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(REF. NO. VA101-01/08-1)

EXECUTIVE SUMMARY

The Mount Polley gold and copper mine is owned by Mount Polley Mining Corporation (MPMC).
The mine has been managing the facilities for care and maintenance activities since
October 2001 and is scheduled to start up again in the first quarter of 2005. This report provides
supporting documentation to allow for MPMC to permit on-going staged expansion of the TSF
embankments to an ultimate elevation of 965.0m. This corresponds to storage for approximately
85 million tonnes of tailings. Detailed design reports, construction drawings and technical
specifications will be required for each stage of the TSF expansions.

The staged expansion of the TSF involves modified centreline construction methods for the Main,
Perimeter and South Embankments. This requires that fill materials be placed and compacted on
the tailings beach. To achieve this the tailings should be evenly discharged from around the
entire facility to establish competent beaches. The tailings pipeline will require an extension to
the South Embankment to achieve an effective tailings deposition plan.

The TSF embankment drainage provisions include upstream toe drains for the Main, Perimeter
and South Embankments. Multiple toe drains will be added for each embankment to incorporate
suitable redundancy. The toe drains are effective in lowering the phreatic surface, which
increases embankment stability and seepage control.

Stability analyses were completed for static and seismic conditions and indicate that the TSF
embankments are stable under static conditions and that there will be no deformations initiated by
earthquake loading.

The mine site is operating with a water surplus with the excess water being stored in the TSF. To
accommodate the staged development of the TSF, MPMC is seeking an effluent permit to
discharge tailings supernatant to the environment.

The instrumentation requirements will be reviewed as part of the annual inspection and each
design phase. The two existing slope inclinometers at the toe of the Main Embankment will be
extended during development of the shell zone. Three additional inclinometers will be installed
following the Stage 4 raise.

Stage 4 drawings (crest El. 948.0 m) are included to allow for this stage to be permitted in
advance if required.
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The downstream shell zone will be constructed at its ultimate width. This will allow for the most
efficient routing of haul trucks and also facilitates concurrent reclamation of the downstream
slopes of the TSF embankments. The buttress at the Main Embankment is required for closure
and can be constructed during any stage of the TSF expansion to accommodate the availability of
shell zone material.
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MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY MINE

DESIGN OF THE TAILINGS STORAGE FACILITY

TO ULTIMATE ELEVATION
(REF. NO. VA101-01/08-1)

SECTION 1.0 - INTRODUCTION

1.1 PROJECT DESCRIPTION

The Mount Polley gold and copper mine is owned by Mount Polley Mining Corporation (MPMC).
It is located 56 kilometres northeast of Williams Lake, in central British Columbia. The project site
is accessible by paved road from Williams Lake to Morehead Lake and then by gravel road for
the final 12 km. The location of Mount Polley Mine is shown on Figure 1.1. Mount Polley Mine
started production in 1997 and had milled approximately 27.5 million tonnes of ore prior to
stopping production in October 2001. The mine has been managing the facilities for care and
maintenance activities since then. The mine is scheduled to start up again in the first quarter of
2005. Consequently, MPMC is currently in the process of upgrading the mine facilities, which
includes increasing the elevation of the Tailings Storage Facility Embankments to EL 945.0 m.
This construction program (Stage 3C) is the final part of a tailings embankment raise previously
permitted by the Ministry of Energy and Mines. An aerial photograph of Mount Polley Mine that
was flown in the summer 2004 is shown on Figure 1.2.

1.2 SCOPE OF REPORT

The Mount Polley Mine consists of four pits: the Cariboo Pit, Bell Pit, Wight Pit, and the Springer
Pit. The scope of this report is to provide supporting documentation to allow for MPMC to permit
on-going staged expansion the Tailings Storage Facility (TSF) embankments to an ultimate
elevation of 965.0m. This elevation will provide sufficient storage in the TSF for approximately
85 million tonnes of tailings while maintaining the required water storage and freeboard
requirements. The scope of this report also provides supporting information for the Stage 4
expansion of the TSF, which is planned for the spring of 2005, and can be permitted separately
so that any delays in the overall permitting process do not delay the required expansion of the
TSF in the Spring of 2005.

The drawings contained within this report are for permitting support and are all “Not For
Construction”. Detailed design reports, construction drawings and technical specifications must
be prepared by a suitably qualified Professional Engineer for each stage of the TSF expansions,
from Stage 4 through to the ultimate height of the facility.

10of18 VA101-01/08-1
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1.3 REFERENCES

This report references the following documents which provide key supplementary information:

Hallam Knight Piésold Report “The Mount Polley Mine Project Reclamation Plan, Ref. No. H1221,
April 1996."

MAJM Corporation Lid., Report to Imperial Metals Corporation, “Geotechnical Review, Drainage
Aspects Main Embankment Dam, Tailings Storage Facility Report,” March 1997.

Mount Polley Mining Corporation, Mount Polley Mine, “Report on Stage la/lb Construction”, Ref. No.
10162/7-5, August 14, 1997.

Mount Polley Mining Corporation, Mount Polley Mine, Tailings Storage Facility, “Report on 2004
Annual Inspection”, Ref. No. VA101-01/7-1, February 28, 2005.

Mount Polley Mining Corporation, Mount Polley Mine, Tailings Storage Facility "Report on 1995
Geotechnical Investigations for Mill Site and Tailings Storage Facility” (Knight Piésold
Ref. No. 1623/1).

Mount Polley Mining Corporation, Mount Polley Mine, Tailings Storage Facility “Evaluation of
Cycloned Tailings for Embankment Construction”, Ref. No. 11162/11-1, June 16, 1999.

Mount Polley Mining Corporation, Mount Polley Mine, Tailings Storage Facility, “Updated Design
Report”, Ref. No. 1627/2, June 6, 1997.

Knight Piésold Ltd., “Modified Centreline Construction of Tailings Embankments”, J.P. Haile and
K. J. Brouwer.

Mount Polley Mining Corporation, Mount Polley Project, “Polley Lake Pumping System”, Ref. No.
1628/5, February 19, 1997.
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SECTION 2.0 - TAILINGS STORAGE FACILITY DESIGN

21 TAILINGS STORAGE FACILITY DESIGN

2.1.1  General

The principal objectives of the TSF are to provide secure containment for tailings solids
and to ensure that the regional groundwater and surface water flows are not adversely
affected during or after mining operations. The design and operation of the TSF is
integrated with the overall water management objectives for the entire mine development,
in that surface runoff from disturbed catchment areas is controlled, collected and
contained on site. An additional requirement for the TSF is to allow effective reclamation
of the tailings impoundment and associated disturbed areas at closure to meet land use
objectives.

The main components of the TSF are as follows:

e The TSF embankments incorporate the following zones and materials:

o Zone S - Core zone - fine grained glacial till.

o Zone CS - Upstream shell - cycioned or spigotted tailings sand.

o Zone B - Embankment shell zones - fine grained glacial till.

o Zone F - Filter, drainage zones, and chimney drain - processed
gravel and sand.

o Zone T - Transition filier zone - select well-graded fine-grained
rockfill.

o Zone C - Downstream shell zone — rockfill.

o Zone U - Upstream shell zone — parameters vary depending on
material availability.

e A low permeability basin liner (natural and constructed), which covers the base of
the entire facility, at a nominal depth of at least 2 m. The low permeability basin
liner has proven to be effective in minimizing seepage from the TSF as there
have been no indications of adverse water quality reporting to the groundwater
monitoring wells.

e A foundation drain and pressure relief well system, located downstream of the
Stage 1B Main Embankment. The foundation drain and pressure relief well
system prevent the build-up of excess pore pressure in the foundation, and
transfer groundwater and/or seepage to the collection ponds.

e Seepage collection ponds located downstream of the Main and Perimeter
Embankments. These ponds were excavated in low permeability soils and store
water collected from the embankment drains and from local runoff.

e Instrumentation in the tailings, earthfill embankments and embankment
foundations. This includes vibrating wire piezometers, survey monuments, and
slope inclinometers.

s A system of groundwater quality monitoring wells installed around the TSF.
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The TSF has been designed to contain approximately 85 million tonnes of tailings solids at
an average dry density of 1.36 tonnes/m®. It may be possible to expand the TSF should the
ore reserves at the mine increase above 85 million tonnes. Embankment raises above the
proposed final crest elevation of El. 965 metres would likely be constructed by incorporating
a downstream extension of the shell zone material to ensure that the stability requirements
of the TSF embankments is maintained.

The classification of the TSF has been assessed using the Canadian Dam Association
and the British Columbia Dam Safety Regulation guidelines. These guidelines look at the
consequences of failure and consider life safety, economic and social losses, and
environmental and cultural losses. The life safety category looks at the potential for
multiple loss of life and considers the degree of development within the inundation area.
The economic and social loss category considers damage to infrastructure, public and
commercial facilities that are in and beyond the inundation area. This includes damage
to railways, highways, powerlines, residences etc. The environmental and cultural loss
considers damage to fish habitat at the regional, provincial, and national level, wildlife
habitat, including water quality, and unique landscapes or sites of cultural significance.

The assessment indicates that the TSF has a “HIGH" hazard classification (or
consequence category) based on the economic and social loss category. The
classification for the life safety and environmental and cultural loss categories is “LOW”,
as there is 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 TSF embankments will be up to 56 m
high, and the estimated costs associated with repairing the damage, loss of service to the
mine, and the potential economic impact on Imperial Metals, could exceed $1,000,000,
which places the TSF into the “HIGH" economic and social losses category under the
British Columbia Dam Safety Regulation guidelines.

The classification of dams under the Canadian Dam Association and the British Columbia
Dam Safety Regulation guidelines corresponds to consequences of failure and does not
relate in any way to the likelihood of failure. The embankment has been designed to
accommodate a maximum design earthquake (MDE) corresponding to 50% of the
maximum credible earthquake (MCE) and the impoundment is sized o contain the
probable maximum precipitation (PMP) storm event. The TSF at Mount Polley Mine is
visually inspected daily by MPMC staff during operations, and the embankment
instrumentation is monitored at regular intervals during operations with the frequency of
monitoring increasing during the TSF expansion phases. The likelihood of dam failure is
therefore extremely low.

Foundation Conditions

The tailings basin is generally blanketed by naturally occurring well graded low
permeability glacial till which functions as an in-situ soil liner and precludes seepage loss
from the facility. However, a basin liner was constructed just upsiream of the Main
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Embankment to ensure that the basin liner had a minimum thickness of 2 metres
throughout the tailings basin. The constructed basin liner was tied into the Main
Embankment core zone and the existing basin liner where the in-situ thickness exceeded
2m.

The foundation conditions at the Main Embankment consist of low permeability glacial till
material at surface underlain by fluvial and lacustrine silts up to 20 m thick. The
foundation conditions at the Perimeter Embankment consist of low permeability glacial till
throughout that is generally in excess of 5 m. The foundation conditions at the South
Embankment consist of a relatively thin, low permeability glacial till material overlying
bedrock. The glacial till is a few metres thick but its thickness is not consistent
throughout the South Embankment foundation. It is important not to expose the fractured
bedrock and to ensure that the glacial till cover is at least 2 m thick throughout the
foundation and that it is tied into the core zone. Details of the site geological
investigations can be found in the Knight Piésold Report “Updated Design Report”, Ref.
No. 1627/2, June 6, 1997. The geological investigation and sections from the Updated
Design Report are included in Appendix G.

Laboratory testwork on the foundation soils indicates that the materials have adequate
shear strength to ensure foundation stability of the embankments. Artesian pressures
exist at the base of the Main Embankment. Pressure relief wells trenches have been
installed at this location to depressurize the underlying glaciofluvial deposits.

Tailings Storage Facility Design

The Tallings Storage Embankments will be constructed to an ultimate crest elevation of
965.0 m. The Embankments are zoned earthfill structures with low permeability glacial till
core zones, chimney drains, upstream drains and downstream rockfill zones. The design
basis and operating criteria for the feasibility design of the TSF are presented on
Table 2.1.

The tailings embankments have been designed for staged expansion during operations in
order to minimize initial capital expenditures and to maintain an inherent flexibility to allow
for variations in operation and production throughout the life of the mine. The
Embankments are progressively raised using the modified centreline construction
method. Further expansion of all of the embankments will involve till caps for the 2005
construction program followed by modified centreline raises for each year thereafter. A
technical paper on the “Modified Centreline Construction of Tailings Embankments” is
included in Appendix E. Future embankment raises allow for selected fill to be placed on
tailings beaches. Consequently, a coarse bearing layer will be required on the tailings
beach to establish a competent foundation. The on-going embankment raises will be re-
evaluated during Annual Inspections carried out by the Design Engineer and as part of
each expansion phase. The re-evaluation process will consider the performance of the
embankments and the drainage systems, instrumentation records, mine throughput,
storage capacity and freeboard requirements, and fill material availability.
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The depth/area/capacity (DAC) curve has been updated using the updated topography
from the 2004 flyover and the bathymetric survey of the tailings facility. The updated
DAC curve is shown on Figure 2.1. The filling schedule and anticipated staged
construction sequence of the TSF is shown on Figure 2.2. Each embankment raise will
provide incremental storage capacity for approximately one year of production. The filling
schedule incorporates sufficient live storage capacity for containment of runoff from the
24-hour PMP volume of 679,000 m® at all times, which would result in an incremental rise
in the tailings pond level of approximately 0.39 m, with an additional allowance of 1 meter
of freeboard for wave run-up.

The overall Mount Polley Mine site plan is shown on Drawing 100. The general
arrangement of the TSF is shown on Drawing 102. The material specifications are
shown on Drawing 104. The ultimate Main Embankment Plan and Sections and Details
are shown on Drawings 110 and 115 respectively. The ultimate Perimeter Embankment
Plan and Sections and Details are shown on Drawings 120 and 125 respectively. The
ultimate South Embankment Plan and Sections and Details are shown on Drawings 130
and 135 respectively. Longitudinal and foundation drain details for the South
Embankment are shown on Drawing 140. The crest details will be revised to suit the final
reclamation objectives and will likely include a suitable wearing course, topsoil cover and
vegetation. The ultimate embankment heights for the Main, Perimeter and South
Embankments will be 55 m, 35 m, and 20 m respectively. The downstream slope of the
ultimate Main Embankment will incorporate a butiress to increase the stability of the
embankment to satisfy the factor of safety requirements at closure.

The design of the TSF to El. 965.0 m assumes that the tailings beaches are adjacent to the
embankments. This can be achieved by implementing a tailings deposition plan which
involves discharging tailings around the entire facility. The tailings beaches also enhance
the stability of the embankments. The tailings beach development from Stage 5 though 10
is shown schematically on Figure 2.3. The pond is shown to be adjacent to the South
Embankment for Stage 10 as the closure plan involves placing a spillway at this location.

The design of the TSF to El 965.0 m is similar to the original design of the TSF.
Changes to the design include the following:

e A buttress is required on the downstream slope of the Main Embankment to
provide the required stability at closure.

e The South Embankment has been adjusted to allow for on-going expansion by
the modified centreline method. The expansion of the Main and Perimeter
Embankments will continue to- be constructed by the modified centreline
technique as per the original design.

e Slope inclinometers have been included at the toe of the Main Embankment to
measure any potential deformation of the embankment and/or foundation
materials.

e Upstream toe drains have been added to the South Embankment.
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e The tailings pipeline will be extended to the South Embankment to facilitate
tailings deposition and beach development.

Tailings and Reclaim Pipelines

The tailings pipeline comprises 7000 m of HDPE pipe of varying diameters and pressure
ratings. It has a design flow of 20,000 tonnes/day at 35% solids by weight at the mill.
Currently (early 2005), the tailings pipeline extends from the mill to the southern end of
the facility along the Main Embankment, where a point discharge is used to discharge the
tailings. The tailings pipeline previously installed along the crest of the Perimeter and
Main Embankments was provided with a single relocateable discharge section,
approximately 100 m long with flanges at either end, which included six, 150 mm
offtakes. The line terminated with a 90-degree elbow, directed into the facility. Wherever
it was installed, the movable discharge section allowed controlled deposition of tailings
from an isolated section of the embankment. Relocation of the single discharge section
was a labour intensive and costly activity.

The most efficient use of the TSF is made when tailings can be evenly distributed from
around the petimeter of the facility and when the discharge location can be easily and
systematically relocated. A system will be incorporated by MPMC to accommodate this
objective. The existing pipeline could be progressively retrofitted over several years to
spread out the costs.

Evenly discharging the tailings from around the facility optimizes the development of
tailings beaches and keeps the supernatant pond clear of the embankments, thereby
increasing seepage paths and limiting seepage loss from the facility. Beached tailings,
when left to drain and consolidate, form the competent foundation needed for the
modified centreline construction of embankment raises.

The expansion of the TSF assumes that tailings will be distributed evenly throughout the
facility to establish tailings beaches at the Perimeter, Main and South Embankments.
This requires extending the tailings pipeline to the South Embankment, which will involve
adding a new tailings pipeline on the west side of the facility. The expansion of the
tailings pipeline to the South Embankment will likely occur during the Stage5
construction program. The tailings pipeline for the TSF with the new extension of the
tailings pipeline is shown on Drawing 311.

The reclaim pipeline system returns water from the TSF to the millsite for re-use in the
process. The system comprises a pump barge, a reclaim pipeline and a reclaim booster
pump station. The reclaim pipeline remained operational during the care and
maintenance period and was utilized to pump excess water from the TSF to the Cariboo
Pit. Apart from general monitoring, maintenance and overhaul and the installation of new
works associated with on-going embankment raises, no major upgrades are currently
envisaged for the existing reclaim system.
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The tailings pipeline, reclaim system, and tailings deposition within the TSF will be
reviewed annually as part of the annual inspection and as part of each design phase for
the expansion of the TSF. A review of the design of the tailings and reclaim pipelines will
also be required should there be a significant increase in the mill throughput and make-
up water requirements. The tailings and reclaim pipelines are discussed in detail in
Appendix A. Details of the tailings and reclaim pipelines are shown on Drawings 310,
311, 312, 313, and 315.

Embankment Drainage Provisions

Embankment drainage provisions have been incorporated into the design of the TSF to
facilitate drainage of the tailings mass, dewater the foundation soils, and to control the
phreatic surface within the embankments. The components of the drainage systems
consist of foundation drains, chimney drains, longitudinal drains, outlet drains, and
upstream toe drains. The conveyance pipework for all of the drains terminates in the
drain monitoring sumps at the Main and Perimeter Embankments where the drain flows
and water quality are monitored. The embankment drainage systems will be extended
during on-going embankment expansions as required. The drainage systems will be
reviewed as part of the annual inspection and as part of each design phase for the
expansion of the TSF. The drainage provisions for the TSF are as follows:

Foundation Drains - A system of foundation drains was installed in the Main and
Perimeter Embankment foundations to improve the foundation conditions and enhance
the dewatering of near surface soils. Pressure relief wells and pressure relief trenches
connected to the foundation drains were included to depressurize the underlying
glaciofluvial deposits to enhance the stability of the embankment.

Chimney, Longitudinal and Outlet Drains - A Chimney drain has been included in the
Main and Perimeter Embankments and is planned for the South Embankment. The
chimney drains provide a contingency drainage measure for control of the phreatic
surface in the embankment and will also function as a crack stopper downstream of the
core zone. Water collected in the chimney drains is routed to the drain monitoring sumps
via the longitudinal and outlet drains.

