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SUMMARY

A Dam Safety Review (DSR) has been carried out for the tailings storage facility (TSF) at the
Mount Polley Mine in British Columbia. Though the mine has had a consistent dam safety
inspection program and two independent reviews of the facility, this was an initial formal DSR
for the mine which recently restarted operations after a hiatus of several years of less
favourable economic conditions.

The DSR was carried out in compliance with tailings dam specific dam safety classification
guidelines (Ontarlo Dam Safety Draft Guideiines) though consistency with the Canadian Dam
Safety Guidelines (CDA, 1999) and British Columbia Dam Safety guidelines was an evaluation
requirement.  The evaluation is also considered compliant with the provisions for dam
inspections from the Mining Association of Canada (MAC) Guide fo the Management of Tailings
Facllities (MAC, 1998).

In general, the three embankments that impound the Mount Polley tailings are well-designed
and well-constructed entities from a dam safety perspective. Each of the three dams has
demonstrated similar good performance behaviour with little indication of potential concerns in
the future provided the design, continuance of past construction practices, and inspection
procedures remain in place, There are some operational issues that could be addressed in a
more proaciive fashion to optimize both the operating condition of the TSF as well as facilitate a
more successful faciiity closure consistent with stated closure objectives.

The DSR addressed the key elements required for such a review of a tailings embankment
dam(s). From the results of the DSR, summary comments include:

o The overall impoundment is formed by the South, Main and Perimeter embankment
dams that form a contiguous crest and tos footprint. The embankments are robust in
terms of mass, material and, to date, monitored performance. No safety issuss of
concemn have been noted in the comprehensive documentation available for the
facility.

o The embankment cross-section is relatively complex but a review of documented
records and observations of the construction controls made on-site during this DSR
indicate that this has not caused any concern fo date in the construction of sound
dam sections that meet design objectives.

¢ The reflance on constructed drainage measures post closure is unclear in the
documentation reviewed and should be clearly stated in all future dam safety
documentation (inspections and reviews).

s Pam surveillance and operations protocols appear to have been followed
appropriately in comparison to original design recommendations.

VMOG448 Page iii
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Monitored results are evaluated on a “plane by plane” basis (i.e. a series of two-
dimensional dam sections) and overall trends in terms of seepage and/or drainage
efficacy are aot being fracked {or at isast reported in that fashion). A three-
dimensional pore pressure profile for the facility should be the basis of reporting
piezometric measurements.

The dam designer is being appropriately engaged in the ongoing construction and
operational planning for the TSF,

Operating criteria for pond and beach management are presently at odds with
optimal dam seepage performance and stated closure objectives, with the latter item
being the issue of greatest concern.

The aﬁnouﬁt of wave induced freeboard being allowed for is likely excessive by at
least a factor of two.

As the facility has no operating spiliway, the selection of a 24-hour probable
maximum precipitation event may not be appropriately conservative (even with the
suggested hazard classification noted below).

The lack of determination of the nature of potential preshearing in the
glaciolacustrine foundation leads to uncertainty in terms of present and post closure
stabllity condition and, commensurately, uncertainty for the need, or lack thereof, of
the closure toe berm presently in the mine’s plans. This issue also impacts certainty
on consequence classification.

The recommended consequence classification ratings from this DSR were based
upon thelr highest incremental consequence, which was deemed fto be
environmental impact in all cases (with the tacit assumption issues related to
potential brittle or pre-sheared foundation units can be shown to be non-existent in
the near future). Potential threats to public safety or non-TSF infrastructure were
both considered nominal. Owner's costs were not included in assignment of the
ratings. This recommended approach Is-subject to owner approval.

The dams require continued annual dam safety inspections and, given the excellent
manner with which these have been completed to date, and in interests of continuity,
it is recommended that the origina! designer continue in this function. Assuming a
continuance of operations, the next DSR should be carried out not later than 2016 or
during detailed closure design, whichever is earlier.

In general, between the programs in place, the expertise of the site personnei tasked with dam
safety and the inclusion of the original designer of the facility throughout the operating life of the
TSF, the Mount Polley TSF is adhering to an excellent dam safety program.

VYM00448
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The mine has a recent and thorough Operaflon, Maintenance and Surveillance (OMS) Manual
for the TSF. This OMS Manual, which was found to adhere well to the Mining Association
‘Guidelines {NMACT, 2004), should be followed explicifly in terms of operational practices
(including development and maintenance of tailings beaches) and reviewed during each annual
DSI| and updated as required. The Mount Polley OMS clearly states the following, shown in
italics, are explicitly required from a DSR (and the required information deduced from this review
is also presented): '

]

VMO00448

The consequences classification of the dam — The Mount Polley Embankment
Dams all have a LOW consequence classification with the assumption that owner's
costs are not to be included. This classification is at odds with that previously
adopted for the dams; the previous classification being considered conservative,
One uncertainly with the classification assignment is whether the foundation
conditions can be “signed off’ as not having a potential pre-sheared and/or britle
condition.

The adequacy of past annual inspection practice, the annual inspection
recommendations, and their implementation — The annual inspections {o date
have been thorough. There are minor upgrade suggestions present in terms of data
presentation {(e.g. piezometer information) but these reports fully meet the
expectation of such documentation for simitar facilities.

The Operation and Maintenance Manual — The 2006 Mount Polley OMS for the
TSF is, as noted above, thorough and deemed appropriate for the site provided
regular updates are completed and closure objectives are reflected by firm
requirements of operating procedures.

Timing for the next regular DSR — approximately 2016 as described above.
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1.0  INTRODUCTION

This report presents the findings of a dam safety review (DSR) carried out for the tailings
storage facility (TSF) at Imperial Metals Corporation's Mount Polley Mine near Likely, British
Columbia.

AMEC Earth & Environmental Limited (AMEC) carried out the DSR at the request of Imperial
Metals Corporation. The on-site review portion of the DSR was completed during
5 - 8 QOctaber, 2008, inclusive. Mine site personnel, in particular Messrs. Ron Martel and Matt
Sitbernagel, greatly assisted the DSR process. Complete access to relevant documentation
and to physically inspect the Tailings Storage Facility (TSF) was provided. As the
Environmental Superintendent, Mr. Martel also coordinated the overall DSR on behalf of
Imperial Metals. The AMEC DSR engineer was Dr. Michael Davies from AMEC's Burnaby,
British Columbia office. Dr. Davies is an experienced tailings dam design engineer who has no
previous involvement in the Mount Polly project, and is registered as both a Professional
Engineer and Professional Geosclentist in the Province of British Columbia (No. 16408),
meeting the requirements to complete such a review.

The overall objective of the DSR was to evaluate the safety of the Mount Polley TSF from the
perspective of the current and the future (expected) dam conditions and, if required, make
recommendations as {o the necessary means to maintain the dams in adequately safe
conditions consistent with Imperial Metals Corporation’s objectives, regulatory requirements and
current engineering practice standards.

The Mount Polley TSF Operation, Maintenance and Surveillance (OMS) Manual, updated in
2008, includes the mine’s own perspective on the D8R process as follows:

The principle objective of a Dam Safety review (DSR) Is fo ascertain that a dam has an
adequate margin of safely, based on the current engineering practice and updated
design input data. A DSR may also be carried out to address a specific problem.

