduct a comprehen-
sive investigation of the root cause(s) of the event! The terms of reference of the required investiga-
tion included the following:

“(a) Pursuant to Part 1.7.1(4) of the Health, Safety and Reclamation Code for Mines in British
Columbia (Code), the Mine Manager shall ensure that the investigation is carried out by
persons knowledgeable in the type of work involved as well as the co-chairpersons of the
OHSC or their designates.

(b) Pursuant to Part 1.7.2 of the Code, on completion of the investigation the Mine Manager
shall prepare, for the [Chief Inspector], a report that:

a. to the extent practicable identifies the causes of the accident,

b.identifies any unsafe conditions, acts, or procedures which contributed in any man-
ner to the accident,

c. makes recommendations which may prevent similar accidents, and
d.is forwarded to the OHSC.

(© It is requested that the investigation report be submitted to the Chief Inspector no later
than January 15, 2015/
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INVESTIGATION COMPLIANCE ORDER

The August 11 letter also reminded MPMC that the Chief Inspector “will be conducting a separate
investigation of this incident. Pursuant to Section 15(7) of the Mines Act, and the Mine Regulation,
you will be required to provide full access to all areas of the mine site and all relevant information”

REMEDIATION ORDER

On August 11, 2014, the Chief Inspector issued the following order in writing to Mr. Dale REIMER,
mine manager of MPMC:

"Pursuant to Section 15(4)(d) of the Mines Act the Mine Manager shall undertake to remedi-
ate the dam failure in a manner that ensures the future stability of the tailings storage facility and
prevents further release of tailings!”

PERMIT AMENDMENT ORDER

On August 11,2014, the Chief Inspector issued the following order in writing to Mr. Dale REIMER,
Mine Manager of MPMC:

"The current condition of the tailings impoundment since the dam breach of August 4, 2014,
represents a significant departure from the approved work system and reclamation plans for the
Mount Polley Mine. Thus, pursuant to Section 10.1.11 of the Health, Safety and Reclamation Code,
the Mine Manager shall submit a Mines Act Permit Amendment Application for the remediation of
the dam failure. The application, including detailed designs, must be submitted by May 31,2015 to
the Chief Inspector for review and approval!”

In addition to the order, the Chief Inspector “requested that a status update on the remedial
plan and a schedule for implementation of the remedial works be provided to the Chief Inspector by
January 15, 2015”

SCENE PROTECTION ORDER

On August 21, 2014, Senior Inspector of Mines Stephen ROTHMAN issued the following order in
writing to Dale REIMER, Mine Manager of MPMC:

"It has been discussed and observed that the current engineered design of the coffer dam
is within close proximity of the upstream toe of the remaining tailings pond dike; in particular, the
breeched [sic] areas of the dam which need to be isolated throughout the investigative process.
As per our discussion today, the area both upstream and downstream on both sides of the breech
at the Mount Polley Mines TSF shall not be disturbed during the investigative process. The mine
manager shall ensure the scene is protected by including in the design, a set-back distance that shall
be maintained throughout construction to preserve the original dike in its found condition. The mine
manager is asked to extend the flagging to expand the protected area as soon as the Polley Lake -
discharge line is removed!
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STOP WORK ORDER

On September 7, 2014, Senior Inspector of Mines Greg McLEAN issued the following written order to
Dale REIMER, Mine Manager of MPMC, to document the verbal order issued on the same day:

‘At 8:54am on Sept.7/14, a Caterpillar Excavator was observed, by myself and Inspector
Cheryl POCKLINGTON, removing a loaded bucket from the toe of the tailings dam at N 52.51992
W 121.59454 [these coordinates are within 50m of the dam breach]. Pit Shifter, [mine personnel], was
immediately requested to attend the site and was informed by myself this activity of removing any
materials from the dam will cease and desist immediately and no further excavation of the tailing
dam toe shall take place without the expressed approval of a geotechnical engineer. Excavation
was ceased at the time of the verbal order. As per HSR Code 10.1.15,10.1.8,1°0.5.1, 10.5.2, 10.6.7, all
tailings storage facilities shall meet the requirements of the Canadian Dam Association, Dam Safety
Guidelines. The manager shall ensure that no excavation on the toe of a tailings dam occurs without
the approval of an appropriate professional engineer”

