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MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY MINE

REPORT ON CYCLONED SAND CONSTRUCTION
OF STAGE 3 AND ON-GOING STAGES OF THE
TAILINGS STORAGE FACILITY
(REF. NO. 11162/12-2)

SECTION 1.0 - INTRODUCTION

1.1 PROJECT DESCRIPTION

The Mount Polley gold and copper mine is owned and operated by Mount Polley
Mining Corporation (MPMC). It is located in central British Columbia, 56

kilometres north-east of Williams Lake, as shown on Figure 1.1. The Mount Polley
mine has been in production since June 13, 1997. Ore is crushed and processed by
selective flotation to produce a copper-gold concentrate. The current mill throughput
rate is approximately 20,000 tonnes per day (7.3 million tonnes per year). An overall
site plan of the Mount Polley Mine is shown on Drawing 11162-12-100.

Mill tailings are discharged as a slurry into the Tailings Storage Facility, which has
been designed to provide environmentally secure storage of the solid waste. As the
solids settle out of the slurry, process fluids are collected and recycled back to the
mill for re-use in the milling process. There is no surface discharge of any process

solution from the Tailings Storage Facility.

Knight Piésold Ltd. were originally engaged by Imperial Metals Corporation in 1989,
to provide engineering services for the design of the Open Pit, Waste Dumps and
Tailings Storage Facility. In the period since, Knight Piésold Ltd. has provided the

following services:

° Detailed design of all stages of the Tailings Storage Facility and Ancillary
Works completed to date.

° Preparation of contract documents and technical specifications for all stages of
the Tailings Storage Facility construction to date.

-1- 11162/12-2
Revision 0
December 13, 1999



Knight

CONSULTING

1.2

Construction supervision and quality assurance/quality control (QA/QC) for all
stages of the Tailings Storage Facility completed to date.

Geotechnical investigations for engineering design and construction materials
suitability.

Consulting services provided to the mine on all aspects of the operation and
monitoring of the Tailings Storage Facility.

TAILINGS STORAGE FACILITY

The Tailings Storage Facility is currently comprised of the following components:

A pipeline system which conveys the tailings slurry via gravity from the Mill
Site to the Tailings Storage Facility. Up until 1999, the system had included a
moveable discharge section, with spigot offtakes to distribute tailings from
along the embankment crests. As of 1999, the system includes six - 20”
discharge cyclones, which allow for the coarse tailings underflow fraction to be
preferentially discharged along the upstream edge of the tailings embankments.
The fines tailings fraction reports to the tailings deposit via cyclone overflow
discharge pipes. In addition, a point discharge pipe allows for bulk tailings to
be discharged directly into the tailings deposit, thus bypassing the cyclones.

A make-up water supply system to provide extra water to the Tailings Storage
Facility. The system comprises an intake and pump at Polley Lake and a
pipeline to convey the water to the Tailings Storage Facility. The water is
discharged into the Tailings Storage Facility near the northwest abutment of
the Perimeter Embankment.

The Mill Site Sump and Southeast Sediment Pond that provide additional
make-up water to the system. Mill Site runoff is directed from the Mill Site
Sump into the tailings line near the mill. Flows from the Southeast Sediment
Pond enter the system at the reclaim booster pump station or at the T2
Tailings Dropbox.
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Earthfill embankments, which retain the tailings solids within the Tailings
Storage Facility. The Main Embankment has a vertical chimney drain, with a
collector (longitudinal) drain and three outlet drains.

A low permeability basin liner (natural and constructed) provides
containment of process fluids within the facility and minimises the potential
for seepage through the tailings basin soils.

A foundation drain and pressure relief well system located downstream of the
Main Embankment to prevent the build-up of pressure in foundation materials
and to collect seepage from the base of the Tailings Storage Facility. An
engineered rockfill haul road located downstream of the embankment covers
the foundation drains and the trenches that connect the pressure relief wells to
the foundation drains.

Seepage collection ponds located downstream of the Main and Perimeter
Embankments. The seepage collection ponds are excavated in low
permeability soils and store water collected from embankment drains and
local runoff. Water is pumped back into the Tailings Storage Facility.

Instrumentation in the tailings and embankment foundations, fill and drains
(including vibrating wire piezometers, survey monuments and the
measurement of drain flows) used to monitor the performance of the Tailings
Storage Facility.

A reclaim water system comprising a barge-mounted pump station in an
excavated channel, a booster pump station and a pipeline that provides
process water to the mill.

A system of monitoring wells installed around the Tailings Storage Facility

for groundwater quality monitoring.

The Main, Perimeter and South Embankments form the boundaries of the tailings
impoundment. In the final configuration, the tailings embankments will be connected
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and will form a three-sided impoundment. Specific design and operating information
is presented in the various Knight Pi€sold reports referenced in Section 11 of this

report.

The Tailings Storage Facility has been designed to incorporate staged construction
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 construction stages incorporate a combination of centreline and
modified centreline construction methods, with on-going raises providing incremental
storage capacity for one or two years of production. This observational design
approach requires that the proposed raises must be continually re-evaluated during
operations to ensure that adequate storage capacity and embankment freeboard are
maintained throughout the mine life. It also allows for design modifications to be
incorporated in order to respond to specific opportunities or constraints and/or to defer
or reduce on-going costs for tailings disposal and for water management.

1.3 SCOPE OF REPORT

MPMC have requested that Knight Piésold complete a geotechnical evaluation of a
revised design concept for the tailings embankments. This revised design concept
would require the coarse sand fraction to be extracted from the bulk tailings stream
by cycloning for incorporation into the downstream shell zones of the embankments.
The central core zone of low permeability glacial till would be retained as a seepage

control measure in the embankments.

This report presents the concepts for the on-going construction and operation of the
tailings impoundment using cycloned sand as a primary construction material. It is
intended to provide supporting documentation for revisions to current operating
permits. Based on the results of the design report, technical specifications and
construction drawings will also be required for each embankment raise. Specific
design items, which are addressed in this report, include:

° Characteristics of the cycloned sand that is produced with the 20-inch cyclones.
e Results of upstream and downstream cycloned sand trial programs, including

in-situ and laboratory testing on the cycloned tailings sand.
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e General design features including geotechnical considerations, annual water
balances, operating requirements, on-going construction and final reclamation.

e A risk assessment of the Tailings Storage Facility and related systems.

MPMC have retained responsibility for the design of the cyclone operating system
and Knight Piésold have been assigned responsibility for evaluating the geotechnical
aspects of the proposed cycloned sand construction methodology. However, Knight
Piésold have also evaluated the operating methods employed by MPMC during
construction of the Upstream and Downstream Trial Berms during 1999, and have
provided recommendations for improving the efficiency of the pipeworks systems
and cyclone operations. This overview evaluation has also allowed Knight Piésold to
complete the Risk Assessment for the proposed operating scenario.

Knight Piésold has also considered the cycloned sand materials balance in some
detail in order to evaluate the construction sequencing required to facilitate direct
hydraulic placement of cycloned sand materials in the embankment shell zones. This
sequencing is important in order to minimize the volume of embankment fill that will
need to be placed by mechanical methods. However, these material handling
requirements and construction sequences require a detailed review by MPMC, since
the methods and procedures for cycloned sand production and placement may require
increased staff as well as additional equipment and mechanical support as compared
to the trial programs implemented in 1999. The construction sequences and
placement methods will also impact the geotechnical characteristics of the
embankments and the design and operation of the water management systems.
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2.1

SECTION 2.0 ~ PROPOSED MODIFICATIONS TO IMPOUNDMENT

DESIGN

GENERAL

The proposed design revisions for the embankment are illustrated schematically on

Figure 2.1. In summary, the following modifications can be identified from this figure:

The use of a significant fraction of the tailings stream as a construction material
results in a reduction in the required storage capacity for the impoundment.
The ultimate height of the impoundment and confining embankments is
reduced by approximately 3 meters.

The downstream slope of the embankment is flattened from 2H:1V to 3H:1V,

which is better for closure.

The core zone alignment has been modified to be consistent with a centreline
construction methodology rather than the slightly upgradient inclination that
was incorporated in the previously envisaged modified centreline construction
methodology.

The internal drainage measures have been modified to take advantage of the
relatively ~f{f/:g, draining nature of the cycloned sand. These revisions include
the removal of vertical extensions to the chimney drain and addition of
underdrainage features such as spine drains.

Additional vibrating wire piezometers will be installed to monitor drainage in
the cycloned sand shell zone.

The drainage sump and associated pipeworks will be relocated to facilitate
placement of the flatter embankment slope.

The Seepage Recycle Ponds and runoff collection ditches will be modified to
allow construction of the flatter embankment slopes and to support the updated
water management plan.
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These design modifications have been incorporated into the updated Stage 3 design
Drawings 11162-12-100 to 159. An updated Final Arrangement for the impoundment
is also included on Drawing 11162-12-200.

The use of cycloned sand for construction of embankment shell zones is predicated on
the assumption that the cycloned sand product will be geochemically inert. MPMC
have completed a comprehensive evaluation of the geochemical characteristics of the
tailings and have determined that it will be suitable for use in the embankment zones
(“Tailings Cyclone Sands Geochemical Evaluation”, Mount Polley Mining
Corporation).

22 REVISED IMPOUNDMENT FILLING SCHEDULE

The filling schedule has been updated for the cycloned sand embankment concept as
shown on Figure 2.2. The impoundment storage requirements have been reduced by
the volume of sand that will be used to construct the embankment shell zones, but
have been partially offset by an anticipated reduction in the stored density of the finer
impounded tailings. Allowances for storage of process water, make-up water from
Polley lake and emergency freeboard for containment of runoff from the PMP event
along with an additional 1 meter for wave run-up have not changed from previous

studies.

The filling schedule for the period from start-up in 1998 to the end of 2002 is also
presented on Figure 2.3, to allow more detailed inspection when considering the
specific requirements for Stage 3 construction. The revised quantities for Stage 3

construction are summarized in Table 2.1.

23 UPDATED DESIGN CRITERIA

The design criteria for the Tailings Storage Facility are summarized in Table 2.2.
Items that have been changed or have been added since the last Knight Piésold
Updated Design Report (Ref. No. 1627/2, June 1997) are as follows:

° Tailings throughput 20,000 tpd
° Final embankment height /’;9:62}
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Cycloned sand downstream shell slope 3H:1V
Cycloned sand angle of repose 5.5H: 1V
Pulp density of cycloned sand underflow 75%
Average cyclone availability 75%
Cyclone underflow/overflow split 35% 1 65%
In-situ dry density of cycloned sand underflow 1.6 t/m’?
Annual cycloned sand production rate 3200 m*/day
Annual cycloned sand operation period 7 months
Cycloned sand permeability 7 x 10* cm/s

“‘ﬁ sﬁ“:i\

A

The cycloned sand production rate of 3200 m*/day is based on the mill throughput of
20,000 tpd at a 35% split and a 75% availability. The 75% availability is an assumed
value that has not yet been confirmed during the 1999 cyclone trial programs. It is
understood that MPMC will implement modifications to the pipeworks systems and
operating procedures in order to achieve this higher level of availability.
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SECTION 3.0 - CYCLONED SAND TRIAL PROGRAMS

3.1 GENERAL

The use of cycloned sand for tailings embankment construction was addressed in the
Knight Piésold document “Evaluation of Cycloned Tailings for Embankment
Construction” (Knight Piésold Ref. No. 11162/11-1). This report provided a
preliminary evaluation of the use of cycloned tailings sand for construction of the
Mount Polley Mine tailings embankments.

Cycloned sand tailings were first produced at the mine in a trial program in
September and October, 1998. Two cyclones were used; one with a diameter of 50
inches (Krebs D50) and one with a diameter of 20 inches (Krebs D20). The cyclones
were set up on skid mounted frames, near the left abutment of the Perimeter
Embankment. Results of this program determined that the cycloned sand had suitable
geotechnical properties and would be acceptable for use as embankment fill. This
study recommended that trial studies be carried out in 1999 in order to evaluate the
techniques to be employed in constructing the embankment using cycloned sand.
These additional trial studies would also be carried out to confirm the suitability and
availability of cycloned sand for use in future embankment construction programs.

Two separate trial programs were conducted during 1999. These included
construction of an Upstream Trial Berm along the upstream crest of the Main and
Perimeter Embankments and a Downstream Trial Berm constructed in a local cell
immediately adjacent to the Perimeter Embankment Seepage Collection Pond.
Extensive field and laboratory testwork have been carried out in conjunction with
these trial programs.

A Cone Penetration Testing (CPT) program was conducted in November 1999
following cyclone operation. This testing was carried out in part to assess cycloned
sand materials suitability. A total of twenty three (23) CPT tests were carried out
along the upstream Main and Perimeter embankment Upstream Trial Berms and the
Perimeter embankment Downstream Trial Berm, as discussed in Section 3.4.5.
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3.2  RESULTS OF UPSTREAM TRIAL BERM

As a trial run to evaluate a full-scale cycloning program, cycloned sand tailings were
utilized in the upstream shell zone of the 1999 Stage 2C embankment. This consisted
of constructing a cycloned sand berm directly upstream of the Main and Perimeter
Embankment crests. Upstream cycloned sand deposition took place along the Main
and Perimeter embankments from May to October, 1999. Six 20-inch diameter
cyclones were used. Typical cyclone operations consisted of four cyclones being
operational, with the additional two cyclones used to maintain cycloned sand
deposition during cyclone moves.

From May to August 1999, approximately 200,000 m’

of cycloned sand was
deposited along the Main Embankment upstream berm. Material from the cycloned
sand berm was mechanically placed along the upstream till core interface, to provide
an upstream embankment shell zone. The original plan for upstream deposition
included for two cyclone passes to be made along the Upstream Trial Berm areas, to
reach the final cyclone berm geometries. Actual deposition along the upstream Main
Embankment was completed in one pass, in order to minimize cyclone moves. The
Upstream Trial Berm was constructed to an elevation of 940 meters, with a height of
about 4 meters along the extent of the Main Embankment. The cycloned sand piles
typically set up at an angle of repose of about 5.5H:1V, although flatter sections were

also encountered at some cyclone locations.

The cyclones were positioned upstream of the Perimeter Embankment during
September and October 1999. During some of this time, two of the cyclones were
used for deposition within a Downstream Trial Berm, as discussed in Section 3.3.
Due to accelerated construction requirements, upstream cyclone operations along the
Perimeter Embankment were suspended in October 1999, prior to the completion of a
continuous upstream cycloned sand berm. Stage 2C construction along the Perimeter
embankment allowed for upstream cycloned sand to be used in conjunction with a
rockfill coarse bearing layer, over which a till upstream shell zone would be
constructed.

Results of the 1999 upstream cyclone operations confirmed that the geotechnical
characteristics of the cycloned sand underflow are suitable and suggest that these
materials can be used to construct the shell zones of the embankments. The drainage
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characteristics of cycloned sand were found to be sufficient to support medium-
weight machinery within several days following deposition. Drainage of the sand
was found to be accelerated by equipment trafficking within the cycloned sand areas.
Drainage was also enhanced by excavation of a drainage ditch between the upstream
embankment till core and the cycloned sand berms.

The 1999 cyclone operations also allowed for an evaluation of techniques to be
employed in constructing the embankment using cycloned sand, as well as to confirm
the suitability and availability of cycloned sand for embankment construction. These
aspects are discussed further in subsequent sections of this report.

33 RESULTS OF DOWNSTREAM TRIAL BERM

The Downstream Trial Berm was constructed in two phases during September and
October 1999. The trial berm was built along the downstream side of the Perimeter
Embankment to assess the performance in two phases of cycloned sand tailings
placement in the downstream shell zones where better underdrainage conditions could
be achieved. For Phase 1 cyclone deposition, a small rockfill confining berm was
constructed along the downstream toe of the trial area as shown on Figure 3.1.

Two planes of vibrating wire piezometers were installed within the trial berm area, to
assess the piezometric conditions along both a “drained” and “undrained” section of the
trial discharge area. As shown on Figure 3.1, the “drained” section was positioned
along existing piezometer plane “D”, at the location of the Perimeter embankment
outlet drain OD-4. An “undrained” piezometér plane “F” constitutes a new section of
piezometers, and was positioned 20 metres south-east of plane “D”. It should be noted
that the entire base of the trial area is underlain by pervious free draining Zone T
materials, and the “drained” and “undrained” designations have been adopted to
distinguish between areas of the trial that may or may not be influenced by the existing
gravel outlet drain (OD-4) which extends up the 2H:1V slope of the Stage 2
embankment in this area. Pore pressure results from the monitoring of Planes “D” and
“F” piezometers are included in Appendix B.

Two backhoe trenches were excavated within the cycloned sand deposit following
Phase 1 deposition. Nuclear densometer field density and moisture content testing
were carried out with depth within each trench, and samples were collected for further
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laboratory testing. Additional surface tailings samples were also collected from various
locations within the downstream trial area. The Phase 1 trenches and sampling
locations are shown on Figure 3.1, with results of laboratory and field testing
summarised in Table 3.1, as well as Appendices A and B.

Results of the trenching program indicate that cycloned sand achieved about 95%
compaction from hydraulic placement alone, with moisture content values ranging
from approximately 8% near the surface to over 25% within saturated zones at depth.
The trenching program also provided direct evidence of the drainage in the sand pile.
In Trench No 1, the phreatic surface was encountered at a depth of about 2 meters,
whereas in Trench No 2 the water level was identified at a depth of about 3.5 meters.
This variation in phreatic depth is attributed to the fact that active cycloning over
Trench No 1 stopped two weeks earlier than that of Trench No 2. Other factors may
include a slight difference in the duration of cycloning as well as slight variations in
sand gradations from the two cyclones. These observations suggest that the rate of
percolation ranged from 0.2 to 0.4 m/day within the trial area. This percolation rate
must be factored into the cycloned sand placement strategy, particularly when the
drained sandy tailings are used to construct confining berms for containment of
successive layers of sand. These results indicate that 1 to 3 weeks of drainage will be
required in order to allow adequate drainage to occur in the top 2 to 4 meters of the

sand deposit.

The Phase 2 trial area was prepared by excavating the toe of the previously deposited
cycloned sand with a backhoe and placing it along the inside of the Phase 1 rockfill
berm to a height of about 2 meters. This berm served to contain cycloned sand during
the second phase of deposition. As shown on Figure 3.1, the cycloned sand was
deposited at an angle of repose of approximately 5.5H:1V, which was similar to the
slopes formed on the Upstream Trial Berm.

The flow rates from outlet drains OD-4, 5, and 6 were also monitored during cycloned
sand placement in the downstream trial area, and are included in Appendix B. A peak
flow rate of about 3 I/s was measured during the trial program. Extrapolation of this
peak flow rate to full scale operations using six cyclones yields an estimated water
recovery rate of 15 I/s to 20 I/s. An independent check on this extrapolated value can
also be obtained by calculating the volume of water that will drain from the cycloned
sand. Assuming a steady state cycloned sand production rate of 3,200 m*day, an initial
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pulp density of 75%, and a final average moisture content of 10% after drainage, a

steady state drainage rate of 16 /s is derived. Drainage recycle systems are discussed
further in Section 5.6.

34

34.1

34.2

343

CYCLONED SAND SUITABILITY

General

Cycloned tailings sand deposited in the Downstream Trial Berm were
evaluated by means of field and laboratory testwork. The field testwork has
been described in the preceding sections.

Eight (8) bulk samples of cycloned sand were collected from the downstream
trial area and tested at the Knight Piésold commercial laboratory in Denver,
Colorado. Five (5) of the samples were collected from the two trenches
excavated within the Downstream Trial Berm. The remaining three (3)
samples were collected from the Phase 1 sand surface, at the top, middle and
bottom of a cyclone discharge cone. This testwork provides information on
the particle size distributions, permeability, compressibility and shear strength
of the cycloned sand materials. Locations of the cycloned sand samples are
shown on Figure 3.1. Results of the laboratory testing are summarized in
Table 3.1.

Index Properties

The cycloned sand material is typically comprised of a uniform non-plastic

fine sand with about 23 to 26% silt sized particles. The specific gravity is
LA

approximately 2.87. The particle size distribution for the cycloned sand

samples are shown on Figure 3.2

Density, Moisture Content and Permeability

Field density and moisture content information was collected during
excavation of the two trenches in the trial berm as discussed in the previous
sections of this report. These results showed that the moisture content
typically increased with depth and extrapolation of the data suggests that the
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345

steady state in-situ moisture content of the drained pile will be in the order of
10 to 12%.

A Standard Proctor compaction test was also completed on each of the trench
samples. These tests indicated that the maximum dry density of the sand was
1.72 t/m® for Trench No 1 sample and 1.77 t/m® for the Trench No. 2 sample.
The in-situ field dry densities determined by the nuclear densometer testwork
show that the cycloned sands are typically deposited to a dry density that is
about 95% of the Standard Proctor Maximum value.

Two flexible wall permeameter tests were also conducted on representative
samples collected from Trench Nos. 1 and 2. Permeability values were
determined at confining pressures of 200, 400 and 600 kPa for each sample,
in order to evaluate the reduction in permeability with depth. These data
indicate that the pefmeability of the sand is typically in the order of about 7 x
10 cm/sec at the lower confining stresses and decreases slightly to about 5 x
10* cm/s at the higher confining stress. The permeability was also found to
be slightly lower for the sand sample obtained from Trench No. 2, and is
attributed to the higher fines content in this sample.

Triaxial Testwork

Two triaxial tests (1 CU and 1 CD) were completed on bulk samples obtained
from the trial area. These results indicate that the effective friction angle is
approximately 37 to 39 degrees over an appropriate range of normal stresses.
This correlates well with previous shear strength testwork conducted during
October of this year, wherein a cycloned sand sample provided a friction
angle of 38 degrees.

Cone Penetration Testing

A Cone Penetration Test (CPT) program was undertaken to assess the in-situ
geotechnical properties of cycloned sand and bulk tailings materials. Upstream
of the Main and Perimeter embankments, all CPT holes were pushed from the
upstream trial berms. An electronic piezocone was advanced through the
cycloned sand berms, and into the underlying tailings beaches. Within the
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downstream trial area, CPT tests were performed within cycloned sand
materials only.

The CPT program was carried out in November 1999. A total of 23 holes
were pushed within various areas of the tailings facility. Seven (7) holes
were pushed from each of the Main and Perimeter embankment upstream
cycloned sand trial berms. An additional nine (9) CPT holes were positioned
within the trial berm area downstream of the Perimeter embankment. The
program included shear wave velocity measurement within selected holes, in
order to assess the stiffness characteristics of the cycloned sand and bulk
tailings materials. In addition, pore pressure dissipation measurements were
carried out at select depths within all holes. Figure 3.3 shows the location plan
of cone penetration testwork and the results are included in Appendix C

Pore pressure dissipation tests were carried out at all 9 CPT locations (CPT99-1
to 9) within the Perimeter Embankment Downstream Trial Area. The locations
of these CPT test holes are shown on Figure 3.1. Results of the CPT pore
pressure dissipations indicate that the trial area is well drained, with minimal
pore pressures remaining within the cycloned sand deposit. Measured pore
pressures were in good agreement with the vibrating wire piezometer located

within the downstream trial area, as included in Appendix B.

Dissipation tests were also carried out within all CPT holes (CPT99-10 to 16)
along the Perimeter Embankment Upstream Trial Berm. Measured pore
pressures were generally close to hydrostatic conditions within the underlying
beach tailings, except near surface where some higher excess pore pressures
remain in the fresher, less consolidated, tailings. The overlying cycloned sands
were well drained.