A qualified engineer will be responsible for conducting each DSR at the Tailings Sforage
Facility. The engineer conducting the DSR must be qualified to conduct safety
evaluations and be familiar with the designs and other site-specific condifions and
requirements pertaining to operations of the impoundment and associated facilities; but
ideally should not have been involved in the design, construction or operation of the
TSF. .

Routine DSR's at the TSF will be carried ouf every 10 (as suggested by this DSR) years
but this scheduling requirement should be confirmed or revised at the time of each
annual inspection. The next DSR for the TSF is scheduled for 2006 (which was
completed per this evaluation; next DSR tentatively scheduled for 2016).

VM00448 Page 1
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A detailed scope of work for each DSR will be defined by the engineer prior to
conducting the review, and.be consistert with current engineering practice. at the. time it
is conducted. Each DSR will evaluate the safety of the TSF and incotporate a detalled
review of the folfowing:

e The consequences classification of the dam;

o The adequacy of past annual Inspection practice, the annual inspection
recommendations, and thelr implementation;

o The Operation and Malntenance Manual,

o Timing for the next regular DSR.

Each DSR report should include conclusions and, If necessary, recommendations
" pertaining fo the safefy of the TSF. Copies of the DSR will be sent fo the Environmental
Superinfendent and the Ministry of Energy and Mines for review. Simifar fo the annual
inspection report, an action plan should be prepared by the Mill Superinfendent fo
address the DSR recommendations. A copy of each report will be sent to the Ministry of
Energy and Mines and will also be available at the site and at the office of the Design
Engineer. :

This description embodies the key aspect for any DSR and includes Mount Polley’s site specific
considerations. The description is also consistent with regulatory guidance literature.
Summarizing the combined language from the Canadian Dam Association (CDA) Guidelines
(CDA, 1999), the British Columbia Dam Safety Regulations (BCDS) (2000), and the draft
Ontario Dam Safety (ODS) Guidelines (1999), the objectives and scope of a DSR can be
defined as foliows:

The DSR includes a review of the design, operafion, maintenance, surveillance and
emergency plan, to determine if they are safe in alf respects and, if they are not, fo
defermine required safety improvements. A DSR is a systemalic evaluation of the safety of
a dam, by means of comprehensive inspection of the structures, assessment of
performance, and review of the original design and construction records fo ensure that they
meet the current criteria. Special attenfion should be given to those areas of design and
performance having known or suspected weakness or which are crucial fo dam safety. The
levef of detaif required for a DSR should be commensurate with the importance, design
conservatism and complexity of the sfructure, as well as with the consequences of failure.

The ODS Guidelines are noted only insomuch as they remain the only Canadian regulatory
published set of dam safety criteria that implicitly addresses the nature of actual concemns for
tallings dams versus other types of dams. Specifically, the ODS Guidelines include
environmental issues in a manner consistent with the issues that tailings impoundments bring to
both owners of these facilities and their regulators. The CDA and BCDS approaches include
environmental considerations, but not from a specific failings dam perspecitive.
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The Dam Safety Review process can vary in terms of approach and reporting style as long as
three fundamental components have been adequately addressed:

1. The dam{s) are appropriately evaluated In terms of a thorough visual inspection, a
review of salient documentation and a review of any relevant monitoring information (e.g.
piezometers) as they relate to the safety of the dam(s).

2. Potential failure modes for the dam(s) are recognized and tested against the available
information to determine what, if any, of the candidate failure modes may be possible
given the as-evaluated state of the dam(s).

3. The dam(s) is provided a classification in terms of its potential for:
o Environmental Impact(s)
o Economic Losses
o Loss of Life

This document is provided to summarize the work completed to meet the above fundamental
requirements.

VM0448 Page 3
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2.0 BACKGROUND

21 General

The Mount Polley mine commenced production on 13 June 1997. The mine operated until
OCctober 2001 when a decision was made to cease opsarating during a low peint in the metal
market price cycle. The mine was on care and malntenance status from October 2001 to
February 2005 whan it was restarted in 2 more favourable economic climate.

Ore is crushed and processed by selective flotation to produce a copper-gold concentrate. The
mill throughput rate is approximately 18,500 tonnes per day (about 6.8 million tonnes per year),
Tailings are slurried and delivered inte the TSF located on the south area of the Mine property.
The tallings are impounded within three contiguous dams:

1. South Embankment
2. Main Embankment
3. Perimeter Embankment

These embankment dams are part of the overall TSF. The embankments have been raised by
the “modified centerline” method of consfruction and have a consistent cross-section with
several zones (using current site nomenclature) as follows:

s Zone S: Core - fine-grained glacial till.

o Zone CS: Upsiream shell — tailings (depending upon location of spigots, may be coarser
or finer than average tailings grind).

Zone B: Embankment shell — fine-grained glacial fill.

Zone F: Filter, drainage and chimney drain — processed sand and gravel.

Zone T: Transition filter — well-graded fine-grained rockfill.

Zone C: Downstream shell — rockfill,

Zone U: Upstream shell — parameters vary depending on material availabiiity.

¢ & © o o

The embankments also have the following overall features:

o A low permeability basin liner (hatural and constructed) underlies the TSF. The basin
liner has minimized seepage from the TSF and we understand that there have been no
indications of adverse water quality reporting to groundwater monitoring welis.

* A foundation drain and pressure relief well system, located downstream of the Stage 1B
Main Embankment. This system was constructed to reduce potential excess pore
pressure In the foundatlon and to transfer groundwater and/or seepage to collection
ponds.

s  Seepage collection ponds downstream of the Main and Perimeier Embankments which
were excavated in low permeability solls to store water collected from the embankment
dralns and from focal runoff,

¢ Instrumentation in the tailings embankments and embankment foundations that includes
vibrating wire piezometers, survey monuments, and inclinomsters.

o Groundwater quality monitoring wells installed around the TSF.

: s
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As described in the proiect's design documentation, the embankments have been raised in
stages. The most recent raise, Stage 5, was being constructed during the DSR site review
period,

2.2 Relevant Documentation to DSR

A comprehensive set of design, as-built and annual inspection documents relevant io the
tailings storage facility were made available for review. A list of these reports is provided in
Appendix A, Included in this appended listing are commentary notes made during the review of
these documents.

2.3  Existing Dam Safety Program
2.3.1 Dam Safety Inspections

There have been annual inspections each year of operation for the Mount Polley TSF. These
inspections have all been documented (listed in Appendix A} and provide a summary record of
the reporting period’s construction activity, instrumentation readings and any other salient
observations. Other than one year, all of the on-site components of the inspections have been
completed by a registered professional engineer.

2.3.2 Dam Safety Review

This current DSR is the initial one for this facility. As described in Section 1, the mine is fully
committed to the concept of DSRs as part of their overall dam safety program.