Upstream Toe Drains - Upstream toe drains have been installed in the Main
Embankment and will be included in the Perimeter and South Embankments during the
staged expansions of the TSF. The locations and elevations of the upstream toe drains
will be reviewed during the design phase of the staged expansions. The purpose of the
upstream toe drains is to drain and consolidate the tailings mass near the embankments.
Piezometer records at the Main Embankment indicate that the upstream toe drain is
effective in draining the sandy tailings adjacent to the embankment. The upstream toe
drains also remove a certain amount of filtered water from the impoundment, and it may
be possible to establish water discharge points below the seepage collection ponds if
water quality objectives are met. The installation of the upstream toe drains was
recommended during an independent third party review conducted by Fred Matich of
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MATM in 1997 in a “Geotechnical Review, Drainage Aspects” for the Main Embankment.
The location of the toe drains will be in competent foundation materials. An allowance
has also been made for installing toe drains at different elevations should monitoring
records indicate their requirement. Details of the upstream toe drain are shown on
Drawing 255.

Seepage Collection Ponds

The Main Embankment Seepage Collection Pond, located immediately downstream of
the Main Embankment, was completed at the start of the Stage 1a construction program
in 1997. The Perimeter Embankment Seepage Collection Pond was excavated during
Stage 1b construction in 1997. These ponds were excavated in low permeability glacial
till materials. The South Embankment currently does not have a seepage collection
pond. An assessment on the requirement for the South Embankment seepage collection
pond will be undertaken as part of the annual construction/annual inspection reports.
However, the South Embankment will require at least a sump for the foundation,
upstream toe, and filter drains.

The seepage collection ponds collect water from the embankment drain systems and
from local runoff. Water from the Seepage Collection Ponds is of good quality and
MPMC were permitted to discharge water during the care and maintenance period.
Recently, the Ministry of Water, Lands, and Air Protection authorized discharge from the
Main Embankment Seepage Collection pond. MPMC are actively monitoring water
quality and discharge rates (during the care and maintenance period) and regularly report
this information to the relevant regulatory authorities. MPMC is also developing Site
Specific Water Quality Objectives, and are investigating options to release larger volumes
of water from the overall site to reduce or prevent the accumulation of excess
supernatant water in the TSF. ‘

SEEPAGE AND STABILITY ANALYSES

Seepage Analyses

Seepage analyses were completed using SEEP/W to delineate the phreatic surface and
pore pressures within the tailings mass and the embankment fill materials. The seepage
analyses were also used to estimate seepage from the TSF drainage systems during
operations and post-closure. The previous design for the TSF incorporated upstream toe
drains for the Main and Perimeter Embankments to reduce pore pressures, minimize
seepage losses and to enhance the stability of the modified centerline embankments.
The seepage analyses will establish the requirement for toe drains within the South
Embankment and the configuration of upstream toe drains within the Main and Perimeter
Embankments. The seepage analyses are also used to estimate the seepage from the
embankment drainage systems to the seepage collection ponds and also to estimate the
unrecoverable seepage from the TSF. The results of the seepage analyses have also
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been used to provide appropriate pore pressure parameters for use in the stability
analyses.

The seepage analyses were performed with the TSF embankments at an elevation of
965.0 m. Piezometer records were used to calibrate the initial phreatic surface used in
the analyses. A typical embankment section and material parameters used in the
seepage analyses are included in Appendix B.

The seepage analyses indicate that upstream toe drains are effective in reducing the
phreatic surface and pore pressures in the TSF embankment fill materials. The inclusion
of upstream toe drains also provides seepage control within the embankment and
reduces the likelihood of piping. The seepage analyses were also completed without
upstream toe drains to determine the phreatic surface, seepage, and pore pressures in
the event that the drains are deliberately plugged or cease to operate in the long term.
The estimated seepage from the ultimate TSF is summarised on Table2.2. The
upstream toe drain intercepts the majority of the seepage through the embankment. The
upstream toe drains allow for effective seepage control as the flows from these drains
can be isolated and potentially discharged should the water quality be acceptable.
Experience at the site has shown that the quality of water flowing from the toe drains is
better than supernatant water quality for most parameters, largely because the
suspended solids are effectively filtered before the water enters the drains.

Stability Analysis

Stability analyses for each embankment were performed using the limit equilibrium
computer program SLOPE/W. Static and seismic stability analyses were conducted to
investigate the stability of the Main, Perimeter, and South Embankments during
operations and post closure. Material parameters adopted for the tailings, foundation and
earth embankment materials were based on tesiwork from the 1995 and 1997
geotechnical investigations, from the various quality control records obtained during
construction of previous stages, and from experience with typical values for similar
materials. The minimum acceptable factor of safety under static conditions is 1.3 during
operations and 1.5 for closure. The stability analyses of the Main Embankment modeiled
the artesian pressures encountered in this area. The stability analyses were also
completed to model upstream slip surfaces resulting from a partially consolidated
upstream tailings mass. The upstream stability analyses conservatively modeled a high
phreatic surface corresponding to a plugged toe drain.

Details of the SLOPE/W analyses including material parameters and typical embankment
sections are included in AppendixC. The site seismic conditions and ground
acceleration factors for the OBE and MDE are also included in Appendix C.

The results of the SLOPE/W stability analyses indicate that TSF embankments are stable
during operations with and without upstream toe drains. However, a buttress is required
at the Main Embankment to increase the factor of safety at closure to the required 1.5.
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The factor of safety for the TSF embankments for static conditions with upstream toe
drains ranged from 1.7 to 2.0. The factor of safety for the TSF embankments for static
conditions without upstream toe drains ranged from 1.5 to 1.8. The factor of safety for
the upstream stability analyses under static conditions was 4.1. The results of the static
stability analyses indicate that the static factors of safety exceed the minimum
requirements during operations and for closure.

The seismic analyses were completed using ground accelerations of 0.037g for the OBE
and 0.065g for the MDE. The factor of safety for the TSF embankments for seismic
conditions with upstream toe drains ranged from 1.5 to 1.8 for the OBE and 1.4 to 1.7 for
the MDE. The factor of safety for the TSF embankments for seismic conditions without
upstream toe drains ranged from 1.4 to 1.7 for the OBE and 1.3 to 1.6 for the MDE. The
factor of safety for the upstream stability analyses under seismic conditions was 3.7 for
the OBE and 2.7 for the MDE. These seismic stability results imply that the
embankments are stable for seismic conditions and that there will be no deformations
initiated by earthquake loading.

A post liquefaction study was completed to provide a conservative assessment of the
stability of the TSF embankments assuming the tailings material liquefies and has a very
low residual strength. The factor of safety for the TSF embankments for post liquefaction
conditions with upstream toe drains ranged from 1.6 to 1.9. The factor of safety for the
TSF embankments for post liquefaction conditions without upstream toe drains ranged
from 1.5 to 1.8. The factor of safety for the upstream stability analyses under post
liquefaction conditions was 2.0.

The results of the stability analyses are summarised on Table 2.3. The results of the
stability analyses indicate that the TSF embankments are stable under static, seismic,
and post liquefaction conditions and that the embankments do not rely on the tailings
mass for stability.

The stability of the ultimate Main Embankment was studied further using the finite
difference modelling program FLAC/Slope (Version 4.0, ltasca Consulting Group Inc.,
2002). Numerical analyses were performed to determine the factor of safety against
failure and to define the critical failure surface which may be different from those that can
be modelled using limit equilibrium methods. The factors-of-safety against failure were
determined for the following scenarios:

o long-term static stability;
o  Static Post-liquefaction (flow-slide) stability.

The model geometry, groundwater conditions and material parameters used in
FLAC/Slope were the same as the conditions modelled in SLOPE/W.
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Results from the finite difference analyses indicate that acceptable factors of safety will
be maintained for the ultimate Main Embankment for long-term static stability and post-
liquefaction stability.

The estimated factor of safety for long term static stability of the ultimate Main
~Embankment is 1.5. The factor of safety value is considered to be an acceptable value
and agrees well with similar SLOPE/W limit equilibrium analyses.

The static post-liquefaction analysis was used to estimate the factor of safely against a
flow slide failure following a MDE event. The factor of safety for posti-liquefaction
conditions was determined o be approximately 1.3.

Results of the analyses are plotted on Figure C-8 and C-9 in Appendix C. The figures
show the maximum shear strain rates through the Main Embankment, which delineate
the potential failure surfaces. The velocity vectors plotted on the figures have been
magnified to illustrate the relative movement of the failure surface. The potential failure
for the long-term static analysis is estimated to be a composite failure with a rotational-
type failure near the embankment crest which develops into a translational/slide failure at
the toe through the weaker foundation till. The potential failure for the post-liquefaction
static analysis is estimated to be a translational/slide failure along the weaker foundation
till. The factors of safety against these critical failure modes are adequate.

2.3 WATER MANAGEMENT PLAN

A site water balance was created in July 2004 to aid in water management planning and to
estimate water surplus or deficit volumes in the TSF following the resumption of operations. The
results of the water balance, hydrometeorology conditions, and mine development plans were
issued in a Letter to Imperial Metals Corporation on July 30, 2004 (KP. Ref. No. 4-0816). This
letter, along with the water balance and supporting tables and figures, is included in Appendix D.
The objectives of the water balance were to:

e Effectively manage the water to minimize the need for regulated discharges to surface
water and prevent the need for water removal from Polley Lake.

 Capture and manage all water that has been affected by mine components.

e  Divert runoff from undisturbed areas away from the mine site and tailings facility (TSF).

e  Store some excess TSF water to be used to accelerate pit filling at closure.

e Drain the TSF at closure by routing the water into the open pits.

The site water balance has been updated to account for a March 2005 start-up date and
projected throughput values received from MPMC. The updated water balance was completed
for average precipitation conditions for the mine. The results of the water balance indicate that
the mine site is currently moving from a deficit to a surplus condition and the water must be
stored on site to meet the current effluent permits. 1t is anticipated that the majority of this water
will require storage in the TSF during operations, unless the effluent permit can be amended to
discharge tailings supernatant. The updated water balance for years one to seven (with year one
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starting in 2005) is included in Appendix D. The water balance for the TSF must be updated at
least annually and must be reviewed by the Design Engineer.

2.4 MATERIAL QUANTITIES

Embankment fill quantities have been estimated for each stage of the TSF expansion up to an
elevation of 965.0 m. Quantities are presented for the Zone C, Zone S, Zone B, Zone T, Zone F,
Zone U, and CBL materials. The material quantities for the Main, Perimeter and South
Embankments are shown on Tables 2.4 to 2.6 respectively. The total material quantities are
shown on Table 2.7. The material quantity requirements versus elevation are shown on Figure
2.4. The fill quantities assume that the downstream shell zone will be constructed to the ultimate
toe of the TSF during the Stage 5 expansion program, with the exception of the buttress at the
Main Embankment which can be postponed to a later stage.

A study has been completed in conjunction with MPMC that compares the costs between hauling
rock from the Wight Pit to the TSF versus blasting and hauling the material from the current rock
borrow. The study was completed using both 785C and 777 haul trucks. The results indicate
that hauling rock from the Wight Pit to the TSF is more economical, depending on the type of
truck, than that associated with blasting and hauling the material from the current rock borrow.
Use of rock for embankment construction also will reduce the size of the mine rock storage areas
and will reduce the size of disturbance associated with expansion of the rock borrow quarry at the
TSF.

2.5 INSTRUMENTATION

Piezometers

A total of 56 vibrating wire piezometers have been installed at the TSF to date. The piezometers
are grouped into tailings, foundation, embankment fill and drain piezometers and have been
installed along eight planes designated as Monitoring Planes A to H. An additional monitoring
plane (Plane 1) will be installed at the south Embankment. The piezometer locations are shown
on Drawings 236, 238, 240, 242, and 244. The piezometers are read monthly during operations
and weekly during TSF construction programs as per the OM&S Manual. The piezometer data is
reviewed annually as part of the annual inspection. The piezometer records for the TSF have
recently been reported in Knight Piésold Report “2004 Annual Inspection”, (Ref. No. VA101-1/7-1,
February 8, 2005).

Additional foundation, embankment fill and drain piezometers will be installed during the
expansion of the TSF Embankments. The additional piezometers will be installed at the existing
monitoring planes with an additional plane being located at the South Embankment.
Approximately 81 new piezometers will be installed during the expansion phases of the TSF. The
proposed locations of the new piezometers are shown on Drawings 246, 247, 248 and 249.
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Two slope inclinometers were installed in July 2001 at the toe of the Main Embankment through
the lacustrine silis to measure potential deformation of the embankment materials. There has
been no significant deviation in the inclinometers since they were installed in 2001. The
inclinometers will be extended as required prior to expansion of the Main Embankment. Regular
monitoring should be undertaken in order to utilize this installation fully. Monitoring with the
inclinometer probe will be undertaken on an annual basis (twice a month during construction
programs).

The existing inclinometers will need to be carefully extended through the shell zone material as it
is raised. This can be achieved by placing and compacting granular fill around the inclinometers
prior to raising the shell zone. The extension of the inclinometers is shown on Drawing 250.
Three additional inclinometers will be installed at the Main Embankment during the Stage 4
expansion. The proposed location of the three additional inclinometers is shown on Drawing 210.

Survey Monuments

Survey monuments will be installed on the TSF Embankment crests as part of each expansion of
‘the TSF. The proposed location of the survey monuments is shown on Drawings 246 to 249 for
the Main, Perimeter, and South Embankments respectively. The survey monuments will be
monitored on a quarterly basis as per the OM&S Manual.
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SECTION 3.0 - STAGE 4 EXPANSION

The Stage 4 expansion of the Tailings Storage Facility will consist of placing an upstream cap on
the embankments to an elevation of 948.0 m. This corresponds to an increase in the crest
elevation above the Stage 3C construction program of 3 m and will provide storage for tailings
and water for approximately 1 year of operation. The Stage 4 expansion requires placing a
coarse bearing layer of sandy gravel or rockfill on the tailings surface to provide a suitable bearing
layer for the placement and compaction of the fill material. [t is imperative that the tailings
deposition within the TSF be managed appropriately to ensure that the pond is kept away from the
embankments o ensure that there is a competent foundation for the coarse bearing layer. The
Stage 4 cap will consist of a Zone S core with a coarse aggregate material (Zone U) to be placed
upstream of the core on the coarse bearing layer. Instrumentation requirements for the Stage 4
expansion will consist of placing survey monuments on the 948.0 m crest once completed.

Additional work to be completed during the Stage 4 expansion includes the following:

e Install foundation drains at the South Embankment prior to placement of
downstream shell zone material.

e Install sump and seepage recycle pumpback system at the South Embankment.

e Extend the slope inclinometers at the Main Embankment concurrently with the
downstream shell zone.

e Extend the piezometer cables to readout boxes located beyond the ultimate toe
of the embankments.

e Extend the toe drains to the seepage recycle sumps and ponds as required.

e Extend the existing buttress at the Main Embankment to the ultimate toe and
install three additional inclinometers.

e Maintain or re-instate seepage recycle pipelines at the Main Embankment
Seepage Recycle Pond.

The Stage 4 Main Embankment Plan and Sections and Details are shown on Drawings 210 and
215 respectively. The Stage 4 Perimeter Embankment Plan and Sections and Details are shown
on Drawings 220 and 225 respectively. The Stage 4 South Embankment Plan and Sections and
Details are shown on Drawings 230 and 235 respectively. The Stage 4 detailed design drawings
and technical specifications will be issued as part of the Stage 4 expansion. Typical technical
specifications from Stage 3C are included in Appendix F.

The Stage 5 expansion will be competed in 2006 and will require increasing the downstream shell
zone to the full height of the Stage 5 expansion, with the exception of the buttress at the Main
Embankment. The shell zone will also extend to the ultimate downstream toe of the TSF. The
material to be used to expand the downstream shell Zone will likely be waste rock from the
development of the Wight Pit. The haulage and placement of this material can be done at any
time prior to the Stage 5 expansion of the core and filter zones and will be compieted by MPMC
with mine equipment.
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SECTION 4.0 - CLOSURE AND RECLAMATION

In accordance with requirements under the B.C. Mines Act and Health, Safety and Reclamation
Code for Mines in British Columbia, the primary objective of the proposed Reclamation Plan will
be to “return all mine-disturbed areas to an equivalent level of capability to that which existed
prior to mining on an average property basis, unless the owner, agent or manager can provide
evidence which demonstrates to the satisfaction of the chief inspector the impracticality of doing
so.” The following goals are implicit in achieving this primary objective for the Tailings Storage
Facility:

e Long-term preservation of water quality within and downstream of decommissioned
operations.

e Long-term stability of the tailings impoundment.

e Removal of all access roads, ponds, ditches, pipelines, structures and equipment not
required after the mine closes.

e Long-term stabilization of all exposed materials that are susceptible to erosion.

e Natural integration of disturbed lands into surrounding landscape, and restoration of the
natural appearance of the area after mining ceases, to the greatest possible extent.

o Establishment of a self-sustaining vegetative cover consistent with existing forestry,
grazing, wildlife and outdoor recreation needs.

As an overall approach to achieving these objectives, the Reclamation Plan is sufficiently flexible
to allow for future changes in the mine plan and to incorporate information obtained from ongoing
reclamation research programs such as trial tailings re-vegetation plots.

The detailed Reclamation Plan for the Mount Polley Mine is presented in the Hallam Knight
Piésold document “The Mount Polley Mine Project Reclamation Plan”, Ref. No. H1221, April
1996.

The general concept is that the surface of the tailings impoundment will be decommissioned as a
mixed forested/wetlands complex with a gradual transition towards a ponded area with an
overflow spillway. The downstream face of the tailings embankments will be covered with
selected overburden materials and revegetated progressively during operations to the greatest
extent possible, once the final toe position and slope have been established.

At mine closure, surface facilities will be removed in stages, salvaged and sold. The tailings
conveyance system will be dismantled and removed immediately following cessation of
operations. The reclaim barge, pumps and pipeline will be utilized for supplementary flooding of
the open pits and will then be dismantled and removed. The seepage collection ponds and
recycle pumps will be retained for a period after closure until monitoring results indicate that
tailings area seepage is of suitable quality for direct release to the environment. At that time, the
seepage collection pond and recycle pumps will be removed. The groundwater monitoring wells
and piezometers in the tailings embankment will be retained for long term monitoring.
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The TSF will be re-vegetated to accommodate the end land use objective of forested land with a
shallow marsh.

A spillway will be constructed to accommodate the Probable Maximum Flood (PMF) flows within
the tailings basin. The spillway will be constructed in competent ground along the abutment of an
Embankment and will discharge to the receiving environment. The elevation of this spillway and
outflow channel will be designed to establish a set water elevation over the tailings surface
(approximately 15% coverage).

Final seeding of the embankment slopes with grasses and legumes will provide a stable
vegetation mat that resists erosion. Once the open pit flooding is complete, the surface water
diversion system will be dismantled to allow for natural runoff to be routed through the tailings
area.
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SECTION 5.0 - CERTIFICATION

This report was prepared and approved by the undersigned.

ey -
NI A ,/“%L"«CLW / 7/0 S
Prepared by: _

Les Galbraith, P.Eng.
Senior Engineer

Approved by:

Ken J. Brouwer, P.Eng.
Managing Director

This report was prepared by Knight Piésold Ltd. for the account of Mount Polley Mining Corporation. The material in it
reflects Knight Piésold’s best judgement in light of the information available to it at the time of preparation. Any use which
a third party makes of this report, or any reliance on or decisions to be made based on it, is the responsibility of such third
parties. Knight Piésold Lid. accepts no responsibility for damages, if any, suffered by any third party as a result of

decisions made or actions, based on this report. This numbered report is a controlled document. Any reproductions of
this report are uncontrolled and may not be the most recent revision.
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TABLE 2.1

MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY MINE

DESIGN BASIS AND OPERATING CRITERIA

M:AT\01\00001\08\A\Report\Report {\Tables\Table 2.1.Doc
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Rev'd: 11-Mar-05

ITEM DESIGN CRITERIA
1.0 GENERAL DESIGN CRITERIA
Regulations MEM, WLAP

Codes and Standards

ASTM, ACI, ANSI, CSA, CDSA, HSRC (Health, Safety and
Reclamation Code for Mines in BC), NBC and related codes

Design Operating Life

10 Years

Tailings Production Information

20,000 tonnes/day, 25% solids, 2.70 SG, 76 million tonnes total
production, 1.36 tonnes/m° final average tailings dry density

Hazard Rating:

HIGH by CDA Consequence Classification / British Columbia Dam
Safety Regulation of the Water Act

Site Elevation

910 to 1150 metres

Climate

Average Annual Rainfall = 740 mm, Annual Evaporation = 423 mm,
Mean Annual Temp = 4.0 C (Likely), Design 24 hour PMP storm =
203 mm.