Pore pressures were also measured within all CPT holes (CPT99-17 to 23)
along the Main Embankment Upstream Trial Berm. Pore pressure results
within these holes were consistent, with the top 3 to 4 meters of cycloned sand
deposit being well drained. As expected, hydrostatic conditions were identified
within the lower tailings beaches below the cycloned sand berm.
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Based on the measured cone tip resistance, the relative density of the cycloned
sands was estimated to be approximately 30 — 50%. This is typical for
hydraulically placed cycloned sands and is also indicative of a relatively
narrow range of void ratios for these uniform sands. Measured shear wave
velocities within the cycloned sands range from approximately 80 — 120 m/s.
In the upstream beach tailings the shear wave velocities generally increase with
depth from about 90 to 160 m/s. Shear wave velocities within the cycloned
sands will likely increase with depth with values similar to the beach tailings
once a greater depth of material is achieved. The measured shear wave velocity
profiles are included in Appendix C.

34.6 Summary

The field and laboratory testing indicates that the cycloned sand materials
have suitable geotechnical properties and that hydraulic placement of these
materials results in acceptable in-situ dry density values. The relatively fine
nature of the materials results in permeability values of about 5 x 10 to 7 x
10* cm/sec, which are slightly less than the value of 1 x 10 cm/sec that was
assumed in previous studies. The field and laboratory testing does, however,
indicate that the cycloned sands will be free draining and will be consolidated
within a reasonable timeframe after cycloning. The shear strength
characteristics of the cycloned sand are better than assumed in previous
studies.

3.5 CYCLONED SAND AVAILABILITY

The upstream cycloned tailings program during 1999 resulted in the placement of
approximately 200,000 m* of sand upstream of the Main Embankment in about four
months. The rate of underflow discharge from all four operating cyclones was
measured four times during the cyclone operation within the Phase 1 Downstream
Trial Berm. The average cyclone underflow discharge rate was approximately 27
m>/hour per cyclone. The average solids content of the underflow was 75% by
weight. The availability that was achieved during the operation of the cyclones
during 1999 was, therefore, between 40 and 50 percent based on an underflow split of
35%. A significant portion of the total slurry flow was likely discharged as bulk
tailings from a point discharge at the end of the tailings header pipeline.
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The open end of the operating section of the pipeline has controlled the pressure in
the header pipeline. This operating procedure ensures that the header pipeline is not
over pressurized, but results in a significant loss of bulk tailings to the cyclone
operation. The single point discharge resulted in a reduction in cyclone availability
of 30 to 40 percent based on the cyclone underflow discharge rate measurements.
Cyclone operation has to be optimized in order to ensure that a sufficient volume of
cycloned sand is produced for construction of the Stage 3 Main and Perimeter
Embankment downstream shell zones.
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SECTION 4.0 - EMBANKMENT STABILITY AND SEEPAGE ANALYSES

4.1 GENERAL

The stability and seepage models previously developed for the tailings embankments
have been updated to reflect the revised geometry and construction materials. The
additional water discharging from the hydraulically placed cycloned sand in the
downstream shell zone also influences these analyses. Therefore, the initial
evaluation presented in this Section considers the rate of drainage from the
hydraulically deposited cycloned sand and considers the particular drainage features
that will be required to manage the flows and to maintain a depressed phreatic surface

in the downstream shell zone during construction.

The stability analyses presented in this section have incorporated similar modelling
techniques as described in the “Updated Design Report” (Knight Piésold Ref. No.
1627/2) June 6, 1997, and the seepage modelling has incorporated similar geologic
models as in previous studies, but also considers the influence of additional tailings
water discharge due to pore water drainage from the cycloned sand.

4.2 LONGITUDINAL AND FINGER DRAIN SPACING

4.2.1 General

Longitudinal and finger drains will be constructed in order to safely convey X

the excess water from the cyclone underflow to the seepage recycle ponds. -
The drains will be spaced sufficiently close so that the phreatic surface cannot /KX\ x
build to levels that could compromise the stability of the embankment. The 5

two key parameters that govern the drain spacing will be the application rate |
of water from the underflow and the permeability of the cycloned sand. Z

4.2.2 Application Rate

The application rate is the steady flow rate that will be applied to the overall
cycloned sand mass. It has been calculated by taking the underflow mass of
water and dividing it by the number of cyclones operating and the assumed
average cycloned sand base area of 2500 m®. The underflow mass of water
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was calculated by taking the underflow total mass and subtracting the
underflow solid mass, leaving the water component of the underflow.

Two application rates have been analysed for the calculation of drain spacing. -
The first case is that of the maximum operational application rate of 1.35x10™

cm/sec as calculated by the method above. The second case is the maximum
operational application rate with a 24 hr 1:100-year storm event (2 mm/hr)
superimposed. This results in an application rate of 1.91x10™* cm/s for a 24
hour period. These two rates will therefore bound typical application rates
anticipated during the cyclone construction operations.

4.2.3 Cycloned Sand Permeability

Based on laboratory test results included in Appendix B, average cycloned
sand permeability is 7x10™ cm/s. This value has therefore been used in the
modelling but sensitivity to a decrease in permeability has also been

evaluated.

4,24 Modelling Technigues and Results

The drain widths were modelled at 5 meters spacing for ease of construction
of the drains with mine equipment. The Dupuit equation (Freeze and Cherry,
1979) was used to assess how variability of cyclone tailings application rate,
cyclone sand permeability, and drain spacing affect the steady state phreatic
surface height, or groundwater mounding beneath the embankments.

7 // /‘ff’
Based on a sensitivity analysis, a 20 meter centre-to-centre spacing has been - fe/ﬁ!;é//f\af%ﬁ/m@m
determined to be appropriate. In order to more accurately determine the — o&# 27/

/ S

T i
e
A N

steady state phreatic surface height, SEEP/W was used to model the 20 meter - /i

drain spacing as shown on Figure 4.1. From this model it has been
demonstrated that the maximum phreatic surface height for steady state
deposition will be about 2 meters. If the 24 hour 1:100-year storm event
occurs during construction, it is estimated that the phreatic surface would
temporarily rise to a maximum height of approximately 2.8 meters. Both
these values are acceptable, and consequently a 20 meter drain spacing has

been adopted.
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4.3

4.3.1

A sensitivity analysis has indicated that if the permeability is decreased to
1x10™ cm/s the phreatic surface will rise to the surface, which would be -
unacceptable. Therefore, part of the quality control process will be to ensure
that the percent fines in the cyclone sands remain low enough to achieve a
permeability of at least 7x10™* cm/s. The sensitivity analysis also shows that
if the application rate increases an order of magnitude the phreatic surface Wg’

will again become unacceptably high. B

STABILITY ANALYSIS

General

Embankment stability analyses were conducted using the limit equilibrium
computer program SLOPE/W. This program performs a systematic search to
obtain the minimum factor of safety from a number of potential slip surfaces.
Factors of safety were computed using Bishop’s Simplified Method of Slices.

Analyses were performed to investigate the stability of the Main
Embankment for the following conditions:

Downstream Stability:

° Static conditions during Stage 3, during the final year of operations
and during post-closure. Minimum acceptable factors of safety of 1.3
(during operations) and 1.5 (post-closure with drains blocked) have
been adopted for these cases.

e Earthquake loading during operations and post-closure. The stability
of the embankment under earthquake loading was analysed by the
pseudostatic method by applying a horizontal seismic coefficient
(acceleration) to the potential sliding mass. Factors of safety greater
than 1.0 imply that there will be no significant deformations of the
embankment initiated by earthquake loading. Both the Operational
Basis Earthquake (OBE) and the Maximum Design Earthquake
(MDE) were considered, as determined by the hazard classification
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4.3.2

for the Tailings Storage Facility. The peak ground accelerations
corresponding to the OBE and MDE events are included in Table 2.2.
The tailings storage facility would be expected to function in a normal
manner after the OBE. For the MDE, damage to the tailings dam is
acceptable, provided the integrity and stability of the dam is
maintained and release of impounded tailings is prevented (ICOLD,
1995).

Upstream Stability:

The upstream static and seismic stability of the Main Embankment has also
been evaluated for Stage 3 and at closure for the final embankment

configuration.

Based on the results of previous consolidation analyses (reported in the
“Updated Design Report Ref. No. 1627/2”) the tailings were assumed to be
partially consolidated during operations. An appropriate undrained shear
strength was assigned to the tailings. Tailings effective strength parameters
were used for the long-term post-closure condition when complete
consolidation has been achieved.

Material Parameters and Assumptions

The following parameters and assumptions were used in the stability
analyses:

° Bulk unit weights for the embankment and foundation materials are
based on test work conducted on representative samples as part of the
1995 geotechnical investigations. The results were originally
presented in the "Report on 1995 Geotechnical Investigations for Mill
Site and Tailings Storage Facility” (Knight Piésold Ref. No. 1623/1).
An average bulk unit weight for the tailings deposit adjacent to the
embankment was estimated from the results of the consolidation
analysis. The cycloned sands (Zone CS) were assigned a value based
on the report “Evaluation of Cycloned Tailings for Embankment
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Construction” (Knight Piésold Ref. No. 11162/11-1) and recent test
work that is included in Appendices A and B.

Effective strength parameters for the embankment fill and foundation
materials were obtained from consolidated-undrained triaxial test
work performed on representative samples obtained during the 1995
geotechnical investigations and reported in the "Report on 1995
Geotechnical Investigations for Mill Site and Tailings Storage
Facility” (Knight Piésold Ref. No. 1623/1). The downstream shell
zone has conservatively been assumed to comprise glacial till
materials only, and no additional strength allowance has been
included for rock fill materials, which will likely be incorporated.

An effective friction angle of 26° was used to conservatively
represent the strength parameters of the top three metres of the Main
Embankment foundation soils. These strength parameters account for
long-term consolidation conditions of the foundation soils. This value
was based on the consolidated undrained triaxial test work performed
on glacial till samples. These samples were obtained during the 1995
geotechnical investigations and reported in the “Report on 1995

Geotechnical Investigations for Mill Site and Tailings Storage
Facility” (Knight Piésold Ref. No. 1623/1).

A conservative effective friction angle of 32° was adopted for the
cycloned sands (Zone CS). Recent laboratory results from cyclone
sands taken during the trial operations and CPT test demonstrate that

the friction angle is closer to approximately 38°.

Based on 1999 CPT data an average effective friction angle of 32°
was adopted to represent the coarse beach tailings underlying the on-
going embankment raises. These coarser, free-draining tailings will
consolidate rapidly, and will therefore exhibit drained strength
parameters. Modelling has shown that these tailings achieve
complete consolidation shortly after placement of the embankment

raise.
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4.3.3

° Partially consolidated finer tailings during operations were assigned
typical undrained shear strengths ranging from 10 kPa to 55 kPa at
depth. These are based on lower bound strengths from in-situ Shear
Vane and Cone Penetration Testing obtained at other mine sites for
similar tailings materials. For fully consolidated tailings an average
effective friction angle of 30° was adopted.

o The location of the phreatic surface has been estimated from steady-
state seepage analyses. The details of these analyses are provided in
Section 4.4.

o Fifty percent of the peak ground acceleration in the cycloned sand

zone (as determined from SHAKE analyses) was applied to the
seismic modelling for both the OBE (0= 0.074g, k = 0.037) and
MDE (0max = 0.12g, k = 0.06) events, (see Section 4.3.3).

The geometry, material parameters and location of the phreatic surface for the
stability analyses are illustrated on Figure 4.2.

Seismic Response Analyses

A preliminary seismic ground response analysis was carried out to determine
the ground accelerations imposed on the tailings embankment by the design
earthquakes and the cyclic stresses within the cycloned sands. The program
SHAKE was used to compute profiles of maximum acceleration and cyclic
shear stress. Estimated values of soil stiffness (shear modulus) required in the
analysis were calculated using the SPT blow count (N) data measured during
the 1996 foundation investigations. Appropriate earthquake acceleration time
history records were used in the analysis, scaled to the peak acceleration
values of 0.037g and 0.065g for the OBE and MDE events respectively.

It has been estimated from the SHAKE analyses that the cyclic stress ratios
within the cycloned sands would range from 0.04 to 0.07 for the OBE event
and 0.07 to 0.11 for the MDE event. Based on the CPT results the cyclic
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resistance ratio of the cycloned sands is typically around 0.05 to 0.10.
Saturated sandy materials are potentially liquefiable when the cyclic stresses /
exceed the cyclic resistance. However, it is expected that the cyclic 7~

resistance of the cycloned sands will improve with time as the material I
continues to consolidate due to increases in effective stress as more material

is placed. The trial berms indicate that the cycloned sands are well drained .../, -
with only minor, if any, pore water pressures. Liquefaction of these materials

would only be a concern if they were to remain saturated.

The average peak accelerations computed for the OBE and MDE events were
0.074g and 0.12g respectively. These values represent the average peak
acceleration computed along the potential slip surface passing through the

cycloned sand zone.

For seismic loading from the Operating Basis Earthquake and the Maximum
Design Earthquake, pseudostatic analyses were carried out using an
appropriate seismic coefficient. Typically, a seismic coefficient equal to 30%
to 75% of the peak acceleration is used for pseudostatic (seismic) analyses,
depending on the design earthquake magnitude. The design earthquake
magnitude for both the OBE and MDE events is 6.5. For the Operating Basis
Earthquake the seismic coefficient was taken to be 50% of the average peak
acceleration. For an average peak acceleration of 0.074g the seismic
coefficient is 0.037. Similarly for the Maximum Design Earthquake the
seismic coefficient was also taken to be 50% of the average peak acceleration.
For an average peak acceleration of 0.12g the seismic coefficient is 0.06.

43.4 Results of Stability Analyses

Downstream Stability - A minimum static factor of safety of 1.58 was

calculated for the Stage 3 case during operations. This value increases to 1.67
for the final year of operations. A factor of safety to 1.60 for the post-closure
conditions is due to a gain in strength of the consolidated tailings being offset
by the increased phreatic levels in the foundations after closure. The location
of potential slip surfaces during operations and post-closure are given on
Figures 4.3 to 4.5. These figures show that the minimum factor of safety
requirements as stated in Section 4.3.1 have been satisfied.
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Minimum factors of safety of 1.38 and 1.26 respectively were calculated for
the OBE and MDE events for Stage 3 operations. These minimum factors of
safety increased to 1.48 (OBE) and 1.35 (MDE) for the final year of
operations. Minimum factors of safety of 1.41 (OBE) and 1.29 (MDE) were
calculated for the post-closure condition. The location of the potential slip
surface for each case is shown on Figures 4.6 to 4.8. For all earthquake
(pseudostatic) cases, the calculated minimum factors of safety were greater
than 1.0, which implies that the embankment will be stable with no
significant deformations during either earthquake event.

Upstream Stability - The minimum upstream static and seismic factors of

safety for the Stage 3, final year of operation and post-closure conditions
were evaluated, with the results shown on Figures 4.3 to 4.8. The loss of
freeboard failure surfaces are all minor slips located near the top of the
embankment due to the centreline construction method and well-drained
sandy material being deposited close to the embankment. Minimum factors
of safety of 1.90 (static), 1.71 (OBE) and 1.58 (MDE) were calculated for the
Stage 3 operational condition. Minimum factors of safety of 1.73 (static),
1.56 (OBE) and 1.45 (MDE) were obtained for the final year of operations
and post-closure conditions. For all of the above cases the factor of safety

requirements as stated in Section 4.3.1 were achieved.

The following table summarizes the factors of safety obtained for the various

cases mentioned above:

Downstream Upstream
Static | OBE MDE Static OBE MDE
Stage 3 1.58 1.38 1.26 1.90 1.71 1.58
Ultimate 1.67 1.48 1.35 1.73 1.56 1.45
Post-Closure 1.60 1.41 1.29 1.73 1.56 1.45
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44.1

442

SEEPAGE ANALYSES

General

Seepage analyses were performed using the finite element computer program
SEEP/W. The objectives of the analyses were:

° To determine the pore water pressures within the embankments for

stability analyses,

° To calculate the seepage losses (to groundwater) from the tailings
storage facility during operations and post-closure, and

e To calculate the drainage rate during downstream cycloning and
cycloned sand placement in order to determine the recycle pumping

requirements.

The seepage analyses were conducted for three cases: Stage 3 operations,
ultimate operation and post-closure conditions. For the three cases, analyses
were conducted for the Main Embankment configuration using the
representative maximum cross-section shown on Figure 4.9, which included a
glaciofluvial sand in the foundation. A second seepage analysis was also
conducted for the ultimate operation condition of the Main Embankment at a
more representative section. This second section excludes the glaciofluvial
sand unit from the foundation; a condition that is representative of
approximately 80 percent of the length of the Main Embankment. The extent
of these two foundation zones is shown on Figure 4.10. The glaciofluvial
sand unit has only been found at the Main Embankment.

Summary of Parameters

The saturated and unsaturated hydraulic conductivities were determined for
each material in the embankment and foundation zones. The parameters used
in the seepage analyses are shown on Figure 4.9. In assigning unsaturated
and partially saturated hydraulic conductivity values for the seepage analysis,
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typical conductivity functions for similar soil types were used. These
functions were adjusted to correspond with the actual saturated conductivity
of the material. Hydraulic conductivity values for the tailings mass, -
embankment and foundation were determined as follows:

° The tailings mass was sub-divided into three zones with decreasing
hydraulic conductivity with depth to account for the less permeable
consolidated tailings at depth.

° Hydraulic conductivity values for the various zones of the
embankment and foundation soils were estimated based upon typical

values for similar materials.

Boundary Conditions and Flux Sections

Boundary conditions were imposed on the modelled sections to more
accurately represent hydrogeologic conditions in the field. These conditions
are demonstrated on Figure 4.11, which shows the seepage model for the

ultimate operational condition. The conditions are summarised as follows:

° A hydrostatic pore pressure profile corresponding to the height of the
supernatant pond was assigned along the left boundary of the model
(upstream of the embankment) for all models.

° A total head boundary was imposed at the tailings surface to model a
supernatant pond for the Stage 3 and Ultimate operational models.

° The upstream embankment toe drain was modelled by applying a no-
head condition at that location for the Stage 3 and Ultimate
operational cases. For the post-closure case it was assumed that this
drain would be blocked, and no pore pressure conditions were

assigned at that location.

° Foundation drains were modelled by applying no-head nodes at drain
locations for the Stage 3 and Ultimate operational cases. For the post-
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closure case it was conservatively assumed that these drains would be
blocked.

° A hydrostatic pore pressure profile, with the water table at surface,
was assigned to the right boundary of the model (downstream of the
embankment) for the Stage 3 and Ultimate operation conditions. The
post-closure condition used a hydrostatic pore pressure profile that
models an artesian condition of 4 meters above the ground surface.
This condition has conservatively assumed that all pressure relief

wells and trenches have been blocked.

Flux sections were included in the model to estimate seepage flow across the
various geological units, as well as the engineered components. The

following locations, in particular, were examined closely:

° seepage inflow to the upstream toe drain;
° seepage flow collected by foundation drains; and
e seepage flow that bypasses the seepage collection systems.

The flows collected by the seepage collection systems (i.e. the upstream toe
drain and foundation drains) will drain to the Main, Perimeter and South
Embankment Seepage Collection Ponds. These seepage flows will be
recycled to the tailings impoundment. The seepage flows that bypass the
seepage collection systems are the only component that will be lost to
groundwater.

Results

All seepage flow estimates are projected increases over baseline flow rates.
In particular, the embankment foundation drains include a baseline
groundwater flow component, which is not included in the following flow

projections.

Case 1 modelled the Main Embankment Stage 3 geometry with the
glaciofluvial foundation. This case corresponds to the worst case foundation
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conditions, which are representative of only 20% of the length of the Main
Embankment. The total solution seepage flux of approximately 0.17 litres/
minute per metre length of embankment was calculated from the seepage
analysis. Approximately 55 percent of the flow was collected in the upstream
toe drain and embankment foundation drains, while the remaining 45 percent
of the seepage flowed through the foundation. In case 1, the seepage flow to
each of the components is predicted to be as follows:

° The upstream toe drain collects approximately 5 percent (0.006 litres/
minute per metre length of embankment).

° The embankment foundation drain system collects approximately 50
percent (0.09 litres/minute per metre length of embankment).

e Seepage loss through the foundation is predicted to be 45 percent
(0.07 litres/minute per metre length of embankment).

To check the calibration of the model, the Stage 3 model fluxes were
compared to existing average flows in the foundation drains. For FD1 and 2,
which are in the till foundation, the model predicts average flows per drain of
3 to 4 litres/minute. The observed values ranged from 1 to 4 litres/minute and
are therefore in good agreement with the model. For the glaciofluvial
foundation drains FD3, 4 and 5 the model predicts a flow per drain of 3 to 8
litres/minute. Observations were slightly higher than the model’s prediction
seeing average flows between 2 to 16 litres/minute but are still in reasonable

agreement.

Case 2 modelled the Main Embankment Ultimate geometry with the
glaciofluvial foundation as shown on Figure 4.10. The total solution seepage
flux of 0.3 litres/minute per metre length of embankment was calculated from
the seepage analysis. Approximately 75 percent of the flow was collected in
the upstream toe drain and the embankment foundation drains while the
remaining 25 percent of the solution flowed through the foundation. In Case
2, the seepage flow contribution made by each of the components is predicted

to be as follows:
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° The upstream toe drain collects approximately 25 percent (0.07 litres/

minute per metre length of embankment).

° The embankment foundation drain system collects 50 percent (0.16
litres/minute per metre length of embankment).

e Seepage loss through the foundation is predicted to be approximately
25 percent (0.07 litres/minute per metre length of embankment).

Ignoring the upstream toe drain flux component, the seepage losses through
the foundation are predicted to be approximately 25%, while the foundation
drains capture the remaining 75%.

Case 3 modelled the Main Embankment Ultimate geometry without the
glaciofluvial zone in the foundation. This configuration represents the
majority (80%) of the length of the Main Embankment. The total solution
seepage flux of 0.14 litres/minute per metre was calculated from the seepage
analysis. Approximately 95 percent of the flow is predicted to be collected in
the upstream toe drain and the embankment foundation drains while the
remaining 5 percent of the solution is predicted to flow through the
foundation. In Case 3, the solution flow contribution made by each of the

components is as follows:

e The upstream toe drain collects approximately 35 percent (0.05 litres/

minute per metre length of embankment).

° The embankment foundation drain system collects approximately 60
percent (0.08 litres/minute per metre length of embankment).

° Seepage loss through the foundation is predicted to be less than
approximately 5 percent (0.05 litres/minute per metre length of
embankment).
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Ignoring the upstream toe drain flux component, the seepage losses through
the foundation are estimated to be approximately 10% while the foundation

drains capture the remaining 90%.

Case 4 modelled the Main Embankment Ultimate geometry with the
glaciofluvial foundation for the post-closure conditions. The total solution
seepage flux of 0.19 litres/minute per metre length of embankment was
calculated from the seepage analysis. Approximately 80 percent of the flow
is predicted to be collected in the embankment chimney and blanket
foundation drains, while the remaining 20 percent of the seepage is predicted
to flow through the foundation. In Case 4, the solution flow contribution
made by each of the components is as follows:

° The upstream toe drain is blocked and therefore collects none of the

potential seepage.

o The embankment chimney drain and blanket foundation drain system
collects approximately 80 percent (0.15 litres/minute per metre length
of embankment).

° Seepage losses through the foundation are estimated to be

approximately 20 percent (0.04 litres/minute per metre length of
embankment).

The overall seepage flow due to infiltration and continued tailings
consolidation over the 233 hectares of the tailings storage facility system has
been calculated to be approximately 150 litres/minute.

To predict the portion of the seepage flows that will likely report to each of
the three embankments (Main, Perimeter, South) a simple weir analogy was

used.

The total predicted seepage flow of 150 litres per minute was attributed to

each of the three embankments according to:
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e Current knowledge of the hydrogeological conditions at each of the

three embankment alignments,

e The length of each embankment or each component of the
embankments according to the foundation conditions, and

o The relative elevations of the embankment low points (i.e. the “weir”

elevations).