2.4 Water Balance

The water balance for the Mount Polley was updated by mine personne! prior fo the DSR and
we understand it has been reviewed by Knight Piésold. The water balance appeared fo reflect
site conditions. Based upon the balance, the TSF operates with a water budget surplus.
Inflows from precipitation and surface runocff exceed losses from evaporation, tailings void
retention and seepage losses. The TSF is required to have sufficient storage capacity for runoff
from the 24-hour probable maximum precipitation (PMP). Given the lack of a spillway, perhaps
this event is of too short a duration and a longer duration PMP should be used during operation
(though there may be littie change to the computed inflow volumes).. We undersiand the 24-
hour PMP volume is approximately 680,000 m® which apparently is equivalent to an
incremental rise in the tailings pond level of about 0.4 m. The freeboard desigh also
incorporates an additional allowance of 1 meter for wave run-up. As noted elsewhere in this
raport, that value appears excessive glven the combined wind load and fetch geometry. A valus
of 50% or less would likely remain conservative. It is recommended that this run-up value be
revisited by the designer of the TSF (along with the evaluation of a longer duration PMP which
may counterbalance any gain from a reduced run-up requirement).

ViM00448
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3.0 DAM SAFETY EVALUATION
31 General

The available recordsfinformation related to the original designh and consfruction of the Mount
Polley tailings embankment dams is thorough and meets current practice expectations. This
record of original design and construction has been augmented, as shown in Appendix A, with
documented ongoing inspections and construction monitoring by the original dam design team.
This has created a current, and comprehensive, database for a DSR, Coupled with the site
inspection of the facility, which included viewing Stage 5 {fo elevation 951 metres) raise
construction, sufficient information was provided for an effective DSR fo proceed. Appendix B
includes some sample photographs taken during the site review portion of the DSR.

The format of the DSR was chosen to, per Section 1, allow identification of any deficiencies in
overall dam safety from a design, construction or operating perspective that could impart undue
risk to the mine and/or overall corporation. To meet this objective, the 2006 DSR included a
step-by-step evaluation of various dam safety issues as follows: .

o Static Load, Hydrologic, Seismic and Other External Loads — The project seiting does
not offer extreme “loads” of any kind beyond that anticipated for like facilities. The site
seismicity is relatively low with the 10% chance of exceedance in 50 year peak ground
acceleration being less than 0.05g coming from an M-6.5 event. The annual
precipitation is approximately 0.75 metres with just under 0.5 meires of average
evaporative removal from open water surfaces. The 24 hour probable maximum
precipitation is just over 0.2 metres. None of these, or any other, externat loads could be
considered unusual or “extreme”.

o Envircnmental Conditions — The tailings facility is located in a relatively remote part of
British Columbia. There are not any apparent unique aspects of the environment where
the facility is situated included no indication of a fishery of critical importance in the
recelving waters to the site drainage area. Consultation with environmental regulators
and regional stakeholders is not part of a DSR scope though, based upon judgment and
knowledge of the region, the project setting is likely in as “logical” a location as is
possible for a tailings impoundment at a mine in British Columbia.

» Engineering Analyses and Design — The designers of the embankments, Knight Piesold,
have remained the engineers of record and continue to complete the annuai DSls. As
such, there has been consistency in the analyses and design from project inception
through to the time of the DSR. There are some notable exceptions with the manner
with which some of the analyses were completed but none of these raise dam safety
concerns.
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e Dam Structures — The three embankment dams all appeared in a good state of repair at
the. time: of the DSR. There was no visual -evidence -of significant:past-issues (nor any
documented). The lack of a tailings beach and inconsistency with beach profile and the
closure concept for the TSF are notable but do not present immediate dam safety
concerns. The lack of a beach profile consistent with closure objectives would address
the lack of beach against the embankments and, for a number of reasons, should be
addressed as soon as possible by the mine to avoid increased costs in this regard in the
future. Again, however, dam safety is not a driving reason to address this lack of
beach/positive beach profile,

« Discharge Facilities — Currently the TSF has discharge via (in decreasing importance).

o pump back from the fixed barge pumphouse on the west side (native ground) of
the impoundment

o seepage, largely through the drainage collection system

o) evaporation

There is currently no surface discharge facility (spillway) and one will be required for
closure (and is the prime reason why the current beaching practices should be modified
to allow effective placement of a spillway). At other similar facilities in British Columbia,
where there is no operating spillway, a longer duration PMF event than the 24 hour
event has been used with the 24 hour duration being adopted for closure when there will
be an appropriate spillway. This approach is recommended for the Mount Polley TSF.

e Dam Instrumentation — there are a number of instrumentation “planes” (8 in total, planes
A to H) for the TSF embankments. These planes are largely populated with vibrating
wire piezometers. There is very little redundancy in the system and some of the
piezometers lost should be replaced. A review of the piezometers data shows no overall
concern ({the core and drains appear to be functioning but, as described later in this
report (Section 4), an alternative DS presentation style is recommended (as are clear
concern trigger levels). The inclinometers and survey monuments have not
demonstrated any deformation(s) of concern.

¢ Upstream of Dams — no indicated potential factors to influence dam safety such as
failure of another facility impacting the failings area.

¢ Runoff Management System — no major issues though, per discharge facilities, will need
to be addressed for TSF closure. The runoff largely ultimately reports to the seepage
collection ponds.

¢ Downstream of Dams — nothing of concern noted. The two seepage colfection ponds
appeared in good condition.

o Past Performance and Fallures of Dam — no noted fallures had ever occurred with the

Mount Polley TSF embankments.
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o Review of Tailings Dam Operations Manual — the 2006 update appears thorough and
appropriate for the nature of the facility. The plan needs {o be appropriately updated for
any changes in -instrumeniation .or monitoring profocels that wmay arise as the
construction raises proceed.

o Trigger for Additional Dam Inspections — in addition to the current annual inspection,
there should be a visual inspection of the facility by a qualified (e.g. dam’s designer or
their designate) sngineer if the maximum design, or close to It, earthquake was to occur,
or after any 24-hour rainfall storm event deemed 1o have been a 1 in 100 vear, or lower
statistical probability (i.e. greater return period). Any change in instrument reading into a
“red" zone (see Section 4) that occurs without ready explanation should also trigger an
additional inspection.

3.2 Potential Failure Modes
3.2.1 Potentially Applicable Modes

The general nature of the embankment dams described in Section 3.1 in terms of dam key
safety issues shows that, at a summary level, there appears to be no obvious and/or significant
dam safety issue. Nonetheless, to be complete, the DSR necessarily needs fo review potential
modes of failure specific to the embankment dams at the Mount Polley TSF.

Table 3.1 summarizes the potentiai physical failure modes deemed applicable to the Mount
Polley Embankment Dams. Table 3.1 is a list of potential modes for facilities akin to the three
contiguous embankment dams. Inclusion of a failure mode in Table 3.1 in no way implies that
such a failure mode is a concern for these structures. The judged potential for issues listed in
Table 3.1 is provided in Section 3.2.2.

Table 3.1 — Potential Failure Modes Applicable fo Mount Polley Embankment Dams

Wode | " Deseription_

Slope Instability of Containment Structure

Shear failure of the slape, Excessive loading at or near the crest or a weakness In the
including failure through the foundation or within the embankment can lead to a fallure of the
foundation duse io self-weight of slope or failure through the foundafion. Excessive loading can
structure and elevated water develop during construction or when raising the structure. The rising

levels in the containment struciure | reservoir water level may lead fo an excessive load and/or increased
pore pressures, and consequently a dam fajlure.

Weakness of the foundation soit or embankment dam material can
develop through softening of the soll over time or an increase in
water pressures.