EMERGENCY RESPONSE PLAN ORDER

On September 11,2014, Senior Inspector of Mines Cheryl POCKLINGTON issued the following written
order to Dale REIMER, Mine Manager of MPMC, on the basis of a review of the Mount Polley Mines
Mine Emergency Response Plan, 2014:

“As per HSR Code 3.7.1, the mine shall develop and file with the chief inspector, a Mine Emer-
gency Response Plan which shall be kept up-to-date and followed in the event of an emergency. The
Mine Emergency Response Plan shall contain all of the elements required in the Mine Emergency Re-
sponse Plan Guidelines for the Mining Industry. The MERP was found to contain commitments to some
of the elements as outlined in the Guidelines, but did not lay out specific content to speak to the
elements as they pertain to Mount Polley operations. This includes but is not limited to; the roles and
responsibilities for nightshift/weekend/holiday coverage, roles and responsibilities outside of those
defined within the "emergency control group”and emergency planning for possible impoundment
failures such as a tailings dam. Essential maps, mine plans, escape routes and phone call-down lists
were also not available. Although the title page indicated 2014, SOPs within the document were dat-
ed February 2005. An actual revision date on the plan was not indicated. Conversations with workers
revealed poor knowledge about emergency responsibilities and of the content of the plan. This plan
is out of date and not consistent with the elements contained within the Guidelines. The manager
shall ensure a revision is completed without delay. It is recommended the OHSC be involved in
this process. Once complete, training for all identified key personnel shall take place and shall be
documented. The updated plan and training of all key personnel shall be completed by October 2,
2014. All persons who may be required to access the plan shall be able to state verbally their role and
responsibilities and will know where to find and activate it. All response plans shall be organized in
a central document or location with any older copies removed from circulation. In the interim, key
personnel and their after-hours designates shall be identified immediately and apprised of their roles
and responsibilities in the event of an emergency. The existing MERP should be used for this and a
record shall be kept of this interim training!”

HEALTH AND SAFETY INSPECTION ORDERS

On December 5, 2014, Chief Inspector AlHOFFMAN issued a series of written orders to Dale REIMER,
Mine Manager of MPMC, on the basis of an inspection of the mine site conducted on November 24.
The inspection was conducted by Rolly THORPE, Carina DOYLE, Caroline NAKATSUKA, Greg MCLEAN,
Emmanuel PADLEY, and Rory CUMMING. Although none of the orders were directly related to the
TSF, each addressed a deficiency in worker health or safe operations on the mine site. The orders are
summarized in the following table.
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Section of HSR

Code Contravened Order

1.9.1 Remediate and repair mill toilet facilities, using services of licensed profes-
sional, to eliminate overflow of sewage into mill.

191,233 Assess and correct sitewide storage of chemicals; properly dispose of
outdated chemicals; store acids and temperature-sensitive chemicals safely.

1.9.1,2.1.1 Submit written safe work procedure for working with corrosive reagents
and repairing reagent lines/tanks.

19.1,236,2.1.1 Ensure lead fumes and dust are disposed of to avoid worker exposure;
conduct risk assessment and management plan for hazardous materials
collected in scrubber systems; ensure flammable vapours collected in ven-
tilation system do not pose risk of fire or explosion.

1.9.1 [Remedy] inadequate ventilation in weld barn (deficiency since April 22,
2013) to avoid worker exposure; immediately supply workers with interim
PPE; establish monitoring program with certified professional; develop
thermal stress program for make-up air.

1.9.1,2.1.1 Prepare, within 60 days under direction of a qualified individual, a plan to
rectify deficiencies in metallurgy sample prep room ventilation system.

1.9.1,2.1.1 Within 30 days, ensure local exhaust ventilation captures contaminants
from hydraulic hose cutting.

4211 Within 14 days, update power distribution drawings to accurately show
current configuration.

5333, M421-11, Electrical station-grounding system shall be installed to provide adequate
456,571,572 ground fault protection (M421-11). Testing will be conducted annually, and
records shall be available for examination (within 14 days).

455, M421-11 High-voltage relays were out of compliance and/or not tested. Within 14
days, confirm safe performance on all devices of 750V or greater. Testing
must be documented and repeated every three years. Complete a site-
wide audit of all high voltage relays.