The results of this relative comparison of the three embankments suggest that
approximately 80% (120 litres/minute) of the flow will be towards the Main
Embankment, 15% (20 litres/minute) of the flow will be towards the
Perimeter Embankment, and 5% (10 litres/minute) of the flow will be towards
the South Embankment.

Based on the results of Case 3, it has been estimated that 10% of the flow will
be seepage loss through the foundations of the South and Perimeter
Embankment. For the Main Embankment, a seepage loss of 20% has been
calculated based on the relative contributions of the two different foundation

conditions to the total seepage.

As a result it is estimated that seepage losses through the foundations will be

as follows:

° Main Embankment 24 litres/minute,

) Perimeter Embankment 2 litres/minute,
e South Embankment 1 litres/minute.

Seepage reporting to the Ponds through the foundation drains, excluding the
upstream toe drain flows will be:

e Main Embankment 96 litres/minute,
° Perimeter Embankment 18 litres/minute,
° South Embankment 9 litres/minute.
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4.5

It is not expected that the supernatant water from the cycloning operations
will significantly affect the predicted seepage loss rates. In the area of the
glaciofluvial sands an artesian condition of 4 meters head is present. Based
on the calculations for drain spacing a hydrostatic head of no more than two
meters is expected. As a result seepage gradients continue to be expected to
be upwards, into the cycloned sand. In other areas the foundation materials
consist of a thick till layer with a hydraulic conductivity of approximately 1 x
107 cm/s. As a result flows through these zones due to the cycloning

operations are expected to be insignificant.

To ensure that the water quality and seepage losses are acceptable and as
predicted, strategically placed monitoring wells must continue to be routinely
checked by the Mine to ensure compliance. If any water quality problems
were to arise, additional drainage works could quickly be implemented to

intercept detected flows.

DESIGN SUMMARY

The results of the seepage and stability design can be summarised as follows:

1)

2)

3)

The proposed cycloning operations will result in flatter overall slopes with
improved stability during both static and seismic loading conditions.

Four seepage cases have been analysed, including two representative sections
that were used to predict the portion of seepage flows reporting to drains and
seepage recycle systems versus flows lost to the environment. The cases

compare favourably to existing flows.

Total seepage from the entire Tailings Storage Facility has been estimated to
be approximately 150 litres/minute, of which less than 20 percent is expected
to bypass the seepage collection and recycle systems. The majority of the
estimated seepage losses are through the Main Embankment (24 litres/
minute) with approximately 2 litres/minute and 1 litre/minute being lost to the
environment from the Perimeter and South Embankments respectively.
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4) The seepage flows reporting to the ponds are insignificant in comparison to
flows resulting from the cycloning operations and storm events. As such,

these seepage flows do not contribute to the sizing of the ponds and pumps.

5) On-going monitoring and confirmation of parameters and performance are
being conducted by MPMC and their specialist sub-consultant.
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SECTION 5.0 - CYCLONED SAND EMBANKMENT CONSTRUCTION

5.1 GENERAL

The use of cycloned tailings sand has been proposed for construction of the
downstream shell zones of the Main and Perimeter Embankments. Hydraulic
placement of the cycloned sand is the most efficient and cost-effective method of
cycloned tailings sand construction. Therefore, the construction methodology and
cyclone system design and operation should be optimized to enable hydraulic
placement of cycloned tailings sand to the maximum practical extent.

The design and operation of the cyclone discharge system and the detailed y
construction methodology is outside the scope of this report and will be finalized by “V* 7"+
MPMC. However, Knight Piésold will evaluate the construction methods and
operation of the cyclones to the extent that they influence the geotechnical
characteristics of the Tailings Storage Facility embankments. This will include
evaluation of the on-going suitability of the underflow product produced by the
cyclones, the stability of the embankments, and on-going provision of sufficient

freeboard to safeguard against overtopping of the embankments.

The following sections present a construction sequence and methodology that is
based on the geometric and geotechnical embankment design criteria and the cyclone
operating system that was used during the 1999 upstream and downstream cyclone
test program. The construction sequence and methodology has been included for
evaluation of the on-going embankment designs and development of a risk
assessment with full recognition that the construction methodology and cyclone
operating system will have to be revised by MPMC to address the Stage 3 and on-

going construction requirements.

5.2 CONSTRUCTION SEQUENCING

The hydraulic placement of cycloned sand during the 1999 upstream and downstream
cyclone program resulted in cones with average slopes of about 5.5H:1V. The
downstream shell zones of the embankments will be placed at a slope of 3H:1V to
optimize the use of the annual cycloned sand production. The desired slope of the
downstream embankment face will be achieved by hydraulic and mechanical
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placement of cycloned tailings sand in a sequence of construction cells. The first
cells, the foundation cells, will be delineated using rockfill confining berms. All

subsequent cell confining berms will be constructed using cycloned sand.

It is anticipated that it will be possible to mobilize construction equipment within a
cell for construction of the next confining berms for the subsequent cell within 14 to
21 days after deposition within the existing cell has been completed. The
construction sequence and on-going cell arrangement are, therefore, based on the
cyclone sand target production rate of 3,200 m*/day and the criteria that cycloning
cannot resume within a specific area within 3 weeks of cycloned sand placement in
that area. The three week waiting period is required to allow sufficient time for the
deposited sand to drain in order to enable an excavator to construct the confining
berm for the next (overlaying) cell. The construction methodology is illustrated on
Figure 5.1.

At the outset of construction, cycloned sand will be discharged within a cell such that
typical cycloned sand cones with 5.5H:1V slopes will intersect the top (with
allowance for a 0.5m freeboard) of the confining berm at the downstream toe of the
embankment. Preparation for each lift thereafter will consist of the construction of a
2-metre high longitudinal cycloned sand confining berm at the downstream toe of the
previous lift. Lateral confining berms between cells will only be required if excessive
overlap of cycloned sand between cells makes these necessary. The proposed
sequence and layouts of the Main and Perimeter Embankment construction cells are
illustrated on Figures 5.2 to 5.8.

The cycloned sand downstream shell zones will be constructed up to the elevation of
the Stage 2C crest. The Stage 3 embankment raise will be completed by constructing
the Zone S core zone and the upstream and downstream Zone B shell zones once the
cycloned sand shell zone has drained sufficiently. The material for construction of
Zone S and B will be borrowed from Borrow Areas 2 and 4. The locations of these

borrow areas are shown on Drawing 11162-12-100

53  FOUNDATION PREPARATION

Foundation preparation will involve the clearing, grubbing and stripping of the
footprint for the embankments to the lines and grades shown on the Drawings. The
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foundation will then be excavated down to firm or stiff glacial till of low permeability.
Criteria for foundation excavation in the glacial till includes achieving a minimum in-
situ density objective of approximately 2 tonnes/m® and a grain size distribution that
corresponds to a permeability value of less than or equal to 5 x 10° cm/s. In-situ
density and moisture content tests, as well as laboratory permeability tests will be
carried out to ensure that the design objectives are met.

54 TOE AND FINGER DRAINS

The current road located at the toe of the Stage 2C Embankments is built out of a well
drained material (Zone T). This road will be ripped with a Dozer to enhance its
drainage capability and will act as the first in a series of longitudinal drains. The
Stage 3 toe confining berms of the foundation construction cells will form the next
longitudinal drain. These berms will be built out of a well drained material (Zone T).
The foundation toe confining berms for future stages of the embankments will also be
constructed from Zone T material. As a result, a maximum longitudinal drain
spacing of 20 m will be maintained with construction of each additional confining toe
berm.

Finger drains will consist of the confining berms between the foundation cycloned
sand construction cells, which will also be built out of Zone T material and will be
perpendicular to the embankment centreline. These berms will be extended with each
stage of construction to ensure that the drains are continued to the toe of the final
embankment.

55 CYCLONED SAND CELL CONSTRUCTION

Hydraulic placement of the cyclone underflow (coarse tailings fraction) will start
within a cell once the cell confining berms have been completed. The method of
hydraulic placement has been assumed to consist of six operational 20 inch cyclones
being operated from the crest of the embankment with the underflow being
discharged directly into the cell and the overflow being discharged into the Tailings
Storage Facility, based on the 1999 cyclone operating system. The confining berms
for the next lift, or layer of cells, will be constructed from the cycloned sand within
that cell once the cycloned sand has drained sufficiently to allow access for an

excavator, as illustrated schematically on Figure 5.1.
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The cycloned sand cells will be constructed from hydraulically placed cycloned
tailings sand as far as practically possible. However, hydraulic placement of
cycloned sand in the uppermost cells becomes increasingly difficult as the shell zone
width becomes narrow. The geometry of the embankments, especially the fairly
narrow Perimeter Embankment, and the maximum practical height of the confining
berms eventually results in high advancement rates for the cyclones along the
Perimeter and Main Embankment crests. If the methodology that was used for the
1999 upstream and downstream trial berms is confirmed, the cyclones could have to
be moved daily during construction of the last cells on the Main Embankment and
after construction of the foundation cells on the Perimeter Embankment. The rate of
construction and estimated daily advancement rate for the Main and Perimeter
Embankments are summarised in Tables 5.1 and 5.2 respectively. The required
advancement rates are high, with maximum rates of about 100 and 78 metres per day
along the Perimeter and Main Embankments respectively. These advancement rates
affect the cyclone operating system significantly, especially as these rates have to be
achieved with only six operating cyclones.

It may be possible to increase the moisture content of the underflow and rely on
spigotting the sand into near horizontal layers in order to reduce the number of
cyclone moves. However, this option would increase the requirements for flow
routing and recycle of drainage water from the cycloned sand cells. The increased
volume of water would also require careful consideration regarding decant of water
from the active cells, erosion protection of the downstream embankment face,
removal of slimes from the low areas within a cell, and the eventual collection and

recycle of these increased flows.

It is likely that the final lifts, at least lift 7 of the Main Embankment and lift 3 of the
Perimeter Embankment, will have to be placed mechanically if hydraulic placement
is not feasible. As a result, a significant volume of the Stage 3 cycloned sand, in the
order of 120,000 m®, would have to be placed mechanically. A cycloned sand
stockpile could be developed on the left abutments of the Main and Perimeter
Embankments for haul, placement and compaction of the drained cycloned sand.

The construction of the downstream cycloned sand shell zones of the Main and
Perimeter Embankments is dependent on the construction methods and cyclone
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operating system employed. The construction methods and cyclone operating system
described are based on the current operating system. Alternative operating systems
and construction methods could be considered to minimize costs and optimize
construction of the Stage 3 Embankment and on-going stagés. The most suitable
construction method will have to be selected on the basis of ease of execution and

construction and operating costs.

The cycloned tailings underflow could be re-slurried to reduce the solids content and
the cycloned sand could then be deposited by spigotting along the crest of the
embankment. This construction method would enable the use of discharge spigots
along the embankment with the cyclones being operated from a high point on one of
the embankment abutments. This method would minimize the required cyclone
moves and thereby enable higher cyclone availability. However, the reduction of the
solids content of the cyclone underflow would introduce significantly higher volumes
of drainage water from the cycloned sand with corresponding higher seepage recycle
system construction and operating costs. The time required for the cycloned sand to
drain sufficiently to allow access to construction equipment could also increase due to
the higher underflow water content, which would negatively affect the construction

schedule.

The hydraulically placed cycloned sand from the trial embankments was achieving a
density of approximately 95% of the Standard Proctor Compaction. A similar density
will be required for the mechanically placed cycloned sand. This will be achieved by
spreading the cycloned sand in lifts no thicker than 1 metre with the appropriate
moisture content. Vibratory compaction will also be required in order to achieve the
95% Standard Proctor Compaction. A complete list of material specifications can be
found on Drawing 11162-12-104.

5.6 DRAINAGE COLLECTION AND RECYCLE

5.6.1 General

Efficient drainage of the cycloned tailings sand is key to the successful
construction of the on-going embankment raises. Therefore, the management.
of the drainage water resulting from hydraulic placement of cycloned sand in
the construction cells is an important aspect of the design, construction and
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5.6.2

operation of the cycloned sand embankments. Water from the placed
cycloned sand must be drained vertically through the cycloned sand shell
zone for maximum consolidation of the material and minimum erosion of the
downstream face. The drainage water will be collected by an underdrainage
system and routed to the Seepage Collection Ponds and pumped into the
Tailings Storage Facility. Factors that affect the ability to achieve efficient
vertical drainage of all the cyclone underflow water and precipitation that will
be applied to the downstream shell zone include:

° permeability of the cycloned tailings underflow product,

o application rate of the cycloned tailings underflow,

e aerial extent of active cycloned sand deposition (size of construction
cell),

° solids content of the cycloned tailings underflow,

° drained down residual moisture content of the cycloned sand, and

° efficiency of the underdrain system.

The application rate of the cycloned tailings underflow and the solids content
of the underflow have a significant affect on the drainage collection and
recycle system design as many of the other factors, such as the permeability
of the cycloned sand, are difficult to control. The underdrains have been
designed to ensure that the water can be drained at the maximum rate that is
achievable given the permeability of the cycloned tailings underflow product.
The seepage and recycle system has to be sized to route the expected drainage
and run-off water into the Tailings Storage Facility through a combination of
attenuation storage and pumping capacity.

Construction Cell Drainage

Water that is applied to a construction cell and does not drain vertically
through the cycloned sand will collect at the low areas of the cell, along the
toe confining berms. There should be sufficient freeboard capacity along the
berms to contain the water within the cell until it drains vertically into the
underdrainage system of the shell zone. In instances where the drainage rate
through the cycloned sand is insufficient or the collection of slimes at the toe
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prevents efficient drainage, discrete outlets will be provided along the
downstream toe berm to route water and slimes to the water collection pond
without eroding the face of the embankment. These outlets could be culverts,
or similar decants, with erosion protection down the embankment face to

route drainage water into the toe collection ditch.

Seepage Collection and Recycle System

The seepage collection and recycle system returns seepage, drainage and run-
off water collected from the downstream cycloned sand, foundation drains,
chimney drains and upstream toe drains to the tailings impoundment. The
system consists of seepage collection ponds and pumping systems at the Main
and Perimeter Embankments. The underdrains, toe berms and toe collection
ditches will route drainage, seepage and runoff to the collection ponds. The
water that is collected in the ponds is pumped into the Tailings Storage Facility.
The seepage recycle pumping systems include sumps, pumps and pipelines.
Seepage recycle sumps have been installed at the Main and Perimeter
Embankment Seepage Collection Ponds. The sumps house the seepage recycle
pumps, which are connected to six inch diameter HDPE pipes that extend from
the pumps to the crest of the tailings embankment. The water from the seepage
collection ponds is discharged directly onto the tailings beach.

Three additional ponds will be constructed during construction of the Stage 3
and 4 embankment raises. The first two ponds will be located on either side of
the Main Embankment Seepage Collection Pond to provide capacity for
settling of tailings fines from the downstream cyclone operation. These ponds
will be constructed during Stage 3 and are shown on Drawing 11162-12-110.
An access causeway may also be built into the ponds in order to facilitate
cleaning out operations. An alternative layout and section of the south western
settling pond are presented in Figure 5.9. This alternative arrangement would
include constructing the south western settling pond with earthfill berms on
competent foundation material and might be necessary if sandy material is
encountered that could prohibit excavation of the pond. Also, a low
permeability dividing berm could be constructed across the Seepage Collection
Pond during on-going raises if the fines content of the drainage water remains
high. This dividing berm would hydraulically separate the downstream and
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upstream portions of the pond to ensure that the highest quality drainage water
is in the section of the pond that is adjacent to the emergency discharge point.

The Main Embankment seepage recycle pumping system will be upgraded to
accommodate the increased flow from the cycloned sand drainage. The third
additional Seepage Collection Pond and seepage recycle pumping system will
be constructed at the toe of the South Embankment. This South Embankment
Seepage Recycle System will likely be constructed during the Stage 4
embankment raise.

5.7 CORE ZONE AND ZONE B PLACEMENT

The core zone (Zone S) and Zone B will be placed once the cycloned sand placement
within the downstream shell zone has been completed and the sand has drained
sufficiently to accommodate construction. These zones will consist of moist, well
graded glacial till of low permeability, placed in 300 mm lifts and compacted to a

-minimum of 95% and 92% of the Standard Proctor Maximum Dry Density for Zones

S and B respectively. Suitable borrow materials are available in Borrow Areas 2 and 4
to complete construction of these zones of the embankments. The approximate
locations of the borrow areas for embankment construction are shown on Drawing
11162-12-100.

A significant drilling program in Borrow Area 2 was undertaken by Knight Piésold in
August, 1999 to further evaluate borrow sources for the construction of the core zone of
the embankments. Detailed investigation programs were completed within Borrow
Area 4 in 1997 and 1998. Results from this borrow investigation program are
presented in Knight Piésold Reports “Stage 2A Tailings Storage Facility Construction,
Selected Excerpts From Reference Information, Ref. No. 11162/9-2” and “Report on
1998 Construction and Annual Inspection, Ref. No. 11162/10-1”. The objective during
construction will be to use materials from borrows that are situated close to the area of
placement. Borrow investigation results show that there is a substantial supply of
moist, low permeability glacial till to the North and to the East of Borrow Area 2. It is
anticipated that there is enough material to complete construction of the final
embankment with the material identified in Borrow Area 2 and the effective use of

Borrow Area 4 before it is inundated with tailings.
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5.8 STAGE 3 AND ON-GOING CONSTRUCTION SCHEDULE

A preliminary Stage 3 construction schedule has been developed to evaluate the time
required for construction of Stage 3 and to determine whether the cell construction
sequence is achievable within a seven month cyclone operation period. The

construction schedule includes the following assumptions:

o The cyclone operating system will be similar to that used during the 1999
upstream and downstream cyclone program.

o A cycloned sand production rate of approximately 3,200 m*/day.

° A three week waiting period is required to allow sufficient time for the
deposited cycloned tailings sand to drain before construction of the confining
berms for the next (overlaying) cell or mechanical placement of fill on the
cycloned sand.

e The cell construction sequence presented in Section 5.2.

° The cyclones will be able to be operated from the beginning of April to the
end of October.

° The cyclone down-time for moves are already included in the assumed
availability of 75% and no additional time for cyclone moving and relocation

has been allowed in the schedule.

The construction schedule is shown in Figure 5.10. The required volume of cycloned
sand production for Stage 3 can be achieved within the available seven month period
by cycloning stockpiles of sand for mechanical placement when hydraulic placement
within the embankment construction cells is not possible due to the time required for
draining of the cycloned sand. However, there is no float in the schedule for
unexpected delays and the construction of Zones S and B would have to be
completed in November when the onset of winter conditions could cause further
delays. Also, additional storage capacity and freeboard is only gained at the start of
construction of the core zone raise after the cycloned sand downstream shell zone
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construction has been completed and the cycloned sand has drained sufficiently to
enable construction of the downstream Zone B shell zone.

As in the Stage 3 construction, future raises will be built within construction time
frames. If during the summer, the cycloned sand cannot be placed on the
embankments, a cycloned sand stockpile should be used. When the cycloning season
is over, the stockpiled cycloned sands can then be used to mechanically place the
remaining material required in order to complete the construction staging for the year.
Future layouts for the embankments are discussed further in Section 9.5

59 SUMMARY

Cycloned tailings sand will be used to construct the downstream shell zones of the
Main and Perimeter embankments by hydraulic placement of the sand in cells to form
a 3H:1V downstream slope. The first cells will be delineated by rockfill confining
berms that will be constructed on the approved shell zone foundation. Cycloned sand
in subsequent cells will be confined by berms that will be constructed from drained
cycloned sand. This construction method allows for the placement of the required
volume of cycloned sand in the available 7-month cyclone operating period and
would result in the construction of embankments that meet all of the design criteria.
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SECTION 6.0 - TAILINGS DISTRIBUTION AND RECLAIM SYSTEM

6.1 = TAILINGS PIPELINE AND HEADER

The tailings pipeline extends approximately 7,000 metres from the Mill Site to the right
abutment of the Main Embankment. The system is designed for gravity flow for the
full mine life, to the final tailings embankment crest El. 962 metres. The pipeline has a
continuous downhill grade to ensure it is free draining and to prevent potential sanding
and freezing problems. The pipe diameter was selected for gravity flow over a range of
operating conditions. All pipework is butt fusion welded High Density Polyethylene
(HDPE) pipe of varying diameter. Pipe wall thickness (pressure rating) was selected to
accommodate the anticipated operating pressures and vacuum conditions and includes
an allowance for internal abrasive wear.

A dropbox (T2) is provided for surge protection and to allow the addition of waste
dump runoff from the Southeast Sediment Pond to the tailings stream. The dropbox
also functions as an overflow for the reclaim booster sump. Additional surge
protection might be required at this location in a future stage by the addition of a vent
pipe that would be located on high ground upstream from the emergency tailings dump
pond. This additional surge protection would enable sufficient head for the operation
of the cyclones during on-going embankment construction. The overflow into the T2
Drop Box could then be closed with a knife gate valve to allow additional head in the

tailings pipeline, but the additional vent pipe would limit the maximum head.

Spill containment is provided for the full length of all pipelines. The pipelines are
buried through the Mill Site area and are laid in a pipe containment channel cut into or
lined with glacial till from the Mill Site to the Tailings Storage Facility. The pipelines
are sleeved at the Bootjack Creek crossing for additional spill containment.

The tailings pipeline has two sections, with different pressure ratings and diameters.
The first section extends from the Mill Site to the T2 Dropbox and is comprised of 22
inch (556 mm) DR 17 HDPE pipe. The second section extends from the T2 Dropbox
to the Tailings Storage Facility and comprises 24 inch (610 mm) DR 15.5 HDPE pipe.
Two sections of 30 inch (762 mm) DR 15.5 HDPE pipe are also included at the start of
the two pipeline sections (at the Mill Site and at the T2 Dropbox) to ensure that flows

are not restricted at the inlets.
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6.2 CYCLONE OPERATION

The cyclone tailings discharge system was operated as follows during the 1999
cycloned tailings program:

o Four 20-inch diameter cyclones were operational and two standby cyclones

were used to facilitate moves.

o The pressure to each cyclone was controlled at about 40 psi using pinch
valves. Bulk tailings that were not discharged through a cyclone were
discharged from the end of the operational section of the tailings header

pipeline.

° The cyclone off-takes from the tailings header pipeline consisted of steel T-
sections with two cyclones connected to a single off-take.

o Tailings were periodically discharged from a single point outlet at the
location of the Upper Dump Valve in order to facilitate maintenance and

major pipeline and cyclone moves.

The open end of the operating section of the pipeline has controlled the pressure in
the header pipeline. This operating procedure ensures that the header pipeline is not
over pressurized, but results in a significant loss of bulk tailings to the cyclone
operation. The single point discharge resulted in a reduction in cyclone availability
of 30 to 40 percent based on the cyclone underflow discharge rate measurements.
Cyclone operation has to be optimized in order to ensure that a sufficient volume of
cycloned sand is produced for construction of the Stage 3 Main and Perimeter
Embankment downstream shell zones. In order to maximize the availability of the
cyclones, the following changes to the header pipeline and cyclone operating system

are suggested:

° The pressure in the header pipeline should be controlled by a pinch valve off-
take at the location of the Upper Dump Valve and a knife gate valve located
in the header pipeline, after the last cyclone, to ensure that the maximum
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number of cyclones are operated. It should be possible to operate six
cyclones with a mill production rate of 20,000 tonnes per day and an
operating pressure of 40 psi at the location of the furthest cyclone off-take
along the header pipeline. This could be accomplished by isolating the
operational section of the header pipeline with the knife gate valve and
pressurizing the header pipeline by controlling flow from the pinch valve at
the Upper Dump Valve location.