Rapid drawdown of a pond on the upstream side of the containment
structura can result in siumping of the upstream siope, which, if large
enough, might lead to an embankment failure (see drawdown
below).
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Mode :

Descr!ption

Siiding due to talimgs andlor -

waterload

Taﬂmgs andlor water on the upstream face of the embankment can
1 exert-afateral force causing it-to slide in the downstream direction,

This is particularly true If there is a near-horizontal plane of
weakness within the structure or foundafion. In addition, water
against the upstream slope can lead to elevated pore pressures and
excossive seepage forces.

Slumping due to earthquake

When an earthquake occurs, it applies cyclical horizontal and
vertical forces on a containment structure. The increased horizontal
forces can reduce the stability of the embankment structures and
result in deformations that could lead to overtopping and/or damage
to the internal seepage conirol elements,

Bearing capagcity failure of an
embankment into tailings due to
liquefaction of tailings (although
only slight section for Modified
Centreline Dykes)

Liquefaction of the tailings on the beach can occur if the tallings are
joaded too quickly during construction. As flll Is placed over the
tailings, excess pore water pressures are generated that dissipate
over time. If the rate of loading is faster than the dissipation of pore
pressures, then liquefaction can occur and the tailings would a
significant portion of their strength. This foss of tailings strength can
have a diract Impact on the stability of structures bullt on or directly
adjacent to tailings, resuliing In reduced factor of safety against a
bearing capacity failure into the upstream beach foundation.

Slumping due to rapid drawdown

if the level of the pond is drawn down rapidly, then the upstream
slope of the embankment dam could slump. A rapid drawdown
event could occur if there is a sudden loss of pond contents.

Flooding

Overtopping

Overtopping of the containment structures can oceur, typically during
an extreme flood event and diverslons are lost andfor when a
spillway becomes blocked (no spillway currently present at Mount
Polley TSF). Waves that are generated at high reservoir levels may
also lead to erosion of embankment crest, this can lead to
progressive erosion and, ultimately, a dam breach,

Surface Erosion Leading to Uncontrolled Release of Tailings or Water

Gullies in downstream shell due
to overtand runoff

Runoff resulting from rainfall and/or snowmelt can flow down the
slopes of the embankments or abutment contacts and incise gullies
in the shall of the structure. If the gullies are left unattended (j.s., not
repaired), then the gullies can become large enough fo trigger a
slump by over-steepening portions of the slope locally. The local
fallures could trigger an overall failure of an embankment dam (dam
breach).

Erosion of upstream slope and
crest

If there is no tailings beach, wave action can cause erosion (e.g.,
benching andfor slope undercutting} on the upsfream slope and
crest of an embankment even under normal operating pond levels.
If left unattended, the erosion could progress In the downsiream
direction or lead to an over-steepened upstream slope that could fail
locally.
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‘I'n‘t'err}all Erosion Leading 'io Uhcontrbliéd Relea‘se‘ of';l'al'lln'gs or Water

1 iaterndl erosion {(piping)through  { Seepage through an embankment under sufficient hydraulic
the contalnment structure gradient can mobllize material from within the structure and
fransport it downstream if there is no suitable filter zone to inhibit
movement of solids. The removal of material will begin at the
downstream face and continue in the upstream direction until a
“pipe” or channel has formed through the embankment, which may
lead to dam failure,

Internal erosion {piping) through Seepage through the foundation of a containment sfructure can be
the foundation complex with the seepage velocity varying in different soll and rock
units and the contact between units that are variable and not filter
graded. Piping in the foundation could lead to a loss of contents
through the base of the facility, resulting in strength loss and pore
pressure Increase. If the piping occurs at the foe of an|
embankment, then this could undermine the foe, lead to local
slumping of the toe area that could, In turn, result in a failure of the
structure through slumping/sliding of the downstream face.

Internal erosion around pipes Seepage can occur along the ouiside of pipes installed through
through the structures containment structures (e.g., seepage collection pipes, culvetts or
decan{ pipes, active or abandoned), This can be a preferential
seepage path because of poor bond or conirol of material
placement along the pipe during construction and improper seepage
control measures along the pipe (or the lack of such measures).
Such seepage could result In internal erosion (piping) through the
embankment similar to that described above.

Collapse of Pipes Through Structures

Collapse of pipe Pipes within andfor through embankments can deteriorate over time
and collapse. Old and damaged pipes that have not been properly
plugged and backfilled can result in the following: loss of dam fill
into the pipe; loss of pond contents through the pipe; andlor
development of a preferred seepage path along and through the
pipe that could result in uncontrolled seepage through the
embankment, and eventual fallure of dam.

3.2.2 Mode Evaluation

Each of the potential failure modes listed in Table 3.1 were judged In terms are thelr potential to
manifest themselves, individually or in combination, and create a dam safety issue for the Mount
Poliey TSF embankments. Following is an issue-by-issue discussion on the items from
Table 3.1 in that same order.
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Slope Stability
Foundation Conditions

As the embankments are massive zoned rockfillftill structures, the largest stability concern in
terms of a downstream failure is for a foundation weakness mechanism to develop. The
foundation conditions at the Main Embankment consist of glacial till underlain by fluvial and
glaciolacustrine silts (and clays?) up to 20 m thick. Information indicates that the
glaciolacustrine materials can be overconsolidated. The foundation conditions at the Perimeter
Embankment generally consist of glacial till that is generally in excess of 5 m thick. For the
South Embankment, the foundations consist of a relatively thin, glacial till overlying bedrock.
Knight Piésold present a number of reports that detail the foundation conditions (Appendix A).

While design documentation contains laboratory testwork on the foundation that indicates
adequate shear strength to provide for foundation stability of the embankments, all of this
testwork has apparently been by triaxial stress path. Direct/simple shear along potential pre-
shears within the glaciolacustrine would be more relevant. We understand that recent samples
of foundation material have been taken. These should be thoroughly evaluated for pre-shearing
avidence. Such an examination would include picking the samples apart via a pocketknife in an
attempt to find any pre-shearing indications. Where geologic conditions are such that there is a
potential for pre-shearing, it is often considered prudent to assume pre-sheared features are
present and then to proceed, via field and laboratory investigations, to prove that they are not.
Any future testwork also needs to include direct shear along potential planes of weakness even
if no evidence of pre-shearing exists, as concern would remain for highly brittle response (shear
strength loss) in response even {o minor straining. If this material is found to exhibit brittle
response, then stability analyses considering reduced (or residual) shear strength conditions
would be prudent.

In terms of foundation piezometric conditions prior to embankment construction, artesian
pressures existed at the base of the Main Embankment. Pressure relief wells were installed to
depressurize underlying glaciofluvial deposits. Monitoring has shown design objectives have
besn met to date.

Available Stability Assessmients

The most recent design work for the Mount Polley TSF, the Stage 5 design documentation by
Knight Piésold, includes a summary of stability work undertaken to evaluate the static and
transient loading conditions for the Main and Perimeter embankments. Both upstream and
downstream candidate failure planes were evaluated. Table 3.2 presents the summary from
that design document.

From the analytical resuits summarized in Table 3.2, a few items are notable:
o The postliquefied stability of the facility is shown to be “greater” than any other

evaluated case. This is an analytical artifact only and is not representative of actual
conditions under such loading. It is, however, agreed that there is not a liquefaction
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failure mode of concern that has a viable trigger at this TSF (e.g., even the tailings
liquefy, it really would not matter to the overall embankment stability).