441 (4),44.9 (4), Warrant safe condition of fall arresting anchor points, assessed by a li-
4214 censed engineer. Conduct testing of all lifting devices by a qualified person,
remove noncompliant devices from service. Remove rough terrain forklift
number 60-054 from service until devices are repaired or replaced. Ensure
all rigging, webbing slings, and other lifting equipment is suitable to the
task and maintained in serviceable condition. To be remedied immediately.

6.3.2,6.37.1 Update underground plans for ventilation and firefighting, immediately
and every three months. Post updated plans.

3.7.1,63.1 Update and review out-of-date Underground Mine Emergency Response
Plan, within two weeks.

4.14,6.124,4.13.11, | Deficiencies in compressed air supply, communications, ice buildup, and
6.124,3.13.1 training for personnel were noted for the Alimak raise climber (secondary
emergency egress from underground works). All deficiencies to be correct-
ed.
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UNDERGROUND WORKS INSPECTION ORDERS

On December 4, 2014, John COX, Inspector of Mines, issued a series of written orders to Dale REIMER,
Mine Manager of MPMC, on the basis of his inspection of the underground works on the mine

site conducted on December 4, accompanied by Geotechnical Inspector Michael CULLEN PEng.
Although none of the orders was directly relevant to the TSF, each addressed a deficiency in worker
health or safe operations on the mine site. The orders are summarized in the following table.

Section of HSR

Code Contravened Order

6.25.2 Travelway obstructed by loose bagged in screen must be remedied imme-
diately.

333 Lower sumps are not equipped with life buoys and heaving lines, leading
to increased risk of drowning. To be remedied immediately.

1.9.1 Heading with bad ground is not signed or roped off. All headings to be

supplied with rope and signage to deny access when required. To be reme-
died within 30 days.

1.9.1 Ventilation system in welding barn (noted on April 24, 2014 for remedy
by September 15, 2014) has not been remedied. Appropriate PPE will
be issued immediately. An appropriate outdoor welding workplan must
be implemented immediately. Requirement for ventilation system is not
precluded.

GEOTECHNICAL INSPECTION ORDERS

On December 5, 2014, Geotechnical Inspector Michael CULLEN PEng. issued a series of written
orders to Dale REIMER, Mine Manager of MPMC, on the basis of his geotechnical inspection of the
mine site on December 4. Although none of the orders was directly relevant to the TSF, all orders
addressed geotechnical deficiencies in worker health or safe operations on the mine site. The orders
are summarized in the following table.

Section of HSR

Code Contravened Order

n/a Prior to restart, Mine Plans must be up to date and consistent with the
requirement of Permit M-200 Section C.1(c) Amendment March 25, 2013.

Prior to restart, the Mine shall inspect work places and travelways to repair
any damaged screen or excessively bagged screen.

Within 3 months of restart, the Mine will be inspected by a qualified geo-
technical engineer as required by the Permit.

6.23.2 (3) Prior to restart, develop and submit to MEM for approval a safe working
procedure for locations where loose rock accumulates, cannot be readily
accessed, and creates a danger for persons working below.

6.23.3,6.234,6.23.5 Excavated faces must not exceed 60 degrees or overhang, and must be
restored to a stable angle once reclaim work is completed.
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DUST EXPOSURE ORDERS

On December 5, 2014, the Chief Inspector issued a series of written orders to Dale REIMER, Mine
Manager of MPMC, on the basis of an inspection of the mine site conducted on December 10. The
inspection was conducted by MEM inspectors Rolly THORPE, Carina DOYLE, Caroline NAKATSUKA,
Greg MCLEAN, Emmanuel PADLEY, and Rory CUMMING. Although none of the orders were directly
related to the TSF, the orders addressed a substantial deficiency in worker health or safe operations
on the mine site. The orders are summarized in the following table.

Section of HSR

Code Contravened Order

211,213,191 A”notable accumulation” of dust in the crusher was observed, caused by
"a general state of disrepair”in the dust collection system. Effective imme-
diately, ensure employees are protected from exposure to dust; provide
properly fit PPE to all employees entering the crusher building; implement
an interim dust exposure mitigation plan, provided to MEM within 7 days;
have a certified professional determine dust levels in the crusher, within 45
days.

2.1.1,2.1.3,1.9.1 Within 60 days, submit to MEM a crusher ventilation system plan including
professionally-certified ventilation plan, schedule for upgrades or imple-
mentation, maintenance plan, and monitoring and occupational hygiene
plan.
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