The header pipeline would be protected from over pressurization in two ways.
The first would be a vent pipe, consisting of a gooseneck standpipe located on
high ground within the Tailings Storage Facility catchment in the vicinity of
the Upper Dump Valve. This vent pipe would ensure that the pressure in the
header pipeline is maintained at sufficient levels for operation of the last
cyclone but would protect the pipeline from over pressurizing as a result of
sanding in the pipeline or surges in the mill feed. An 18 inch diameter
HDPE, DR 21 vent pipe would be sufficient to discharge the total bulk
tailings flow in the case of a blockage in the header pipeline. The vent pipe
outlet should be located at an elevation of approximately 975 m. The rupture
disk that is located at the Upper Dump Valve would provide the second level
of protection. The rupture disk should be rated at a pressure that is 10 to 15
percent less than the rated pressure of the pipeline (i.e. approximately 90 psi).

Additional cyclones should be added to the system as all six existing cyclones
are expected to be operational. The additional cyclones would facilitate the

movement of cyclones without losing production time.

Additional steel T-section off-takes should be provided at frequent intervals
along the header pipeline to minimise the length of the cyclone off-take
flexible pipeline and to provide maximum flexibility for cyclone placement.
Off-takes could be provided about every 100 m to 150 m with an isolating
knife gate valve in the header pipeline after every third off-take. The knife
gate valves will be required to prevent sanding in the header pipeline

downstream of the last cyclone.
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° The distance between the cyclone off-takes should be optimized during
operation to avoid sanding in the header pipeline due to low flow velocities.

The changes that are discussed above are illustrated schematically on Figure 6.1.

6.3 WINTER OPERATION

The cyclones will be operated during the summer only to construct the downstream
shell zones. During winter, all tailings will be spigotted along the upstream faces of the
embankments to maintain competent beach development for on-going embankment
raises. The tailings header pipeline will be located along the upstream edge of the
embankment crests. Tailings will be discharged from movable spigot sections with six
150 mm off-takes that will allow controlled deposition of tailings over the length of the
embankment. The pipeline has a number of flanged connections where the movable
discharge section will be installed. The tailings pipeline could be secured on the
embankment crest by concrete blocks or guide posts to restrict thermally induced

movements.

Tailings discharge will be rotated so that tailings beaches are established over the full
length of the Perimeter and Main Embankments. Following construction of the South
Embankment during Stage 3, a bifurcation will be added to the tailings pipeline and a
new pipeline section will be installed along the South Embankment. Tailings
deposition will be concentrated from the South Embankment at this time in order to
blanket the near surface bedrock with a layer of low permeability tailings.

64  RECLAIM PIPEWORKS AND OPERATION

The reclaim system was designed to provide adequate pipeline and pumping capacity to
recycle process water from the Tailings Storage Facility to the Mill Site in order to
meet process requirements. Reclaim pipework includes the reclaim pipeline, a reclaim
booster pump station and a pump barge in the Tailings Storage Facility. All pipework
is butt fusion welded High Density Polyethylene (HDPE) pipe of varying diameter.
Pipe wall thickness (pressure rating) was selected to accommodate the anticipated

operating pressures.
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The reclaim pipeline is HDPE pipe which decreases in thickness (pressure rating) as the
booster pump station is approached and the pressure head is decreased. Nominal 24
inch (610 mm) HDPE pipe with varying pressure ratings was selected to provide the
required water transfer capacity.

The reclaim booster pump station is at the midpoint of elevation to reduce pressure
rating requirements. An inter-linked control system co-ordinates pump operations with
process water demand at the Mill Site. The control system and pipework design
includes the necessary provisions for spill prevention.

The reclaim barge is a prefabricated floating pump station complete with perimeter
trash screens, internal wet wells, pumps, valving, piping, electrical power,
instrumentation and control circuitry. A hinged walkway/pipe bridge is provided for
access to the barge from the side of the reclaim barge channel. The reclaim barge was
designed by Chamco Industries Ltd. Identical pumps were used at the barge and
booster station to reduce spare part requirements and to simplify maintenance.
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SECTION 7.0 - WATER MANAGEMENT

7.1 WATER MANAGEMENT PLAN

The water management plan is essentially unchanged from that presented in the
Knight Piésold Updated Design Report (Ref. No. 1627/2). The only change is that
the placement of cycloned sand downstream of the Main and Perimeter Embankment
core zones results in an additional volume of water that has to be collected by the
Seepage Recycle Systems and pumped into the Tailings Storage Facility. The
additional flow rate that results from the drainage of the cycloned sand is about 16 I/s,
as discussed in Section 3.0.

The components of the water management plan include disturbed and undisturbed
areas at the Open Pits, Waste Dump, Mill Site, Tailings Storage Facility, the
undisturbed catchment area immediately upstream of the Tailings Storage Facility and
the diverted areas downstream of the tailings embankments. A water management plan

schematic is shown on Figure 7.1.

The objective of the water management plan is to monitor and release selected
surface water inflows in order to manage the final volume of ponded water in the
tailings impoundment at closure. These objectives will be met by:

6y Maximize the capture of surface and groundwater flows from within the project
area.

(i) Maximize the use of the poorest quality water recovered from within the
project area in the milling process and in associated activities (such as dust
suppression).

(iii)  Minimize the deliberate introduction of excess clean fresh water from Polley
Lake and Hazeltine Creek.

(iv)  Monitor the quality of surface runoff from disturbed areas and groundwater
flows within the project site.
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) Release only the best quality water from within the project boundaries and in
accordance with permitted requirements, as is necessary to maintain an overall

project water balance under prevailing hydrometeorological conditions.

(vi)  Manage the operation of the tailings supernatant pond to optimize the volume
of water stored on the tailings surface during operations and at closure.

(vii)  Develop and maintain a detailed data base to allow water balances for the site
to be as accurate as possible and thereby become useful tools for predicting
annual make-up water requirements and for scheduling releases of clean

surface runoff water as appropriate.

The key to the water management plan implementation is the development and
maintenance of a detailed data base so that water balances are as accurate as possible.
This enables the water balance to be a useful tool for predicting annual make-up
water requirements and for scheduling releases of clean surface runoff water.

72  WATER BALANCE

The overall project water balance was originally presented in the Knight Piésold
Report on Project Water Management (Ref. No. 1624/1). The current water balance
is maintained by MPMC and has been modified slightly from the original version to
account for operating conditions. The supernatant pond is surveyed twice a year to
ensure that the water balance reflects operating conditions accurately. The water
balance closely tracks the actual pond volumes and continues to be a useful predictive

and management tool.
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SECTION 8.0 — RISK ASSESSMENT

8.1 GENERAL

A shift of embankment construction methodology from conventional earthfill to
cycloned sand will require adjustment to the operation of the Tailings Storage
Facility and ancillary components. Affected components will include the tailings
pipeline, the performance of the Main, Perimeter and South embankments, the
reclaim water system, and the water management features and procedures. Any such
shift in operations and construction methods requires an appropriate commitment to
training and careful observation to optimize the operation and to minimize the
potential for problems to the greatest extent possible.

In general the adoption of a cycloned sand construction method imposes an
incremental and inherent risk to the environment, operations (costs) and safety over
the risks associated with conventional earthfill. Some risks, including large scale
embankment failure for example, are reduced in comparison with the risks of the
conventional earthfill embankment. The inherent and incremental risks to the

environment, operations (costs) and safety are related to:

° Placement of a portion of the tailings outside of the confines of the
embankment core zone,

° Construction of a large portion of the downstream embankment shell zone
with a consistently graded material but in a less controlled manner,

4
-

° Greater reliance upon adequate storm water management and sediment

control structures, and

° Greater requirement for careful construction scheduling, and tailings
(underflow and overflow) discharge locations, timing and pressures.

These risks must be understood and mitigated where possible, with appropriate
contingency plans in place for the continued protection of the potentially impacted

values and resources (environment, operations, and safety).
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The risk associated with a potential failure mode, such as rupture of a tailings
pipeline due to overpressurization for example, is assessed in accordance with two

factors:
1 the likelihood, or probability, of occurrence of the failure mode, and
2) the consequences of the failure mode.

In a qualitative risk assessment the likelihood and consequences of each failure mode
are combined to produce a descriptive code for the relative risks associated with each
component of the operation. Although apparently simplistic, a qualitative risk
assessment may provide valuable insight to the vulnerability of various project [
components where insufficient or potentially misleading quantitative data is \
available. At very least, a qualitative assessment is a structured method of accounting

for and communicating the potential problems associated with an operation.

8.2  QUALITATIVE RISK ASSESSMENT METHOD

As discussed, risk is comprised of likelihoods and consequences of various failure
modes. Table 8.1 provides a framework for the ranking of these two risk factors. In
this case, the likelihood of occurrence (probability) of a failure mode is described
using one of four ordinal codes from Very Low (VL) likelihood to High (H)
likelihood of occurrence. Similarly, the consequences of such an occurrence are
described using one of three ordinal codes from Low (L) consequences to High (H)

consequences.

The occurrence of a failure mode may result in potential consequences (losses) for
the environment, to operations (costs), and/or safety. As such, a consequence code is
separately assigned to each of these values and resources for each failure mode.
Once assigned, the likelihood (Very Low to High) and consequence (Low to High)
ratings may be combined as shown in Table 8.1. The table has been colour coded to
visually demonstrate the resulting risk of each combination, with the highest risk
(high likelihood combined with high consequences) being signified by solid red
shading, and the lowest risk (very low likelihood combined with low consequences)

being left unshaded.
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8.3 COMPONENTS AND FAILURE MODES

The potential problems (sources of risk) associated with each of the mine components
that are considered to be affected by a shift to a cycloned sand operation are
categorized and listed in the left-most columns of Table 8.2 (Column A). The
potentially affected mine éomponents include: the tailings pipeline, the Main,
Perimeter and South Embankments, the reclaim water system, water management,

and the cycloning operation itself.

The potential problems associated with each of these components include such failure
modes as pipe wear and rupture, malfunctioning of safety equipment, excessive
seepage, embankment instability, dusting, erosion, water quality and quantity
problems, and construction schedule and materials balance problems, amongst others.

8.4  LIKELIHOODS AND CONSEQUENCE CATEGORIES

As described, the risk associated with each potential problem (failure mode) is the
combination of likelihood and consequence. The likelihood of occurrence of each
potential problem has been estimated using a qualitative scale from ‘Very Low’ to
‘High’ according to the ‘Likelihood Rating’ scale of Table 8.1, and as listed in
Column F of Table 8.2.

The consequences of occurrence of each potential problem are scaled from ‘Low’ to
‘High’ for each of the three consequence categories: Environmental, Operational, and
Safety. The qualitative consequence ratings are listed in Columns C, D and E of
Table 8.2 using the scale provided in Table 8.1.

8.5 RISKS AND MITIGATION

The interpreted risk of each potential problem is determined through the combination
of likelihood and consequence ratings of Table 8.2 using the matrix provided in Table
8.1. The resulting risks are provided in Columns G, H and I of Table 8.2, and are
shaded from light red to solid red for the ‘Moderate’, ‘Moderate to High’ and ‘High’
risk categories respectively, and unshaded for the “Very Low”, “Low” and “Low to

Moderate” risk categories.
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From the last three columns of Table 8.2 it is observed that the greatest risks
associated with the adoption of the cycloned sand embankment construction method
are related to the operations and potential for increased costs. In particular, the
following potential problems represent the greatest operational risks:

e Excessive wear and rupture of the tailings pipeline.
e Sanding of the low-gradient, low-velocity portions of the tailings pipeline.
° Costs and operational issues associated with the correction of dusting or

surface erosion at the Main and Perimeter Embankments.

o Excessive turbidity in the reclaim water.
° Water management.
° Costs and operational issues associated with the correction of erosion of the

Main or Perimeter Embankment due to excessive bulk tailings or cycloned
flows resulting from pipeline rupture or operational error.

° Material balance and construction schedule.

Not all of these operational risks are incremental in comparison with the current

operation.

The most significant environmental risks are associated with the likelihood and
consequences of tailings pipeline ruptures due to excessive wear, dust generation
from the Main and Perimeter Embankments, and the potential for erosion of the Main
or Perimeter Embankment due to excessive tailings flows resulting from pipeline
rupture or operational error (pipeline draining, valves left open, etc.). The
environmental risks of the cycloned sand operation are not necessarily incremental to
those associated with the current construction method and are discussed here for
completeness and to allow a discussion of potential mitigative measures.
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The environmental risks associated with a rupture of the tailings pipeline can be
mitigated through the continued frequent monitoring and inspection of the tailings
pipeline and verification of the culvert annulus capacities. Specifically, the routing of
tailings flow within ditches and through culverts in the event of a rupture must be
verified over the length of the tailings pipeline. For example, a rupture of the tailings
pipeline upstream of the Mla offtake (Upper Dump Valve) could cause tailings to
flow through the culvert underneath the Polley Lake access road and to the
containment ditches on the downstream side of the Perimeter Embankment. This
tailings flow, if large enough, could overwhelm the single culvert at the Polley Lake
access road, diverting some flow over the road or northeast towards Polley Lake. The
capacity of this culvert should therefore be checked to ensure flow of the tailings to
the Perimeter Embankment ditches and eventually the Seepage Collection Pond in the
unlikely event of a major and unnoticed tailings pipeline failure at this location.

Similarly, near the intersection of the Haul Road and the Reclaim Pipeline Road, the
tailings pipeline passes through the road prism in a single 900-millimetre diameter
culvert. The capacity of the annulus between the tailings pipeline and the culvert
must be verified in order to ensure the safe passage of the full tailings flow towards
the Tailings Storage Facility in the event of a major and unnoticed pipeline failure.

As an added feature to mitigate the effects of a tailings pipeline rupture or
overtopping of the proposed T2 drop box gooseneck, the small, flooded pond
between the T2 drop box and the Bootjack crossing (immediately southeast of the
access road to the explosives facility) should be excavated and adopted as an
emergency dump pond to contain released tailings.

The tabulated risks of Table 8.2 are, to a great extent, manageable and simply
mitigated. However, the greatest incremental risks associated with the proposed shift
in embankment construction methodology are to the operation of the Tailings Storage
Facility, and specifically the resulting costs of insufficient cycloned sands for
construction and construction scheduling problems. Risk management and mitigation
with careful planning, progress reporting and the development of contingency plans
will, however, significantly minimize these inherent risks.
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SECTION 9.0 - ON-GOING REQUIREMENTS

9.1 GENERAL

The cycloned sand tailings embankments will continue to be raised incrementally, with
the design and construction procedures adjusted as appropriate based on operating
experience and updated operating projections. Therefore, although the construction
materials and embankment geometry have been revised slightly in the current
embankment design, the design philosophy still incorporates the observational
approach wherein the specific design details and construction sequences are adjusted
based on operational performance and projected on-going storage requirements. In the
observational approach, additional data from geotechnical and environmental
monitoring is incorporated into the on-going design concept, along with additional
information on the actual filling schedule, construction materials and construction
methods. The estimated quantities for on-going staged expansion of the tailings
embankments are summarized in Table 9.1.

An overview of the geotechnical and environmental monitoring results are provided in
this section, along with preliminary design concepts for on-going expansion of these
data collection programs. Revised procedures for on-going construction monitoring are
also presented, along with contingency plans to provide additional flexibility for the use
of alternative construction materials in the event that cycloned sand production rates are
lower than anticipated. The post-closure implications for reclamation of the tailings
impoundment are also discussed.

9.2 GEOTECHNICAL INSTRUMENTATION AND MONITORING

9.2.1 General

The current tailings impoundment incorporates numerous monitoring

features, including:

e Numerous vibrating wire piezometers for monitoring pore pressure
fluctuations in tailings beaches, foundations, embankment fill zones,

and drainage zones.
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e Flow monitoring provisions for evaluation of variations in flow rates

in foundation and embankment drainage systems.

° Settlement monuments for evaluation of embankment settlements

during construction and on-going operations.

These monitoring systems will be expanded as appropriate during the on-
going staged development of the tailings impoundment. Details of the
existing Instrumentation and Monitoring systems are included on Drawings
11162-12-150 through 159. A brief description and summary of results for
the instrumentation systems is presented below:

Piezometers

To date a total of 45 vibrating wire piezometers have been installed to assist
in assessing the performance of the Tailings Storage Facility. An additional
10 piezometers will be installed within the tailings facility during the current
Stage 2C construction. The piezometers are grouped into tailings
piezometers, embankment foundation piezometers, embankment fill
piezometers and drain piezometers for monitoring the embankment

performance. Results are discussed below.

Tailings Piezometers:

A total of 6 piezometers have been installed in the tailings to date. The pore
pressures in the tailings beaches typically track the tailings pond elevation,
which is consistent with expectations for a water retaining impoundment. It
is anticipated that the tailings pore pressures will tend to stabilize once the
upstream toe drains in the Main and Perimeter embankments become

operational.

Embankment Foundation Piezometers:

A total of 16 piezometers have been installed in the embankment foundations
to date. No unexpected pore pressure increases have been observed. The
highest water level indicated by the foundation piezometers to date was

-58 - 11162/12-2
Revision 0
December 13, 1999



Knight I

iésold

CONSULTING

9.2.3

recorded in C2-PE2-01 at the Main Embankment, with an artesian level of
4.6m being recorded. Other pore pressure levels of note at the Main
Embankment include 3.6m in A2-PE2-01, 2.7m in B2-PE2-02 and 1.2m in
C2-PE2-02. None of these piezometric levels have reached the ‘trigger
levels’ of 6.0m artesian pressure (relative to original ground) which were
delineated in previous studies. The trigger levels were based on embankment
stability analyses conducted for the previous embankment design concept
which incorporated a 2H:1V slope The updated design concept includes a
flatter downstream slope of 3H:1V which provides additional buttressing and
improved foundation stability.

Embankment Fill Piezometers:

A total of 13 piezometers have been installed in the embankment fill
materials to date. This includes 9 in low permeability Zone S or B glacial till
and 4 in the high permeability Zone T. No unexpected pore pressure
increases have been observed to date. No pore pressure increases have been
observed in fill piezometers located downstream of the chimney drain. The
Zone T embankment fill piezometers that are functioning are showing slightly
negative pore pressures, indicating that the zone is not saturated.

Drain Piezometers:

A total of 10 piezometers have been installed in components of the
embankment drains to date including foundation drains, chimney drain and
outlet drains. All functioning drain piezometers are showing slightly negative
pore pressures, indicating that the zones in which they are installed are not
saturated, and that the drainage zones are performing as intended.

Drain Flow Data

Flows from the Foundation Drains at the Main Embankment are monitored on
a weekly basis (as long as the Seepage Collection Pond is maintained at a
level that is lower than the Foundation Drain outlet pipes in the Drain
Monitoring Sump). The results indicate that the flows have remained

relatively low as compared to baseline conditions. The only exception is
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flows in FD-5, which have fluctuated since it was installed. However, this
can be attributed to the fact that FD-5 is covered by rockfill and is therefore
affected by rainfall. Even with the rainfall that enters FD-5, the plot shows
that the Foundation Drain flows have remained relatively low. The maximum
total flow is less than 0.7 litres/second (42 litres/minute) even though the
tailings pond level has risen to about El. 936 m. It is anticipated that the flow
rates in FD-5 will increase during cycloned sand deposition, as drainage
water from the downstream cells will report to these foundation drains.

The flow monitoring data indicates that the impounded water has not greatly
influenced the underlying soils and that the glacial till liner (natural and
constructed basin liner) is performing as intended. The Seepage Collection
Pond must be operated at a low water level so that flow monitoring can be

conducted.

Seepage flows from the three Outlet Drains for the Main Embankment
Chimney Drain were found to be flowing at a very low rate of about 1 litre/
min in OD-1 and about 0.5 litre/min in OD-2 and OD-3 during the 1999 dam
inspection. The flows in OD-1 are higher than in the other two locations
since this drain extends into the foundation materials along the right
abutment. A high groundwater table and more permeable foundation soils
were encountered in this area. The very low flow rates measured in OD-2
and OD-3 illustrate the extremely low permeability nature of the embankment
core zone materials and demonstrate the effectiveness of the chimney drain in
depressurizing the downstream shell zone of the Main Embankment.

The Perimeter Embankment Outlet Drains have been constructed, but the
Chimney Drain has not been installed, and will no longer be required once
cycloned sand is utilized for construction of the downstream shell zone of the
embankment. Two of these outlet drains have since been covered by the

Downstream Cycloned Sand Trial Berm.

Survey Monument Data

Eight (8) survey monuments were installed on the Main Embankment crest
during 1998. Total movements ranged from 5 to 25 mm. Settlements
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typically ranged from O to 5 mm. These settlement values are significantly
lower than the predicted maximum settlements of 200 to 400 mm, and are

well within design tolerances.

These monitoring programs will be maintained and/or expanded for the
updated embankment development plan. In particular, the piezometers and
flow monitoring systems will be adjusted to provide additional information
on pore pressures and drainage flow rates from the downstream cycloned
sand shell zones. The settlement monitoring data will be less significant for
the updated design concept, as ongoing construction of the core zone will
incorporate vertical extensions rather than the upstream sloping core zone
included in the previous design concept. Therefore, differential settlements in
the upstream tailings beaches will not cause vertical deformation of the core

zone.

9.3 WATER QUALITY MONITORING

MPMC staff regularly conduct water quality monitoring. Monitoring includes
surface water quality from ditches, streams, creeks and lakes, as well as groundwater
quality from monitoring wells. In addition, the water quality of the supernatant water
in the Tailings Storage Facility is regularly checked. The results of the monitoring
have been reported by Mount Polley in the report “1998 Annual Environmental
Report, Effluent Permit 11678”. This report has been submitted to the appropriate
agencies (Ministry of Environment, Lands and Parks and Ministry of Energy and
Mines). Conclusions from this report are summarized below.

Surface Water Quality (including tailings water)

Water quality monitoring has indicated that most surface water samples have levels
of Total Aluminum, Total Copper and Total Iron that exceed the criteria set out by
the B.C. 1995 Approval and Working Criteria for Water Quality (AWCWQ) and the
1995 Canadian Council of Ministers of the Environment (CCME).

Testing of the tailings water from the supernatant pond indicated that this water has
Total Aluminium and Total Iron values, which exceed the Provincial Discharge
Objectives (PDO) criteria. These results do not affect current or ongoing operations
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because there is no requirement for discharge of excess water from the Tailings
Storage Facility.

Groundwater Quality

Water quality monitoring has indicated that most groundwater samples from the
Tailings Storage Facility area have relatively high alkalinity. However, the alkalinity
has not changed significantly from the levels recorded in the December, 1996
baseline samples and no adverse water quality impacts are anticipated.

For the new South Embankment three monitoring wells will be installed. One well

will be installed adjacent to the future (Stage 4) seepage collection pond. The other

two will be located downstream of the final South Embankment toe at a spacing to be

determined in the field. A new installation in the sandy unit of the Main
' Embankment foundation rriay also be required during a later stage.

9.4 CONSTRUCTION MONITORING

Knight Piésold personnel assist with the supervision, inspection and testing duties
during earthworks construction. Key items addressed by Knight Piésold include
foundation inspection and approval prior to fill placement, assessment of borrow
material suitability, inspection of fill placement procedures, in-situ testing of the
placed fill for moisture content and density, record and control testing at the required
frequencies, and monitoring of all construction instrumentation. Results of the
Quality Assurance and Quality Control (QA/QC) program are typically presented in
detail in a Construction Report after each construction program. The QA/QC results
have typically shown that the design objectives are consistently achieved.

The QA/QC testing programs were expanded during 1999 to enable additional
records to be routinely collected during placement of the cycloned tailings sand in the
Upstream Trial Berm. Both the bulk and cycloned tailings were sampled frequently
during 1999 to provide a database of information regarding the nature and variability
of cycloned sand characteristics.

The usual QA/QC activities carried out by KP as part of the routine construction
supervision procedures used during construction of the various staged expansions of
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the impoundment are outlined in the Knight Piésold Ltd. Report “Site Inspection
Manual”, (Ref. No. 1625/2). These procedures will be updated to include for specific
QA/QC testing required during placement of cycloned sand fill materials.