¢ The minimal increase in computed factor of safety for a 2H:1V geomstry 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.

o Af the computed seismic factors of safety, essentially zero deformation of the
embankments is indicated and at this minimal movement, disruption of drainage
“plumbing” would be expected to occur. This is a key conclusion that impacts other
potential failure modes (assuming the potential foundation weakness is, per the
summarized analyses, hot present),

Table 3.2 - Stage 5 Design Documentation Stability Summary’

{14 (mterlm siope) | 2.1 (final slope) _
. Static Stability .
Main 1.5 1.7
D
ownstream Perimeter 1.9 . 2.0
Main >2.0 >2.0
Upstream Perimeter >2.0 ' >2.0
Seismic Stability _
Main 1.4 1.6
D
ownstream Perimeter 1.7 1.8
Ubstream Main >2.0 »2.0
P Perimeter >2.0 >2.0
Post-Liquefaction Stability
Downstream Main 15 17
Perimeter 1.9 2.0
Upstreamm Main >2.0 »2.0
P Perimeter >2.0 >2.0
"Adapted from Knight Pigsold (2008)
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Summary of Slope Sfabilify Dam Safety Concerns

in terms of potential slope stability concerns relative {o the-modes of faillure desmed possible for
the embankment dams at the site, there are no real dam safety issues. The question about
potential foundation pre-shears has not been, however, sufficiently dealt with in available
documentation and having the designer sign off on this issue (e.g. that it is not an issue} is
recommended. This sign off should include lack of evidence from a thorough evaluation of the
core obtained from the 2006 foundation drilling.

Though not a strict dam safety issue, based upon the geologic model presented and stability
analyses summarized, no substantive case for the closure toe berm could be located.
Assuming the rationale is gradual deterioration of the core/drainage measures and not an
uncertainty in the foundation condition (e.g. that pre-shear item nofed above), it is
recommended future raise design reports include both an operating (e.g. current raise) and -
closure sections analyzed with the compromised core/drainage meastires pore pressure regime
in the embankments. These analyses will allow the case for the closure berm to be clearly
demonstrated and judgment on placement timing, based upon monitored response, can be
optimized for economic prudence.

Flooding

Assuming continued function and booster pump capacity of the pump barge during tailings
deposition, given the location of the facility (limited upgradient catchment) and the relatively low
peak and annual precipitation in comparison to minimum {(without wave run up component)
design criteria freeboard, flooding is judged a remote concern for dam overtopping at the Mount
Polley TSF though it is possible that a more conservative duration for the PMP should be
adopted for the operating period (while there is no spillway present). For mine closure, the
spillway will need to be located and the impoundment configured such that runoff flow is
directed from the impoundment surface to the spillway. This is a function of the site having a
natural net positive water balance.

Surface Erosion

Although surface erosion is a concern for many closed facilities, it is a rare operating mine that
has surface erosion as a viable embankment dam failure mode. This lack of recognition as a
viable failure mode for operating mines is due simply to the slow process that surface erosion
typically is (almost never a single event but many repetitions of erosive events) and the number
of visual observations the embankment(s} will undergo from all the personnel present on an
operating site. Moreover, the downstream embankment shells are ROM waste rock and would
be highly resistant fo any potential erosion. Downsiream surface erosion failurs modes are not
considered a concern at the Mount Polley TSF for either the operating or closure period (the
latter assuming a correctly located spillway is in place and the impoundment runoff drains to that
spiliway).
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Internal Erosion

internal-erasion:of-earthfill- embankments:is-likely:the - mest:catastrophic potential-fallure.mode as

it can develop undetected for years and, yet, when it occurs, It is often rapid and can lead to
complete embankment breach. Some of the most dramatic earthfill embankment dam faflure
case histories, many of them tailings dams, have had internal erosion as their primary failure
mode.

The key componsnt to the Mount Polley TSF embankments is the ill core. This material is
protected by filters that were designed and placed to prevent piping of fines from the till core
due to seepage through the dam. The visually inspected filter material (Phase 5 raise)
appeared consistent with design specifications.

The embankments do have a system of drainage measures that would be the most likely
location for an internal erosion concern. For that reason, the nature of the system was reviewed
and an understanding summarized herein. The embankment drainage measures in place assist
in draining the tailings mass keeping lower heads in foundation soils, and generally keeping
embankment pore pressures below threshold levels. The drainage systems include foundation
drains, chimney drains, longitudinal drains, outiet drains, and upsiream toe drains. All of the
drains route to seepage collection sumps at the Main and Perimeter Embankments where the
flow gquantities and water quality are monitored. We understand that a sump was being
developed at the South Embankment as part of the Stage 5 raise.

Of key relevance to internal erosion potential are the chimney drains. Chimney drains have
been placed in the Main and Pearimeter Embankment and such a drain is also belng developed
for the South Embankment. The chimney drains provide a redundant pore pressure controt
mechanism for the embankments and could potentially also act as a crack refardant
downstream of the core zone. Monitored resuits demonstrate that the chimney drains, coupled
with other drainage features, have resulted in a significant head drop across the embankment
core in the Main and Perimeter Embankments.

Collapse of Pipes through the Structures

While there are drainage pipes within the footprint of the embankment, they are notf considered
a dam safety risk in terms of collapse. There is no major internal decant and so, in terms of
pipe collapse, though there is a significant number of pipes in the embankment sections,
coltapse of any/all of these would not create a structural concerrt. The ramifications in terms of
changes in pore pressures due to inoperative drains were described under slope stability (and
appears 1o be part of the assumed closure condition to justify placement of a rockfill toe berm).

Overall

The review of potential failure modes for the Mount Polley TSF embankment dams suggests
that there is no clear or present dam safety concern.

The minor items noted can be readily addressed by continued adherence to the dam safety
program the mine has in place.
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3.3  Consequence Classifications

3.31 Preliminary Rating

Consequence classifications are a valuable way to compare embankment dams and allow
appropriate design criteria to be selected. All dam safety guidance literature, regulatory and
otherwise, will note that design criteria (e.g. design earthquake) are a function of dam
classification. Quite simply, in most cases the higher the consequence classification the more
stringent the criteria that should be adopted for the facility.

A key requirement of the DSR is to assign a consequence classification to the embankment
dam(s). The assignment of consequence classification allows a comparison between dams,
setting of surveillance requirements and determining design/operating criteria. What is often
lost in the process is that the ranking is nof an indication of the state of the dam but an
indication of the hazard the dam represents should a concem arise. There may be negligible
faiflure likelihood but an embankment dam can still have an elevated consequence rating.

Knight Piésold (2008), citing the Canadian Dam Association (CDA) guidelines and the British
Columbia Dam Safety Regulation, proposed the following:

“The assessment indicates that the TSF has a "HIGH” hazard classification (or
consequence category) based on the economic and social foss cafegory. The
classification for the life safety and environmental and cultural loss-is "LOW’, as
there is a low potential for multiple loss of life, the inundation area is typically
undeveloped, and there is unlikely to be loss or significant deterioration of
provincially or nationally important fish habitat. However, the uftimale TSF
embankments will be up to 55 m high, and the estimated costs associated with
repairing the damage, loss of service fo the mine, and the potential econormic
impact on Imperial Metals, could exceed $1,000,000, which places the TSF into
the “HIGH” economic and social Josses category under the British Columbia Dam
Safety Regufation guidelines.”