Design Earthquakes:
OBE (operations)
MDE (closure)

1in 475 Year Event (M = 6.5, Apax. = 0.037 g).
50% of the 1 in 2500 Year Event or MCE (M = 6.5, Apay. = 0.065 g).

Seepage Control

Low permeability glacial till liners (natural and constructed) in basin,
with foundation drain system below main embankment. Foundation
and chimney drain seepage is contained within the seepage
collection ponds.

Tailings Pipework

Buit fusion welded HDPE pipe, gravity flow, discharge predominantly
from embankment, spill containment by gravity flow to tailings basin.

2.0 TAILINGS BASIN

Geological and Geotechnical Conditions

The TSF basin and foundation comprises glacial soils of variable
permeability and strength.

Basin Liner

o In-situ low permeability glacial till, or
e Constructed glacial till liner with frost protection layer. Required
in areas with <2 m in-situ glacial till.

Embankment Foundation Drains

e Installed in Main and Perimeter Embankment foundations.
Foundation drains to be installed at the South Embankment
during the Stage 4 expansion.

» Foundation drains discharge fo the seepage collection ponds at
the Main and Perimeter Embankments via drain monitoring
sumps. The foundation drain at the South Embankment will
discharge to a sump where the flows will be monitored and
pumped back to the TSF.

Stripping

e Required at areas directly affected by construction
(embankments, basin liners, seepage collection ponds, reclaim
barge channel stockpiles, road, etc).

o Remove organic soil to topsoil stockpiles

Rev 0 — Issued for Report
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3.0 TAILINGS EMBANKMENT

Function

e Storage of tailings and process water for design life
» Provide storage for 24 hour PMP storm
e Provision for routing PMF at closure

Embankment Crest Width 8 m (min). (main embankment) for Stage 3C. Final width 9m.
Embankment Height:  Current El. 944 m (March 2005)
Final El. 965 m
Embankment Crest Length: Current 3450 m (March 2005)
Final 4435 m
Design Tonnage 7,300,000 tpy (20,000) tpd

Solids Content of Tailings Stream

35% (before Millsite and waste dump runoff added to tailings stream)

Freeboard: Operations
Closure

24 hour PMP event (679,000 m®) plus 1.0m wave run.
Sufficient to provide routing of PMF plus wave run-up.

Storage Capacity

85 million tonnes.

Tailings Density:

1.36 t/m”

Tailings Specific Gravity

2.70

Emergency Spillway Flows: Operations
Closure

Not required.
Design flow for routing PMF event.

Filling Rate

Refer to Figure 2.2.

Fill Material / Compaction Requirements

Refer Drawing 101-1/8-104.

Sediment Control

Primary control provided by the TSF Embankments. Secondary
control provided by the seepage collection ponds.

Seepage Control

Seepage collection ponds and pumpback well systems.

Spillway Discharge Capacity

Not required during operations.

Surface Erosion Protection

Re-vegetation with grasses on final embankment slope.

4.0 PIPEWORKS

4.1 Tailings Pipeworks

Function

Transpori tailings slurry and mill site and waste dump runoff to TSF.

Tailings Pipeline

Slurry solids content 25%.

e Free draining, gravity flow pipeline.

e Buit fusion welded HDPE with 24" / 30" DR15.5 and 22" DR17.
Spigots o Movable discharge section placed on tailings embankment crest.
Flow Rate o Design throughput 770 tonnes/hr dry solids. '

]

e

Design flow 19.6 cfs (0.55m%s). Increases to 23.8 cfs
(0.67m%/s) at 30% solids content with addition of 4.2 cfs storm
water runoff.

Waste dump and Millsite runoff added to tailings stream, increasing
flow and decreasing solids content.

Spill Containment:
Mill site to Bootjack Creek

Bootjack Creek Crossing
Bootjack Creek to TSF

e Pipeline laid in pipe containment channel. There is an overflow
pond for the T2 Dropbox.

e Pipeline sleeved in pipe containment channel.

e Pipeline laid in pipe containment channel.

Rev 0 — Issued for Report
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4.2 Reclaim Water System

Function

Primary source of water for milling process. (Pump and Barge
System Designed by Others.)

Reclaim Barge

e Prefabricated pump station on barge in excavated channel in
TSF.
e Local and remote control from Millsite.

Reclaim Pipeline

e 24" pipeline with a steel section at the reclaim barge and HDPE
with varying pressure ratings along length.

Reclaim Booster Pump Station

Prefabricated pump station located between TSF and Millsite.
Identical pumps, sensors and controls as reclaim barge for ease
of maintenance.

Spill Containment

See ltem 4.1 above.
Booster pump station has closed sump.

4.3 Seepage Recycle System

Function

Return seepage and foundation drain flows to TSF.

Drain Monitoring Sumps

Flow quantity and water quality measurements on individual drains.

Seepage Collection Ponds

e Sized to hold 10 times maximum weekly seepage flow quantity.
o Excavated in low permeability natural soils, operated as
groundwater sink.

Seepage Recycle Pumps

e Setin vertical pump sumps.
e  Submersible pumps, system by Others.
» Pumps discharge back to TSF via 150 mm HDPE pipes.

5.0 WATER MANAGEMENT

5.1 General

To contain runoff from disturbed project areas when and as required
to meet the project Water Management Plan objectives.

5.2 Millsite Sump

Catchment Area

Approx. 20 ha direct caichment, plus pit dewatering.

Design Storm

1.5 x 1.in 10 yr. 24 hour event runoff (6,000 m°)

Sump Cross-Section

3:1 inside slope, 2:1 outside slope, 4m crest width.

Normal Operating Level

1102.7 m

Maximum Operating Level

1106.2 m

Flow Control Structures

Reference Report 1627/2, Drawing No. 1625.232.

Discharge Pipe

300 mm HDPE DR 21 to plant or tailings line.

Flow Monitoring

None.

5.3 Southeast Sediment Pond

Catchment Area

Approx. 150 ha direct catchment.

Design Storm

1in 10 yr. 24 hour event runoff (25,000 m"°)

Sump Cross-Section

3:1 inside slope, 2:1 outside slope, 4m crest width,

Normal Operating Level

1054.5 m

Maximum Operating Level

1057.4 m

Flow Control Structures

Reference Report 1627/2, Drawing No. 1625.232.

Discharge Pipe

250 mm HDPE DR 21 fo Reclaim sump or T2 Dropbox

Flow Monitoring

None.
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5.4 Polley Lake Pump Station

Reference Report 1628/5.
Used for supply of additional makeup water during initial years of
operation. Dismantled and no longer required.

5.5 Caribou Pit

Pit used for disposal of excess tailings pond water during care and
maintenance period.

INSTRUMENTATION AND MONITORING

6.1 General

To quantify environmental conditions and performance
characteristics of the TSF to ensure compliance with design
obiectives.

6.2 Geotechnical Instrumentation and
Monitoring

Piezometers

e Measure pore pressures in drains, foundations, fill materials and
tailings.
Vibrating wire piezometers.
Installed by qualified technical personnel.

e Four instrumentation planes for Main Embankment, three for the
Perimeter Embankment, and two for the South Embankment.

e 56 piezometers installed to date. Approximately 81 to be
installed in future stages.

Survey Monuments

e Deformation and settlement monitoring of embankments.

Inclinometers

» Measure potential deformation of the embankment materials.

o Installed by qualified technical personnel.
Two slope inclinometers installed at the toe of the Main
Embankment. Three additional slope inclinometers to be
installed downstream of the Main Embankment.

6.3 Flow Monitoring

To provide data for on-going water balance calculations.
Drain flows regularly monitored.

Reclaim and seepage pump systems flow meters.
Tailings output monitored at millsite.

Stream flow monitoring.

¢ o © o o

6.4 Water Quality Monitoring

To ensure environmental compliance.

Water quality samples taken at regular intervals from sediment
ponds, drains (at drain monitor sump), groundwater monitoring
wells, seepage ponds and tailings pond.

s Upstream and downstream samples for impact analysis.

6.5 Hydrometeorology

» Site weather station for input to water balance calculations.
Site monitoring of precipitation (rain and snow), evaporation, air
quality monitoring (dust, etc.).

6.6 Operational Monitoring

Quantify operation of tailings storage facility.

Rate of tailings accumulation in terms of mass and volume.
Tailings characteristics and water recovery.

Supernatant pond (depth, area and volume).

Rev 0 ~ Issued for Report

Page 4 of 5




night Piésold

CONSULTING

TABLE 2.1

MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY MINE

DESIGN BASIS AND OPERATING CRITERIA
Print: 14-Mar-05

M:A1\01\00001\08\A\Report\Report 1\Tables\Table 2.1.Doc Rev'd: 11-Mar-05
CLOSURE REQUIREMENTS
7.1 General Return impoundment to equivalent pre-mining use and productivity

by establishing a wetland area adjacent to a final spillway and re-
vegetating remainder of tailings surface with indigenous species of
trees, shrubs and grasses adjacent to embankment grading to
aquatic species along and adjacent to final pond.

7.2 Spillway Two stage spiliway with lower channel outlet designed to pass 1 in
200 yr. 24 hour flood event and upper wider outlet section designed
to pass PMF without overtopping embankments. Designed to
consider protection against beaver dams.

Notes:
1. The closure plan will remain flexible during operations to allow for future changes in the mine plan and to
incorporate information from on-going reclamation programs.
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MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY MINE

STABILITY ANALYSES SUMMARY

Rev'd 03/10/05
MA1\01\00001\08\A\Reporti\Report 1\Tables\[Table 2.3.xis]Table 2.3 Rev 0 Printed 3/11/2005
Ultimate Embankment Section Minimum Factor of Safety
Static Stability
. With existing Toe Drain ETen] 1.7
Main B
Closed Toe Drain 1.5
. With installation of Toe Drain 2.0
stream | Perimeter
Down e Closed Toe Drain 1.9
South With installation of Toe Drain 2.0
Without a Toe Drain 1.8
Upstream {1 Without a Toe Drain 4.1
Seismic Stability (OBE/ MDE)
Main With existing Toe Drain Il 1.5/1.4
. 18]
Closed Toe Drain 1.4/ 1.3
. With installation of Toe Drain 1.8/1.7
Downstream | Perimeter
ow Closed Toe Drain 1.7/1.6
South With installation of Toe Drain 1.7/1.6
Without a Toe Drain 1.6/1.5
Upstream [1] Without a Toe Drain 3.7/ 2.7
Post Liquefaction Stability
Main With existing Toe Drain =1 1.6
K]
Closed Toe Drain 1.5
. With installation of Toe Drain 1.9
stream | Pe t
Down rimeter Closed Toe Drain 1.8
With installation of Toe Drain 1.8
South
Without a Toe Drain 1.8
Upstream [1] Without a Toe Drain 2.0
Notes:
(1] Upstream configuration is the same for all three embankment sections.
(2] Toe drains have currently been installed in the Main Embankment only.
[3] Artesian conditions modeled for the Main Embankment based on recorded piezometric data.
{4} A buttress is included in the Main Embankment design.
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Engineer.
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600 mm (247) o Steel tee,
flanged, rubber lined.

Rolate to match local gradient.
Note 1.
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stub end c/w backup flonge
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flanged offtake, see Note 3

Moveoble dischorge section, see DETAIL C
K—eoo mm (247) # DR 15.5 HOPE

600 mm (247) & Knife
gate valve, see DETAIL A
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Tapping sleeve, Robar 6626
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600 mm (247) @ flanged offtoke, see Note 3
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I——>
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{ 1+ 0 ( ———— @ L.V 600 mm (24") 8 Knife gate valve,
\/K...—(c/w geared actuator)

600 (approx.) 600 (opprox.)

RE [

External
reinforcement

Local placement of
concrete pipe restraint
or fill cover as required

local excavolion
as required

Local 3" & vent in pipe
crown os required for
vacuum break
at discharge only
(Mark! only).

see OETAIL A
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200 mm (87) @

Heavy duly rubber lined hose Pinch valve

or HDPE
LL> !

TYP. TAILINGS HEADER OFFTAKE

200 mm (87 o
600 mm (247) & DR 15.5 HOPE Pinch valve

¢/w backup flange and stub end.

\JFUII end of pipe dischorge onlo local
riprap or as otherwise gpproved by
the Engineer (Mark! oniy).

TYP. TAILINGS HEADER OFFTAKE

TAILINGS HEADER FULL DIAMETER OFFTAKE (WARK 2) WITH ;/W;??J)WVE’
(MARK 1), DETAIL Seole 4 Scole 4

Scole A

600 mm (247) #

Local concrete anchor OR 155 HOPE heoder

s Hogtaadi Local reinforcement of
block or fill to kmit pipe movement

lopping sleeve by Supplier

200 mm (8 &

Pinch valve

Heavy duly rubber lined hose

600 mm (247) # DR 15.5 HDPE

stub end c/w backup flange

\ 600 mm # Std. wt steel
LJ 80" radius elbow, 3/8" (8.5 mm)

lined, Rotate to suit

embankment grade. Note 1.

B8

N7 8%

150 mm (6°) Fianged offtoke

Pipeline guideposts
located as required
by the Engineer,
see DETAIL 8

Local excavation
to swit offtcke —

NOTES

Local excava(ion-———-)

ags required. 1. lining to be Linatex PGR, urethane or opproved equivalent.

v 2. Pppe restraint by local burial of pipeline concrete gravily onchors or as
ofherwise required by the Engineer to conltrol movemnent due to thermal

Local excavation

Llocal 3" # vent in pipe crown
as required for vaccumn break

600 mm (247) # DR 15.5 HDPE
¢/w backup flonge ond stub end.

N\_~Full end of pipe discharge

as required

and hydrauvlic forces.

3. Robor 6626 c/w 1/4" rubber or urethane lining of offlake and external

reinforcemnent of offtake to sleeve joint.

onto locol riprap or as olherwise
approved by the Engineer.

4. HOPE Pipe 1D may exceed that of knife gate valve and is to be field
bevelled to match if required.
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APPENDIX A - TAILINGS AND RECLAIM PIPELINES

Design Criteria

The original tailings pipeline design was based on the following criteria:

o Design flow of 20,000 tonnes/day at 35% solids by weight at the mill. The effective solids
content is periodically reduced by the introduction of surface runoff into the pipeline.

e Millsite tailings pipeline inlet elevation is 1,110 metres (approximately).

o TSF embankment crest elevation at end of mine life will be 965 m.

e Tailings pipeline has an average downhill grade of approximately 1.9% to the TSF,
without high spots. This is more than sufficient for gravity discharge for the life of the
project and to fully drain the line between the mill and TSF.

e Pipe diameter is designed for gravity flow including open channel flow, over a range of
system throughputs and head requirements.

e Pipelines on TSF embankments are laid at zero grade. Provision is required to drain the
pipeline through valved offtakes, or by disconnecting sections of the pipeline.

e Runoff from the millsite sump enters the tailings pipeline near the mill gate. Runoff from
the Southeast Sediment Pond currently enters the tailings pipeline at the T2 drop box.

The tailings pipeline is provided with full-length spill containment. 1t is buried through the millsite
area and is laid in a containment channel alongside the access road from the millsite to the TSF. -

The pipeline is laid on the inside of the crest of the TSF to direct any spillage into the facility.

As appropriate, a clean water diversion channel is installed up-slope of the pipeline and the
containment ditch. This ensures that clean water can be bypassed around the facility.

Tailings Pipeline

The tailings pipeline comprises 7000 m of HDPE pipe of varying diameters and pressure ratings.
It has a design flow of 20,000 tonnes/day at 35% solids by weight at the mill. The existing tailings
pipeline includes two major sections, distinguished by different pressure ratings and inside
diameters. The first, from the Millsite to the T2 Drop box comprises 22 inch (556 mm) DR 17
HDPE pipe. The second from T2 to the TSF and around the Perimeter and Main Embankments
comprises 24 inch (610 mm) DR 15.5 HDPE pipe. Two short sections of 30 inch (762 mm) DR
15.5 HDPE pipe are located at the start of the two pipeline sections (at the Millsite and at the T2
Drop box) to ensure that flows are not restricted at the inlets.

The pipeline runs along the inside crest of the TSF embankment. It was provided with a single
relocateable discharge section, approximately 100m long with flanges at either end, which
included six, 150 mm offtakes. The line terminated with a 90-degree elbow, directed into the
facility. Wherever it was installed, the movable discharge section allowed controlled deposition of
tailings from an isolated section of the embankment. The line included flanged connections for
the installation of the movable section. This arrangement was used as a capital cost saving
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circumstances the required pressure could only be developed when the hydraulic grade line rose
above that of T2, resulting in spillage. The potential for such spills can be reduced by ensuring
that the line is free of low spots and immediately after it is take out of service, drained to the
greatest extent possible.

Reclaim System

The reclaim water system returned water from the TSF to the millsite, for re-use in the process. -
The system comprises a pump barge, a reclaim pipeline and a reclaim booster pump station.

Design Criteria

The reclaim water system was designed to meet the following general criteria:

e Provide adequate pipeline and pumping capacity to meet operational requirements for
process water.

e Operate over a pond water level elevation range of approximately 15 m before the system
must be relocated.

e Include a booster pump-station at the approximate midpoint elevation between the tailings
supernatant pond and the mill to reduce the system pressure rating.

e Include booster pumps identical to those at the supernatant pond, to reduce spare parts
inventory and to simplify maintenance.

s Collect any leakage or spillage and direct it back into the TSF by laying the pipeline in a
lined ditch.

Reclaim Pump Station

A reclaim barge was installed at the TSF. It comprised a prefabricated floating pump station
complete with perimeter trash screens, internal wet well(s), pump(s), valving, piping, electrical
power, instrumentation and control circuitry. The facility was designed and supplied by Chamco.

A hinged walkway and pipe bridge is provided for access to the barge from the side of the reclaim
barge channel. The barge is currently located at the west end of the facility.

Reclaim Pipeline

The reclaim pipeline is constructed in two sections of nominal 24 inch (610 mm) HDPE pipe, with
varying pressure ratings to accommodate anticipated operating pressures and vacuum conditions.
The first section extends from the pump barge to the booster pump station. It initially included a
stretch of steel pipe immediately downstream of the barge. This has since been taken out of
service. The second pipe section upstream of the booster pump-station is similar to the first, but
has no steel pipe component. The pipeline is laid alongside the tailings line, in the same lined
trench.
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The new pipeline will enable tailings discharge from the South Embankment, which will ensure
that the supernatant pond can be kept away from this embankment, thereby reducing the potential
for seepage losses through and under the dam. Tailings placement from this embankment is also
necessary to develop a good foundation for future embankment raises. The new pipeline will also
enable embankment construction to continue on the Perimeter and Main Embankments without
the need to maintain the pipe-work in place for coincident tailings deposition.