9.5 ON-GOING CONSTRUCTION

The on-going staging of the Main and Perimeter Embankments is shown on Figures
5.5 and 5.8. It is envisaged that each stage will consist of a lower hydraulically
placed cycloned sand zone and a upper mechanically placed cycloned sand zone.
Every effort will be made to place cycloned sand in a hydraulic fashion for as long as
possible since this is the most cost effective construction method. When this can no
longer be achieved, however, due to the geometry configuration or high cyclone
advancement rates, mechanically placed cycloned sand from stockpiles will be used
to complete the remaining staged construction. As can be seen on the Figures 5.5 and
5.8 the top of the hydraulically place zones has a 1V:5.5H slope. This reflects the
angle of repose of the cycloned sand, which was measured during the 1999 cyclone
sand trial program. The actual elevation for the boundary between the mechanically
and hydraulically place cycloned sand zones has been estimated using the assumed
parameters listed in Table 2.2 but the actual elevations will be determined in large
part by the actual cycloning performance in the field and the actual material

availability from the mill site.
9.6 CONSTRUCTION MATERIJALS CONTINGENCY PLAN

The current embankment design concept is based on a certain availability of cycloned
sand for use in the downstream shell zones of the Main and Perimeter Embankments.
The construction materials balance projections presented in Section 5 assume that at
least 100,000 m* of cycloned sand will be produced each month and that a total
volume of 700,000 m> can be produced during each 7 month operating season. A
shortfall in this sand production rate will result in additional requirements for other
embankment construction materials. The material balance will be evaluated on a
monthly basis in order to determine whether construction material shortfalls will
occur, and whether it will be necessary to supplement cycloned sand fill quantities
with glacial till materials from the local borrow areas. Depending on the material
gradings, there may also be the need for a transitional material in order to establish a

proper filter relationship.

-63- 11162/12-2
Revision 0
December 13, 1999



Knight |

iésold

ONSULTING

The cell construction sequence described in Section 5, has been designed to facilitate
development of a relatively horizontal fill zone along the Main and Perimeter
embankments. In the event that insufficient cycloned sand is available to construct
the embankment, then it will be relatively straight forward to replace the upper
section of the cycloned sand shell zone with well graded glacial till. Placement of
glacial till materials in the upper cells will ensure that the embankment crest raise can
be constructed to provide the necessary freeboard for the subsequent years of
operation. Also, it may be necessary to concentrate cycloned sand placement along
the Main Embankment and to construct the perimeter embankment entirely with
imported fill materials, particularly during Stages 3 and 4 when it may prove to be
difficult to place the required volumes of cycloned sand. The material balances for
subsequent impoundment expansions after Stages 3 and 4 are less critical, in that it
will be possible to produce more than the required volume of cycloned sand required

for construction of the downstream shell zones.

9.7 RECLAMATION AND CLOSURE

The existing reclamation plan for the tailings impoundment will remain essentially
unchanged, except that the reclamation plan will also include for revegetation of the
flatter cycloned sand embankment slopes. MPMC have initiated a variety of
reclamation study programs to address various aspects of closure and reclamation.
These programs will be adjusted after appropriate consultation with the regulatory
authorities.

In accordance with requirements under the B.C. Mines Act and Health, Safety and
Reclamation Code for British Columbia, the primary objective of the proposed
Reclamation Plan will be to return the tailings impoundment to an equivalent pre-
mining use and capability. This comprises forested wildlife habitat that supports
grazing, hunting, guiding, trapping and recreational uses. The following goals are
implicit in achieving this primary objective:

e Long-term preservation of water quality within and downstream of

decommissioned operations.

° Long-term stability of the tailings impoundment.
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Re-grading of all access roads, ponds, ditches and borrow areas not required

beyond mine closure.

Removal and proper disposal of all pipelines, structures and equipment not
required beyond mine closure.

Long-term stabilization of all exposed materials susceptible to erosion.
Reclamation of the cycloned sand embankment slopes will include for
establishing a suitable erosion resistant cover during final reclamation.

Natural integration of disturbed lands into the surrounding landscape, and
restoration of the natural appearance of the area after mining ceases, to the

greatest possible extent.

Establishment of a self-sustaining vegetative cover consistent with existing
forestry, grazing and wildlife 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.
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SECTION 10.0 - CONCLUSIONS AND RECOMMENDATIONS

MPMC utilized six 20-inch diameter cyclones to conduct extensive cycloning trial
programs during 1999. These programs included construction of an Upstream Trial
Berm along the entire length of the Main Embankment and partially along the
Perimeter Embankment during May through September, and construction of a small
Downstream Trial Berm along the Perimeter Embankment in September and October.
These trial programs provided an ideal opportunity to refine operating procedures and
to obtain geotechnical data to support the development of a revised design concept
for the on-going staged expansion of the Tailings Storage Facility.

The geotechnical evaluation of the cycloned sand products developed during the trial
programs indicates that the fine silty sand underflow, once it has drained, represents a
suitable construction material for incorporation in the embankment shell zones.
However, this underflow material was typically deposited at a relatively flat angle of
repose of about 5.5H:1V and contains about 25 to 30% silt sized particles, which
restrict the rate of drainage. The cycloned sand material was also found to have
reasonably good shear strength characteristics, and acceptable densities of about 95%
of the Standard Proctor Maximum Dry Density were achieved during hydraulic
placement.

Although the geotechnical characteristics of the cycloned sand product were found to
be acceptable for embankment construction, it was also recognized that there are
significant operational challenges associated with using these materials to construct
the embankment shell zones. In particular, the following items represent key

operational considerations:

° It is important to maximize the operational efficiency of the cyclone
operations in order to maximize the volume of cycloned sand produced
during the next 2 to 3 years of operations. The transition from the existing
2H:1V earthfill embankment slope to the flatter 3H:1V cycloned sand slope
requires a substantial volume of product, and will require improved operating
procedures in order to produce the volumes of material required.

° The flat angle of repose of the cycloned sand slopes of 5.5H:1V results in a
requirement for the use of confining berms in order to limit the downstream
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slope of the embankment to about 3H:1V. This cell construction technique is
required in order to confine the area of disturbance and to reduce the volume

of cycloned sand needed to establish the downstream shell zone.

° The cycloned sand deposited in the deposition cells typically has a high
moisture content and is not trafficable to construction equipment until the pile
has drained. It is also necessary to provide a waiting period of approximately
2 to 3 weeks to allow the sands to drain adequately so that they can be used

for construction of the confining berms.

o Once the initial 5.5H:1V slopes have been established on the deposited

tailings, the thickness of subsequent layers will be controlled by the height of

the confining berms. It has been estimated that a reasonable practical height

for these confining berms is 2 meters. Subsequent deposition of cycloned

sand into these ongoing cells occurs relatively rapidly and thus necessitates
frequent moving of the cyclones and/or distribution pipework. /5/(;@% /e
!i'gk,é:,/

J The construction schedule must be carefully controlled in order to sequence
""" the cycloned sand deposition into areas where the previously deposited sand
has been allowed to drain and cell construction has been completed. The
width of these operating cells decreases near the crest of the embankment
stage, and results in a requirement for frequent advancement of about 100

metres per day.

° Ultimately, the fundamental objective of the construction schedule is to
increase the height of the embankment within a designated time period, in
order to provide additional incremental storage capacity for on-going disposal
of tailings. Therefore, the filling schedule for the impoundment, along with
the freeboard requirements, will dictate when the height of the embankment
must be raised. Examinations of the Stage 3 and 4 construction schedules
suggest that it may be necessary to interrupt the cycloning operations to allow

construction of the core zone and completion of the crest raise.

o

It is recognized that there will be additional operational challenges associated with [ }
the proposed cycloned sand embankment construction method. Careful planning and
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efficient operating practices will mitigate these to a great extent. Modifications to the
pipeworks systems and the 1999 operating procedures will be required to improve the
operational efficiency and to minimize operating risks.

It is recommended that MPMC review the intended operating procedures for on-
going embankment construction using cycloned sand. It may be more appropriate to
incorporate a hybrid approach wherein cycloned sand deposition is limited to the
downstream shell zone of the Main Embankment in 1999, and that the entire
Perimeter Embankment be constructed from glacial till and/or rockfill. Also, it may
be simpler and easier to modify the cycloned sand placement strategy to allow
placement of cycloned sand to the ultimate toe of the final embankment. The Stage 3
construction material shortfall could be made up by placing compacted glacial till
and/or rockfill directly on top of the deposited drained cycloned sand into the upper
sections of the shell zone. Finally, if rockfill materials are used, appropriate
transition materials will be required in order to ensure proper filter relationships

between adjacent materials.
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SECTION 12.0 - CERTIFICATION

This report was prepared and approved by the undersigned.
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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, are the responsibility of such third
parties. Knight Piésold Ltd. 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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MOUNT POLLEY MINING CORPORATION

TABLE 2.1

MT. POLLEY MINE

TAILINGS STORAGE FACILITY

EMBANKMENT FILL QUANTITIES - STAGE 3

M L6\ \datiquantities xs]Stage 4-7 10-Dec-99
- i ) 5
| ITEM UNITS’ lg’;:;n Enlbapkg:)r:)to P;;x;;efer Emban;{g:)e(;‘nt li;‘;th Embankn;;r:):) 1999 TOTAL 2000 TOTAL
Cyclone Sand '
la Hydraulically Placed m’ 355,100 105,500 460,600
1b Mechanically Placed m’ 183,300 140,200 323,500
2 |Foundation Preparation m’ 20,000 24,000 41,000 9,200 20,000 74,200
Rockfill
3a Longitudinal Confining Berms m’ 8,580 11,000 27,500 8,580 38,500
3b Cross Drain m’ 1,000 1,000 900 1,000 1,900
3c Additional Drainage Berm Works m 24,640 7,590 32,230
4 _|p/S zene C m’ 1,210 1,210
5 _|Core Zone m’ 32,120 44,330 3,520 79,970
6 {U/S Fill m® 34,760 48,070 1,210 84,040
7 |Geotextile m’ 7,200 13,100 24,570 7,200 37,670
8 |Ditch Excavation m’ 300 200 1,600 300 1,800
Pond Excavation
9a East w’ 5,300 ¢ 5,300
9b West m 5,300 5,300
b
Notes: !

1) Zone C (Item 4) volume added for chainage between 26+00 and 28+00, 15+00 to 16+00; cyclones will not be placed in these areas.

2) 30% wasteage and overlap contingency included in geotextile quantities (Item 7). 10% contingency added to fill materials.
3) Contingency for additional drainage berm works included in Rockfill quantities (Item 3¢).
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MOUNT POLLEY PROJECT

UPDATED DESIGN BASIS AND OPERATING CRITERIA

M:L1162\2\REPORT\22-TBL2-2.D0C 11/16/99
ITEM | DESIGN CRITERIA
1.0 GENERAL DESIGN CRITERIA
Scope Generally applicable to all components and structures.
Regulations MEI
MELP (Water Management Branch)
Codes and Standards NBC and related codes
CAN/CSA

HSRC (Health, Safety and Reclamation Code for Mines in B.C.)
ASTM

ACI
ANSI
Design Life 14 Years
Operational Criteria:
General NBC where relevant
Rainfall/Precipitation: (Section 2.1 Ref. No. 1625/1) and (Ref. No. 1624/1)
Seismic:
OBE (operations) M = 6.5, A max. = 0.037 g, (Section 2.3 Ref. No. 1627/2)
MDE (closure) M = 6.5, A max. = 0.065 g, (Section 2.3 Ref. No. 1627/2)

2.0 TAILINGS BASIN

Site Selection

(Section 4.0 Ref. No. 1627/2), (Ref. No. 1625/1) and (Ref. No. 1621/1)
Capacity and filling characteristics.

Hydrology and downstream water usage.

Hydrogeology and groundwater regime.

Aesthetics and visual impact.

Foundation conditions.

Construction requirement.

e  Closure and reclamation requirements.

e  Capital and operating costs.

Geological and Geotechnical Conditions

(Section 5.0 Ref. No. 1627/2), (Ref. No. 1625/1) and (Ref. No. 1623/1).

Basin Liner

e Compacted glacial till with frost protection layer required in areas with
<2 m in-situ glacial till.

e  Liner placed in 3 - 150 mm lifts.

o  Liner compacted to 95% Std. Proctor max. dry density (ASTM D698)
at optimum moisture content minus 2% to plus 2%.

Embankment Foundation Drains

e Installed in Main Embankment Foundation.

e  Geotextile wrapped 1000 mm x 800 mm gravel/drain with 100 mm
perforated CPT drain pipe.

e  Drain conveyance pipes are solid HDPE.

o Discharge to Main Embankment Seepage Collection Pond via Drain
Monitoring Sump.

Stripping

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

o Remove organic soil to topsoil stockpiles.

3.0 TAILINGS EMBANKMENT
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TABLE 2.2

MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

UPDATED DESIGN BASIS AND OPERATING CRITERIA

Function e  Storage of tailings and process water for design life.
e  Provide storage for 24 hour PMP storm.
e  Provision for routing PMF at closure.
Embankment Crest Width 8 m starter dam and 6 m final dam.
Embankment Height (Max): Starter 15 m (Crest El. 927 m), Figure 2.2
Final 50 m (Crest EL. 962 m), Figure 2.2
Embankment Crest Length:  Starter 1000 m
Final 4500 m

Main Embankment

e Use cycloned sand for downstream shell
e Final downstream slope at 3H:1V
Drg. 11162-12-111

Perimeter Embankment

e Use cycloned sand for downstream shell
o Final downstream slope at 3H:1V
Drg. 11162-12-121

South Embankment

e Use Zone S fill for initial Stage 3 construction
e Stage 3 downstream slope at 2H:1V
Drg. 11162-12-123

Cycloned Sand Angle of Repose

5.5H:1V

Design Tonnage

7,300,000 tpy (20,000) tpd , Figure 2.2

Solids Content of Tailings Stream

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

Pulp Density of Cycloned Sand Underflow

75%, (Ref. No. 11162-11-1)

Average Cyclone Availability

75%

Cyclone Underflow/Overflow Split

35% / 65%, (Ref. No. 11162-11-1)

In-Situ Dry Density of Cycloned Sand
Underflow

1.6 t/m’, (Ref. No. 11162-11-1)

Cycloned Sand Permeability

7 x 10 c/s, Appendix C, (Ref. No. 11162-11-1)

Freeboard: Operations 24 hour PMP event (679,000 m) plus 1.0m wave runup on 2.5 million m’
operational storage pond.
Closure Sufficient to provide routing of PMF plus wave run-up.
Storage Capacity 84.5 million tonnes.
Tailings Density: Year 1 1.1 t/m’
Year 2 1.2 Ym’
Year 3-13 1.3 m’
Tailings Specific Gravity 2.78
Borrow Material Properties (Section 6.3.3 Ref. No. 1627/2), 1995 Site Investigation Report (Ref No
1623/1), and (Ref No 1625/1).
Construction Diversion Not required.
Emergency Spillway Flows:  Operations Not required.
Closure Design flow for routing PMF event.

Filling Rate

Figure 2.2 and 2.3, (Figure 6.1 and 6.2 Ref. No. 1627/2), Figure 6.3 (Ref.
No. 1625/1).

Fill Material Properties

Drg. No. 11162-12-104, (Drg. No. 1625.212 Ref. No. 1627/2)

Compaction Requirements

Drg. No. 11162-12-104, (Drg. No. 1625.211 Ref. No. 1627/2)

Geotechnical Data

Appendix A, B, C & D, (Ref. No. 11162-11-1), (Sections 6.3, 6.4 and 6.5
Ref. No. 1627/2) , 1995 Site Investigation Report (Ref. No. 1623/1), and
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TABLE 2.2

MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

UPDATED DESIGN BASIS AND OPERATING CRITERIA

Section 5.1 (Ref. No. 1625/1).

Stability Analysis Section 4.3, (Section 6.8 Ref. No. 1627/2) and (Ref. No. 1625/1).
Seepage Analysis Section 4.4, (Section 6.9 Ref. No. 1627/2) and (Ref. No. 1625/1).
Sediment Control Primary control from Main Embankment. Main Embankment Seepage

Collection Ponds provides secondary sediment control.

Seepage Control

Seepage collection ponds and pumpback well systems.

Seismic Parameters

(Section 2.3 Ref. No. 1627/2), and (Ref. No. 1625/1).

Spillway Discharge Capacity

Not required during operations.

Settlement

(Section 6.6 Ref. No. 1627/2) and (Ref. No. 1625/1).

Surface Erosion Protection

Revegetation with grasses on final embankment slope.

4.0 PIPEWORKS

4.1 Tailings Delivery and Discharge
Pipework

(Section 8.0 Ref. No. 1627/2) and (Ref. No. 1625/1).

Function

Transport tailings slurry and mill site and waste dump runoff to Tailings
Storage Facility (TSF).

Tailings Pipeline

e Free draining, gravity flow pipeline.
e Butt fusion welded HDPE with 30” DR15.5, 22” DR17 and 24”
DR15.5.

Spigots e Movable discharge section placed on tailings embankment crest.
Cyclones o 06— 20 inch cyclones in operation
Flow Rate e  Design throughput 900 tonnes/hr dry solids.

e  Slurry solids content 35%.

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

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

Spill Containment:
- Mill site to Bootjack Creek

- Bootjack Creek Crossing

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

- Bootjack Creek to TSF o Pipeline laid in pipe containment channel.
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" HDPE pipeline with varying pressure ratings along length.

Reclaim Booster Pump Station

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

Spill Containment

o See Item 4.1 above, all same for pipelines.
e Booster pump station has closed sump.

4.3 Seepage Recycle System

Function

Return seepage and foundation drain flows and cycloned sand drainage
water to TSF.

Revised 12/10/1999
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MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

UPDATED DESIGN BASIS AND OPERATING CRITERIA

Drain Monitoring Sumps

Flow quantity and water quality measurements on individual drains.

Seepage Collection Ponds

Sized to hold 10 times max. weekly seepage flow quantity.

Excavated in low permeability natural soil liner, operated as
groundwater sink.

Storm volumes are as reported in (Ref No. 1627/2)

Additional storage Volume provided at the Main Embankment for 48
hrs of cycloned sand drainage water

No provision for cycloned drainage water at the Perimeter
Embankment

Pumps to be resized to handle an additional 16 1,/s from cycloned sand
drain water

Seepage Recycle Pumps

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

5.0 MAKE-UP WATER SUPPLY

5.1 General

Function

To direct runoff from the Millsite and Southeast Sediment pond to the TSF,
providing additional water for recycle to the mill. Also, to implement the
Polley Lake Pump Station when and as required to meet the project Water

Management Plan objectives.

5.2 Millsite Sump

Catchment Area

Approx. 20 ha direct catchment, plus pit dewatering.

Design Storm

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

Sump Cross-Section

Normal Operating-Level

3:1 inside slope, 2:1 outside slope, 4m crest width.
1102.7 m e

Maximum Operating Level

1106.2 m

Flow Control Structures

See (Drg. No. 1625.232 Ref. No. 1627/2) for layout details.

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

1 in 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

10574 m

Flow Control Structures

See( Drg. No. 1625.232 Ref. No, 1627/2) for layout details.

Discharge Pipe

250mm HDPE DR 21 to Reclaim sump or T2 dropbox

Flow Monitoring

None.

5.4 Polley Lake Pump Station

Report and Drawings soon to be issued.

Max. Volume to be extracted

1,000,000 m® annually

Period for water extraction

Freshet

Max. Intake Velocity

0.11 m/s

Intake Screen Opening

0.1 inch (No. 8 Mesh wire cloth)

Spill Containment at Pump

Collection into a Holding Basin

Discharge Pipe

22 Y2 inch ID, 350 ft of 19 ¥ inch ID and 5200 ft of 17 Y5 inch ID pipe.
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MOUNT POLLEY PROJECT

UPDATED DESIGN BASIS AND OPERATING CRITERIA

Max. Flow ‘ 5,500 US GPM

Flow Monitoring Flows in Hazeltine Creek, water level on Polley Lake, pumping hours times
measured flow rate.

Security and Access Signs for buried or submerged components, buoys attached to intake in
Polley Lake.

6.0 INSTRUMENTATION AND MONITORING

6.1 General

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

6.2 Geotechnical Instrumentation and

Monitoring
Piezometers e Measure pore pressures in drains, foundations, fill materials and
tailings.
e  Vibrating wire piezometers.
o Installed by qualified technical personnel.
e Three instrumentation planes for Main Embankment and one for
Perimeter Embankment and South Embankment.
Survey Monuments e  Deformation and settlement monitoring of embankments.
6.3 Flow Monitoring e To provide data for on-going water balance calculations.

e Drain flows regularly monitored.

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

e  Streamflow monitoring.

6.4 Water Quality Monitoring e To ensure environmental compliance.
o ‘ e Water quality samples taken at regular intervals from sediment ponds,
drains (at drain monitor sump), groundwater monitoring wells, seepage
ponds and tailings pond.

e Upstream and downstream samples for impact analysis.

6.5 Hydrometeorology e  Operator weather station for input to water balance calculations.
e  Precipitation (rain and snow).

e Evaporation.

e Air quality monitoring (dust, etc.).

6.6 Operational Monitoring e  Quantify operation of tailings storage facility.

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

¢ Supernatant pond (depth, area and volume).

7.0 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. Establish vegetation on embankment slopes.

7.2 Spillway Two stage spillway with lower channel outlet designed to pass 1 in 200 yr.
24 hour flood event and upper wider outlet section designed to pass
Probable Maximum Flood without overtopping embankments.

Revised 12/10/1999
Page 50f 6 Revision 0




TABLE 2.2

MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT

UPDATED DESIGN BASIS AND OPERATING CRITERIA

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.

Revised 12/10/1999
Page 6 of 6 Revision 0
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TABLE 3.1

MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

SUMMARY OF SOILS LABORATORY TESTWORK

1012/99 R:52

Permenbility Tests

Consolidation Tests

Shear Strength

Sample Data Specific | Optimum | Maximum Gradation Tests
Sample Data Location Depth | Interpreted | Gravity | Moisture Dry Effective
'ﬁ‘"ll Content Density § = == Permenbitity k Cuefficient of Consolidation (Cv) F"C‘:;m
ype é‘_‘ :J: : g (em/sec) (m2/year) @2";[’; :Pu
w
(m) (t/m’) (t/m*) @200 kPa @400kPa | @600 kPa | 150kPa | 300kPa | 600kPa |1200kPa (degrecs)
TR | Blend Trench § avg. 1.5 Silty Sund 287 14 72 12612 6.2E-04 S.2E-04 42E-04 39
TR 2 Blend Trench 2 avg. 1.5 | Siky Sand 247 0176|2410 7TYE-04 6,7E-04 4.9E-04 4.7E+01 1 31E+01 | 29E+01 | 14E+0] 3%
Top of Cone Phase 1 Surfuce | swiface Silty Sand O 7012911
Middie of Cone Phase | Surfuce | surfuce Silty Sund 0 | 7412611
Toc of Cone Phase 1 Surface | surface Silty Sund 0 17512412
B2 Trench 2 1.1 Sihty Sand 17.6 1.67 0 176 123]1
Cl Trench | 1.4 Silty Sand 16.5 1.77 0 176 123]2
E2 Trench 2 1.5 Silty Sand 16.1 1.72 0 | 651341

Revised 12/101999
Revisien 0
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TABLE 5.1

MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

STAGE 3 - MAIN EMBANKMENT

CYCLONED TAILINGS RATE OF DEPOSITION

ML 62\ 2\data\[cellgsched.xIs]MainSumry 10-Dec-99
Assumed Advance Rate . Days for
Lift |Elevation (m)(” Placement VPllacement} Along Crest Dlsclfarg(ea) Placement of
Length (m)® | " crume (m?) (m/day) Locations Lift

1 924 900 132,100 22.4 9.8 40.3

2 926 900 64,000 46.1 10.7 19.5

3 929 775 52,300 48.6 10.4 15.9

4 931 525 35,400 48.6 8.2 10.8

5 934 375 23,500 52.4 6.0 7.2

6 936 200 17,300 38.0 3.8 5.3

7 944 Mp¥ 166,600 - - i
Notes:

1. Refers to highest elevation of cycloned sand at existing embankment.

2. Assumed length of embankment crest from which cycloned sand will be spigotted.
3. Number of points along the embankment at which sand will need to be spigotted.