As described in the following section of this DSR, the approach of including owner’s costs in the
assessment is nof considered standard practice for mine tailings embankment dams.

3.3.2 2006 DSR Considerations

The first consideration in the selection of a consequence classification is what classification
scheme to adopt? The Provinces of British Columbia and Ontario provide Dam Safety
Guidelines (BC and ODS Guidelines). There are also the CDA guidelines, which may not be as
appropriate for dams associated with mining activities, particularly tailings dams, as the current
version explicitly exclude any environmental impacts that are key to the mining process in the
consequence of classification. The ODS Guidelines make specific reference to tailings dams
and have been used on many other similar DSR assignments as the basis for classifying the
consequence of embankment dam failure. The selection of the ODS Guidelines was based
upon both their completeness and better relevance to mine tailings facilities than, for example,
the current CDA Guidelines. The BC Guidelines, which used the ODS publication as a guide,
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are also deemed accepfable for failings embankment dams though the BC Guidslines do not
specifically address the unique character of tailings dams. The Consequence Classification
Categories according to the QDS and BC guidelines are summarized.in Tables 3.3.and 3.4.

Table 3.3 - Ontario Dam Safety Consequence Classification Categories

Hazard
Potentlal .

Loss of Life

Economic and
Social Losses

Environmental Losses

Low

5
>

Potenﬂal for loss of life: None

Damage o dam only. Litlle
damags to other properiy.
Estlmated losses do not exceed
$100,000

Environmental Consequances:
Short-term: Minimal
Long-term: Nong

Low -

Potentlal for loss of life: None.
The inundation area (the area
that could be flocded if the dam
falfs) is typlcally undeveloped,

Minimal damage to agricuiture,
other dams or structures not for
human habitation. No damage to
residential, commercial, industrial
or land lo be developed within 20
years. Estimated losses do not
exceed $1 million.

Mo significant loss or deterioration
of fish and/or witdlife habitat, Loss
of marginal habitat only. Feasibility
and/ or practicality of restoration or
compensating in kind is high, and/or
good capability of channel to
malntain or restore itself.

~ Significant

Potential for loss of life: None .
expected

Pevelopment within Inundation
area Is predominantly rural or
agricultural, or is managed so
that the land usage s for
transient aclivities such as with
day use facilities. Thers must be
a reliable element of wamning if
larger development exists.

Appreciable damage fo agricultural
operations, other dams or
residential, commercial, Industrial
development, or land to be
developed within 20 years.
Estimated losses do not exceed
$10 million,

Loss or significant deterioration of
Impartant fish andfor wildlife habitat.
Feasibllity and/or practicality of
restoration andfor compensating in
kind Is high, and/or good capability
of channel to malntain or restore
itself.

High

Potential for loss of life; One or
more,

Devealopment within inundation
area typicaily includes
communities, extensive
cormmercial and industrial areas,
main highways, public ufilites
and other Infrastructure.

Extensive damaga to communitles,
agriculiural operations, other dams
and infrastructure. Typically
includes destruction of or
extensive damage fo large
residential areas, concentrated
commercial and industral land
uses, highways, rallways, power
lines, pipelines and other utilities,
Estimated [osses exceed $10
milfien.

Loss or significant deterioration of
critical fish and/or wildlife habitat.
Feaslibility andfor practicality of
restoration and/or compensating in
kind is tow, andfor poor capability of
channel to maintain or restore itself.

Notes for Table 3.3:
1. Consideration should be given to the cascade effect of dam failures in situations where several dams are sltuated along the
same walarcourse. If failure of an upsiream dam could contribute to failure of a downstream dam(s), the minimum hazard
potential classification of the upstream dam should be the same as or greater than the highest downstream hazard potential
classification of the downstream dam(s}.
2. Economic losses refer to-all direct and iadirect losses fo third parties; they do not include losses to owner, such as loss of the
dam, associated facilities and appurtenances, loss of revenus, ete.
3. Estimated fosses refer to incremanial losses resulting from failure of the dam or mis-operation of the dam and appurlenant

facilities.

4. For Hazard Potentia! Classification and Safety Criteria for tailings dams, refer fo “Guidelines for Proponents, Rehabllitation of
Mines®, issued by Ontario Ministry of Northern Development and Mines, 1895.

It is important to note that in the ODS Guidelines, there is explicitly no consideration given to the
owner's losses, including public/market reaction (see Note 2, Table 3.3). This is the prime
reason the ODS Guidelines are preferable for mining projects as it clearly separates owner
concerns from those of downstream stakeholders.

The British Columbia Water Act, Reg. 44/2000, has lts own classlification as shown in Table 3.4.
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Table 3.4 — BC Dam Safety — Downstream Consequence Classification Guide

SRR 2 Lo

’ JR‘a‘ting'- B

- . )
+ S :

oCLossof Lifer s

-Egonomicand
Soclal Loss

© " Environmental and
. Culturaltosses

Large potential for multiple loss of
life involving residents and working,

- {traveling andfor recreating public.

Development within inundation
araa {the area that could be flooded
if the dam fails) typicaily includes

. {communities, extensive commerclal

:]and waork areas, main highways,

iJrailways, and locations of

| concentrated recreational activity.
| Estimated fatalities could exceead

100,

Very high economlc losses affesting
infrastructure, public and commercial
facilities in and beyond inundation
area. Typically Inciudes destruction of
or extenstve damage to large
residential areas, concentrated
commercial land uses, highways,
railways, power lines, pipslines and
other utilities. Estimated direct and
indirect {interruption of service) costs
could exceed $100 million.

Loss or significant deterloration of nationally or
provincially important fisherles habitat
(including water quality}, wildlife habitat, rare
and/or endangerad specles, unigue
landscapes or sites of cultural significance.
Feasibility and/or practicality of restoration
and/or compensation is low.

Some potential for multipte foss of

“ Nife involving residents, and

working, traveling and/or recreating
public. Development within
inundation area typically includes

Substantial economic losses affecting
infrastructure, public and commercial
facilities in and beyond inundation
area. Typically includes destruction of
or exienslive damage o concentrated

Loss or significant deterioration of nationally or
provinciatly important fisheries habitat
{including water quality), wildlife habltat, rare
andfor endangered spacies, unique
landscapes or sites of cultural significance.