The only alternative for tailings deposition from the South Embankment is to extend the existing
line westward from the Main Embankment. This is not practical, as it will require upstream
operating pressures in the existing tailings pipeline that exceed the pressure capability of the
existing pipework. It would also require pipe-work be maintained in place over the Perimeter and
Main Embankments while they undergo embankment raises. '

Increased Mill Throughput

In the event that mill throughput is increased marginally say (10%) the capacity of the existing
tailings pipeline, and the proposed extension can also be increased marginaily. This could be
achieved by permanently removing the connections for storm drainage into the pipeline both at the
mill-site and at DB2. if this is done a new water discharge line will be required from the mill to the
TSF.

With a significant increase in mill throughput (say by 50% to 30,000 tpd) the required velocity and
pressures will significantly exceed the capacity and pressure rating of the existing tailings
pipework. It would be necessary either to replace the existing tailings pipeline with one of larger
diameter (probably 30”) and higher pressure rating to carry the entire flow, or else to install a
second smaller diameter line (probably 18”) designed to carry the increased throughput.

Future Pipeline Discharge Offtakes

The most efficient use of the TSF is made when tailings can be evenly distributed from around the
perimeter of the facility and when the discharge location can be easily and systematically
relocated. The development of tailings beaches around the perimeter of the facility keeps the
supernatant pond clear of the embankments, thereby increasing seepage paths and limiting
seepage loss from the facility. Beached tailings when left to drain and consolidate form the
competent foundation needed for the modified centreline construction of embankment raises.

Design will include for permanent groups of 4 to 6 smaller diameter valved offtake “tees” in the
tailings pipeline, with a full diameter valve downstream of each group of tees. (At closure only a
single such offtake group was in use and it was required to physically relocate this as required.
The new pipeline across the south embankment would immediately equipped with such offtakes.
The existing pipeline could be progressively retrofitted over several years.

A number of full diameter tee offtakes will also be included in the system to enable pipeline
flushing, “emergency” discharge, or more rapid and concentrated local discharge of a significant
volume of tailings.
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A manual connection to the tailings line could be of assistance in the periodic flushing of settled
solids out of the tailings pipework system.
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TABLE B-1

MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY MINE

SEEPAGE ANALYSES MATERIAL PARAMETERS

Rev'd 3/2/2005

MANON00001\08\A\Report\Report 1\Appendix B\Table B-1.xis Printed 3/11/2005
Permeability Condition
(m/s)
Zone S 1.0E-09
Zone C
Zone B 1.0E-09
Chimney Drain N/A
Dense Tailings 1.0E-08 El. <934m
Coarse Tailings 7.0E-06
. . - 1.0E-07 El.>946 m
Partially Consolidated Tailings 5.0E-08 ] 934.946 m
Loose to Medium Dense Till 1.0E-08
Dense To Very Dense Till 1.0E-08
Basal Till 1.0E-08
Glaciolacustrine Sediments 1.0E-08
Glaciofiuvial Sediments 1.0E-06
Till Liner 1.0E-08

{Rev 0 - Issued for Report
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TABLE C-1

MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY MINE

MINIMUM CRITERIA FOR DESIGN EARTHQUAKES

Consequence Maximum Design Earthquake (MDE)
Category Deterministically Probabilistically Derived
Derived (Annual exceedence probability)
Very High MCEPPIe] 1/10,000"™
High 50% to 100% MCE"“I! 1/1000 to 1/10,000"
Low t 1/100 to 1/1000"

Rev 0 — Issued for Report

? For a recognized fault or geographically defined tectonic province, the Maximum Credible Earthquake (MCE)
is the largest reasonably conceivable earthquake that appears possible. For a dam site, MCE ground motions
are the most severe ground motions capable of being produced at the site under the presently known or
interpreted tectonic framework.
®In Hydro-Quebec’s practice, the MDE for Very High Consequence structures involves a combination of
deterministic and probabilistic approaches that reflect current knowledge of seismo-tectonic conditions in
Eastern Canada. Hydro-Quebec’s deterministically derived MDE magnitude is the maximum historically
recorded earthquake, increased by one-half magnitude, while their probabilistically derived earthquake has an
estimated probability of exceedence of 1/2000.
¢ An appropriate level of conservatism shall be applied to the factor of safety calculated from these loads, to
reduce the risks of dam failure to tolerable values. Thus, the probability of dam failure could be much lower
than the probability of extreme event loading.
9 MDE firm ground accelerations and velocities can be taken as 50% to 100% of MCE values. For design
purposes the magnitude should remain the same as the MCE.
® In the High Consequence category, the MDE is based on the consequences of failure. For example, if one
incremental fatality would result from failure, an AEP of 1/1000 could be acceptable, but for consequences
approaching those of a Very High Consequence dam, design earthquakes approaching the MCE would be
required.

If a Low Consequence structure cannot withstand the minimum criteria, the level of upgrading may be
determined by economic risk analysis, with consideration of environmental and social impacts.




TABLE C-2

MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY

MINE

STABILITY ANALYSES MATERIAL PARAMETERS

Rev'd 3/2/2005
M:AT\01\00001\08\A\Report\Report 1\Appendix C\[Table C-2.xIs]Table C-2 Printed 3/11/2005
Unit Weight Phi Cohesion Su/P
(KN/m®) (deg) (Kpa)
Zone S 22 35 0
Zone C 22 40 0
Zone B 22 35 0
Chimney Drain 20 35 0
Dense Tailings (El. < 934) 18 30 0
Tailings (El. >934) 18 0.3
Post Liquefaction Tailings 18 0.1
Coarse Tailings 19 30 0
Loose to Medium Dense Till 21 26 0
Dense To Very Dense Till 21 26 0
Basal Till 21 33 0
Glaciolacustrine Sediments 20 33 0
Glaciofluvial Sediments 20 33 0
Clay Liner 20 40 0

{Rev O - Issued for Report
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APPENDIX C1 - SEISMICITY

Redgional Seismicity

Mount Polley is situated in an area of historically low seismicity. The site is located within the
Northern B.C. (NBC) source zone, close to the boundary with the Southeastern B.C. (SBC)
source zone, as defined by Basham et al (1982). Basham assigns a maximum earthquake
magnitude of 5.0 for the NBC zone. However, in March, 1986 a magnitude 5.4 did occur close to
Prince George, approximately 200 km north-east of the project site. A maximum magnitude of
6.5 has been set for the SBC zone, based on historic earthquake data.

There has been much debate in recent years concerning the possibility of a large interplate
earthquake of magnitude 8 or 9 along the Cascadia subduction zone. Such an event would be
located at over 400 km west of the project site, and therefore ground motions amplitudes would
be relatively low due to attenuation over such a large distance. However, the duration of shaking
experienced at the site may be very long for such an event.

Southwest of the site lies the Northern Cascades region where a maximum earthquake
magnitude of 7.5 has been estimated, based on historic seismic records and geologic data,
(LaVassar, 1991). This potential source zone lies at a minimum distance of about 200 km and
therefore is unlikely to have a significant impact at the site.

Seismic Design Parameters

A seismic hazard assessment for the site has been completed using both probabilistic and
deterministic methods. Seismic ground motion parameters for both the Operating Basis
Earthquake (OBE) and Maximum Design Earthquake (MDE) have been determined.

The probabilistic analysis was carried out by the Pacific Geoscience Centre based on the method
presented by Cornell (1968). The results are:

Return Period (Years) 100 200 475 1000
Maximum Ground Acceleration (g) 0.021 0.028 | 0.037 0.046
Maximum Ground Velocity (m/sec) 0.043 | 0.056 | 0.077 | 0.094

Four potential source zones were considered for estimation of the maximum ground acceleration
at the site for the deterministic analysis. These source zones are the Northern B.C,,
Southeastern B.C., Northern Cascades and Cascadia Subduction Zones. The results are
tabulated below together with the maximum magnitude and estimated minimum epicentral
distance for each zone:
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Source Zone Maximum Epicentral Maximum
Magnitude | Distance,(km) | Acceleration, (g)

Northern B.C. 50 0 0.13
Southeastern B.C. 6.5 40 0.13
Northern Cascades 7.5 200 0.04
Cascadia Subduction Zone 9.0 450 0.08

The Northern B.C. magnitude 5.0 earthquake corresponds to a worst case event occurring
directly beneath the site with a focal depth of 20 km. Maximum accelerations were calculated
using the ground motion attenuation relationship given by Idriss (1993), using the Mean +1
standard error relationship. Based on this, a Maximum Credible Earthquake (MCE) of magnitude
6.5, causing a bedrock acceleration of 0.13 g has been assigned to the site.

The selection of appropriate design earthquakes is based on criteria given by the Canadian Dam
Association’s “Dam Safety Guidelines for Existing Dams”. These criteria are given on Table C-1.
A “HIGH" consequence category has been assessed for the Tailings Storage Facility during
operations. For post-closure conditions a conservative “HIGH” consequence category has been
adopted for design.

The seismic ground motions adopted and implications for design are summarized below:

The Operating 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 0.037 g and maximum
ground velocity of 0.077 m/sec. A design earthquake magnitude of 6.0 has been selected.
These parameters will be used for the design of all earthwork structures.

The Maximum Design Earthquake (MDE) for the post closure condition of the Tailings Storage
Facility has been conservatively taken as 50% of the MCE. This MDE corresponds to
approximately the 1 in 2500 year return period event, based on extrapolation of data from the
probabilistic analysis. This event gives a maximum firm ground acceleration of 0.065g and
design magnitude of 6.5.

Due to the dense nature of the overconsolidated foundation soils at the site, the amplification of
seismic waves as they propagate from bedrock to the ground surface will not be significant. Case
studies have shown that ground motion amplification is negligible through dense soil deposits
overlying bedrock. Therefore, maximum bedrock ground motion parameters have been used for
embankment design.
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Figure C2-1 Main Embankment with Toe Drain

Figure C2-2 Main Embankment without Toe Drain
Figure C2-3 Perimeter Embankment with Toe Drain
Figure C2-4 Perimeter Embankment without Toe Drain
Figure C2-5 South Embankment with Toe Drain
Figure C2-6 South Embankment without Toe Drain
Figure C2-7 Upstream Stability
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Figure C3-1 Static Stability
Figure C3-2 Static Post-Liquefaction Stability
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Knight Piésold

CONSULTING

APPENDIX D
MOUNT POLLEY WATER BALANCE

¢ Knight Piésold Ltd. Letter Report (Ref. No. VA101-1/6-A.01, V4-0816)
(Pages D1 to D26)

o Tables D-1Rev0 Site Water Balance — No Discharge (Year 1 to Year 7)
(Pages 1t07)
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Qur Reference: VA101-1/6-A.01

Continuity No.: V4.0816

Knight Piésold Ltd.
Suite 1400
750 West Pender Street

Vancouver, British Columbia ~
Canada V6C 2T8

Telephone: (604) 685-0543
Facsimile: (604) 685-0147

July 30, 2004
COoP

Mr. Brian Kynoch

Mount Polley Mine

Imperial Metals Corporation
200 - 580 Hornby Street
Vancouver, B.C. V6C 3B6

‘:ffz;sfz‘“:‘d

E-mail: vancouver@knighipiesold.com

Dear Brian,
Re: Mount Polley Water Balance
We have developed a water balance for the Mount Polley Mine Site as requested.

1.0 INTRODUCTION

A water balance has been developed for the Mount Polley Mine Site to aid in water management planning
and to predict water surplus or deficit volumes after the resumption of operations in 2004. This water
balance updates an earlier water balance by adding new development areas (including Springer Pit,
Wight Pit, and the Northeast Rock Disposal Site (RDS)), updating precipitation estimates, and modifying
other aspects of the balance to match the new mine plan.

The water management plan includes the following objectives:

« To effectively manage the water to minimize the need for regulated discharges to surface water
and prevent the need for water removal from Polley Lake.

e To capture and manage all water that has been affected by mine compaonents.

«  To divert runoff from undisturbed areas away from the mine site and tailings facility (TSF).

» To store some excess TSF water to be used to accelerate pit filling at closure.

» To drain the TSF at closure by routing the water into the open pits.

Linked water balances have been completed for the assumned 7 years of mine life. The base case water
balance assumes average precipitation conditions, a tailings dry density of 1.4 tonnes/m®, and no
discharge of water from the seepage pond.

2.0 WATER MANAGEMENT

Careful 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. Table 1 summarizes the water
management timeline used for the water balance.

For average precipitation conditions a surplus of water will be produced on the site. Water reporting to
the Tailings Storage Facility (TSF) includes precipitation and runoff from the TSF catchment, runoff from
mine disturbed areas including Rock Disposal Sites (RDS), and groundwater from some of the open pits.

Anvecratn of Consbmg Expinee of Cinada
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During Years 1 to 3 the Wight and Bell Pits are being developed. All runoff and groundwater from these
pits will be directed to the TSF. In addition, water from the Cariboo Pit {500,000 mslyear for 3 years) will
be pumped to the TSF for storage to facilitate mining of the Bell Pit and to make room for the placement
of waste rock from the Bell and Springer Pits into Cariboo Pit. “Clean * waste from the Bell Pit will be
placed in the North RDS. During Year 2, development of the Springer Pit will commence, adding that pits
runoff and groundwater to the tailings facility. At Year 3, the maximum water surplus will occur
(approximately 1.5 million m® for the base case) as the Wight and Bell Pits are completed and the
Northeast Rock Disposal Site (RDS) is fully developed. 1t is assumed that the maximum groundwater
inflow for the pits will occur once the final pit depth is reached in Year 3 and the maximum runoff from the
Northeast RDS will also occur in Year 3 once runoff from the entire area is captured and directed to the
TSF.

After Year 3, the Wight Pit will be allowed to fill with water. Runoff and groundwater from this pit will
therefore no longer be directed to the TSF but will be allowed to accumulate in place. Runoff from the
Northeast RDS will be directed to the Wight Pit in Year 4 to accelerate pit filing. Also during Year 4, the
Northeast RDS will be reclaimed and the runoff from this area will be released to the environment in
subsequent years.

Development of the Springer Pit and North RDS will continue to Year 7. “Clean” waste rock from the
Springer Pit will be placed in the North RDS. Runoff from this area is not captured. Other waste from the
Springer Pit will be backfilled into the Cariboo and Bell Pits. Water will continue to be pumped from the
Cariboo Pit to the TSF until Year 3 to increase the pit's storage capacity for waste rock. Between 1.5 and
2 million m® of water will be allowed to remain in the Cariboo Pit to fill the voids in the rock pile. Runoff
and groundwater from the Bell Pit will be allowed to accumulate in the Bell Pit to fill the voids in the waste
rock. It is expected that an equilibrium will be established over time. Runoff and groundwater from the
Bell Pit will no longer contribute to the TSF volume after Year 3. Runoff and groundwater from the
Springer Pit will report to the TSF for the life of the mine.

When development ceases in Year 7, the TSF will be drained by pumping the water to Springer Pit to
accelerate pit filling.

Another iteration of the water balance was conducted assuming that the seepage, groundwater, and
surface runoff that collects in the seepage pond were discharged. Approximately 400,000 m?® of water
was assumed discharged per year. A discharge of 2,000 m°®/day (or approximately 700,000 m°) is
allowed in Mount Polley’s present permit for the care and maintenance period. This discharge allowance
is no longer valid once operations resume but it may be beneficial to pursue the extension of the
discharge permit for during operations. Water quality monitoring of the seepage pond by Mount Polley
staff reports consistent water quality from during operations to the present at levels well below those in
the present permit. If discharge through the seepage pond were to continue throughout operations, the
volume of stored water in the TSF would be reduced, increasing the tailings beach and improving the
stability of the facility. The discharge of good quality water would also help maintain the water levels in
downstream waterways.

The water balance, including inputs and assumptions, is described in the following sections.

20f6 V4-0816
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3.0 PROJECT COMPONENTS

The water balance includes water reporting to the main mine components including the open pits, rock
disposal sites (RDS), the mill site, and the tailings facility. Figure 1 illustrates the main mine components
and watershed areas. The assumed development sequences used for the project water balance are
summarized in Tables 2, 3, and 4 for the Tailings Storage Facility (TSF) development, Open Pit
development, and Rock Disposal Site (RDS) development.

4.0 HYDROMETEOROLOGY

PRECIPITATION

Precipitation estimates used for the model are presented in Table 5.

Mean annual precipitation for the site was estimated at 740 mm. This value reflects data collected at an
on-site weather station and updates a previously estimated mean annual precipitation value of 7565 mm
used for previous work. Site data was available for May 1997 to December 2003. Precipitation data for
the 1997 to 2002 period was available for Horsefly Lake Gruhs Lake and Barkerville, two climatologically
similar stations in the area. Average annual precipitation values for the 1998 to 2002 period for the site
and nearby stations are presented in Table 6. Also in Table 6 are the long-term average annual
precipitation values for Horsefly Lake Gruhs Lake and Barkerville which were used to estimate long term
average annual precipitation values for the site. The Horsefly Lake Gruhs Lake station is closer to the
Mount Polley site and considered to be more representative of site conditions so the estimate for average
annual precipitation generated with this station’s data was chosen to represent the site.

A comparison of average monthly precipitation data for the three sites for the 1997 to 2002 period is
shown graphically in Figure 2. Figure 3 compares the average monthly % of annual precipitation for
these sites. The general pattern for monthly precipitation is similar for all three sites with the exception of
the February data. The Mount Polley site data shows an increase in precipitation in February followed by
a decrease in March while the other stations show a decrease in precipitation in February. The February
Mount Polley site data is considered to be anomalous and the precipitation pattern for the site is assumed
to mirror the other stations in the area. Again the Horsefly Lake Gruhs Lake station was chosen to
represent the site. Monthly precipitation data for the Horsefly Lake Gruhs Lake station is presented in
Table 7 for that station’s period of record. The longer term average monthly % of annual prec:lpttatlon
values are also presented in Table 7 and are used for the Mount Polley water balance.

SNOWMELT

All snowfall at the site was considered to melt and contribute to runoff for the months of March to
November. Snowfall between December and February was assumed to accumulate as snowpack. The
accumulated snow was assumed to melt between March and May with 10% of the snowpack melting in
March, 50% in April, and 40% in May. These assumptions were refined by Mount Polley staff based on
observations at the mine site.

EVAPORATION

Evaporation data for the site was collected between 1997 and 2003 and is presented in Table 8. This
data was compared to the site precipitation data for the same period to see if a correlation between
evaporation and precipitation could be developed. No correlation was found for these parameters as

3of6 V4-0816
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illustrated in Figure 4, which plots evaporation against precipitation. The site data was found to closely
match the estimates used in previous work so these were maintained for the current water balance.

RUNOFF COEFFICIENTS

Runoff coefficients were developed and calibrated by Mount Polley site staff based on observation and
careful record taking on site from 1997 to 2003. Three sets of runoff coefficients were used for the water
balance as presented in Table 9. The general runoff coefficients were used for the months of November
to February and are estimates from the MTC Drainage Manual ~ Design Flood Estimates for Small
Watersheds (MTO 1984). Freshet runoff coefficients were used for the months of March, April, and May.
It was observed that runoff during these months, when the ground was either frozen (in the early period)
or water saturated, was being under estimated by the general runoff coefficients for some catchment
areas. Runoff coefficients for these areas were set to 100% for the freshet peried. Conversely, during
the dry summer and early fall months from June through October, it was observed that water from some
areas (including the East RDS) was never reporting to the TSF or collection areas and was instead being
absorbed into the dry ground or seeping out of the collection ditches. The runoff coefficients for these
areas were set to zero for the dry period.