4. Cycloned sand assumed to be stockpiled and mechanically placed.

Revised: 12/10/1999
Revision 0
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TABLE 5.2

MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

STAGE 3 - PERIMETER EMBANKMENT

CYCLONED TAILINGS RATE OF DEPOSITION

M:\11162\12\data\[cellgsched.xIs]PerimeterSumry

10-Dec-99
Assumed Placement Advance Rate Discharge Days for
Lift |Elevation (m)’| Placement Volume (m?) Along Crest Locations™ Placement of

Length (m)® (m/day) ocations Lift

1 938 1,700 71,000 78.5 35.6 21.7

2 940 1,000 33,000 99 4 17.7 10.1

3 944 MPp* 62,000 - - i

Notes:

1. Refers to highest elevation of cycloned sand at existing embankment.

2. Assumed length of embankment crest from which cycloned sand will be spigotted.
3. Number of points along the embankment at which sand will need to be spigotted.

4. Cycloned sand assumed to be stockpiled and mechanically placed.

Revised: 12/10/1999
Revision 0
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MOUNT POLLEY MINING CORPORATION

TABLE 8.1

CYCLONED SAND EMBANKMENT CONSTRUCTION

MOUNT POLLEY MINE

QUALITATIVE RISK ASSESSMENT CODING AND SHADING

M:\11162\12\data\[risk.xls]LookupRisk

10/12/99 10:09

Consequence Ratin

Likelihood Rating L M H
VL VL
L L
M L-M
H M
Notes:
VL: Very Low M: Moderate
L: Low M-H: Moderate to High

L-M: Low to Moderate

H: High

Revised: December 10,1999

Revision 0
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TABLE 9.1

MOUNT POLLEY MINING CORPORATION
MT. POLLEY MINE
TAILINGS STORAGE FACILITY

EMBANKMENT FILL QUANTITIES - STAGES4TO 7

ML) 162\1ZU:IJ\[gnmi(im.xb]Slaﬂe 47 10-Dec-99
E : Perimeter South
ITEM - UNITS Main Embankment| Embankment Embankment Totals
1 _Cyclone Sand
Ia Hydraulically Placed m’ 396,400 292,400 688,800
1b Mechanically Placed m’ 10,700 15,700 26,400
2 Foundation Preparation m’ 13,530 18.920 7.810 40,260
Staged 3 Rockfill m’ 21,780 31,570 53,350
4 Downstream Zone C m’ 7.260 L,260
5 Core Zone m’ 24,090 34.760 12,100 70.950
6 __Upstream Fill m® 24,090 34,760 12,100 70.950
7 Geotextile m’ 18,330 25,688 44,018
I _Cycloned Sand
la Hydraulically Placed m’ 190,800 81,300 272,100
1b Mechanically Placed m 70,600 102.300 172,900
2 Foundation Preparation m* 17,490 26,180 14,630 58,30
Stage 5 - Elevation 951 m 3 Rockfill m
4 _Downstream Zone C m’ 33,440 33,440
5__Core Zone m’ 32,120 48,510 22,440 103,070
6 Upstream Fill m’ 37,400 56.650 25,960 120,010
7 Geotextile m’
! _Cycloned Sand
la Hydraulically Placed m' 384,100 303,100 687,200
ib Mechanically Placed m’
2 Foundation Preparation m? 20,900 34,100 12,100 67,100
Stage 6a 3 Rockfill m’ 21.054 31,350 i 52,404
4 _Downstream Zone C m’
5 Core Zone m’
6 Upstream Fill m’
7__Geotextile m’ 13,018 26,819 44,837
1 Cycloned Sand
la Hydraulically Placed m’ 115,000 87,600 202,600
b Mechanically Placed m’ 122,000 186.400 308,406
2 Foundation Preparation m’ - -
Stage 6b - Elevation 956 m 3 Rockfill m’
4 __Downstream Zone C m’ 88,330 88,330
5 Core Zone m’ 40,150 63,690 33,660 137,500
6 Upstream Fill m’ 53,460 84,964 44,880 183,304
7 Geotextile m?
1 __Cycloned Sand
la Hydraulically Placed m’ 367,200 352,000 719,200
b Mechanically Placed m’
2__Foundation Preparation m 26,510 41,250 16.720 84,480
Stage 7a 3 Rockfill m 23,430 35,200 58,630
4 _Downstream Zone C m'
5 __Core Zone m’
6 Upstream Fill m
7_Geotextile m’ 19.773 29,003 48,776
1 _Cycloned Sand
1a Hydraulically Placed m’ 371,300 319.800 691,100
1b Mechanically Placed m 110,300 177,600 287,900
2 F dation Preparation o
Stage 7b - Elevation 962 m 3 Rockfill m’
4 Downstream Zone C m’ 185,130 185,130
5 _Core Zone m’ 48,114 : 81,400 42,570 172.084
6 Upstream Fill m’ 72,160 122,067 63.855 258,082
7 __Geotextile m

Notes:
1) 10% Contingency added 1o fill quantities.
2) Geotextile quantities based on the use of 9 transversal confining berms (8 cells) to build the first cycloned sand lift of cach stage. 30% contingency included for waste and overlap.

Revised: 12/10/1999
Revision 0
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SUMMARY OF INSTRUMENTATION INSTALLATIONS
DATE
PIEZOMETER 1D NORTHING EASTING ELEV. | oot £ NOTES
Seepage cutoff, T A0-PET-01 938.5 !.  Dimensions are in millimeters unless otherwise noted.
see Note 3
7 70 instrumentation AO—FE2-01 - = 928 | 09/03/98 2. Piezomeler leads are to be extended as directed b
/-P/ezomelers monitoring hut, AO—PED5 — — o5 AT A {/;iz%ng/heer e lo X lire v
R L see Note 2 .
R 3. Seepage cutoffs placed at 5 m intervals with 10%
..H._‘Zo_a‘ > Al-PEI-07 5 818 486.650 | 595 595.060 912.99 | 27/08/96 tonite added fir ned bl backfill
Z‘”‘; o) 8| AT=PET-02 | 5 818 456.420 | 595 676.050 | 612.14| 27/08/56 bentonite odded lo fine grained til backfil.
bp. AI-PEI-03 | 5 818 476.822 | 595 602.380 | 917.17| 22/10/96 . . . . i p .
0/S Embankment face ATPET—63 - - o6 4. fz'/gemgﬂr?a/;l:;o%/dbockﬁ// must have all porticles exceeding
A A2-PET—0] | & 818 446.550 | 595 628.010 912 | 26/08/98
DETAIL 758 A2~PET—02 - - 938.5
TYPICAL INSTALLATION DETAIL OF SEEPAGE CUTOFF FOR A5-FEP=07 | 5 EIE 455510 | 595 So5id0 | o537 | 35757796
PIEZOMETER LEADS IN GLACIAL TILL A2-PE2-02 | 5 818 482.710 | 595 538,140 909.8 | 25/07/96
NTS AZ-PE2-03 | 5 818 484.196 | 595 598.140 | 919.43 | 12/02/57
(AZ2-PE2-04) | 5 818 457.510 | 595 595.995 | 926.07 | 22/02/97
AZ2-PE2-05 | 5 818 475,061 | 595 607.560 | 921.57 | 22702797
AZ2~-PE2-06 | 5 818 453.926 | 595 648.458 903 | 21/06/98
A2-PE2-07 | 5 518 453.926 | 595 645458 909 | 21/06/98
A2-PE2-08 5 818 447.045 | 595 627.758 970 | 23/06/98 LEGEND
*AZ—PE2~09 975
Plane 1D. (A, 8 elc.)
Bedding ond backfill for T AZ-5u-09 S e o
piezometer leads, see Note 4 ——Area (0-Toilings, 1-Drain, 2-Embankment)
Material compacted using Surface of prepared B0-PET-01 - - 938.5 AO0~PET-01-~—Nurnber 1.D.
hand—guided vibrating compactors 600 mi embankment foundation B0-PE2-01 d ot 928 | 06/03/98 ‘ L Pressure Rating (1-Low, 2-High)
r—————ﬂﬁ-l or fill G0-PE2-02 = - 928 | 06/03/98 : Iype of Instrumentation (PE—Fiezometer electric,
SM-Survey Monument)
N i‘)— SN BN BI-PET-01_| 5 818 632.550 | 595 767910 | 91727 | 10/09/96
Sl o [T BI-PET—02 | 5 518 609.040 | 595 806.770 | 915.95 | 10/09/96 AI=PEI=01A  previousiy instalied Piezometer
& ] i BI-PEI~03 | 5 818 622.780 | 595 797.260 | 9158.69 | 22/10/96 *
S - ’ . AZ-PE2-06/  pew Stoge 3 Piezometer
N = e o o |~ Piezometer leads 5 : - *AZ SH—02
.~ B2-PET-01 | 5 518 594.940 | 595 811.260 935 | 26/08, — SM—
; B PET—03 = - 2355 <> New Embankment Survey Monurnent
A2-SM-01
BI-PE—0T | & 818 625.270 | 595 787,850 | 902.00 | 25707796 @ current Embonkment Survey Monument
B2-PE2-02 | 5 818 627.470 | 595 790.660 | 909.50 | 25707795
B2—-PE2~-03 | 5 818 636,530 | 595 786.970 | 921.00 | 22/10/96
TYPICAL SECTION THROUGH FPIEZOMETER LEAD TRENCH (B2-PE2-04) | 5 818 626.940 | 595 794.190 | 921.00 | 22/10/96
IN PREPARED EMBANKMENT FOUNDATION OR FiLL B2-PE2-05 5 818 619.0%4 | 595 799.804 921.70 | 14/03/97
B2-PEZ~06 | 5 818 595.767 | 595 810.605 | 914.59 | 23/06/98
*B7-PE2-07 919 s
*B2-SM-10 2
CO-PET-07 = = 9355 ‘;
(CO-PE2-017) - - 928 | 09/03/98 £
(CO-PE2-02) — - 928 | 09/03/96 .
T CI-PEI=01 | 5 818 410.500 | 595 496.070 | 914.70 | 28,/03/96 H
—, — L3 3
100 x 100 Timber CI—PEI-0Z | 5 818 410,500 | 595 496.070 | 916.60 | 22/10/96 ;
marker post CI—PET—04 = = 975 | 0304758 :
=3
C2-PEI-01 | 5 818 367.670 | 595 508.900 917 | 26/08/98 o
S CI-PET-02 938.5 s
9y . ; :
= 150 dia. Steel pipe and cop (c2-PE2-01) | 5 818 392.410 | 595 478240 | 907.50 | 25707796 5
C2-PE2-02 | 5 818 392,410 | 595 478.240 | 910.50 | 25/07/96 i
'  — C2-PE2-03 | 5 818 399.106 | 595 478.82¢ | 920.97| 12/02/97 8
o Stage 3 -
e Embonkment Crest C2—PE2-05 | 5 818 402.343 | 595 475326 | 924.84 | 12/02/97 5
C2-PE2-06 | 5 818 359.734 | 595 513.663 913 | 18706795 Py
i C2-PE2-07 | 5 818 359.734 | 595 513.663 975 | 718/06/98 Z
A7 C2-PE2-08 | 5 818 367.087 | 595 509.351 935 | 79/06/28 3
\/ % *C2-PEZ2—09 920 2
~ Concrete *C2-5M~11 2
backfill §
. 4 DO-PET-01 938.5 ]
£ DI-PET=0Z | 5 519 775449 | 595 310.522 929 | 30/01/98 g
g DI-PET=03 936.5 z
) <
] [NOT_FOR_CONSTRUCTION | ]
= ~~— 19 mm Dio. (DZ=PET-07) | 5 819 775449 | 595 310.522 930 | 26708798 g
Steel rod D2-FPET-(02 938.5 3
D2-PE2-01 | 5 819 756.360 | 595 316.210 | 931.00| 15/12/96 Y
DI-PEZ~02 = - 922 | 22/06/98 8
| PP P77 s 1000 500 0 1000 2000 mm o
VPSS 12 Scole e e ™ e i e, §
1000 min. EZ-PEZ-01 | 5 818 307,454 | 595 435.963 908 | 17706798 &
E2-PE2-02 5 818 307454 | 595 435.983 913 12/06/98 ‘»‘, az“éé‘é“s‘f%‘. MOUNT POLLEY M'NlNG CORPORAﬂON
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NOTES
1. Piezometers are vibraling wire lype, SINCA Model 52611030 and
H4z-5m-05 RST Model 45005-0100 with a pressure rating of 100 psi or
950 B equivalent, connected to a reodout ponel vio standord non-vented
g ISI‘age J £l 944 ; direcl burial cable.
] AP—PE1-02 ] 2. Piezometer leads extended as directed by the Engineer.
940 E
’ > J. Zone fill materials and droin pipes not shown in drawing for clorily.
- P g Aa»:r—or ’ -" ] For Details see Drg. 115, 125 and 130
i AT-PET-04— ]
& b P DETAIL A/156 E 4. See Drg. No. 11162—12-156 for Installation typical details.
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Photo No. 3: Main Embankment Upstream Trial Berm and upstream toe drain ditch.
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PhotoNo. 4: Perimeter Embankment Upstream Trail Berm.
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Photo No. 6: Upstream cycloned sand timed discharge bucket test.
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MOUNT POLLEY MINING CORFORATION

MOUNT POLLEY MINE

TATLINGS STORAGE FACILITY
STAGE 2C CONSTRUCTION

CYCLONE # 1 UNDERFLOW GRADATIONS

A
Kright Piesold 1999 CONTROL SAMPLE TESTS - SUMMARY SHEET SHFET : Lofl
CONSWTING PERIOD 1 ek D
PROTECT : MOUNY TOLLLY - CYCLONE TATLINGS ANALYSYIS FROJECT # TII&2510
MATERIAL * NI GUNDREKFLOW TAILIRGS SAMPLES AHEA: Twitings Storage Furility
Particle Size Disiribution
SAMPLE LOCATION 236 1.00 0.85 0.60 043 030 | oziz | 0450 | 0406 | o075 | 0045 | 0037 0030 | 000 [ 0005 | 0002 | 000
3 216 B2 8 233 #4B £65 £100 [ 4150 =200 | 535 2400 Hydtomster
% < % % % % % % % % [3 % % % % (3 %
My 4~ 11, 1999 Cyclone #1 9.9 99.9 9948 00,00 | 9760 | wron | 75.60 | 324D | 3660 | 2740 | 1630 | 14.20 - - - . -
May 12 17, 1999 Cyclone #1 100.0 99.50 o800 | 680 | 39.50 | 7320 | 53.90 | 3K50 | 29.00 165 143 - - - - -
Lizy 18- 26, 1999 Cyslone 23 100.0 9.9 99.4 96.6 88.3 68.8 43.2 213 1.2 13.5 - - - - -
May 27- 30, 1993 Cytlooz #1 100.0 5.9 99.6 8.2 922 755 536 36.8 2.9 15.6 127 - - - - -
May - Junz 2, [999 Cyetooe #1 100.0 9.9 99.6 9.3 914 7.5 50.8 37.1 28.5 25.5 - - - - .
Juoe 4,1599 Cyrionz 91 100.0 9.8 992 56.8 91.7 T4 54.1 359 24.4 15.9 12.9 - - ~ - -
Junz £,1959 Cyclonz 81 100.0 95.9 9.6 9R.3 953 84.9 62.0 40.4 265 16.4 13.1 - - - - -
hen]5,1999 Cyclane41 100.0 094 99.0 98.1 957 86.8 615 39.6 211 153 133 - - - - -
Jome 1620, 1999 Cyclone 41 100.0 9.3 59.5 98:5 M3 1.7 55.8 38.8 21.6 11.0 142 - - - - -
Tups 23,1999 Crelone A1 100.0 9.8 9.3 91.7 388 65.8 45.0 027 9.1 154 - - - - -
June 28,199 Cycenz #1 100.0 9.3 98.8 9.8 5.9 .6 507 354 267 15.9 17 - - - - -
July 3,1999 Cyrlooe #1 100.0 99.4 987 97.1 3.7 834 59.8 37.6 2.1 163 142 - - - - -
July 6,1999 Cycloes #1 1.0 9.8 29.5 98.3 9.7 3.5 0.8 39.6 283 7.0 15.0 - - - - -
Ty 8-11, 1999 Cyriome 71 R0 9.7 294 97.0 90.8 74.3 0.6 3.1 7.4 12.8 111 - - - - -
Yuly 15.1999 Cyclon=F1 100.0 99.7 09.2 336 ’2.0 610 2.6 30.4 213 13.7 120 - - - - -
July 22,1999 Cyclonesl 100.0 29.9 D3.8 99.1 .1 84.9 60.8 35.9 283 2.6 i3.1 - - - - -
Iuly 25,1999 Cyclome £3 100.0 59.6 99.1 97.9 3.1 e X) 592 41.9 30.7 m.1 4.3 - - - - -
July 29,1598 Cyclars: 41 100.0 9.8 99.7 933 93.9 31.6 604 43.6 31.6 194 154 - - - - .
Asgag 1,1999 Cyclons #1 100.0 99.9 95.7 932 0.7 78.0 55.4 424 31.5 193 17.6 - - - - -
August 5,1999 Cycloaz 41 100.0 9.9 25 2.0 8.6 75.1 56.5 410 232 175 - - - -
Aususy 8,1999 Cyrloac#1 100.0 99.9 09.0 43R 704 35.8 38.0 7.9 18.1 14.R - - - - -
Augus 12,1995 Cyclons #1 100.0 299 w2 | 01y 834 602 415 29.7 18.0 142 - - - - -
August 16,1939 Cyclane 71 100.0 | 994 952 9.6 9.6 42.9 1.7 213 16.9 - - - - -
August [8,1998 Cylapz #1 004 29.9 99.3 9.3 95.9 R4.7 672 464 2.6 18.2 5.6 - - - - -
Aupm 23,1999 Cycloaz #1 100.0 9.9 92 94.9 71.8 555 36.8 260 4.1 12.0 - - - - -
Ausnsi3n, 1999 Cycloaz 1 00| WE 083 91.9 74.6 54.5 38.0 215 155 133
Scptembar2, 1999 Cyclonz #1 100.0 99.5 98.1 9%0.9 70.8 301 344 24.9 15.1 133 ]
September]9,1999 Cyctone£1 0.0 n7 91 | 963 | o83 | sas | 610 } o 43g | 02 | 164 ] 139
her 26,1999 Cyclone 1 1000 | 95 %62 $23 504 | 386 | 282 15.8 13.6
MEDIAN 99.9 100.0 99.9 99.7 98.3 943 817 594 39.6 21.9 165 142, - - - - -
MAXIMUM 99.9 100.¢ 100.0 1000 | 99.6 9.0 91.4 75.1 56.5 41.0 285 255 - - - - -
MINIMUM 99.9 9.9 97.7 971 94.6 R0 61.0 426 1.4 21.3 12.8 111 - - - - -
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MOUNT POLLEY MINING CORPORATION - MOUNT POLLEY MINK

2 GRADATION LIMITS
613 D20-1 UNDERFLOW TATLINGS SAMPLES
-4
-
= 3 8 GRAVEL SAND SILT
g | 3 : :
m 1= . " >
g E: m Coarse Fine Coarse Madium Fine <
560 300 150 75 19 10 5 2.36 0.85 0.425 0.15 0.075 0.037 SIEVE OPENING mmm 0.002
100 T I 1 t O
: 1§ i : il : i :
20 @ D10=30 microns —o—May 4 - 11, 1999 :
—m—May 12- 17, 1999 —o—May 18- 28, 1999 : N
g —3¢—May 27- 30, 1999 —#—May 31- June 2, 1999 RS
0 —e—June 4,1599 —+—June 6,1999 :
——— June15,1999 —a— June 16-20, 1999
- 70 —June 23,1899 —A— June 28,1999
T —¢—July 3,7999 —x—July 6,1999
g —s—July 8-11, 1999 —+—July 15,1999 i
) —— July 22,1999 — July 25,1999 : :
> —o— July 29,1929 —&— August 1,1999
o —%—August 5,1899 —%— August 8,1989 \ :
W 50 —a— August 12,1999 ——August 16,1999 NE
T —— August 18,1999 ——— Atigust 23,1999 \
I-z- 40 —a— August30,1989 —o—September2,1989 ;
u ——Septernber19,1999 —a— September 26,1595 1Y
I% H 1 . . . .
g, j
X
\
20
I
@ ; :
@10 :
& , z
Eg oL H ! i i 1L
2 1000 100 10 1 0.1 0.07 0.001
b GRAIN SEZE IN MILLIMETERS
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MOTINT POLLEY MINING CORPORATION