Lg, | highways and rallways, commercial | cormerciat land uses, highways, Feastollity and practicality of resforation andfor
i and work areas, jocations of rallways, power lines, pipelines and | compensation is high.
lconcentrated recreational activity  |other ufilities. Scattered resldences
- }and scatfered residences, may be destroyed or seversly
" bestimated fatalifies less than 100, |damaged. Estimated direct and
: indirect (intetruption of service) cosls
could exceed $1 million.
"; Low potential for mulfiple loss of Low economic losses {o fimited Loss or significant deterioration of reglonally
life. Inundation area is typlcally Infrastructure, public and commercial | Important fisherles habiiat {including water
%, Jundeveloped except for minor activities. Estimated direct and quality), witdlife habitat, rare and endangered
g - jroads, te'mporarily inhabited or non- |indirect (interruption of service) costs | species, unique landscapes or sitas of cultural
= lresidential farms and rurai could excead $100 000. significance.. Feaslbllity and pracficality of
actvities, There must be a reliable restoration and/or compensation Is high.
element of natural waming if larger Includes situations where recovery would
" |development exists. oceur with time without restoration,
Minimal potential for any Joss of life. Minimal economle losses typically No significant loss or deterioration of fisheries
3 The inundation area is typlcally limited fo owner's property not to habitat, wildlife habitat, rare or endangered
3 undeveloped, exceed $100 000, Virally no species, unigue landscapes or sites of cultural
E potential exists for future significance,
' development of other tand uses within
the foreseeabls future.
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3.3.3 Classification Summary

Lsing the logic that owner costs are not part of the DSR .evaluation of consequence
classification, the same logic described by ODS, the following classifications would result for all
three Mount Polley embankments:

o Ontario Dam Safety Guidelines — LOW
s BC Dam Safety Guidelines — LOW

In both cases, the environmental losses were “about’ right for the Low ranking. The BC
guideline notes for LOW that.

L ow economic losses to limited infrasfructure, public and commercial activities.
Estimated direct and indirect (inferruption of services) costs could exceed $100,000.”

In terms of owner's costs, noted by judgment by the embankments’ designer in Section 3.3.1 as
“approximately $1 mitlion”, it is important to note that the actual owners cost of an embankment
dam failure would likely be much higher. There is a large database on tailings dam failures that
suggest costs from other indirects can easily exceed by many fimes the direct costs of
clean-up and/or dam repair. These indirect cost items include:

Loss of production

Legal costs

Loss of market capitalization
Imposed evaluative studies

@ ¥ O© O

The decision to classify tailing embankments based upon conseguences to the recsiving
environment and general public property concerns has been the approach recommended by
this DSR. If there is a wish to inciude potential owner's costs, these would likely need to
assume a mine shut down for at least the repair period, all associated legal and technical
evaluative costs and to have Imperial Metals make some estimate as to the market impact of
the event. |t would be, based upon past experience of facllity fallures without life safety
concerns, difficult to imagine the total would result in the consequence rankings remaining
within LOW classifications.

An additional step of a DSR is to evaluate the combination of the classification of the dam(s} in
terms of potential hazard and the corresponding potential for a dam safety issue to arise which
would allow any given hazard fo become a realized outcome. In very simplistic terms, the dual
assessment is a form of risk assessment where:

Risk = (Likelihodd of Event} x (Consequence of Event)

in the case of a DSR, the likelihood is not explicitly defined in terms of a probability or even a
qualitative likelihood of failure. However, the level of dam safely issue relative to the “concern”
it raises can be thought of as a reasonable approximation of a qualitative tikelihood. In other
words, using a qualitative scale to rank dam safety issues for any given dam allows a form of
assigniment of dam failure likelihood.
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For this DSR, a four point scale of dam safety issue concerns used on many other similar DSR
assignments was judged appropriate and is as follows:

s None: No dam safety issus(s) noted that will require attention as of 2006 DSR and it
would be unlikely to develop an issue prlor to next DSR.

» Minor: Issue(s) that will require observation and perhaps modest non-urgent works on
an as-need basis.

» Moderate: lssue(s) that may require aftention within a year or so and heightened
observation is essential through to next DSR if issue not completely addressed,

» Major: Issue(s) that could seriously impact dam safety. Reasonable likelihood of
providing a trigger(s) mechanism for dam failure if not addressed.

For the three contiguous embankment dams at the Mount Polley mine, in terms of dam safety
issues detailed in Section 3.1, all three dams would be considered in the “None” to “Minor”
ranking assuming the issue of whether there is any pre-shearing or brittle foundation materials
can be put to rest with the recent (or previous) work carried out. Coupling this ranking with the
LOW consequence evaluation in terms of public safety and actual environmental impact
assoclated with a dam failure, there is litfle overall tailings dam safety concern at this mine.
With the tacit assumption design, inspection and construction approaches and practices will not
change; the three embankment dams indicate very low likelihood of having a dam safety issue
of significance.

Finally, it is worth noting that the design criteria for the embankment dams at the Mount Polley
TSF are consistent with a high consequence classification. As such, the argument can be made
is that this facility has some robustness which is not a reason to reduce design criteria, but
rather an observation that should provide added comfort to owner and the regulator.

3.4  Operational and Closure Challenges

As described eariler, the cutrent lack of a tailings placement strategy that is compatible with
closure objectives (e.g. perimeter spigotting and beach developing sloping away from all
smbankments) remains a project liability. An upstream tailings beach separating the dam from
the water pond is good practice and such a beach is generally considered an integral
requirement of the design. Lack of such a beach represents a deficiency that should be rectified
as soon as practical parficularly given the closure expectations of the facility. While the dam
safety implications of having essentially no subaerial beach against the dam are not necessarily
large given the robust dam section, it still is not designed as a water dam nor can it be closed
like one. Post operation settiement of the tailings will also occur (although variable due to
hydraulic sorting, thickest sections will tend to commensurately settle the most, e.g. nearest the
embankments) and for reasons that include settflement considerations, aggressively creating a
beach that keeps the pond in the area of the proposed closure spillway is recommended.
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4,0 GENERAL OBSERVATIONS

In the course of completing a DSR, there are items that are noticed that while not necessarily
significant or immediate dam safety concerns, if addressed would be in the best inferest of
overall dam stewardship. For the Mount Polley TSF, the issue with tailings beaching has been
noted in other locations and will not be repeated here. The need to provide confirmation that
the glaciolacustrine foundation unit poses no concerns in terms of over-estimated shear
strength or potential brittle response is another matter that has been noted earlier in the report
and one that should be signed off on by the facility designer, preferably prior to the next annual
DSl of the facility. Finally, one additional issue briefly noted eariier in the report has to do with
the recording and reporting of piezometric information. It is that issue that is discussed herein.

_There are "about the right" number of piezometers in the embankment dams but certainly there -
is nothing in the way of much redundancy and any lost instrument locations need to be re-
established with a new installation. As importantly, the information that is being gathered
appears fo be evaluated on a plane-by-plane basis versus an overall potentiometric surface
within the foundation and the embankments. By presenting the information in the form of three-
dimensional surfaces of equal pore pressure, potential anomalies in a given plan relative to the
other planes can be readily identified and the early signs potential dam safety issues such as
loss of drain efficacy, internal erosion or other similar concerns readily identified. As the
embankments all share the same essential constructed cross-section, any difference in the
gradient of head loss to a drain, across the core or within the foundation may be significant. By
evaluating the information on a plane-by-plane basis alone, such differences may not be noted
as they can be both subtle and relative. An evaluation of the most recently available
piezometric information (from the 2005 annual inspection), for example, does show some subtle
differences between planes in terms of drainage efficacy. These differences are likely benign
but tracking the differences or, as imporiantly, the trends in any differences is recommended.