GROUNDWATER INPUT

Groundwater infiltration rates used for the water balance are presented in Table 10. The ultimate
groundwater infiltration rate for Bell Pit once the final depth has been reached was estimated at 100 gpm
or approximately 17,000 m¥%month. Bell Pit is already partly developed but has accumulated very littte
water (about 16 million gallons/3 years or 10 gpm) over the last 3 years. 100 gpm was chosen as a
conservatively high infiltration rate. The ultimate infiltration rate for Springer Pit was estimated at 240
gpm or approximate 40,600 m3/month. The ultimate rate for the Wight Pit was estimated at 450 gpm or
76,000 m*/month because of its proximity to Polley Lake. The infiltration rates used in the water balance
can be refined by comparison to pumping rates from the pits once operations resume.

The groundwater inflow to the open pits is assumed to relate to pit depth and therefore to development
time. Yearly groundwater inflow rates were estimated using a linear relationship between inflow rate and
time. Groundwater infiltration is assumed to be 0 until pit development starts and reaches its ultimate rate
in the year development of the pit is concluded.

The Cariboo Pit is already storing water at year 0 so no groundwater infiltration is included for this pit. It
is not known if infiltration to or seepage from the pit is actually occurring.  The Wight and Bell Pits, which
are allowed to flood, are assumed to have a constant groundwater infiltration rate (the ultimate rate) once
pit development has finished. In reality, as the pit fills, the groundwater infiltration rate will decline as the
seepage gradient into the pit reduces. The final storage volumes for these pits are therefore
conservatively high.

5.0 WATER BALANCE RESULTS
BASE CASE OPERATIONS OPTION
The overall water balance is illustrated schematically in Figure 5 with results presented for Years 1, 3,

and 7. Year 3 is included because the maximum water surplus is experienced during this year. General
assumptions used for the water balance are summarized in Table 11.

40f6 V4-0816
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By the end of Year 7 approxtmately 7 million m® of water will be stored in the TSF At closure this water
will be routed to the Springer Pit, which will have a capacity to store 18 million m® of water, to accelerate
pit filling. Runoff from disturbed areas will also be directed to the Sprlnger Pit until the areas are
reclaimed. The Springer Pit will have a large storage capacity and will benefit from water inputs to
accelerate the filling of the pit. At the end of Year 7 the Cariboo and Bell Pit wills be storing backfilled
waste rock with approximately 3 m:lllon m° of water filling the voids between the rocks. Cariboo Pit has a
capacity of approximately 6.2 million m? and the Bell Pit has a capacity of approximately 4.1 million m®. A
void ratio of about 30% is assumed. The Springer Pit will contain up to approximately 3.7 million m* of
water. This is a conservatively high number as it assumes a constant infiltration rate as the pit fills.

It is estimated that approximately 2 million m? of storage capacity is available for each meter rise in the
tailings pond level. If the TSF is storing 7 million m?® of water as predicted by the water balance, a rise of
about 3.5 m is expected. The increased pond level will result in a larger pond area with more of the
beaches inundated by water. The beaches have an average slope of about 1% so water will extend
across the beach approximately 350 m horizontally as the pond rises 3.5 m. Sufficient beaches will be
maintained upstream of the embankments to prevent any stability concerns. The embankment crest
elevation will be adjusted to maintain freeboard requirements for storage of the probable maximum
precipitation (PMP) event plus 1 m for wave runup as required by the current permit.

DISCHARGE OPTION

A separate water balance has also been conducted which assumes that the existing water discharge
permit is amended to also be applicable when operations recommence. The water balance with
discharge assumed from the Main Embankment seepage recycle pond indicates that, approximately 4
million m® of water will be stored in the TSF as shown in Figure 6, which presents a schematic of the
water balance for Years 1, 3, and 7. It may be beneficial to discharge water through the seepage pond to
reduce TSF water storage requirements.

WET AND DRY CONDITION

Dry conditions have been experienced at the mine site in recent years. To ensure that sufficient water
was available if a string of dry years were to occur over the mine lifetime, another iteration of the water
balance was run assuming an annual precipitation of 595 mm for all 7 years of operations. Results from
this model run are presented schematically in Figure 7 for Years 1, 3, and 7. At the end of Year 7,
approximately 3.5 million m® of water is stored in the TSF indicating that enough water will be available
throughout operations. It is extremely unlikely that the annual precipitation at the site will be constant at
595 mm for 7 consecutive years but this represents a worst-case scenario.

The @RISK risk analysis software was used to generate statistical estimates of minimum and maximum
water volumes. The water balance was run using the @RISK program with monthly precipitation
modeled as a normal distribution. The software used 1000 iterations of different precipitation conditions
to generate minimum and maximum values for the water balance. Figure 8 presents the @RlSK
predictions for dry climatic conditions. An absolute minimum volume of approximately 4.5 million m® of
water stored in the TSF is predicted for Year 7. Figure 9 presents the @RlSK predictions for wet climatic
conditions. An absolute maximum volume of approximately 10 million m? of water stored in the TSF is
predicted for Year 7. Both the minimum and maximum values predicted by at risk are unlikely to occur.
The 5% and 95% limits for dry and wet years are also illustrated in Figure 8.
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ADDITIONAL WATER SAVINGS

We understand that the Mount Polley Mine will continue to ook at ways to further reduce fresh water
inputs at the mine site by utilizing pit water to the extent possible. One possibility is to use pit water for
the fresh makeup water required in the milling process. By using pit water instead of introducing
additional fresh water to the system, approximately 2,000,000 m?® of water can be prevented from entering
the water balance. The TSF would then be storing 2,000,000 m® less water than presented in the current
water balance.

We trust that this provides you with the information that you require. Please feel free to contact the
undersigned if you have any comments or questions.

Yours very truly,

KNIGHT PIESOLD LTD.
Prepared by: Reviewed by:
Hostbe 25 PP
ichelle Hasebe Ken Brouwer, P.Eng.
Project Engineer Managing Director

Enclk: Tables and Figures

cc: Art Frye
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TABLE 1

MOUNT POLLEY MINING CORPORATION
MT. POLLEY PROJECT

WATER MANAGEMENT TIMELINE

Print 81372004 9:15

MANOTD000 NOS\ADatawater batonce July 30\Tables and Figuras. fev 0.ds[Tabla $_r0 Revid 773072004

Year
0 * Bell Pitis already partly developed.

* Springer Pit has a small starter pit.

* The East RDS is developed to it's ultimate surface area.

* The North RDS is partly developed.

* The Cariboo Pit is already storing water (2.5 million m?).

1 * The Bell and Wight Pits are developed. Their ultimate surface area is disturbed.

* Development starts on the Northeast RDS.

* Waste from the Bell Pit is placed in the Cariboo Pit necessitating some water removal.

* Water from the Cariboo Pit is pumped to the Mill and ends up in the TSF for storage (approximately 1.5 million m"® over 3 years)
* Surface runoff and groundwater from the Bell and Wight Pits is pumped to the Mill and ends up in the TSF.

2 * Development of the Springer Pit starts. The ultimate surface area is disturbed.

* Development continues on Beli and Wight Pits.

* Waste from the Bell and Springer Pits is placed in the Cariboo Pit necessitating some water removal.

* Water from the Cariboo Pit is pumped to the Mill and ends up in the TSF for storage (approximately 1.5 million m* over 3 years)
* Surface runoff and groundwater from the Bell, Wight, and Springer Pits is pumped to the Mill and ends up in the TSF.

3 *Development of Bell and Wight Pits is completed.

* Development of the Northeast RDS is completed.

* Waste from the Bell and Springer Pits is placed in the Cariboo Pit necessitating some water removal.

* Water from the Cariboo Pit is pumped to the Mill and ends up in the TSF for storage (approximately 1.5 million m?® over 3 years)
* Surface runoff and groundwater from the Bell, Wight and Springer Pits is pumped to the Mill and ends up in the TSF.

4 * Development of the Springer Pit continues.

* Filling of Wight Pit with water commences as groundwater and surface runoff is allowed to accumulate.

* Runoff from the Northeast RDS is diverted to the Wight Pit to accelerate pit filling.

* Waste from the Springer Pit is placed in the Cariboo and Bell Pits.

* Reclamation of the Northeast RDS is initiated and finished by year end.

* Surface runoff and groundwater from the Springer Pit is pumped to the Mill and ends up in the TSF.

* Runoff and groundwater from the Bell Pit is no longer pumped to the TSF. Water is allowed to fill the voids in the waste rock.

5 * Development of the Springer Pit continues.
* Runoff from the reclaimed Northeast RDS area is not collected.
* Surface runoff and groundwater from the Springer Pit is pumped to the Mill and ends up in the TSF.

6 * Development of the Springer Pit continues.
* Surface runoff and groundwater from the Springer Pit is pumped to the Mill and ends up in the TSF,

7 * Development of the Springer Pit is completed.
* Development of the North RDS is completed.
* Surface runoff and groundwater from the Springer Pit is pumped to the Mill and ends up in the TSF,

Closure |* The TSF is drained by pumping water to the Springer Pit, accelerating pit filling.

Rev 0 - Issued to Client




TABLE 2

MOUNT POLLEY MINING CORPORATION

MT. POLLEY PROJECT

TAILINGS STORAGE FACILITY DEVELOPMENT

MANGINO000 1\O6\A\Datalwater balance July 30\ Tables and Figures_rev 0.x1s]Table 2_r0

Print 8/3/2004 9:18

Revid 7/28/2004

END OF AREAS (ha)

YEAR UNPREPD BEACH POND POND AND TOTAL
BASIN ONLY BEACH AREA

=0 55 80 100 180 235

1 51 74 110 184 235

2 48 67 120 187 235

3 45 60 130 190 235

4 42 58 135 193 235

5 39 56 140 196 235

6 37 53 145 198 235

7 35 50 150 200 235

Notes: 1) Unprep'd Basin = Total Impoundment - Beach (incl. pond)
2) (Pond + Beach) areas for years 0 and 7 taken off the DAC Curve.

Rev 0 - Issued to Client
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TABLE 3

MOUNT POLLEY MINING CORPORATION

OPEN PIT DEVELOPMENT

MT. POLLEY PROJECT

MO 1V0000 NO6\A\Data\water balance July 30\[Tables and Figures_rev 0.xIs]Table 3_r0

Print 8/3/2004 8:18
Rev'd 7/28/2004

END PIT CATCHMENT AREAS (ha) TOTAL
OF Cariboo Bell Springer Wight AREA

YEAR (ha)
0 67 6 2 0 75
1 67 17 2 16 102
2 67 17 36 16 136
3 67 17 36 16 136
4 67 17 36 16 136
5 67 17 36 16 136
6 67 17 36 16 136
7 67 17 36 16 136

Rev 0 - Issued to Client




MOUNT POLLEY MINING CORPORATION

TABLE ¢

MT, POLLEY PROJECT

WASTE DUMP DEVELOPMENT

Print M/3/2004 9:4

MATOIN0NOGADstmvwatar bakance: hly JA{Tablos and Funwce_aov falsluble 40 Rev'd 7/282004
YEAR ROCK DISPOSAL SITES (RDS)
CATCHMENT AREAS (ha)
EAST RDS NORTH RDS NORTHEAST RDS
DISTURBED UNDIST'BD DISTURBED UNDIST'BD DISTURBED UNDIST'BD
0 55 89 5 1t 0 0
i 55 89 7 9 15 21
2 55 89 9 7 26 10
3 55 89 11 5 36 0
4 55 89 13 3 36 0
5 55 89 14 2 0 0.0
6 55 89 15 1 0 0.0
7 55 89 16 1] 0 0.0
Notes:

1. Assumes that the East RDS is not expanded beyond the present disturbed arca. Both disturbed and undisturbed runoff is captured.
2. Assumes staged development of the North RDS over 7 years. Runoff from clean rock stored in the North RDS is monitored und released (not captured).

3. Assumes staged development of the Northeast RDS over 3 years. Only runoff from disturbed areas is captured.
4. Assumes the Northeast RDS is reclaimed by year 5 and the water is released. RunofT is routed into Wight Pit for Year 4.

Rev 0~ Issuad lo Client
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TABLES

MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY MINE

PRECIPITATION AND EVAPORATION ESTIMATES USED FOR THE WATER BALANCE

Print B/3/2004 8:43

MAN\O1\00001\06\A\Data\water balance July 30\[Tables and Figures_rev 0.xis)Table 5_r0 Rev'd 7/30/2004
@RISK Monthly
% of Annual Average Monthly Standard Precipitation (used Evaporation®
F’recipitation1 Precipitation (mm) Deviation® for Model) Snowfall* Snowpack4 (mm)
January 8.6% 63.7 25 64 accumulates 0
February 5.1% 37.7 26 42 accumulates 0
March 4.1% 30.0 8 30 melts 10% melts 0
April 5.4% 40.1 23 42 melts 50% melts o]
May 7.4% 55.1 27 56 melts 40% melts 47
June 15.0% 111.2 38 111 melts 112
July 10.8% 80.1 32 81 melts 107
August 12.2% 90.6 44 a3 melts 92
September 6.3% 46.6 19 47 melts 50
October 7.7% 56.9 20 57 melts 15
November 8.6% 63.9 33 66 melts 0
December 8.7% 64.0 30 65 accumulates o]
Average Annual
Precipitation2 (mm) 740 754
Average Annual
Evaporation® (mm) 423
Notes:

1. % of Annual Precipitation estimates are based on long term records from the Horsefly Lake Gruhs Lake Station.
2. Site data was adjusted by comparison with long term records from the Horsefly Lake Gruhs Lake Station.

3. The standard deviation is assumed to be consistent with the Horsefly Lake Gruhs Lake long term data.

4. Assumptions regarding snowmelt were adopted from a previous water balance supplied by Mount Polley Mine.

Rev 0 - Issued to Client
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TABLE 9

MOUNT POLLEY MINING CORPORATION
MT. POLLEY PROJECT
RUNOFF COEFFICIENTS

Print 8/3/2004 8:43

MARNONO000 1\G6\A\Data\water balance July 30\{Tables and Figures_rev O.xls Rev'd 7/28/2004
Runoff Coefficients
General  Freshet Dry Period
TSF Areas
Unprepared Basin 0.35 1 0
Tailings Beach 0.9 0.9 0.9
Open Pit Areas 0.5 0.5 0.5
Undisturbed RDS Areas 0.24 1 0
Disturbed RDS Areas 0.60 1 0
Millsite Area 0.50 0.5 0.5
Downstream Tailings Areas 0.7 1 0
Undisturbed Catchment 0.24 0.24 0.24
Rev 0 - Issued to Client




TABLE 10

MOUNT POLLEY MINING CORPORATION
MT. POLLEY PROJECT
GROUNDWATER INFILTRATION ESTIMATES

Print 8/3/2004 9:43

#REF! Rev'd 7/30/2004
Groundwater Infiltration Estimates (gpm)
Year Bell Springer Wight
0 10 0 0
1 40 0 150
2 70 40 300
3 100 80 450
4 100 120 450
5 100 160 450
6 100 200 450
7 100 240 450
Assumptions:

* The Beli Pitis already partly developed. It has accumulated very little water over the last 3 years (approximately 16
million gallons or 10 gpm). A conservatively high value of 100 gpm is used for this pit's ultimate rate in Year 3. After
Year 3 the rate is assumed to be 100 gpm although in actual fact infiltration will slow down as water fills the voids in
the backfilled waste rock.

* The Wight Pit will be developed in Year 1. Its ultimate depth will be reached in Year 3. Its ultimate groundwater
infiltration rate is assumed to be 450 gpm. After Year 3 the rate is assumed to be 450 gpm although in actual fact
infiltration will slow down as the pit fills with water.

* The Springer Pit is developed in Year 2. Its ultimate depth is reached in Year 7. Its ultimate groundwater infiltration
rate is assumed to be 240 gpm.

* Groundwater inflow to the pit is assumed to relate to pit depth, and therefore development time, so yearly inflow
rates are estimated using a linear relationship between time and inflow rate.

* Groundwater inflitration is assumed to be 0 until pit deviopment commences and then estimated at 100 gpm for Bell
Pit, 240 gpm for Springer Pit and 450 gpm for Wight Pit once they are fully developed.

* After Year 3 the Springer Pit and Bell Pit will start accumulating water and the groundwater will no longer effect the
TSF volume.

* The Cariboo Pit is already storing water at Year 0. No groundwater infiltration is assumed for this pit as it is not
know if infiltration or seepage is occurring.

Rev 0 - Issued to Client




TABLE 11

MOUNT POLLEY MINING CORPORATION
MT. POLLEY PROJECT
GENERAL ASSUMPTIONS USED FOR THE WATER BALANCE

M:AINOINO000 1\OS\ANData\water balance July 30\ Tables and Figures_rev O.xisjTable 11_r0

Print 8/3/2004 9:43
Rev'd 7/28/2004

Daily Ore Throughput (ipd) 17,808
Solids Content 35%
Tailings S.G. 2.65
Water Content of Ore 4%
Dry Density (tm®) 1.4
Initial Volume TSF (m*) 2,500,000
Initial Volume Cariboo Pit (m3) 2,500,000
Intitial Volume Wight Pit 0
Initial Volume Bell Pit (m3) 75,000
Minimum Fresh Water Makeup 2.4%
Underdrainage Recovery - Back to TSF (m3) 0
Groundwater Seepage Loss (m3/month) 5,840
Total Groundwater and Seepage (m3/month) 35,355

Rev 0 - Issued to Client
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Modified Centreline Construction
of Tailings Embankments

J.P. Haile & K.J. Brouwer

Knight Piésold Ltd.
Consulting Engineers
Suite 1400 - 750 West Pender Street
Vancouver, B.C., Canada
V6C 2T8

Abstract: A new approach to compacted fill embankments for tailings storage facilities has been developed which
is seismically stable and minimizes the fill requirements, and hence costs, for embankment construction. Modified
centreline construction is similar to conventional centreline construction but with the contact between the compacted
fill and the tailings sloping slightly upstream. It is, however, different from upstream construction as the stability
of the embankment relies on the relatively wide thickness of compacted fill at any elevation, is independent of the
tailings strength and is inherently stable even with complete liquefaction of the tailings mass. The design approach
significantly reduces the quantity of fill required for on-going raises compared to conventional centreline and
downstream construction as on-going construction on the downstream face is not required. This also allows for
reclamation of the downstream embankment face during operations. It has been successfully implemented at the
Montana Tunnels Mine in Montana, where a final embankment height of over 100 metres is planned, and forms
the basis for the tailings embankment design for new projects in Alaska and British Columbia, Canada. This paper

describes the principal features of this construction technique, analytical procedures and case histories.

Key Words: mine tailings storage, embankment construction, waste reclamation, seismic stability

1. Introduction

The design of tailings facility embankments in
seismically active areas, or for fine-grained, low
strength tailings, has historically utilized conventional
earth or rockfill embankments constructed as a full
embankment section similar to a water retaining dam.
No reliance is placed on the strength of the tailings and
the embankment section is stable under all conditions
of static and seismic loading. In some instances
centreline construction using either the coarse fraction
of the tailings or compacted fill is used to achieve the
same design objectives.

Both of these approaches require a relatively large
volume of {ill material for the embankment section.
With staged construction the volume of fill required for
each incremental raise of the embankment crest gets
larger as the height of the embankment increases, and
requires construction on the downstream face of the
embankment over the full height. This has the added
disadvantage of not allowing reclamation of the
downstream face to be carried out during mining
operations. Staged construction of downstream and
centreline embankments is shown schematically in
Figure 1.

E-

In most instances where these embankment cross-
sections are required, upstream conmstruction on the
tailings mass itself would not be an appropriate
alternative, either because of poor consolidation and/or
drainage conditions within the tailings, potential -
liquefaction and low strength of the tailings. Upstream
tailings embankments can only be constructed with fine
grained tailings and in seismically active areas if proper
measures are taken to ensure full consolidation and
drainage of the tailings [1].