MOUNT POLLEY MINE

TAILINGS STORAGE FACHITY

STAGE 2C CONSTRUCTON

CYCLONE # 2 UNIYERFI.OW GRADATIONS

A
Kright Piesold 1999 CONTROL SAMPLE TESTS - SUMMARY SHEET SHERT: 1a1
CORSULTIHO
PERIOD : 3-Aug39
PROTECT : MOUNI TOLLEY - CYCLONE TATLINGS ANALYSES PROYECT & 118208
MATERIAL : 1282 UKDERFLOTY TATLINGS BAMPLES AREA ¢ Tnilings Strage Facihity
Paricts Stzz Dlsributon
SAMPLE LOCATION 236 1.00 DB} 060 | 043 630 | 0212 | 045 { 0106 | 0675 ] 006 [ o7 | 0030 | oo | s | owe | son
n 716 20 $2X s 48 565 4100 510 | o200 | s 2400 Hydmmeter
% % % % % % % % % % % % 3
M=y 4-11,199 Qrlane 32 10000 | 9990 | 990 | ¢630 | B4.00 | 3830 | 3900 | 2640 | 16.60 | M40 - - -
May 12- 12, 1599 Cyvlone £2 100.0 198D 99sp | 9910 | w800 | 9290 | 7530 | 4700 [ 266D | 161 2.4 - - -
May 14- 26, (999 Cyclane 2 100.0 %3 93 95.1 861 618 | 447 28.5 193 12.8 104 - - -
Muy 27- 30, 1959 Cyvione 72 100.0 0.0 937 8.9 9.5 300 51.3 364 26.1 e 3.1 - - -
May 31- June 2, 1959 Qrame 82 100.0 99.1 98.3 95.5 .9 .9 30.4 336 224 142 114 - - -
Ture: 4,199 Cyckme#2 1000 8.1 9%6.6 9.1 873 B.6 .5 33.8 .1 16.8 14.3 - - -
June 5,1999 Cyckme T2 1000 93.3 %83 0.1 84.2 5.9 4“8 320 23.6 164 13.8 - - -
Tune 7,1999 Cyrhme #2 100.0 98.9 97.8 95.6 89.1 5.1 48.6 350 .9 157 129 - - -
June B1932 Cyrloae 22 100.0 99.) 83 93.7 734 794 3.9 3735 113 164 13.6 - - -
Jioe 14~ 16, 1999 Dtlooe2 o 953 el 94.6 BS.9 8.6 492 35.0 263 162 142 - -
JYuoe 15,1999 Cyrloce#2 1009 94.1 95.8 a5 K57 @S 738 36 n3 14.1 127 - - -
e 16-20, 1999 Cyeloo 12 o 9.7 974 95.4 £9.9 718 555 33.8 24.9 164 13.7 - - -
Yo 13,1999 Cyrinoe £2 1000 98T 97.3 940 883 7.3 458 325 22.4 14.4 1.6 - - -~
Jme 28,1999 Cylane 2 1m0 K7 91.6 9.6 864 [T3] 45.7 N9 238 14.0 12.2 - - -
Ty 30909 Cyclomz42. 1000 99.9 99.6 12 883 .3 529 394 229 9.5 - - -
I=ly 5,1992 Cyclonod2 Pl 3.9 7.6 9L6 825 660 50.5 192 319 217 1 - - -
By 6,199 Cyckne T2 100.0 8] 93.4 964 918 73 2.9 35.1 254 15.1 1.5 - - -
Taly 15,1999 Cytlone#2 100.8 99.9 9.7 914 20.0 B3 3.3 41.0 272 189 14.8 - - -
Juty 19,1599 Cyclooc 72 100.0 B9 9.7 931 93.4 63 5.6 38.1 27.7 217 13.6 - -
July 22,1999 Cytlone £2 100.0 9.9 9.3 96.3 3.3 585 | 4D.2 2932 mn2 13.6 - - -
July 25,1998 Optlnce 12 100.0 20.6 982 9R.1 9.0 B1.3 SR8 4.6 317 03 13.3 - - -
Avgust 1,199 Cyeloce 82 0.0 9.7 982 96.8 91.4 8.9 51.8 415 ns 19.9 s - - -
Avpust 5,199 Cyclone 92 102.0 0.7 98,3 95.7 5.8 718 .2 .6 292 211 158 - - -
Augst 3,199 Oyrlane 72 100.0 9.8 9.8 £8.5 614 46.9 323 7318 155 127 - -~
Avaust 12,1999 Cyrione 52 100.0 9.9 w1 98.0 n3 .6 SLE 367 711 12.3 143 - - -
Acgst 16,1999 Cyoianz #2, . 100.0 859 7.9 931 4.1 554 394 284 205 14.6 - - -
Argan! [8,1999 Cyclane £1 X0 %.9 .6 1.0 51.6 65.9 £1.8 339 250 15.0 13.1 - - -
Amgpm 13,1999 Cychone 2 100.0 929 957 7.8 303 5.5 49.8 .7 254 142 123 - - .
Angus 1839 Cytlone 2 100.0 2.8 %3 7.9 Mg 0.0 506 35.3 5.8 147 12.R
Srpaercbers, 1998 Cyrloce ¥2 100.U wWE 2.8 m7 TS 522 31.6 RT L8] 160
Seperederl2,1999 Cyelooe £2 1000 | 994 5.1 7.6 519 384 »2 95 168
Sepercher19,1999 Cyulooe 52 10ag 99.5 9.3 987 2.2 89.2 0 48.7 o 1.5 3.1
SepatiiRe24,1999 Cylom 52 1000 | 995 56.1 81.3 EYA 304 285 16.1 13K
MEDIAN SRUMI 100.0 07 %9.3 914 w4 B.6 51.9 315 6.6 164 13.7 - - -
MAXIMIM 0.0 100.0 0.0 1000 996 Ry 92.5 753 2.9 394 3.7 22! - - -
MANINUM 0.0 1004 98.1 us.6 €26 #2.3 5.9 4.3 RS 19.3 [¥X] 104 - - Z
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MOUNT POLLEY MINING CORPORATION - MOUNT POLLEY MINE

2 GRADATION LIMITS
g D29-2 UNDERFLOW TAILINGS SAMPLES
._1
U
= 3 . GRAVEL SAND SILT
m D
¢ | £ 2 2
8 7 = . >
o P m Coarse Fine Coarse Madium Fine <
(w0} 7] [/}
SIEVE OPENING in mm
100
B |
L a
90 —o—May 4 - 11, 1999 —G—May 12- 17, 1989
—4—May 18- 286, 1998 —%—May 27- 30, 1999
—¥%—May 31- June 2, 1989 —&—June 4,1999
B0 5 +—June 5,1999 ~——June 7,1999 ,
~o—.June B,19998 —&—June 14- 16, 1899 I
—4&— June 15,1989 ——June 16-20, 1899
-~ 70 —%—June 23,1989 —e— June 28,1999
X ——July 3,1998 ~— July 5,1989
= ——July 6,1999 —e—July 15,1999
2 6 ~#—July 19,1989 —&—July 22,1998
- —¥»—July 25,1989 —¥— August 1,1999
m August 5,1999 —— August 8,1999
ﬁ &0 —— Angust 12,1999 — August 16,1998
z —o— Angust 18,1599 ~&— August 23,1698
o ® D10 =30 microns —&— August30, 1999 \
*2‘ 40 —x—Septembers,1999 —%—September12,1999
I.xo,l —o—September19,1989 -————Septemnber28,1989 :
& | '
1
o 3 :
N
20 !
- {
)
C 10
A
m
O
N oo
N 1000 100 10 1 0.1 . 0.01 0.001
@

GRAIN SIZE IN MILLIMETERS
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MOUNT POLLYY MINING CORPORATION -
M MINE -

66612 "130

8
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STAGE 2C CONSTRUCTION
YCLONE
LY
Knight Piesold 1599 CONTROL SAMPLE TESTS - SUMMARY SHEET SRETT : 1001
OOISTLING .
PERIOD: 3t-Aug 09
FROYECT : MOUNT POLLEY - CYCLONE TAJLINGS ANALYSES PROJECT #: 11162110
MATERIAL : D20-3 UNDERFLOW TATLINGS SAMPLES ) AREA : Tailsags Storage Faclity
Particke Size Distribution
SAMPLE LOCATION 2.36 1.00 0.83 neo { 043 | 030 ] o2 | 015 0306 | 0075 | 0065 | 0.037 f§ 0030 | vowr | 0005 | 0002 | or
58 716 20 738 38 8 #65 100 | £150 | 2200 [ #325 | $400 Hydromstee
% % % % % % % % % % % % % % % 3
May 4- 11, 1099 Cyclare 3 932 98.2 9765 | 9215 | 9505 | o1ms | 776y | 5235 | 3495 | 2375 | 1475 | 1450 - - - -
May 12- 17, 1999 Cyclone #3 9.9 9.9 9900 | 9900 | 9970 | 9830 | 9070 | 000 | 49.10 | 3340 | 200 162 - - - -
May 27- 30, 1599 Cyclups 73 100.0 100.0 057 | 989 | 935 | 800 513 364 26.1 14.9 13.1 - - - -
fime 5,1999 Cyclone 23 100.D 9.6 99.1 9.3 20 | 761 5.1 373 26.8 18.3 155 - - - -
Tune 6,1999 Cyclaoe 43 100.0 %.9 995 | 88l 844 K14 594 | 1395 27.6 18.7 157 - - - .
Jume 7,1999 Cyelaoe 43 100.0 9.8 9.5 98.2 91.9 75.0 46.8 329 211 13.7 111 - - -
June 14-16, 1999 Cycloas 13 100.0 29.3 993 96.6 48.1 701 495 35.2 262 15.9 13.9 - - - -
Jnne 15,1999 Cyclone 3 100.0 99.5 9.1 975 | 915 | 73.8 | 310 | 367 290 | M6 194 - - - -
Jmz 1620,1999 Cyclone #3 100.0 99.0 97.9 958 | 904 | 768 | 318 | 367 | 258 | 157 13.0 - - - -
Jume 13,1599 Cytlone 3 100.0 9.6 9.3 | 9713 | 91 78. 358 | 398 | 301 192 17.0 . - - -
Tuly 3,1999 Cyclone 23 100.0 59.3 98.5 96.0 38.3 703 466 | 318 2.2 4.6 127 - - - -
July 51999 Cyclune 13 100.0 99.0 97.1 90.7 6.1 56.1 384 | 269 | w4 | 124 1.0 - - - -
July 6,1999 Cyrlone 13 100.0 2 588 | 974 9.8 | 818 589 | 387 | 280 | 166 4.6 - - - -
July 15,1999 Cyclane #3 100 984 97.1 942 | 8.1 729 | 512 | 362 | 256 | 1638 149 - - - -
Tuly 19.1999 Cyclone 43 100.0 w3 989 | 913 3.1 320 | 619 | 443 322 | 241 173 - - - -
July 22,1999 Cyclopz 43 100.0 9.6 994 | 987 970 | 89 | 610 | 447 31.9 | 254 153 - . - -
July 25,1999 Cyclons 13 100.0 9.4 w7 ) 94 947 85.7 6.4 | 433 317 | 209 16.0 - - - -
Augny 1,1999 Cyzloar #3 100.0 99.1 w2 | 952 | 883 | 7.1 518 | 393 29.9 19.4 174 - - - -
Augnst 5,199 Cycloas £ 100.0 9.9 w7 | 90 | 95.3 8.3 607 | 454 | 328 | 214 16.9 - - - -
Augpst 8,1999 Cycloos 3 100.0 99.6 %01 | 966 | 805 | 720 ) 513 | 349 | 259 164 134 . - - -
Aupns 12,1999 Cyclone £3 100.0 9.9 w0y | w2 | 958 R2.3 612 | 419 | 300 | 24 153 . - - -
Augnst 16,1999 Cyelune 43 100.0 9wy | .5 | 927 | 753 | 556 | 398 | 6 | 205 16.9 - - - -
Augos 18,1999 Cycione 73 1000 9y | w7 | 951 764 | 511 | 342 | 244 | 153 2.8 - - - -
Seplernber2, 1999 Cyclane 73 100.0 9.9 997 | 981 92.3 4.8 551 | 323 | 264 | 154 3.5
SepeernberS, 199 Cyvlone i3 0.0 9.9 %7 | 940 9.8 76.6 51,6 | 315 | 259 16.2 13.6
Seplember(2,1999 Cyclone 43 160.0 P9 | 2 | M8 g27 | 567 | 415 | 22 .3 163
Seplember]?,1099 Cyelome 43 1.0 %0 95.0 9.6 50.7 79.7 554 400 282 15.8 13.6
Sepiember26,1999 Cyclane 33 100.0 %.9 9.9 9.5 96.8 84.8 623 | 424 | 305 17.1 s
o MEDIAN 2.0 100.0 9.6 03 | 974 | %7 | 772 | 536 | 381 | 278 | 169 | 147 . - - -
MAXIMUM 9.9 1000 100.0 9y | 997 | 983 90.7 200 | 49.1 334 254 194 - - -
MINIMUM 48.2 982 9.0 95.0 | %07 | 761 56.1 384 | 269 | 204 124 110 - - - -
Roies: 1) These zre 100% Riits.
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MOUNT POLLEY MINING CORPORATION - MOUNT POLLEY MINE

GRADATION LIMITS

D20-3 UNDERELOW TAILINGS SAMPLES

GRAIN SIZE IN MILLIMETERS

8 3 GRAVEL SAND SILT '
c i} a
g 2 - - %
2 m - Coarse Fine Coarse Medium Fine =<
SIEVE OPENING in mm
100 . TS 3
| 1l ] |
L1 | ! Ny
50 ©® D10 =230 microns —o—May 4 - 11, 1999
—r1-May 12- 17, 1999 —¢—May 27- 30, 1999
—a—June 5,1993 ~——June 6,1999 :
BT —=—June 7,1999 - ——— June 14-16, 1999 p
—e— June 15,1999 —&—June 16-20,1899 Vi
70 —&—June 23,1999 ——July 3,1988 i
—¥—July 5,1999 —6—.July 56,1993 !
—t—July 15,1899 ~—July 18,1999
50 ——July 22,1989 —o—July 25,1998
: —&— August 1,1993 —&— August 5,1999 ¥
—— August 8,1999 —%— August 12,1999 ;
50 —e— August 16,1999 —+— August 18,1998 : \ 3
September2,18389 —— Septembers, 1959
—o—September12,1899 —%—Septernber19,1989
40+ —m— September26,1999 Y
L — | X\
30 T i
\x\
20 : ,
10 - |
0 ! i |
1000 100 10 1 0.1 0.01 0.001
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MQUN A RPORATI
MOUNT POLLEY MINE, c
TAILINGS STORAGE FACILITY o
STAGR 2C CONSTRUCTION :
v
U
YCLONE # 4 URD) N
SHA a
Knight Piesold 1999 CONTROL SAMPLE TESTS - SUMMARY SHEET SHFET: Lof1 S
CONSULTING . I
PERIOD : 3-Avmy =
PROTECT : MOUNT POLLYY - CYCLONE TAILINGS ANALYSES FROVECT £: 1me21e
MATERIAL : D204 INDERFLOW TAILINGS SAMPLES ARPA » “Tailings Sturage Facility -
Partele Size Distmbation | g
SAMPLE LOCATION 2.36 1.00 0.35 0.60 | 043 030 | 0212 | 0.150 | 0.106 | 0475 | outs | 0.@7 | 0.030 | vow | oo | oow } 42
# #16 #20 24 #35 F4H #65 | 2100 | #150 | w00 | 4325 | 400 Hydraseter
% % % 5 % % % % % o % &
May 4 11, 1999 Cyclou: 44 0000 | 9970 | 9830 | 8970 | 6710 | 4430 | 2850 | 1630 | 1330 - - . -
Muy 12- 17, 1959 Cydoo: #4 100.0 D360 | 97.80 | 95.50 | 8840 | 70.20 | 49.30 | 34.00 | 2520 | 144 12.3 - o =
May 27- 30, 1999 Cydlonz #4 100.0 99.1 92 | 978 ] w0 | 770 | 326 | 342 | 230 | 151 124 - - - =
May 31- June 2, 199 Cytlone #4 100.6 99.9 w7 | 98y | 955 847 | 65 | 95 | 22 | 135 93 - - - Z
Jun: 6,199 Cylonz #4 100.0 987 9.6 | 947 | 905 | 7727 | 536 | 354 | 238 | 151 122 - - - g
Tanz 8,19%9 Cycloas #4 100.0 5.9 %8 | 994 | 964 8.7 | $27 | w6 | 22 | 156 122 - - -
Jare 15,1599 Cyzione §4 000 | 999 | 992 | 953 802 | 524 | 332 | 35 | 144 3.0 - - -
Jume 16-20, 1999 Cyclone 14 100.0 9.7 92 | 980 | w4 | W34 | 558 | 404 | 289 | 175 14.9 - - -
Yare 23,1599 Cyelone 4 100.0 R.8 983 | 965 | 920 | 743 } 469 | M0 | 239 { 155 127 - -
Juty 3,1999 Cyrione 54 100.0 98.8 98t | a6 | 912 | f2m | s80 | 974 | 267 | 149 12.8 . - -
Tuly 5,1959 Cyrionc#4 100.0 9.9 996 | 976 | 898 | 71.3 | 485 | 321 } 228 | 126 1.6 - - -
Juty 6,1999 Cyclone £4 100.0 99.8 996 | 94 | 9.9 | 786 | 540 | 363 | 260 145 12.6 - - -
Suly 3-13, 1599 Cyrlone £ 1000 9.5 990 | %69 | 915 | 757 | S04 | 329 | 232 | 128 11.8 - - -
Jaly 15,1999 Cyclone #1 100.0 99.9 wa | 563 | 893 | M7 | 527 | 388 | 284 | 193 174 - - -
Yaly 19,1509 Cyclone #4 £00.0 963 %58 | 948 | %2 | B4 | 518 | 35 | 293 | 274 | 158 - - -
Joky 22,1999 Cyclme #4 100.0 99.8 995 | 987 | %0 | 8435 | 605 | 416 | 302 | 219 3.9 - . - ]
Juy 25,1959 Cyrlone 54 100.0 95.6 993 | 96 | 963 874 | @1 | 447 | 302 | 160 13.6 - -
Avgust 1,15099 Cyclave #4 0.0 .6 991 | 1 | wo | 73 | 570 | 443 | 326 | 198 173 - - .
Avgest 5,1999 Cyrlone 74 100.0 9.5 98,7 | 974 | me¥ 5724 | 666 | sio | 358 [ 227 123 - - -
Angust16,1999 Cyclone £ 1000 | %98 | 986 | w6 | 742 | 548 | 392 | M5 | 141 14.6 - - - 3
Anps| 18,1999 Cyclonz #4 100.0 %9.9 97 | 983 | o6 | M7 | 498 | 346 | 352 | 149 1B.0 - - - i
Augna 23,1999 Cyclnne #4 100.0 2.8 997 | 984 | 816 | 712 | sb5 | 3R | 269 | 121 15.3 - - - &
September 26,1903 Cyclone #4 100.0 9.9 998 | 993 | 957 | BLG | 608 | 423 | 303 166 142
MEDIAN SNUM! | 1000 99.7 94 | 980 | w32 | 786 | .6 | 385 | 267 | 156 [ 120 - - - T
MAXIMIUM 0.0 100.0 1000 | 1000 | 997 | 981 | 897 | 671 | 310 | 358 | 274 12.3 - - - ;_.
MINDALM 0.0 100.0 %63 o58 | 947 | a8« | 2 | 469 | 321 | 228 | 126 95 - - - Q
Notesc 1) These ane 100% FunZs %
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File: 204 Scmnary.als Sheee Under Plat Date: 610399 Time Plotied: 242 PM

SHIaNIENT DNILINSNOD

MOUNT POLLEY MINING CCRPORATION - MOUNT POLLEY MINE

2 GRADATION LIMITS
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MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY MINE &
TATLINGS STORAGE FACILITY N
STAGE 2C CONSTRUCTION K
J
NE# S ERILOW G \
DA 8]
Knight Piesold 1999 CONTROL SAMPLE TESTS - SUMMARY SHEET SHEET : 1ol g
CONSLLTING 1
PERIOD : 31-A1p-99 =
PROFECT * MOUNT POLLEY - CYCLONE TATLINGS ANALYSES PROJECT §: 11162:10 h
MATERIAL D20S UNDERFLOAY TATLINGS SAMPLIS AREA : Tailings Storape Fadldy _
Paricte Szx Distribation ¢
SAMPLE LOCATION 2.36 1.00 0.85 06 | 043 030 T 0212 [ 0150 | 065 ] 0075 | 0045 | 0007 § 0.0 [ o010 | o005 | oo | : g
#3 716 20 28 35 #4B #65 4100 | s150 | a0 [ 425 7400 Hydsancter

% % % % % % % % % % % % % E % z_1¢
Jane 16- 20, 1999 Cyclonc #5 100.0 99.93 9968 | o870 | o485 | m3.58 | s56.80 | 4120 | 2753 | 1553 | 13.05 - . - N
JTune 23,1959 Cycloas #3 100.0 9wig | 99.15 | 9743 | 93.93 | 5050 | 56.68 1 4335 | 3160 | 211 7.9 - - - - I
TumeZ8,1999 Cycloas #5 1000 9093 | 9970 | o835 | 9208 | 7425 | 5150 § 3435 | M85 | 143 12.4 - - - - F
Tuly 3,1999 Cycloaz #5 100.0 9995 | 99.80 | 9805 | o500 | %535 | 6210 | 4058 | 2875 { 157 13.3 - . -
Tuly 5,1999 Cycloos 45 1000 9913 | 9865 | 9690 | 9138 | 7650 | 33.83 | 3603 | 2563 | 14.1 1.1 - - - - 12

Tuly 6,199 Cychoas #5 100.0 9988 | 9943 | 9730 | oy | 7670 | s6.80 | 4130 | 3135 1 201 18.1 - - . -

July 8-11, 1999 Cyzlooz $5 100.0 935 | 99.40 | 9665 | 8R4B | 68.R3 | 4655 | 3238 { 214D | 13.63 | 1270 - - - -

Iuly 15,1999 Cyeloas 45 100.0 wos | vors | 9833 | 9223 | 7448 | 5283 | 3803 | 27.08 18.3 16.1 - - - -

Jaly 22,1959 Cycloos ¥5 100.0 w88 | vo.60 | o858 | 9508 | BLIS | 5603 | 3820 { 2808 | 236 14.0 - - - -

July 25,1999 Cyclone #5 100.0 %005 | 99.80 | 9908 | 95.05 | ®3.98 | 6L08 | 4405 | 3155 | 23.0 182 - - - -

Ty 29,1999 Cychoas #5 100.0 0.5 | 9954 | .18 | 9502 | 8129 | 5080 | 4150 | 3217 | 216 199 - - . -
Augist 1,199 Cycloae #5 100.0 9993 | 9902 | DB.R3 | 9445 | 8163 | 61.07 | 4892 | 3625 | 227 202 - - - .