Another item with the piezometer information is the lack of a clearly defined frigger system.
What that means is dam safety programs that include something like a three-stage piezometer
speciflc value (typlcally noted as a pore pressure ratio} can readily have any anomalous or poor
trending reading flagged for the level of concern. A typical approach is to have each piezometer
provided with three levels of reading response:

s Green - no concerns when values below the stated threshold value (either pressure
head or, as noted, an appropriate pore pressure ratic}. Pore pressures are within
values that provide the dam with demonstrated stability and/or lack of internal erosion
and/or seepags concerns.

s Yellow - elevated concern when values exceed the stated threshold value but are below
a value deemed to indicate a significant dam safety concern - engineer of record notified
and more attention provided to instrument's readings untit it returns to a "Green” level.
This level could be thought of as where ths, for example, limit-equitibrium factor-of-safety
refated to instability is reduced to just under the stated design criteria.
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e Red - significant concern and one that invokes notification of approptiate regulatory
personnel with a full description of mitigation strategies in place. This typically
corresponds fo, for-example, instability coneerns where the.computed: factor-of-safety Is
marginally above mass equilibrium values (e.g. slightly above unity).

For the reporting of the Mount Polley embankment dam piezometer readings, It is suggested
that threshold values that fit some form of a format as outlined above be adopted, incorporated
into the OMS Manual, and updated regularly by the mine. This format should also be included
in annual inspection reporting that is shared with regulators.
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50 REPORT CLOSURE

Recommendations presented herein are based on an evaluation of the findings of the dam
safety review. If conditions other than those reported are noted during subsequent stages of
mine operation, AMEC should be notified and be given the opportunity to review and ravise the
current recommendations, if necessary. Recommendations presented herein may not be valid if
an adequate level of review or inspection is not provided during ongoing mine operations and
into the mine closure period by the mine and/or its design engineer(s).

This report has been prepared for the exclusive use of imperial Metals Corporation for specific
application to the dam safety aspects of the Mount Polley Mine Tallings Storage Facility. Any
use which a third party makes of this report, or any reliance on or decisions made based on i,
are the responsibility of such third parties. AMEC accepts no responsibility for damages, if any,
suffered by any third party as a result of decisions made or actions based on this report. It has
been prepared in accordance with generally accepted tailings dam safety engineering practices.
No other warranty, expressed or implied, is made.

Sincerely,

AMEC Earth & Environmental,

a division of AMEC Americas Limited Reviewed by:

Michael Davies, Ph.D, P.Eng., P.Geo. . Todd Martin, P.Eng., P.Geo.
Principal Geotechnical Engineer Principal Geotechnical Engineer
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Appendix A

Mt. Poliey DSR - Report
Reference Database

[ Report Namg
Report on Geotechnical Investigations and

628r

12-Jun-86 Knight Baseline geological data for surficlal deposits ]
Design of Open Plts and Waste Dumps Piésold No real discussion as to potential, or lack thereof, for preshearing or other concems In the firm to $tiff glaciclacustrine materals
that would underfie portions of the tailings embankment .
Operation, Maintenance & Survellance Manwal 11-War-a7 Knight 162711 Sound and detailed OMS for a facility initial yvear
for Stage 1A Embankment Piéscld Pending EPP noted as beling develaped within first vear of operation
Noted from the outset of operations that TMF was also to serve as a water management/collection facility for other mine
impacied areas )
Manual on Sampling & Handling Guidelines for 8-May-87 Knight 1625/5 Summary of procedures including QA/QC protocols
Datermination of Groundwater Quality Piésold No Inclusion of monltoring locations, plan maps etc.
Tallings Storage and Anclllary Features May 1, 3-Jun-g7 Knight 162714 More of a point form document versus a standard DSI style (adopted [ater by Knight Piésold)
1997 Site Inspection Pigsold Three main concerns noted: ’ .
1. spring at corner of sedimentation pond
2. unsuitable fill (snow and ice) being placed in dam and needed removal
3. outlets o Chimney Drain need to be located and exposed o allow menitoring
Updated Design Report &-Jun-g7 Knight 1627/2 A very comprehensive docurnent

Piésold The use of a single undrained strength {10 kPa) for post iquefied strength of the taiings was perhaps dverly conservative for the
bulk of the deposit (but would not have changed design or construction so potentially @ moot point)

Water balance used a probabilistic approach ~ and this was readily compared to 2 deterministic evaluafion — thorough
Report on Stage 1A/B Construction 4-Aug-97 Knight 10182/7-5 Good summary report on activities

Pidsold Complements the design reparts for start of construction (Stages 1A and 18 which started in May 1396 and completed March

1987)
Piezormetric respanses during construction did not indicate any foundation induced concerms
Stage 2A Tallings Facllity Construction Selection B-MNov-97 Knight 10162/9-2 Sub horizontal fissures noted In the stiff foundation til.....preshears?
Excerpts from Reference Information Piésold .
Operation, Maintenance & Surveillance Manual 24-Nov-87 Knight 10182/7-3 Thorough OMS
Pigsold Some hand wrtion gomments in OMS.....change process?
Report on On-Going Construction Requirements 2-Dec-97 Knight 10162/9-3 Intention of report stated to support permit application(s)

Pigsald Dam design is essentially an upstream raise termed "modified centrellne” as the uitirnate crest, while moving upstream, overlies
very little, if any, beached talings dus to the width of the raised section - the design also Includes intemal drainage with two
levels of outlet (base of Chimney Drain and & Foundation Drain)

Instrumentation is placed within "Monitaring Planes™ - initial instrumentation levels In terms of piezometers appeared appropriate
bt a potential tack of lacustrine deformation potential monitoring In place (fack of inclinometers) based upan that original
potential failure mechanism
Has the DBE been updated with the {pending}} revisions to the NBCG?
Initial hazard classification for the facllity was "LOW" far operations reverting to "HIGH" upon closura
Ne diseussion as to whether the foundation stiff glaclolacustrine materials have been pre-sheared
Contusing as on some figures, e.g. 5.8 te 5.10, Zone 9 is alternatively Zone €, Chimn
1293 Annual Inspection Report 26-Jur-98 Knight 10162/9-5 Tharough 51 {equivalent) - completed by P.Eng.

Plgsoid .

Evaluation of Cygloned Tailings for Embankment 2-Nov-88 Knight 10162111 Ttwas concluded at the tme that Mount Polley tailings were amenable 1o cycloned sand production though uncertainty to the
Construction Piésold splits to achieve embankment construction was noted

The conclusion that the tailings would act as a "crack stopper” if there was deformation is moot given the embankment is not
ysing cyclonsad sand but the comment Is not agreed upon
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Photo 2: Main Embankment Shell — Locking Southwest
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Photo 3: Nature of Maih Embankment Robkﬂli

Photo 4: Main Embankment Seepage Collection
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Photo 6: Zones of Main Embankment Dam
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Photo 7: Main Embankment Transition Material

Phato §: Main Embankment Compacted Core
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It Robust Core
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General Photograph of As-

Phoio 9

Hauiage of Till from Borrow

Photo 10
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Photo 11: Tilt Haulage on South Embankment

Photo 12; Placement of Tili Core — South Embankment
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Photo 13: Compacted Till — South Embankment

Photo 14: Compacted Till — South Embankment
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Photo 16: “Beach” Pondward of Deposition Location
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Photo 18: Minor Beach Development along Portion of Main Embankment
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Appendix B

Photo 19: Tallings Pond from Northwest end of Perimster Embankment

) Photo 20: Tailings Water Reclaim Barge Location
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