The modified centreline embankment, however,
offers a cost effective alternative to downstream or
centreline construction in areas of high seismic risk and
for tailings with little or no strength. This paper
describes the principal features of this construction
technique, along with analytical procedures and case
histories.

3rd International Conference on Environmental
Issues and Wasie Management in Energy and
Mineral Production, August, 1994. Perth,
Australia



(i) Centreline
Figure 1 Downstream and centreline embankments
2. Design Concept

The modified centreline cross-section is similar to a
centreline cross-section but with the contact between
the embankment fill and the tailings sloping slightly
upstream. It results in the minimum volume of
embankment fill for an embankment that is stable under
all conditions of static and seismic loading.
Furthermore, on-going construction on the downstream
face is not required and reclamation can be carried out
during operations. A schematic cross-section through
a modified centreline embankment is shown on

Figure 2.
Effective ¢ Final
filt line |
1\'* ¢ Initial
e
™ =

Figure 2 Modified centreline embankment

The modified centreline embankment achieves its
stability from the relatively wide thickness of
compacted fill at any elevation, and is independent of
the strength of the tailings. The embankment is
designed to be stable even if the tailings are fully
liquefied and imposing both full {luid pressure and
hydrodynamic loading on the upstream contact. The
upstream contact remains stable even if the tailings are
fully liquefied, when they would act as a dense fluid.
The analogy is that of a slurry wall, where a dense

11uIg such as bentonite mud can be used to support
very deep excavations.

The construction technique does require some
placing of fill on the tailings beach, and hence
deposition of at least a portion of the tailings stream
from the embankment face is required. Ideally, the
beach should be at least strong enough to support the
first lift of fill. This can be achieved on very soft
tailings with the assistance of a geotextile separation
layer. If the beach cannot support the first lift, then
the tailings can be displaced using dumped rockfill.

Modified centreline tailings embankments can be
designed as either water retaining structures or fully
drained embankments. When designed to be water
retaining, which is obviously a more severe loading
condition than if fully drained, the water retaining
zone, or core, should be located as far upstream as
possible, in order to provide the necessary width of
drained granular material downstream of the core for
stability.

3. Stability and Deformation Analyses

Stability analyses of a modified centreline embankment
can be considered under three separate headings:

(i) Downstream stability,

(i) Upstream stability,

(iii) Deformation Analyses.

Downstream Stability

Downstream stability can be analyzed initially as
pseudo-static loading on the modified centreline portion
of embankment only, i.e.that portion of the
embankment above the full section. The forces acting
on this section of the embankment are shown
schematically on Figure 3.

rFreeboord
Effective fill line

p—
S
SUMMARY OF LOADING CONDITIONS
SYMBOL DESCRIPTION
P, LIQUEFIED TAILINGS
Py HYDRODYNAMIC THRUST
Pe EARTHOUAKE LOADING ON EMBANKMENT
w WEIGHT OF EMBANKMENT
s SHEAR RESISTANCE

Figure 3 Downstream pseudo-static
loading for stability analyses
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In designing a modified centreline embankment the
main variables to be considered in the geometry of the
section are the height of the modified centreline
portion, the downstream slope and the upstream contact
slope between the fill and tailings.

; The downstream slope will generally be dictated
by the construction materials available, but the height
of the modified centreline portion and the upstream
contact slope will be a function of the seismicity of the
site. The height of the modified centreline portion can
be considered in terms of Critical Height (H,), which
is defined as that height at which the pseudo-static
factor of safety is equal to 1.0 under a given
acceleration. The relationships between H,
acceleration and the upstream contact slope are shown
on Figure 4, for a given set of assumptions and the
loading conditions shown on Figure 3.

The concepts presented in Figure 4 can be used for
an initial determination of H..  However, it is
important to realize that this critical height is not a

limiting height and only detines the height at whicn the
critical acceleration for the embankment section k., is
equal to the design acceleration for the site, ag,.
Higher embankments, with a value of k_ less than a,,,,
can be safely designed but will be subject to some
deformation during the earthquake shaking.

The modified centreline embankment must also
incorporate suitable provisions for seepage control and
for piping prevention. Since the embankment fill
extends slightly over more compressible tailings
materials, consolidation settlement may result in
cracking of the embankment core zone. Therefore, the
embankment design must incorporate suitable filter
criteria and drainage provisions. In general, the
tailings mass forms an ideal crack stopping filter
medium so that piping failure is not a major
consideration. Embankment stability can also be
enhanced by incorporating drainage features such as
chimney drains to reduce pore pressures within the
structural zone of the embankment.
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Upstream Stability

Upstream stability needs to consider two critical
Joading conditions: short-term loading on the tailings
beach during embankment crest raising; and post-
seismic upstream stability when the tailings would have
only post liquefaction residual strength. In the first
case, the principal concern is safety, whereas for the
second case the principal concern is for failures causing
loss of freeboard. Both cases need to be analyzed to
determine the maximum allowable freeboard, which
can then be related to flood storage requirements
(Figure 5). In both analyses the appropriate strength
characteristics of the tailings need to be known, in
addition to those of the embankment fill materials.

0 -~

Freeboard / .
\g Yl '/>\\ ( /

/
~ Embankment
fill

(i) Short term construction.
Tailings strength, ¢, /p’ = 0.2 — 0.3

(i) Post eorthquake loss of fregboard.
Tailings residual strength, c¢,/p’ = 0.1 — 0.2

Figure 5 Upstream stability loading cases
to determine maximum freeboard

Deformation Analyses

Deformation analyses can be carried out using the
simplified procedures of Newmark [2] and Makdisi and
Seed[3]. The analyses compare the critical acceleration
k., with the site design acceleration, a,,, and compute
displacements using empirical relationships and case
history data from conventional water retaining dams.
Modification of the amplitude of the ground
acceleration as it propagates up through the
embankment can be determined using the SHAKE [4]
program. Similarly, the value of k. at any elevation in
the embankment can be determined from standard
stability analysis programs. In order to compensate for
the geometry of the modified centreline embankment
and uncertainties in the mode of deformation, the
largest value of acceleration determined from SHAKE
can be used together with the smallest value of k. to
compute potential deformations.

A pseudo-dynamic finite element displacement
analysis has been developed by Byrne er al [5,6]. This
analysis can be used to determine deformations under
both upstream and downstream earthquake loading, and
to define the location and magnitude of the largest
deformations. In general it predicts deformations

=4

somewhat larger than those Irom ine sumpiiea
Newmark analyses using the extreme values.

The stability analyses discussed above have only
considered the more extreme loading conditions. In all
embankment designs, all loading cases must be
analyzed using relevant material parameters to ensure
that acceptable factors of safety exist for each loading
case.

4. Case Histories

Montana Tunnels Mine, Montana, USA.

The Montana Tunnels Mine is an open pit
operation which involves processing gold, lead, zinc
and silver ore at a rate of approximately 13,700 tonnes
per day. The mine has been operating since 1987.
Total mineable reserves from inception of mining have
recently been expanded from 38 to 62 million tonnes.

The original tailings embankment was designed
using a downstream method of construction for the
annual staged expansions[7]. The compacted rockfill
embankment layout was modified in 1990, when on-
going expansions were constructed using the modified
centreline method in order to minimize fill quantities
and preserve a downstream process water pond[8&].
The modified centreline section was changed again in
1993 to enable expansion of the tailings impoundment
to provide storage for the increased ore reserves. The
embankment is presently designed to reach a maximum
ultimate height of 105 metres. A schematic cross-
section through the embankment is shown on Figure 6.

The redesign of the modified centreline
embankment in 1993 included an extensive site
investigation program which incorporated drilling,
sampling, standard penetration testing, seismic
piezocone testwork and installation of vibrating wire
piezometers. A line of wick drains was installed along
the tailings beach to enhance drainage into the
free-draining embankment. A second wick drain
program[9] was also completed within the tailings
impoundment to dissipate excess pore pressures,
accelerate consolidation and enhance seismic stability.

The stability assessment for the embankment
included conventional limit equilibrium analyses for
static, pseudo-static and post-earthquake conditions.
Additional pseudo-dynamic finite element analyses,
using the procedure described by Byrne et al[5], were
also used to evaluate potential embankment
deformations for a maximum credible earthquake with
a peak horizontal ground acceleration of 0.22 g. The
analysis includes both the inertia forces from the
earthquake as well as the softening effect of the soil
during cyclic loading. The fifth modified centreline
embankment raise will be completed at the Montana

Tunnels Mine during 1994, with annual expansions

planned through 2001.
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Figure 6 Typical section through Montana Tunnels embankment

Kensington Venture, Alaska, USA
The Kensington Project is a proposed underground
gold mine located 40 miles north of Juneau, Alaska, on
the east side of the Lynn Canal. The mine will require
construction of a 89 metre high dam to contain the
tailings from the mining operations. The dam is to be
constructed in stages using compacted earthfill and
rockfill and a modified centreline arrangement. The
project is located in an area of high potential seismicity
and earthquake-induced liquefaction of the tailings is
possible. The stability of the top portion of the dam
and the potential displacements resulting from
earthquake loading are therefore of extreme
importance. A cross-section through the proposed final
embankment is shown on Figure 7.

Conventional limit equilibrium and Newmark
analyses, including hydrodynamic loading from the

/Finol Stoge El. 680’

liquefied tailings, indicate that the embankment is
stable and deformations would be very small.
Deformation analyses were also carried out using the
pseudo-dynamic finite element procedure developed by
Byrne et al [5]. The analysis allows both the inertia
forces from the earthquake as well as the softening
effect of the liquefied soil to be considered. '

Peak horizontal ground accelerations ranging from
0.2 g to 0.6 g were considered with corresponding
peak ground velocities of 0.2 and 0.6 metre/second.
The predicted peak displacements of the crest of the
dam are 0.48 metre horizontal and 0.09 metre vertical.
The maximum movement of the dam predicted from
the Newmark analysis using the same soil strengths
was 0.14 metres.

The Kensington Venture is currently in the final
stages of permitting.
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Figure 7 Typical section through Kensington embankment
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Kemess South Project, B.C., Canada

The Kemess South Project, situated in north central
British Columbia, is presently in the final stages of
permitting and is scheduled for development In 1995.
A total reserve of 220 million tonnes of gold and
copper ore will be processed at a rate of 40,000 tonnes
per day. The project will include the staged
construction of a compacted earthfill tailings
embankment using the modified centreline technique to
an ultimate height of 150 metres. A schematic
embankment section is shown on Figure 8.

The project site is situated in an area of low
seismicity and conventional pseudo-static limit
equilibrium analyses indicate an adequate factor of
safety against embankment deformation. The modified
centreline embankment section was selected in order to
minimize the quantity of fill required for staged
expansions, and thus reduce on-going capital
expenditures.  Also, the downstream face of the
embankment will be incrementally revegetated to
minimize environmental impacts during operations and
to reduce post-closure reclamation requirements.

5. Conclusions

The modified centreline embankment provides the least
cost compacted {ill embankment for tailings storage
facilities in areas of high seismicity and for low
strength tailings. These embankments are intrinsically
stable under earthquake loading even with the tailings
fully liquified. They can be constructed in stages using
standard mining equipment and overburden materials
from on-going mining operations. After the initial one
or two stages no further construction is required on the

downstream face, which allows for on-going
reclamation during operations.
The modified centreline design has been

successfully implemented at the Montana Tunnels Mine

=

in Montana, where a final embankment height of over
100 metres is planned. A detailed design has been
developed for the Kensington Venture in Alaska and is
in the final stages of the review process. Designs for
new projects in B.C. and elsewhere in North America
are currently at the development stage. 4
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MOUNT POLLEY MINING CORPORATION MOUNT POLLEY MINE

PART 7 - TECHNICAL SPECIFICATIONS

71 MOBILIZATION AND DEMOBILIZATION

7.1.1  Scope Of Work

The Work in this section comprises the establishment on the Site of all the temporary
accommodation, Plant and equipment necessary for the successful performance and completion
of the Work and shall include, but not necessarily be limited ’td;e

a. Assemble all necessary Plant and equipment an"ﬁd transport it to the Site.

b. Establish all the Contractor's maintenance facilities, construction roads, temporary
workshops, office accommodation and sanitation facilities on the Site.

c. Provide adequate sediment control measures during the Work.

Maintain all Plant and services for the duration of the Work.

e. On completion of the Work, remove all Plant, temporary facilities from the Site and clean up
and leave the Site in a clean and tidy condition to the satisfaction of the Owner.

o

7.1.2  Mobilization

In accordance with the Construction Schedule, or as otherwise agreed in writing with the Owner,
following award of the Contract, the Contractor shall mobilize on the Site, sufficient labour,
materials, Plant and equipment to enable the Work to commence, and shall bring on to the Site as
and when necessary, any additional labour, materials, Plant and equipment which may be
required from time to time to complete the Work in accordance with the construction schedule.

7.1.3 Contractor's Laydown Area

The Contractor shall erect, in the area designated by the Owner, adequate workshops, offices,
laydown areas and other buildings and structures for the completion of the Work as designated in
the Special Conditions. Such workshops and offices, etc., shall be maintained in a neat and tidy
condition throughout the duration of the Work to the satisfaction of the Engineer and Owner.

7.1.4 Sanitation

The Contractor shall provide and maintain adequate sanitary facilities for his personnel at the Site
in compliance with local health regulations and to the satisfaction of the Owner.

7.1.5 Construction Roads

All temporary construction roads that the Contractor may require to complete the Work shall be
constructed at the Contractor’'s expense. The location of any temporary roads, or portions
thereof, on the Site shall be subject to the Owner’s and Engineer’s approval.

STAGE 3C TAILINGS STORAGE FACILITY CONSTRUCTION VA101-01/5-1
PART 7 - TECHNICAL SPECIFICATIONS . Revision A
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MOUNT POLLEY MINING CORPORATION MOUNT POLLEY MINE

7.1.6 Sediment Control

The Contractor shall be responsible for erosion protection and prevention of water pollution during
the Work as outlined in the Clause 6.5.e of the Special Conditions.

7.1.7 Demobilization

On completion of the Work the Contractor shall remove: all Plant, temporary facilities and
equipment from the Site and leave it in a clean and tidy state to the satisfaction of the Owner.

7.1.8 Measurement and Payment

Payment for mobilization will be made under the lump sum price entered under ltem 1.a of
Schedule B. This lump sum price shall include paymeht for mobilization of all Plant and everything
required by the Special Conditions to be perforrhed or carried out at the site. This lump sum price
shall not exceed 4 percent of the total Tender Price. Payment of this item will be made thirty(30)
days after mobilization on the Site is substantially complete and Work has commenced.

Payment for demobilization will be made under the lump sum price entered under ltem 1.b of
Tender Schedule B. This iump sum price shall not be less than 4 percent of the total Tender
Price. Such payment will be made thirty (30) days after all Plant and temporary facilities have
been removed from the Site and the Owner is satisfied with the clean-up and condition of the Site.

7.2 EARTHWORKS

7.2.1  Scope of Work

The portion of Work specified in this Section shall consist of supplying all labour, supervision
equipment and materials necessary to construct and protect the earthworks as shown on the
Drawings or as required by the Engineer including:

a. Clear, grub and remove topsoil and unsuitable material from the Stage 3C work area as
defined on the Drawings.

b. Prepare the foundation areas for construction of the Stage 3C embankments.

c. Construct the raise to the Main, Perimeter and South Embankments using the materials
generated from borrow areas and stockpiles, as shown on the Drawings.

7.2.2 Clearing, Grubbing and Removal of Topsoil and/or Unsuitable Material

The Contractor shall clear, grub and remove topsoil and/or unsuitable material from all ground
surfaces prior to excavation in any area, in areas which are not excavated but in which fill is to be
placed, to the limits as shown on the Drawings.

STAGE 3C TAILINGS STORAGE FACILITY CONSTRUCTION VA101-01/5-1
PART 7 - TECHNICAL SPECIFICATIONS - Revision A
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MOUNT POLLEY MINING CORPORATION MOUNT POLLEY MINE

In order to reduce erosion and contamination of the surface runoff to a minimum at all times,
clearing, grubbing and topsoil removal shall be scheduled to be performed only as and when
required to enable each portion of the Work to be carried out.

a. Clearing and Grubbing

The Work area will have been logged of merchantable timber prior to the Contractor arriving
on site. Clearing the areas of the Site so designated on the Drawings or in the Technical
Specifications shall consist of the felling of all non- merchantable trees, shrubs and vegetation to
within 0.6 m of the ground surface.

All non-merchantable timber and vegetation shall be disposed of by burning to reduce it to
ashes or as otherwise approved by the Owner. Care shall be taken in burning debris to
prevent the fire from spreading. - -Prior to starting any fires the Contractor shall notify the
Owner and the governmental authority havmg JUrISdICtIOH with regard to fires and shall obtain
their permission to proceed

General requirements“:regardingfprevention and control of fires are covered in the General
Conditions. At all times during which burning takes place, the Contractor shall have available
in working order to control the fire sufficient fire fighting equipment and personnel to operate
such equipment. i

Any clearing which the Contractor elects to perform for his own purposes, and for which he
will not be paid, shall be subject to the approval of the Owner and shall be performed in
accordance with the requirements of this Clause. Prior to the clearing of any area, which is
not required for the Work, the Contractor shall submit to the Owner for approval, full details of
the clearing it proposes to perform. Clearing in any such area shall not be commenced prior
to receipt of written approval by the Owner.

Grubbing of the selected areas of the Site shown on the Drawings shall consist of the
complete removal of all vegetation and organic matter and grubbing to remove all roots and
stumps. All roots over 50 mm in diameter, protruding from the ground surface, shall be
grubbed to a depth of 300 mm below the ground surface. Pieces of wood less than 75 mm in
diameter, 1000 mm in length may be scattered within the clearing limits and will be
incorporated with the topsoil during topsoil stripping operations by the Contractor.

All vegetable matter, roots and stumps so produced shall be disposed of in the same manner
as that specified for non-merchantable debris in (a) above. Muskeg or peats which cannot be
burned shall be temporarily stockpiled or windowed within the work area and shall ultimately
be disposed of by placing in designated stockpiles or exhausted borrow areas and covering
with fill material.

STAGE 3C TAILINGS STORAGE FACILITY CONSTRUCTION ) VA101-01/5-1
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b. Removal of Topsoil and/or Unsuitable Material

After an area has been cleared and grubbed, and the debris removed, the Contractor shall
remove the topsoil and/or unsuitable materials and stockpile this material in the designated
areas as shown on the Drawings.

Unsuitable material shall be identified by the Engineer and will generally comprise saturated
soils, ash, or fill materials which when compacted do not achieve the designated density.

The material is to be stockpiled in a neat workmanlike manner approved by the Engineer such
that it shall be stable and protected from erosnon Soil covers shall be required on stockpiles
as directed by the Engineer. *

After removal of surface soil and/or unsuxtable materlal in an area and before any additional
work is undertaken: 5 e

(i) the Engineer shall mspect the area to determine whether removal of material has been
completed satlsfactonly,, ,

(i) the Engineer shall determlne the type of surface treatment to follow, for the particular
area, and :

(iii) a survey will be taken of the area in order to determine quantities and/or verify lift/layer
thickness.

c. Removal of Unsuitable Material from Embankment Slopes

The Contractor shall remove unsuitable materials from the existing embankment slopes and
stockpile this material in the designated areas as shown on the Drawings or as otherwise
directed by the Owner.

Unsuitable material shall be identified by the Engineer and will generally comprise saturated
fill materials, which when compacted do not achieve the designated density.

The material is to be stockpiled in a neat workmanlike manner approved by the Engineer such
that it shall be stable and protected from erosion. Soil covers shall be required on stockpiles
as directed by the Engineer.