Angin 8,199 Cretonz 45 100.0 9088 | 99.60 | 9778 | 83.8B | 69.95 | 49.03 | 3375 | 24.83 | 154 2.6 - - - -
August 16,1959 Cyolone &5 1000 | WK 96.7 8.7 8.1 194 219 192 4.0 - - - -
Avgust 18,1959 Cyclone #5 100.0 9.8 91.8 m.a 767 | 516 | 400 | 292 18.8 15.8 - - - -

| Aogust23,1999 Cyclone #5 w00 | o9 95.7 91.0 15.7 65.0 467 20 | 228 123 w5 - - - .
_ Auguet’n,1999 Cyclose#s 0 | | woo | 598 | %3 | %9 2.0 502 35.8 211 184 155 L
Septembers, 1995 Cycdlane £3 100.0 95.9 99.7 7.6 89.3 708 | 526 JBd 29.0 18.3 164
Sepeembe26,1909 Cyclone £5 100.6 9.6 9.2 98 1 94.9 R23 504 30.2 28.3 157 133
MEDIAN IRUM! 100.0 9.9 99.7 2.3 9.8 767 | 567 | 394 28.1 183 14.0 - - - |
MAXIMUM 0.0 100.0 100.0 1000 | %9.8 067 ’5.4 62.1 489 | 363 23.6 0.2 - - - - In
MINTMUM 0.0 100.0 9.1 98.7 2.7 35.7 650 | 46.6 320 | 218 13 10.5 - - - Y
Notes: 1) Thesz are 100% lrnils,
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File: 203 Suoqmary.sls  Sheet Under Pt Dater (6/10092  Time Plntak: 2:43 PM

SHAINIONT ONILMNSNOD

MOUNT POLLEY MINING CORPORATION - MOUNT POLLEY MINE
2 GRADATION LIMITS
g:) D20-5 UNDERFLOW TAILINGS SAMPLES
....i
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MOUNT POLIEY MINE
TAILINGS STORAGE FACILITY
STAGE 2C CONSTRUCTION
CYCLONE # 6 UNDERFLOW GRADATIONS
AR .
Knipht Piesold 1999 CORTROL SAMPLE TESTS - SUMMARY SHEET SHEET: 1et1
CONSUETING o PERIOD « - Itakags9
PHOJECT : ]nmmrmum- CYCLONE TAILINGS ANALYSES PROTECT#: 11162010
MATERIAL 10006 UNDERFLOW TAILINGS SAMPLES - ARTA ; Tallines Starage Focility
Particle Slzz Distribastion
236 1.00 0.85 0.60 043 030 p212 | 0150 | 0106 | 0075 | 003 | wny 0030 0010 | o005 | oo [
SAMPLE LOCATION 24 £16 20 #28 35 #4B 65 #100 215D 200 { #05 | 500 ! Iumm! I
; % k3 % % % % % % % % % % % % %
Jume 1620, 1999 Cychme 56 100.0 99.95 99.80 | 9940 | 9663 | 8515 } 5575 | 31990 | 2165 16.00 12.63 - - - R
Jope 23,1999 Cyclane #6 100.0 99.95 9988 | o970 | 9838 | 9033 6833 | 4535 | 31713 17.4 4.5 - - - -
June 28,1999 Cyeloar: §6 100.0 905 970 | 9830 | 9293 | 7858 | 5625 | 3T | 27.65 162 141 - - - -
Joly 3.1559 Cycloas #6 10000 | 9998 | 9988 | 9890 | 9335 | 7425 | 4800 | 31.93 16.7 14.0 - - - -
Joly 5,199 - Cyclooe /6 100.0 99.98 9988 | 99.30 { 9525 | 80.10 | 5520 | 374R | 27.50 15.8 13.8 - - - .
Jaly GO - Cycloaz %6 100.0 99.95 99.93 9975 { 9833 | 9023 | 6855 | 443 | .03 17.1 14.6 - - -
July 811,1999 - : Cycloas 46 100.0 99.93 975 | 9895 | 0665 | 8443 | 6155 | 4p78 | 2815 19.2 141 - - - -
July J5.1599 = o Cyilone ¥6 100.0 99.98 995 | 9978 | 9820 | %851 | &295 | 4263 | 2033 10.0 16.5 - = - -
Tuly 19,1999 Cyclone 76 10000 | 9995 | 99.65_} 08.00_| 87.83 | 6530 | 4555 | 273 | 243 17.7 - - - -
Tuly 22,1959 - Cyclooe 45 10000 | 9988 | vaxs | ores | eo98 | 460 | mmo | o6 | 140 - . - .
Tuly 25,1999 Cyclane 6 1000 9988 | w70 | 9000 | o625 | 8715 | @0 | 4865 | w88 | 263 | »;a - . - -
Angust 1,1999 4: o Cycloos #6 XD 99.90 9957 | 9730 | 9072 | 7393 | 5168 | 3577 | 2948 187 165 - - - -
Angu 5,1999 - . Cyclone #6 100.0 9.9 24 3.8 9719 | 835 66.3 49.6 7.0 pod] 133 - - . -
August BI%SS -- . Cyclans #6 100.0 9.9 2.6 9.2 5.0 7L0 482 32.8 24.1 15.6 1.9 - - . -
Aupmn,wéd Cyclane #6 100.0 %.9 9.2 942 772 55.4 384 28.0 21.9 5.1 - - - -
Augnst 16,1099 Cyclone 6 1.0 9.9 9.2 919 | 767 38.0 425 314 217 7.0 - - - ]
Augnst 23,1999 Cyclune p6 oo | 1000 Jiwo | wo | o2 [ w7 | e | 24 308 | 119 | 158 - . -
Augraid, 1903 Cyclome 6 100.0 0.9 98.9 911 77.6 NS5 36.8 26.9 17.1 1.3
Seplember2, 1999 Cyclome §6 100.0 99.9 3.7 9.3 7.0 512 363 274 183 16.7 3
Septembers, 1999 Cyclme #6 100.0 9.8 96.6 R.2 564 405 285 18.7 16.0
Septembes6, 1999 Cyrlone #6 100.0 99.9 %8 98.9 04.4 78.8 574 403 30.1 183 16.1
MEDIAN ANUMI 100.0 100.0 99 9.2 96.6 842 58.0 40.8 2.5 183 15.1 - - - -
MAXDAIM 0.0 1000 100.0 100.0 9.9 98.9 9.4 743 49.6 31.9 263 224 - - - -
MINIMUM 0.0 100.0 9.9 904 97.2 89.0 710 48.2 2.8 24.1 15.6 12.6 - - - -
Nates: 1) These are 10036 Jimits.
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Fiker d206 Sormmary.ds  Steet Under Plot  Date: 06710199 Time Plntied: 2:43 PM

MOUNT POLLEY MINING CORPORATION - MOUNT POLLEY MINE

[9]
52 GRADATION LIMITS
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MOUNT POLLEY MINE
TATLINGS STORAGE FACILITY
STAGE 2C CONSTRUCTION
CYCLONE, # 1 OVERFLOW GRADATIONS
A
Knight Piesold 1999 CONTROL SAMPLE TESTS - SUMMARY SHEET SHEET : 1a11
consuLImG : PERIOD : U-Aues9
PROIECT : MOUNT POLLEY ~ CYCLONE TAILINGS AIKALYSES PROJECY 2 Hisng
MATERIAL : D201 OVERILOW TAILINGS SAMPLES AREA: Tuilings Storage Fadlky
Particle Siz: Distribusion
2.36 1.00 0.85 .60 043 030 | 0212 | 0350 | 0106 | 0075 | 0045 | o7 0030 | 0010 T 0005 | oo | ¢
SAMPLE LOCATION I #16 20 28 35 £48 465 £00 | y150 [ o0 | #ms 400 l lﬂyﬂmmem! !
% % % % 3 % % % % % % % % % % %
May £ - 11, 1999 Cyclope #1 100.00 | 9970 | 97.60 | o160 | 00 | T4 | 6420 | 6130 - - - -
May 12- 17, 1999 Cyclone §1 99.9 95.70 9510 | 9320 | 39.00 | 7790 | 65.80 { 5280 { 4400 | 320 204 - - - .
May 27- 30, 1999 . Cyclape 71 100.0 1000 | 95.9 9.9 99.3 96.7 BS.4 1.6 3.7 56.8 - - - -
Jomz16-20, 1999 Cyclone 11 1000 | 999 99.7 %7 933 B.1 7.0 56.9 50.9 - - - -
Time23,1099 - Cyclane 1 100.0 9.9 0.7 99.1 98.5 96.2 01 823 713 &1 519 - - - -
July3,1599 Cyrlone 73 1000 | 9.6 563 | R18 76.8 584 534 - - - -
Julys, 1999 Cydlane #1 100.0 99.8 0.8 99.7 9.6 989 95.4 B5.9 74 526 474 - - . -
Tuly3-11, 1959 Cyclone #11 00,0 9.8 9.5 9.5 02 913 008 79.2 62.3 181 4.7 - - - -
Tuly15,1999 _ Orlome d1 100.0 9.9 9.8 9.1 9.0 95.5._]. 869 .|._754 6.5 489 52 - - - ——
Scptemher?, 1559 - Cyclone 81 100.0 9.6 970 8.6 | 712 64.8 46.2 41.8
Sepieiber?(,1999 co Cyclome @1 0 . 100 | vk | 978 | w9 | 809 | 682 { 410 | 420
;- MEDIAN - 100.0 9.8 59.8 0.8 90.6 9.6 | 916 | -m23 13.0 526 474 - - - -
. MAXIMUM 100.0 100.0 1000 | 1000 | 1000 ( 99.6 367 | ED4 T1.6 642 613 - - - -
- MINIMUM 99.9 95.7 95.1 y3.2 89.0 72.9 5.8 52.8 44,0 320 294 N - - -
Noses: ¥) Theae e 100% Hmhs.
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File: d20-1 Sommary.xh Skeot: OVERPLOT Dk 0/10099  Tima Platted; 2:39 PM

SHIINIONT DONLLINSNOD

[@]
(@]
MOUNT POLLEY MINING CORPORATION - MOUNT POLLEY MINE -
2 GRADATION LIMITS N
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500 300 150 5 19 10 5 2.36 0.85 0.4é5 0.15 0.075 0037 SIEVEOPENINGiInmm  0.002 %
- it
N g
50 AN F
.-<
\ <
: Z
80 - ; d + - =
= 70 ..-- _. L ’ - \ NN
£ —o-=May4- 11, 1999 ~TMay 12 - 17, 1999 13
2 w0 —a—May 27 - 30, 1999 —%—June16-20, 1999 : j Ne §
> R I A i : :
@ NN & \J s \( a
- —8—June23,1999 ——July3,1999 i E ;
2 T N é
E —— July6,1998 —e—JulyB-11, 1999 i AR
40 | e e : :
u T ; ~
% —&—July15,1999 —=— September2,1999 i \h
o 30 R :
—%— Septernber26,1999 : o
- ! N
2
10 : o
m N
N o
S o o
5 1noo 100 10 1 0.1 0.01 0.001f

GRAIN SIZE IN MILLIMETERS




- - M ryy MI?\ (v e+ e i e s+ e
MOUNT POLLEY MINE
TAILINGS STORAGE FACTLITY
STAGE 2C CONSTRUCTION
CYCLONE #2 QVERTLOW GRADATIONS
MEA
Knight Piesold 1999 CONTROL SAMPLE TESTS - SUMMARY SHEET SHEET : Toft
CONSULTING - PERIOD: 31-Ang39
PROJECT : MOUNT POLLEY - CYCLOXE TATLINGS ANALYSES PROJECT 41 o Elocts ]
MATERIAL : D202 OFVERFLOW TAILINGS SANMPLES AREA Tailings Storage Facility
Partirk Size Distribation.
236 L0 0.85 0.60 0.43 030 | 0212 | 0350 | 0106 | 0.075 | 00s5 | 0037 || o030 [ ome | atos | 0002 | (
SAMPLE LOCATION 8 #16 20 #28 5 748 465 100 | 150 { 400 | s | 400 ] IH)'dmmz:tc:I' I

% % 2 % % % % % % % % % % % % %
May4- 11, 1999 Cyclone 42 100.0 99.80 | 99.50 | 9870 | 9630 | E#2D | 7240 | 5910 | 4870 | 3020 | 36.80 - - - -
May 12.- 17, 1999 Cyclone #2 0000 { 9950 | 97.50 ] 8750 | 6890 { 5030 | 3620 | 2790 | 114 15.3 - - - -
May 77 -30, 1999 Cyclone 42 100.0 %9 | 938 9.6 | 983 B1 | 857 | 770 | 501 554 - - - .
Jime 16,1999 Cyclone #2 100.0 %.9 97 | 95 | 19 | %0 B4.9 | 734 | 603 | 433 39.0 - . - -
Jupz 16:20, 1996 Oyclone#2 0o | 99 | 9.6 | s | 933 B3 | 80 | 560 493 - - - -
Ity 25,1959 Cycloe 2 - 1006 | 3 | 954 982 | 933 | mu 780 | &3 30:6 - - - -
Auguost 1,1999 Cyelone 2 100.0 988 98.6 932 9.5 95.7 05 | :BS5 74.0 604 56.1 - - - -
Ausust 16,1999 Cyelone 22 100.0 9.9 %9 | 998 | w2 | «1 w1 |07 | ar | 245 192 - - - -

Aupnn3g, 1999 - Cyzlone g2 Wo | 998 | 947 | k19 | 759 | 647 | 487 | 406 —

September?, 1995 ‘Cychomc 22 | - ™o | 999 | va7 |iwme |ims | w6 | s04 4.1

.. MEDIAN ! ANUMY | 100.0 9.9 99.8 958 | 993 | 953 |+ 892 1794 | 669 | 495 { 431 - - - -

- * MAXIMUM o.0 100.0 1000 | 1000 | 1000 | 990 987 }:93.6 |:857 | 770 | 683 | 561 - - - -
- s MINIMUM - _ 0.0 100.0 538 986 | 975 | 879 689 |«303 Ji362 | 279 | 174 15.3 - - - -

Nates: 1) Theae are 100% Emiis.
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File: 202 Swrary.xls Sheat: OVER PLOT Dz GAIA9  Thmne Plodtad: 2:40 PM

SHIINIONT ONLLINSNOD

GRAIN SIZE IN MILLIMETERS

i O
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MOUNT POLLEY MINING CORPORATION - MOUNT POLILEY MINE 7
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MO POLLR K
" f D
STAGE 2C CONSTRUCTION
ONE#3 iRFET.
MNA
Knight Piesold 1999 CONTROL SAMPLE TESTS - SUMMARY SHEET SHERT: Tor1
ComstLTIHG . T PERIOD: 31-Aug99
PROJECY - MOUNT POLLEY - CYCLOXE TAYLINGS ANALYSES FPROYECT & 12182410
MATERIAL : TR OVERFLOW TAILINGS SAMPLES AREA ¢ Thilings Stocsge Pacility
Pasticle Size Distrilntion |
. 2.36 .00 D.8S 0.60 043 030 | 0212 [ o1s0. | ou0s [ o07s [ 6045 | 0037 | oo | oow | o005 | ooz | 0
SAMFLE LOCATION - 8 16 20 #28 #35 448 #5 #100 | $150 #200 25 400 I ]Hydlmncm! { B
% % F3 % % % % % > % % % % % %
May4 - 11, 1999 Cyclme [3 100.00 | 9900 | 9940 | o730 | o160 | ®3p | .m0 | ssap | sueo - - - -
May 12- 17, 15%9 Cyclane 3 9.8 9.3 9000 o830 | 9520 | 8000 | 7030 | 4670 | 3230 | 20 | 1520 | 124D - - - -
Titne: 5,1999 Cyclone 53 100.0 99.7 29.3 97.8 94.2 B4.3 61.8 | 465 275 16.0 12.4 - - - -
Tune: 7,7599 Cyclones3 . o 1000 | 993 9.8 96.8 2 | 152 60.5 39.6 s - - - -
June 8,1999 Ocdme 3 | i 100.0 0.8 3.9 97.0 83.0 566 | 362 253 13.3 115 - - - -
June 1620, 1599 Cyclonedd 5 < w0 | 99 9.5 Lk ] 56 | 865 B2 612 554 - - - -
Junz 23,1999 Cyelone 3 § =« 100.0 9.7 99.4 99.0 08.2 954 8638 | i1 57.9 382 133 - - . -
Avgust 1,1999 Cyclonedd & - 000 | 99 | 8 | 31 | 966 | m84 785 | 626 | 538 | 488 - - - -
Angus( 18,1999 Cycloge#3 ¢ 00 | 93 25 | :Bl4 | 697 53.6 4B.6 - . S
Seprmber2, 1999 Cyclone 43 1 on 1000 | 9938 o33 |i934 | ims 23 54.1 49.6
September26,1999 Cyclone 53 s 100 | 29 087 |igsse | iEs3 B.1 542 4.2
MEDIAN 9.8 100.0 9.7 99.3 9.8 994 968 |82 | 3789 61.6 53.6 48.6 B - - -
MAXIMUM . - 93 108.0 100.0 1000 | 100 | 1000 | 987 |. 985 | i8G5 7.3 61.2 554 - - - -
MINIMUM 9.8 9.8 X 93.3 96.2 £9.0 703 |- 467 | i323 n7 13.3 115 - - - -
Notess 1) Thesc are 100% [mas.
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Fik= 4203 Sommary. s Shet QVERPLOY D 0671099 Time Plotied: 2:41 PM
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MOUNT POLLEY MINE ? 8
_1
TAILINGS STORAGE FACIATY N
STAGE 2C CONSTRUCTION I
s 0]
w
0]
'VERFL
A . Q
Kright Piesold 1999 CONTROL SAMPLE TESTS - SUMMARY SHEET SHEET : Lor 2
CONSULTING D
- v PERIOD : A-AngH9 =
PROTECT =« MOUNT POLLEY - CYCLONR TAILINGS ANALYSES PROJECT 11162110
MATERIAL : D204 OVERFLOTY TAILINGS SAMPLES ARRA - Taflines Sinezge Fucillty =
. Particle Sige Distribution . e
Py 236 1.00 0.85 0.60 043 | 030 | 6212 | 0150 § 0106 ] 0.075 | 0.5 | 0087 || 0030 | 0010 | 0.005 | 6002 | . zZ
SAMPLE LOCATION. -
TION 5 A16 #20 028 3 48 265 #100 | @150 | moo | am25 | #00 Hydrometer -
~ % % % % % % % % | % 73 % % % % % O
May4 - U, 1999 Cyrlone #4 100.00 | 10000 | 9970 | 9810 | 8970 | 6710 | 4430 | 2850 | 1610 | 1350 - - - g
May 12- 17, 1999 Cyelome £4 100.0 OR6D | $7.80 | 9550 | 8R40 | 7020 | 4930 | 3400 | 2520 | 1440 | 1230 - - - -
May 27-30, 1999 Cyelone &4 100.0 9.7 9.2 91.8 94.0 710 | 326 | 2 | 130 15.1 124 - - - N
May 31-Tune 2, 1999 Cyeione#1 100.0 99.5 99.1 9.6 9.0 84.4 08 | -6L1 | 550 | s05 48.7 - - - - é
Jimel16-20, 1999 Cyclonedd - - 000 | 998 99.6 9.4 937 | 837 | 69 | 558 49.9 - - - S o)
Yoo 23,1999 Cyclooe#4_ 100.0 9.3 9.6 95.3 9.1 | 932 25 | 705 | 521 46.9 - - - -
Tnfy3,1999 Cyclone¥q 100.0 9.9 9.8 993 |: 554 | iss6 76.2 519 53.2 - - -~ -
July 6,1999 Cydloas &4 100.0 99.7 98.6 93.3 BD.6 60.6 1 444 ‘a3a 25.5 16.7 15.2 - - - -
Tuly 25,1999 Cyclooedd [ | . 0.0 99.9 9.0 | 9.8 9.7 989 |- 958 . liu726 | 769 ]| s88 517 - - R S— -
_Augug 1,199 Cyclooe 44 100.0 9.9 9.8 99.2 w0 [1897 lisns | &3 56.5 50.7 - - - -
___ Aums 16,1999 Cycloce £4 100.0 9.9 WY 9.8 9.3 96.5 R9.5 }im2 | 66 | 518 45.0 - - - .
Augnst 30,1999 Cyclooefd | ] | 100.0 9.9 9.7 91.0 RB.4 659 1454 [im3 | 243 16.1 13.2
Sepember2, 1999 Cyclone #4 100.0 9.8 9.7 9.3 08.1 935 |: B2 [ .725 61.7 46.2 424
~ MEDIAN FNUM! 100.0 %9 .8 9.6 98.1 95 | M3 [ 7S 61.7 | sos 45.0 - - - -
MAXIMUM [iX) 100.0 1000 W0 | 9.9 99.8 993 | 658 |86 | 769 SB.B 532 - - - -
MINIMIDS 0.0 1000 928.6 971 0n3 80.6 06 | 444 323 | 230 144 23 - - - )
Ratege 1) These 222 T00% Gmnity,
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Fiiee 4204 Summy.xls Stect: OVERPLOT Dz 081099  Time Ploteed: 2:42 PM
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Lo
Q
MOUNT POLLEY MINFE, q
Y -
STAGE 2C CONSTRUCTION e
0,
0
NE # 5 G ot
L7 ®
Knight Piesold 1999 CONTROL SAMPLE TESTS - SUMMARY SHEET SHEET : Lol 8
CONSULTING D
‘ - - PERIOD : 31-Aug-99 o X
PROJECT : MOUNT POLLEY - CYCLONE TATLINGS ANALYSES FROTECT £ 6o
MATERIAL : 1265 OVERFLOW TAILINGS SAMPLES o AREA : Tailings Slerage Facllity =
Panick Size Distribution o)
: 236 100 0.85 0.60 043 030 | 0212 | 0150 | 0306 { 0075 | o065 | 087 § o000 ] 0010 | 0605 | oom ] 1=
B LOCATIO
SAMPLE : N #3 #16 #20 28 M5 #48 #65 | 00 | M50 | 200 | ;.25 | 40 Hydroweter —
SR % % % % % % £ | = % % % % % % % S
Jums 1620, 1999 . Qyclone 55 10000 | 9988 | 98.68 | 930 | R275 | 65.63 | SL&5 | 46.00 - - - - -
Tane 23,1999 . Cyclore 45 10000 | 99.70 | 9928 | 9708 | 93.70 | sa.38 | 7000 | s7.68 | 4008 | 3675 - - . - <
July 3,1999 Cyclone #5 100.0 P08 | 9995 | 290 | 965 | 94g | w63 | Biso | 7308 | s6m | 5135 - - - - =
Taly 6,19%9 - Cyclane #5 100.0 9205 | 9. | 998 | 9970 | 9758 | 8860 | 7258 | s0.50 | 4293 | 3813 - - - - =
July 871, 5999 Cyclane 75 100.0 9295 | 9985 | 99.68 | 9998 | 9638 | 8B40 | 7585 | 6425 | 44m | 4220 - - - - 5
Tuly 29,1999 - Gyclane 5 100.0 99.78 2976 | 9959 } 98.61 | 9434 | 8693 | 7650 | 6375 | 4750 | 4325 - - - -~
Auwpst0,1909 - o Cyelome 33 10000 § 9995 | 5943 | 9563 }:BG3R | N9 | ©2.60 | 4500 | 4105
243 MEDIAN ANUML | 1000 100 | 999 | 999 | 994 | 964 |t ges |19 | @x | 651 | a2 - - - -
T MAXIMUM — DO~ 1000 1000 | 1000 | 1000 | 999 | 9B7}roxe|7es9 | W1 | 560 | 516 - - - < -
17 MINIMUM . [ 00 100.0 99.8 597 | 953 | 980 |--937-14-839 |imo | 577 | 410 | 368 - - -
Noles: §) These are 100% Fmhis.
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Filr: 420-5 Sceronary xfe Steet: OVER YLOT

Vates DIVY9  Time Plothed: 2:42 PM

SUIENIONT ONILTNSNOD

6661724 120

Woat:8

SNINIW ATI0d LNNOW

MOUNT POLLEY MINING CORPORATION - MOUNT POLLEY MINE
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*120
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MOURT POLLEY MINE
TAILINGS SYORAGE FACILITY.
STAGE 2C CONSTRUCTION
CYCLONE # 6 OVERFLOW GRADATIONS
SHIA .
Knight Piesold 1999 CONTROL SAMPLE TESTS - SUMMARY SHEET SHEET : Tol1
CONSULTING - PERIOD: 3-Aup59 S
PROIECT : MOUNT POLIRY - CYCLONE TATLINGS ANALYSES PROIECT & 11162s10
MATERIAL D20-6 OVERFLOW TAILINGS SAMPLES T AREA : Taifiugs Stowzge Facibly -
o Particle Size DisrtGbition . R 8
. - 236 1.00 Q.85 0.60 .43 030 | 6212 | o150 | 0106 ] 0075 | 045 | 0.097 § 0030 | 0.010 | 0005 | 0.0% 1§ Z
SAMPLE LOCATION. - 7 716 20 78 | 435 | 8 | #&5 | o0 | #50 | ;| ms | me l 'HyvlumtlcrL I =
T % 3 % 3 % % % % 3 % '3 % % % % % % |3
June 16-20, 1999 Cytlone ¥6 v 10000 | 991 | 935 | 97.00 | 9.00 | 7833 { 6105 } 4708 | 4235 - - ~ - - -
June 23,1999 Cyclane 6 1000 9980 ] 99.13 | 98353 ¢ 9775 | 9668 | wssm | mse0 { 473 | 5612 | som - - - - - <
Taums 98,1999 . Cyclome 86 - - - 10000 | 998 | 9910 | 9330 | voss | 6673 | 4400 { 3RI5 - - . - .
July 6,199  Qyclone 86 . - 100.00 | 9990 | 958 {9798 | oreo | 8138 | @28 | ;1.3 - - - - - &
July 25,1999 -+~ Cyclone #6 : 1000 55.15 95.83 | 9530 | 9463 | 9315 | 8935 | EDIO | 7LOS | sB45 | 4mss - - - - - 13
Aurpst 1,159 - Qydome S5 { 1000 99,99 9997 | 9990 | 9938 | 9717 |:8993 | 8023 | 67.80 | 5115 { 4500 - - - - -
August 5,199 - 5. Cyclone 86 ;. 100.0 woo | 208 | 5963 | 9963 | o6mo Jioies | w338 | w20 | ares | avss - - - - .
Aupust 16,1999 10000 | D908 | 9995 | 9973 | o808 [io3as | 2233 | o | sves | 4o - - - - -
Augnaio, 1999 1000 99.98 9995 | 9990 | 9953 | 9645 )igr28 | 7340 | 005 | 1953 | 347 '
Scptember2, 1959 100.0 99.63 9923 | 9645 | 8758 | 6613 |i46o8 | 3275 | 2385 | 1435 | 1270 SRS
FNUMI 100.0 99.9 9.9 99.9 05 %69 [i 9509 |:®6 688 | 534 45.0 - - - R
on 100.0 100.0 1000 | 1000 | 1000 | 996 |i 986 | :9LE 814 62.3 57.6 - - - -
0.0 1000 D52 95.8 953 k7.6 661 |1 47.0 | 328 pax) 144 12.7 - - - ~ -

Notes: 1) These aro 100% Jimbise.
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