After removal of unsuitable material in an area and before any additional work is undertaken:
() the Engineer shall inspect the area to determine whether removal of material has been
completed satisfactorily,

(i) a survey will be taken of the area to determine quantities and/or verify lift/layer thickness.

The fill shall be keyed into the existing embankment slopes by cutting vertical steps into the
slope equal in height to the lift thickness of the fill being placed.

STAGE 3C TAILINGS STORAGE FACILITY CONSTRUCTION - VA101-01/5-1
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7.2.3 Removal of Temporary Cover

The Contractor shall remove any temporary.soil cover spread during the previous stage of
construction for protection purposes.

Temporary protected areas are those where previous soil cover shall be removed to the required
depth for proper connection between the “As Constructed” and “Designed” section according to

latest revised drawings or upon the discretion of the Engineer during construction.

7.2.4 Open Excavation

a. General

The Contractor shall develop its: excavatlon methods techniques and procedures with due
consideration of the nature of the materlals to be excavated and shall take such precautions
as are necessary to preserve m an. undlsturbed condition all materials outside the lines and
grades shown on the Drawmgs The Contractor shall be permitted to carry out excavation,
shaping, etc. by whatever method it considers most suitable, providing it is consistent with
producing an acceptable end result as determined by the Owner or Engineer. The Contractor
shall be solely responS|bIe for the safety and adequacy of the methods employed.

The Contractor shall notify the Engineer after clearing, grubbing, and removing topsoil and
unsuitable material from an area, and shall obtain the Engineer’s approval of the adequacy of
the exposed surface prior to the Contractor excavating below or placing material on the
surface.

After the completion of clearing, grubbing and removal of topsoil and unsuitable material from
an area, and after excavation of all material, prior to further excavation of any material for
which the Contractor expects payment on a unit price basis, the existing ground surfaces shall
be established on the basis of surveys to be made by the Contractor for purposes of
measurement for payment. Prior to commencement of such surveys of any particular area
the Contractor shall notify the Owner, so as to give the Owner the opportunity of participating
in, or directing, the carrying out of such surveys. In any event, the Contractor shall not
proceed to excavate any material prior to receipt, in writing from the Owner or Engineer of his
agreement with the location of the existing ground surface in that area. Failure by the
Contractor to comply with the above requirements with respect to excavation in any area shall
mean that the location of the existing surface in such an area, for the purpose of
measurement, shall be decided solely by the Owner.

The Contractor, in its scheduling of the Work, shall allow sufficient time in its construction
schedule for the carrying out of the surveys defined above and for the Owner's or Engineer’s
proper consideration thereof prior to his authorization to proceed with excavation in any area.

The Contractor shall not excavate beyond the lines and grades shown on the Drawings
without the prior written approval of the Engineer. Any additional excavation which is
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performed by the Contractor for any purpose or reason whatsoever, other than in compliance
with a specific request from the Owner or Engineer, shall be carried out at the expense of the
Contractor. If such additional excavation, as defined herein, should in the opinion of the
Engineer require backfilling in order to satisfactorily complete the Work, such backfilling shall
be done by and at the expense of the Contractor, including the supply of fill material, and shall
be completed to the satisfaction of the Engineer.

Where pipe, drain or culvert trenches are to be excavated in fill, excavation shall not
commence until the elevation of the compacted flll exceeds the nominal crown elevation of
the conduit by at least 300 mm. ,

The Contractor shall provide, maintain and operate any temporary drainage and/or pumping
facilities required to control ground and s‘U‘rface water in order to keep the excavations dry and
in a stable condition. The Contractors dewatermg operations shall be accomplished in a
manner that shall not adversely affect the stability of the excavated slopes and shall not cause
erosion and softenmg of adjacent matenals

The discharge from any dewatenng system shall be directed to appropriate sediment control
facilities. ~

When a section of excavation has been completed to the required lines and grades, the
Contractor shall notify the Engineer who shall inspect the Work. Excavated surfaces shall not
be covered with pipe bedding, fill, geosynthetics or concrete until the surface has been
approved in writing by the Engineer. The Contractor shall uncover at its own expense, any
excavated surface which has been covered prior to inspection and approval by the Engineer.

The Contractor shall protect and maintain all excavations until completion of the Work or until
such time as the adjacent placement of material has been completed.

Material from the excavations, which meets, or can be processed to meet, the requirements
for the construction materials specified in the Tender Documents, shall be either stockpiled
for later use, or used directly for construction of the Work. In the event that the Contractor
elects to stockpile fill material prior to placing it directly into the fill, the cost of double handling
shall be at the Contractor’s expense.

Excavated materials not suitable for use in construction shall be disposed of in spoil disposal
areas approved by the Owner.

b. Revisions to Lines and Grades
In the event that the Owner or Engineer should in his sole discretion require the Contractor to

excavate any part of the Work to lines or grades other than specified, previously directed by
the Owner or Engineer, or shown on the Drawings then:
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(i) If the Contractor is advised of such requirements before excavation to the lines and
grades specified, previously directed by the Owner or Engineer, or shown on the
Drawings, such required excavation shall be paid for at the applicable price entered for
the excavation in the Schedule of Quantities and Prices.

(i) If the Contractor is advised of such requirements after excavation to the lines and grades
specified, previously directed by the Owner or Engineer, or shown on the Drawings, all
additional excavation so required shall be paid for in accordance with the Special
Conditions. :

¢. Stability and Protection of Excavated Surfaces - N

The Contractor shall be solely and completgly réSponsible, until completion of the Work, for
the safety, stability, maintenance, support and "'protection of all excavated surfaces, the
excavation of which is carried out under the Contract and for the safety of his work force and
the forces of Others while they are in the Contractor's working areas including areas in the
immediate vicinity of the excavatlons The Contractor shall supply, instail and provide all
temporary supports, bulkheads, canoples sheeting and bracing, divert surface water, remove
water from the excavations, and shall provide and maintain such drainage and pumping
facilities as are necessary to stabilize and protect the excavations. Except as otherwise
approved by the Owner ‘or Engineer, such temporary support and facilities shall be removed
by the Contractor on completion of the Work.

7.2.5 Foundation Preparation

Foundation preparation of any surface that is to receive fill and from which topsoil, unsuitable
material or temporary cover has already been removed shall consist of trimming and levelling to a
consistent surface suitable for fill material and proof rolling with a minimum of 4 passes of the
specified compaction equipment.

Prior to placing any fill materials on excavated surfaces, the surfaces shall be prepared as follows:

(i) Surfaces of excavations shall be kept clean of any loose debris and compacted with 4 passes
of the specified compaction equipment. In the event that the moisture content of these
surfaces is too high to permit 4 passes of a vibratory roller and the surface tends to rut and
weave, the compaction shall be reduced to 2 passes of the specified compaction equipment,
or as required by the Engineer.

(i) For excavated surfaces, the fill shall be keyed into the native soil by cutting vertical steps into
the slope equal in height to the lift thickness of the fill being placed.

Placing of fill materials on excavated surfaces shall not commence until the preparation of the
surfaces has been approved in writing by the Engineer.
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7.2.6 Fill Placement
a. General

The words “embankment fill’, “fill materials”, “fill” and “rockfill” shall be regarded as being
interchangeable when used in the context of referring to the various zones of material
comprising embankments and berms. Similarly the words “backfill” and “bedding” shall be
regarded as interchangeable when used in the context of referring to the various zones of
materials comprising trench fill. o

At least 7 days prior to the scheduled commencement offﬂﬁll placement the Contractor shall
submit to the Owner or Engineer for authorizati‘c’)n o proceed with the Work complete details
of the various stages, materials, equipment, methbds and procedures he proposes to use for
such operations and plans for any tempoﬁary construction roads. Notwithstanding that the
Owner or Engineer has given the Contractor authorization to proceed with such procedures,
the Contractor shall be completely responsible for the planning and execution of such
procedures. B T

The Contractor shall be liable for any damage whatsoever to property caused by or resulting
from his operations in. performing the Work, including dewatering and/or drainage of
embankment foundations. Such damage shall be fully repaired by and at the expense of the
Contractor.

The Contractor shall prepare the foundations for and shall construct the various zones of fill of S
embankments and berms and the basin liner to the lines and grades shown on the Drawings
and within the tolerances specified herein. Fill materials shall not be placed on any part of
foundations until all required excavation, dewatering and foundation preparation and the
Contractor has received written approval by the Engineer.

b. Supply and Production of Fill Materials from Borrow Areas

Some of the fill materials for constructing the embankments and berms shall consist of
materials excavated from borrow areas. The borrow areas are expected to contain sufficient
material to complete the Work. However, the disposition of the material is random and
heterogeneous in the borrow areas and shall require proper planning and operation to obtain
suitable materials that meet the specified requirements for the various material types. Fill
materials that are to be excavated from borrow areas are discussed below.

(i) Zone S material shall be borrowed from Borrow Area 2, 3 and 4, as shown on the
Drawings. The Contractor shall be wholly responsible for supplying materials that conform
to the specified requirements for each class of material and shall take whatever measures
and precautions considered necessary to achieve this objective. Such measures shall
include, but not be limited to, planned operation, drainage and selective excavation in the
excavations, sorting, blending, screening, etc. The Contractor will be responsible for
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developing Borrow Area 2, 3 and 4. This includes the construction of access roads and
the excavation itself.

(i) Zone C material shall be borrowed from the rock borrow, as shown on the Drawings. The
Contractor will complete all drill and blast activities in the Rock Borrow and will be wholly
responsible for supplying materials that conform to the specified requirements.

(iii) Zone T material shall be selectively borrowed from the rock borrow, as shown on the
Drawings. The Contractor will complete all drill and blast activities in the Rock Borrow and
will be wholly responsible for supplymg matenals that conform to the specified
requirements. ,

In the event that the Contractor wishes to ‘obtain‘ vany materials from sources other than those
stipulated above, then it shall carry out, at it's own expense, investigations to show that the
materials contained in the alternate sources are suitable for the intended purpose. Such
investigations shall be sufﬂment to estabhsh that the material is suitable. Details of the
investigations and the results thereof shall be submitted to the Engineer at least fourteen(14)
days before the Contractor lntends to commence production in the alternate area. Approval
by the Engineer for the Contractor to obtain construction materials from alternative sources
shall not relieve the Contractor of its responsibility to produce materials that conform to the
specified requirements. -

All borrow areas and excavations shall be cleared, grubbed and all topsoil or unsuitable
material shall be removed as required by the Engineer prior to commencement of material
production in accordance with the provisions of Clause 7.2.2.

Prior to developing any borrow area other than the borrow areas designated on the Drawings
or in the Specifications, the Contractor shall carry out such sub-surface investigation and
obtain and submit such samples as are required by the Engineer to enabie the Engineer to
assess the suitability of the materials in the area for the intended use.

The Contractor shall keep accurate exploration records of a type approved by the Engineer of
any test pit, trench or drill hole which is excavated for the purpose of investigating construction
materials, and a copy of such records shall be submitted to the Engineer within 7 days of the
completion of the test pit, trench or drill hole. Samples recovered from test pits, test trenches
and drill holes, and submitted to the Engineer for approval, will be tested by the Engineer.

The Contractor’s borrow area operations shall be such as to avoid waste of any suitable
construction material therein. The Contractor shall clear and grub borrow areas, remove all
topsoil or unsuitable material. Borrow areas shall be developed with due consideration for
drainage and runoff from the excavated surfaces so as not to cause erosion of the adjacent
terrain. Borrow areas shall be excavated in such a manner that water will not collect and
stand therein. For materials sensitive to overwetting, the borrow areas shall be developed to
minimize the exposure of the material to precipitation. All excavated faces in borrow areas
shall be vertical. Before being abandoned, the sides of all borrow areas outside the final limits
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of the Tailings Storage Facility shall be brought to stable slopes with slope intersections
rounded and shaped to provide a natural appearance. All rubbish, Contractor's equipment
and structures shall be removed from these areas. Waste piles shall be levelled, trimmed
and shaped to regular lines to prevent the occurrence of ponding or of concentrations of
surface runoff and to provide a neat appearance. All surface water runoff shall be directed to
sediment control facilities approved by the Owner.

Waste material from an excavation for the Work or from.a processing operation in a borrow
area shall be disposed of in a spoil area or in an area approved by the Owner and set aside
for this purpose within the borrow area.

c. Supply and Production of Fill Materials from Sto"ckpiles

Some of the fill materials for constructlng the embankments and berms shall consist of
materials that will be stored in demgnated stockplles that will be developed by the Owner. The
stockpiles are expected to contam sufﬁcrent material to complete the Work. Fill materials that
are to be borrowed from stockplles are dlscussed below.

(i) Zone F materlal erI be stored in a stockpile at the Millsite area of the mine. The
Zone F stockplle has a maximum capacity of approximately 5,000 cubic metres. No
other stockpile “areas are available at the Millsite. This shall be taken into
consideration when the Contractor evaluates the method of Zone F placement.

The Owner shall be wholly responsible for supplying materials from the stockpiles that
conform to the specified requirements for each class of material and shall take whatever
measures and precautions considered necessary to achieve this objective. Such measures
shall include, but not be limited to, planned operation, drainage and selective excavation in the
excavations, sorting, blending, screening, etc. The acceptability of such fill materials shall be
determined by the Engineer on the basis of quality control tests that will be made frequently
on each material. The Contractor’s construction schedule must accommodate the Owner's
Zone F production schedules, as per Clause 6.3.

Other sources may be used to supply specialized materials not available from the borrow
areas and stockpiles. These sources will be developed by the Owner, after the completion of
investigations as described above.

d. Borrow Area Fill Material Requirements

The Contractor shall provide the fill materials required for the Work from the borrow areas and
shall ensure that such materials meet the requirements specified herein or shown on the
Drawings. The acceptability of such fill materials shall be determined by the Engineer on the
basis of quality control tests that will be made frequently on each material.

Borrow area fill materials shall be durable and shall not, except as otherwise specified,
contain more than a small proportion of thin, flat or elongated particles and shall be free from
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organic and other deleterious material. Except as otherwise specified, the particles shall be
hard and resistant to breakdown during handling.

Borrow area fill materials shall be well graded within the specified gradation limits. That is,
they shall contain a good distribution of all sizes of particles from the coarsest to the finest.
The specified gradation limits shall apply to the materials when they are dumped and spread
on embankments and berms or placed in trenches prior to any required compaction.

The required gradation envelopes for the various materlal types from borrow areas used in
the Work are specified on the Drawings. .

The Contractor shall provide materials to produce fill materials that meet the requirements
specified on the Drawings and described. in the Technical Specifications. Such provision
shall, where necessary, include, but not:be“limite‘d to, separating material into various sizes,
blending one material with another scalplng off oversize material, screening and/or washing
to remove fines, crushmg or selectlve excavatlon of the materials.

All oversize materlal shall be removed from the fill material either prior to its being placed in
embankments and berms or: -after it is dumped and spread but before compaction operations
are started. Material tba,t_Js a by-product of the processing of materials for one type of
material may be incorporated in the fill for another material provided that it satisfies the
specifications for such latter material either by itself or after it has been blended with other
material.

In the event that the Contractor chooses to stockpile material from the borrow areas, the
stockpite locations shall be as approved by the Owner or Engineer. The Contractor shall
stockpile fill material, if required, such that excessive segregation shall not occur. Before any
area is used for stockpiling, it shall be cleared and stripped as necessary to prevent
contamination of the material. Any stripping and grubbing, removal of topsoil or unsuitable
material and temporary soil cover that is required shall be carried out by the Contractor in
accordance with the provisions of Clauses 7.2.2 and 7.2.3.

e. Stockpile Fill Material Requirements

The Owner shall provide only the Zone F materials required for the Work from the stockpiles
and shall ensure that such materials meet the requirements specified herein or shown on the
Drawings. The acceptability of such fill materials shall be determined by the Engineer on the
basis of quality control tests that will be made frequently on each material.

Stockpile fill materials shall be durable and shall not, except as otherwise specified, contain
more than a small proportion of thin, flat or elongated particles and shall be free from organic
and other deleterious material. Except as otherwise specified, the particles shall be hard and
resistant to breakdown during handling.
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Stockpile fill materials shall be well graded within the specified gradation limits. That is, they
shall contain a good distribution of all sizes of particles from the coarsest to the finest. The
specified gradation limits shall apply to the materials when they are dumped and spread on
embankments and berms or placed in trenches prior to any required compaction.

The required gradation envelopes for the various material types from stockpiles used in the
Work are specified on the Drawings.

The Owner shall provide materials to produce fill mé@ﬁerials that meet the requirements
specified on the Drawings and described in theg\Techn“i'c;al Specifications. Such provision
shall, where necessary, include, but not be Iimiiéd to, se;i?rating material into various sizes,
blending one material with another, scalping of:f"'oyé'rsize rr'ifaterial, screening and/or washing
to remove fines, crushing or selective excavation of the materials.

All oversize material shall be remoyed from 'fhe fill material either prior to its being placed in
embankments, trenches or bérms__{ér after it is dumped and spread but before compaction
operations are started. Materiél/"ntha’tgiﬁs a by-product of the processing of materials for one
type of material may be inc&rpoféted in the fill for another material provided that it satisfies the
specifications for such’ latter material either by itself or after it has been blended with other
material.

f.  Fill Placement

The Contractor’s operations and procedures for placing fill shall be subject to the approval of
the Engineer in accordance with the provisions of Clause 7.2.6.a. Furthermore, no fill
materials shall be placed in embankments, berms or trenches until all foundation preparation
in the fill area has been completed by the Contractor and has been approved in writing by the
Engineer.

The Contractor shall construct the embankments and berms only with materials meeting the
specified requirements as shown on the Drawing or described in the Technical Specifications.
The fill material shall be free from lenses, pockets and layers of materials that are
substantially different in gradation from the surrounding material in the same zone.

Fill material shall be excavated, transported, placed and spread in such a manner that
segregation is avoided. Any material placed which does not meet the specified requirements
shall be removed or remixed, blended, disked, or otherwise reworked by and at the expense
of the Contractor to produce a material that does satisfy the specified requirements of the
zone, whether or not such material has been covered by other fill material. Except as
otherwise specified, the Contractor shall construct each zone by placing, spreading and
levelling and, where required, compacting the specified fill material in continuous lifts of the
specified thickness. The surface of each lift shall be sloped only at such grades as are
necessary to ensure at all times that adequate surface drainage is provided.
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Fill shall not be placed against concrete until a minimum of seven(7) days have elapsed after
concrete placement.

Except as otherwise specified in the Technical Specifications, fill shall be placed and spread
in such a manner that no gaps are left between adjacent placed loads of materials. The fill
shall be levelled prior to compaction using a motor grader to obtain a smooth surface free
from depressions. Except in areas where space is limited or as is otherwise specified, fill
shall be placed by routing the hauling and spreading units approximately parallel to the axis of
the embankment and, within practical limits, the hauling'units shall be so routed that they do
not follow in the same paths but spread their tracks evenly over the surface of the fill. The
equipment used for placing fill shall be such that‘iﬂt does not _cause segregation of the material.

For trench backfill or working around or near plpes valves, lnstrumentatlon or structures, the
Contractor shall exercise partlcu!ar care ln f" 1 placement to avoid damage to the Work.
Should the Engineer for any reason wish. to re inspect components previously authorized for
backfilling, the Contractor shall excavate and re-expose such Work to the satisfaction of the
Engineer. If any fault in the.Wo‘rk is uncovered the Contractor shall make the fault good to the
satisfaction of the Engjneer:and replace the backfill. Such excavation, repairs and backfilling
shall be done at the expense of the Contractor.

The Contractor shall have available during all working hours, sufficient heavy rubber tired
graders or other equipment, approved by the Engineer in accordance with this Clause to level,
re-level and otherwise maintain the uncompacted fill surfaces in a smooth and workmanlike
manner.

In fills that require moisture conditioning, the Contractor shall condition the material to the
moisture content designated by the Engineer prior to placing the material on the fill zone. The
Contractor shall adopt all measures necessary to achieve a moisture content within one
percent of that designated, distributed uniformly throughout the layer of material being placed,
immediately prior to compaction. The Contractor shall adopt whatever measures necessary
to ensure that the designated moisture content is preserved after compaction, until the
succeeding layer is placed.

Wherever necessary, after a layer of fill has been placed, the moisture content of the fill
material shall be modified to ensure that it is within the range specified. If after placing,
spreading and levelling any fill material becomes too wet for proper compaction as
determined by the Engineer, it shall be either removed from the embankment or berm or the
moisture content reduced to a value acceptable to the Engineer by disking or other approved
methods. Suitable disc harrows or other approved equipment shall be available during all
working hours for use if required.

Equipment used by the Contractor to apply water to fill material shall be designed to apply
water uniformly and at sufficient rates to achieve the designated moisture content. Water
tank trucks shall be equipped with positive shut-off valves so that no leakage shall result from
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the nozzles when the equipment is not operating. In the event that leaks do occur, they shall
be repaired immediately.

Moisture conditioning shall be carried out in a manner that will avoid flow of water between
zones.

In non-freezing conditions, all zones in the embankments and berms are to be constructed in
near horizontal lifts with each lift being completed over the full length and breadth of the zone
before material is placed in the next lift. The maximum difference in elevation between
adjacent zones in the embankments, permitted at Va’ny‘tim'ek during construction, shall be equal
to the larger of the two lift thicknesses for the two adjacent zones. Except for this
requirement, the Contractor will not be permitted to form any construction joints in the
embankments without the approval of the,Engineery.

g. Fill Placement During Freezing‘v'Cbnditionéii‘”"

Construction of empahkm:ents“,{ ‘berms and basin liner may take place during freezing
conditions. The Contféptor will be permitted to place fill materials in freezing conditions only if
the materials can be p"lacedf and compacted to the specified densities that would normally be
achieved if freezing coﬁ@iti_ohs did not prevail. Criteria for placing fill materials during freezing
conditions are summarized below.

(i) Al ice and snow and loose frozen fill materials must be removed from compacted fill
surfaces or prepared foundations prior to placing any new fill materials.

(i)  Fill materials can be placed on previously placed and compacted frozen fill or approved
frozen foundations provided that the surfaces are cleaned as per (i) above.

(i) Only non-frozen fill can be placed on embankments and berms. Frozen soils must be
removed from the borrow areas prior to excavation of non-frozen fill materials.

(iv) Fill materials must meet the specified moisture content criteria before excavation in the
borrow areas and before placement on embankments or berms.

(v} The fill materials must be immediately spread and compacted after placement to
achieve the specified density before freezing.

(vi) Fill placement and compaction should occur rapidly and in relatively small areas. The
exposed surfaces shall be kept to a minimum so as to minimize the potential for fill
materials to become frozen before they are compacted to the specified densities.

(vii) Any fill materials that become frozen prior to compaction to the specified densities must
be removed to spoil.

(viii) Fill materials shall not be placed when it is snowing or when there is any accumulation
of snow or ice on surfaces to be covered by the succeeding layers of fill.

Methods proposed by the Contractor for construction during freezing conditions shall be
reviewed and approved by the Engineer prior to commencing fill placement.
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h. Compaction

All fill material, after placing, spreading and levelling to the appropriate layer thickness, shall
be compacted in accordance with the requirements of this Sub-clause and to the
requirements of the appropriate section in these Technical Specifications.

Compaction of each lift of fill shall proceed in a systematic, orderly and continuous manner
such as to ensure that all of each lift receives the compaction specified. The compaction shall
be carried out by routing the compaction equipment paréilél to the axis of the embankment or
berm, except that where such routing is impracticable, such as in roller turning areas, in areas
adjacent to the foundations or at the lower elevations of the fill, in areas adjacent to concrete,
and in trenches. In such areas the compaction equipment may be routed in any direction
provided that all of each lift receives the compactid_n specified.

Hand guided vibratory comp?é’cdfé. shall:be used to compact materials which cannot be
compacted by the spe»cj;iﬁedr}yibr;aitory rollers because of locations near pipes, valves,
instrumentation, structures, or due to limited accessibility.

The Contractor shall fé_ke QVery precaution when operating compaction equipment to avoid
damage to adjacent struchres, instrumentation devices and their leads, and to avoid
disturbing the foundatior'i"-.‘“mAny such damage or disturbance shall be repaired or remedied by
the Contractor at its own expense.

The rolling pattern at all zone boundaries or construction joints shall be such that the full
number of roller passes required in one of the adjacent zones or on one side of the
construction joint extends completely across the boundary or joint.

Should the surface of the fill become rutted or uneven subsequent to compaction it shall be
regraded and recompacted by and at the expense of the Contractor, before the next layer of
fill is placed.

All large particles that interfere with compaction shall be removed from the zone in which they
were placed, either prior to or during compaction.

The Contractor shall provide sufficient compaction equipment of the types and sizes specified
herein as is necessary for compaction of the fill materials. If the Contractor wishes to use
alternative equipment, it shall submit to the Engineer for approval complete details of such
equipment and the methods proposed for its use. The Engineer’s approval of the use of
alternative equipment will be dependent upon the Contractor’s demonstrating, by constructing
suitable test fills to the satisfaction of the Engineer, that such alternative equipment will
compact the fill materials to a density not less than that which would be produced by the
equipment and number of coverages specified herein.
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Compaction equipment shall have sufficient power to handle the most adverse conditions to
be encountered during compaction of the fill and required ballasting to the maximum weight
specified for compaction of the fill.

When vibratory rollers are operated in a multiple arrangement, all of the rollers shall be simitar
and similarly ballasted.

Compaction equipment shall be maintained in good condition at all times to ensure that the
amount of compaction obtained is a maximum for the equipment. The Contractor shall
immediately make adjustments to the equipment to achieve this end whenever such are
necessary. ;

The Contractor shall, prior to shipping"’:‘féqmpac‘;tion equipAment to the Site, submit to the
Engineer the manufacturer's d?t? providing all dimensions, weights and complete technical
data, including descriptions andc/alc,ulatioh‘sf of applied forces.

Unless approved undef’t;‘he’_‘, pric‘)y\'_f;';‘ﬁfc\)Vi’s‘ions of this clause, all fill material shall be compacted
using the following specified equipment:

(i) Smooth Drum and i\/‘:\{gdée-Foot Drum Vibratory Rollers

Smooth drum and wedge-foot drum vibratory rollers shall be equipped with a suitable
cleaning device to prevent the accumulation of material on the drum during rolling. Each
roller shall have a total static weight of not less than 10 tonnes at the drum when the roller
is standing on level ground. The drum shall be not less than 1.5 metres in diameter and
not more than 2.2 metres in width. The vibration frequency of the roller drum during
operations shall be between 1100 and 1500 vibrations per minute and the centrifugal
force developed by the roller at 1250 vibrations per minute shall not be less than
18 tonnes.

The power of the motor driving the vibrator shall be sufficient to maintain the specified
frequency and centrifugal force under the most adverse conditions that may be
encountered during compaction of the fill. Propulsion equipment for the roller shall be
adequate to propel the roller at speeds up to 6 km/hr.

For compaction by the vibratory rolier, 1 coverage shall consist of 1 pass of the roller. A
minimum overlap of 300 mm shall be maintained between the surfaces traversed by
adjacent passes of the roller drum. During compaction the roller shall be propelled at
3 km/hr.

(i) Hand-Guided Vibratory Compactors
The Contractor shall adopt special compaction measures consisting of hand guided

vibratory compactors to compact fill in trenches, around structures and in other confined
areas which are not accessible to the larger vibratory roller. Such compaction shall be
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capable of compacting the material to the same density as that achieved by the larger
vibratory roller.

i. Quality Control

The Engineer will take samples of fill materials and perform gradation and moisture content
tests and will carry out field density tests on the compacted fill and any other tests considered
necessary to ascertain that the fill being placed or already placed meets the Contract
requirements. The results of the tests carried out by tﬁhe‘Engineer will be final and conclusive
in determining compliance with the Technical Spegifications.

Samples for quality control will be excavated b.y" the Engineer. Sample pits by the Engineer
shall be backfilled by the Contractor ‘using ﬁ_[l‘ material similar to that excavated and
compacted, at no extra charge to the Owher or the Engineer.

The Contractor shall give the ‘Engineer fU’lI co-operation in sample taking or testing and shall
render such assistance as is nécessary to enable such sampling and testing to be carried out
expeditiously. Each';;‘_l‘ift of: emblankrhént fill shall be approved by the Engineer prior to
placement of further fill. Theji‘-Cohtractor shall allow sufficient time for the Engineer to conduct
the required test work i‘r\),o“;dér to determine the acceptz?bility of each lift. The making of such
tests by the Engineer or the time taken to interpret their results shall not constitute grounds for
a claim by the Contractor for additional compensation or an extension of time.

Tests carried out by the Engineer will be performed in accordance with the principles and
methods prescribed by the American Society for Testing and Materials (ASTM) and other
such recognized authorities with such methods being modified, if necessary, to take into
account local conditions and materials containing large particle sizes.

Notwithstanding any quality control testing carried out by the Engineer, the Contractor shall be
responsible for performing such tests as are necessary to control the quality of the materials
prior to delivery to, and after incorporation in, embankments and berms.

Quality control testing by the Engineer for the purposes defined above will be as follows:

(i) Contro! Tests on Fill Materials Prior to Compaction
Tests for gradation, and for moisture content, where applicable, will be made on samples
of fill materials taken from the borrow areas and stockpiles or from the fill after spreading
and prior to compaction, at frequencies sufficient to ensure that the fill materials adopted

for use are in full compliance with the Technical Specifications and the Drawings.

The results of these tests will be made available to the Contractor on request as soon as
the necessary computations have been completed and checked.
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(i) Record Tests on Fill after Compaction

Tests for gradation, moisture content and density will be made on the fill compacted in
place and samples of the fill will be obtained for related laboratory testing, at such
frequency as the Engineer considers necessary for the proper evaluation of the properties
of the fill materials after compaction.

j.  Suspension and Resumption of Operations

in planning and implementing suspension and reSumptien of fill placement operations, the
Contractor shall take into account the requirements for foundation preparation.

The Contractor shall not place fill materi’él“s at suéh times that conditions for such operations
are unsatisfactory due to excess.rain, extreme Iow temperatures or any other reason. The
Contractor will be permitted to place fill durmg freezmg conditions only if it can be placed and
compacted to densities equal to those that would be achieved in the same material if freezing
conditions did not prevall Fill materlals ‘may be placed during freezing weather and on frozen
fill surfaces provided-that the materlals in such surfaces were compacted as required by the
Engineer before they: ‘became frozen and that the surface is free of snow and ice. The
requirements for constructnon during freezing conditions are discussed in detail in
Clause 7.2.6.g. -

If placement of fill is suspended because of precipitation or impending precipitation or for any
other reason, the surface shall be graded and rolled smooth to seal the surface to avoid
unnecessary absorption of moisture. In order to achieve this, the Contractor may at his
option, provide cross or crown slopes of up to 5 percent for drainage control. The runoff from
fills in progress shall be directed to sediment control facilities to the satisfaction of the
Engineer.

Where operations have been suspended, the effects of rain or other adverse conditions will
be assessed by the Engineer before approval is given to resume placing. Equipment shall not
be allowed to travel on the fill until the fill has dried sufficiently to prevent excessive rutting and
to allow the equipment to be operated satisfactorily.

k. Protection and Maintenance

The Contractor shall maintain any placed fill in a neat and workmanlike condition until
completion of the Work. The Contractor shall take such steps as are necessary to avoid
ponding of water on the fill or contamination of the fill by traffic or other causes, and it shall at
all times keep the surface and slopes of the embankment free from rubbish, rejected or
unsuitable fill, or waste materials.

The Contractor shall do whatever is necessary to prevent surface runoff or water from any
other source from eroding fill materials placed for the Work, and shall, at its own expense,
immediately repair any damage resulting from such erosion. Any repairs shall be carried out
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using the same standards for quality and workmanship as defined in the Contract Documents
for the portion of the Work being repaired.

Should any slide, including all movements of earth, rock, debris, or other material occur within
or onto any part of the embankments or berms, the Contractor shall remove such materials
and all other materials affected as directed by the Owner, and any portions of the
embankments or berms so removed shall be rebuilt in accordance with the Contract
Documents. '

Unless shown otherwise on the Drawings, buried pipe:won‘k/shall not be crossed by motorized
vehicles until the specified backfill has been compacted to'a depth of at least 300 mm above
the crown of the pipe. In embankments or roadways subject to compacting equipment or high
wheel loads the depth of cover shall bé::,_at leést 600 mm above the crown of the pipe.
Temporary crossings shall be adequately‘ﬂagged.’fj_

7.2.7 Construction Tolerances

The Contractor shall cthtruct,the \(arious embankment fill zones to the lines and grades as
shown on the Drawings, wit‘hin the tolerances specified below:

Description Maximum Permissible Deviation
Line Grade™®
Excavation slopes + 300 mm + 150 mm
Fill slopes + 300 mm + 150 mm
Embankment crest + 300 mm + 150 mm
-0mm
Construction access roads + 300 mm + 150 mm
-0mm

™ No work will be accepted if the grade is other than specified.

The location of the embankment foundation will depend on the conditions encountered and shall be
determined by the Engineer. Any deviation from the foundation elevations shown on the Drawings
shall be subject to the provisions of Clause 7.2.3 and Clause 7.2.4.

7.2.8 As-Built Survey

An as-built survey is required to accompany all interim and final monthly progress estimates to
show the progress of the Work. The as-built survey shall be presented on as-built drawings which
shall be made available to the Owner on computer diskette in AutoCAD.dwg file format, complete
with X, Y, and Z co-ordinates (northing, easting and elevation). The as-built drawing shall contain
at a minimum:

o Fill levels at 25 metre chainage points shown on the Drawings (toes and crests).
o Fill zone boundaries at 25 metre chainage points shown on the Drawings.
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¢ Final excavated surfaces, including shoulders and toes.
¢ Final clearing and stripping and grubbing limits.

« Top of pipe surveys for all installed pipes.

¢ All buried services, instrumentation, etc.

s Investigation locations.

o Haul road locations.

No separate measurement or payment will be made for the’as-b‘uilt survey which shall be included
in the respective applicable unit rates entered in Part 3, Tender Schedule B.

7.2.9 Measurement and Payment

Payment for earthworks items in the Stajgé’ﬁc Work areas shall include provision by the
Contractor of survey and adequate supervision yg'f the work and maintenance of haul roads.

Measurement for payment for clearing, §trippxivng and grubbing from the South Embankment will
be made of the horizontalv‘fbrojectioh‘of the net area in square metres on which these operations
have been performed. No measurement or payment will be made of areas outside those shown
on the Drawings or for those areas that have already been cleared and stripped and grubbed.

Measurement for payment for foundation preparation will be made of the horizontal projection of the
net area in square metres of the footprint of the Stage 3C work areas on the ground surface after
topsoil removal to the limits shown on the Drawings or as otherwise instructed. No measurement or
payment will be made of foundation preparation outside such lines.

Payment for embankment foundation preparation will be made under ltems 2.a, 3.a and 4.a of
Tender Schedule B.

Measurement for payment for supplying, placing, spreading and levelling of fill material from
borrow areas to form the required layer thicknesses, moisture conditioning and compaction in the
embankments and basin liner will be made of the net volume in cubic metres of compacted fill in
each zone measured from the lower prepared surface to the dimensions, lines and grades as
shown on the Drawings. Measurement and payment will not be made for material placed beyond
the dimensions, lines and grades as shown on the Drawings without written authorization from the
Owner. Payment for fill material so measured shall include for supplying (loading), hauling,
dumping, spreading, levelling, moisture conditioning if required, and compaction.

Payment for supplying (loading), hauling, dumping, spreading, levelling, moisture conditioning if
required, and compacting Zone S material in the Main Embankment will be made under ltem 2.d
of Tender Schedule B.

Payment for supplying (loading), hauling, dumping, spreading, levelling, moisture conditioning if
required, and compacting Zone S material in the Perimeter Embankment will be made under
item 3.d of Tender Schedule B.
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Payment for supplying (loading), hauling, dumping, spreading, levelling, moisture conditioning if
required, and compacting Zone S material in the South Embankment will be made under ltem 4.b
of the accepted Tender Schedule B.

Payment for supplying (loading), hauling, dumping, spreading, levelling, moisture conditioning if
required, and compacting Zone T material in the Main Embankment will be made under Item 2.e
of Tender Schedule B.

Payment for supplying (loading), hauling, dumping, spreading, levelling, moisture conditioning if
required, and compacting Zone T material in the Perimeter Embankment will be made under
ltem 3.e of Tender Schedule B.

Payment for supplying (loading), hauling, dumping, spreading, levelling, moisture conditioning if
required, and compacting Zone T materlal in the South Embankment will be made under ltem 4.c
of Tender Schedule B. : ’

Payment for supplying (Ioadmg) hauhng, dumpmg, spreading, levelling, moisture conditioning if
required, and compacting: Zone. C materlal in the Main Embankment will be made under ltem 2.b
of Tender Schedule B.

Payment for supplying (loadri'n;‘g\), hauling, dumping, spreading, levelling, moisture conditioning if
required, and compacting Zone C material in the Perimeter Embankment will be made under
ltem 3.b of Tender Schedule B.

Measurement for payment for placing, spreading and levelling of Zone F fill material from
stockpiles to form the required layer thicknesses, moisture conditioning and compaction in the
embankments will be made of the net volume in cubic metres of compacted fill in each zone
measured to the dimensions, lines and grades as shown on the Drawings. Measurement and
payment will not be made for material placed beyond the dimensions, lines and grades as shown
on the Drawings without written authorization from the Owner. Payment for fill material so
measured shall include for hauling, dumping, spreading, levelling, moisture conditioning if
required, and compaction.

Payment for loading, hauling, dumping, spreading, levelling, moisture conditioning if required, and
compacting Zone F material in the Main Embankment will be made under Item 2.c of Tender
Schedule B.

Payment for loading, hauling, dumping, spreading, levelling, moisture conditioning if required, and
compacting Zone F material in the Perimeter Embankment will be made under ltem 3.c of Tender
Schedule B.
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No separate measurement or payment will be made for the following which shall be included in
the respective applicable unit rates entered in Part 3, Tender Schedule B:

e« Water Diversion, dewatering of foundation excavation, etc. or any other measure the
Contractor deemed necessary to complete the work as per the Contract Documents.

e (Clearing, stripping and grubbing and removal of topsoil and/or unsuitable material in
borrow areas.

e Temporary haul roads.
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APPENDIX G

PREVIOUS GEOLOGICAL INVESTIGATIONS

Drawing 1627.001 Rev 0 Location Plan
Drawing 1627.002 Rev 0 Section 1
Drawing 1627.003 Rev 0 Section 2
Drawing 1627.004 Rev 0 Section 3
Drawing 1627.005 Rev 0 Section 4
Drawing 1627.006 Rev 0 Section 5
Drawing 1627.007 Rev 0 Section 6
Drawing 1627.008 Rev O Section 7
Drawing 1627.009 Rev 0 Section 8
Drawing 1627.010 Rev 0 Section 9
Drawing 1627.011 Rev 0 Section 10

Drawing 1627.012 Rev 0 Section 11
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