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MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT

TAILINGS STORAGE FACILITY
REPORT ON
ON-GOING CONSTRUCTION REQUIREMENTS
(REF. NO. 10162/9-3)

SECTION 1.0 - INTRODUCTION

1.1 PROJECT DESCRIPTION

The Mount Polley Project is located in central British Columbia, approximately 56
kilometres north-east of Williams Lake, as shown on Figure 1.1. The nearest

settlement is the community of Likely, on the northern tip of Quesnel Lake.

The project derives its name from Mount Polley, a low mountain with a peak
elevation of 1260 metres, approximately 300 metres above the surrounding terrain.
Mount Polley is situated on a topographic ridge with Polley Lake to the east and
Bootjack Lake to the southwest. The site is accessible by paved road from Williams
Lake to Morehead Lake and then by gravel forestry road for the final 12 kilometres.

The Mount Polley open pit mine contains an estimated 82.3 million tonnes of
copper and gold ore in three ore bodies. After loading in the pit, the ore will be
hauled to the crusher where it will be crushed. The ore is then transported to the
nearby concentrator where it will be processed by selective flotation to produce a
copper-gold concentrate at a rate of approximately 17,808 tonnes per day (6.5
million tonnes per year). Approximately 92.6 million tonnes of waste rock will be
stored immediately east of the Millsite.

The mill tailings will be 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
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recycled back to the mill for re-use in the milling process. No surface discharge of

any process solution from the tailings facility is required or anticipated.

1.2 SCOPE OF REPORT

This report presents the details and concepts for the on-going construction and
operation of the Mount Polley Mine Tailings Storage Facility. It will be used as
support to obtain a permit to operate the facility to its final elevation. Although the
facility will be permitted to the final elevation, a detailed design report will be
prepared for each embankment raise. Based on the results of the design report,
technical specifications and construction drawings will also be prepared for each raise.
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2.

2.

2.

SECTION 2.0 - SITE CHARACTERISTICS

1 HYDROMETEOROLOGY

1.1 General

The area is subject to a relatively temperate climate with warm summers and
cool winters. Precipitation is well distributed throughout the year. Climate
records are available for Likely (6 years of record) and Horsefly (11 years),

which are located in similar terrain within 40 km of the site.

The mean annual temperature at Likely, the nearest station, is 4.0° C with an
extreme maximum of 33.9° C and an extreme minimum of -37° C. Quesnel,
with approximately 70 years of record, has extremes of 40.6° C and -46.7° C.
Frost free days in the area range from 199 at Horsefly Lake (elevation 788 m)
to 244 at Barkerville (elevation 1244 m).

1.2 Precipitation and Evaporation

Precipitation data at the site is limited and thus precipitation records for

climatologically similar stations in the area were used to estimate mean / L
annual site precipitation values. The mean annual precipitation at Likely is 45 \/‘j\i

2

699.7 mm and at Barkerville (over 70 years of record) is 1043.9 mm. Site 4 i
precipitation is expected to fall within this range. Data for Likely, Barkerville i

and the site are presented in Table 2.1. A coefficient of variation of 0.16
was determined from regional values. This translates to a standard deviation
of 121 mm. These conditions were applied to the Tailings Storage Facility.

A mean annual precipitation of 755 mm was determined for the Tailings
Storage Facility. The waste dumps, pit areas and Millsite, (all at higher
elevations) were modelled with a mean precipitation of 810 mm, a
coefficient of variation of 0.16 and a standard deviation of 130 mm. The
increase}precipitation value was determined by applying an orographic
factor /o (1 07285 to {the values for the Tailings Storage Facility. The

//
o
)‘J‘" *S? &
™ -3- /9-3
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orographic factor is consistent with elevation correlations developed in
An annual evaporation rate of 423 mm at the site has been assumed to be 7 7 péo:;/«v
constant for all years of operatlon and precipitation conditions. o~ »5@/4{

Aﬁfw,z’
C/\@?{f*ﬂf »{;A‘Iéj/
W /

previous studies. This data is summarized on Table 2.2.

2.1.3 Runoff Coefficients
Site water balances include runoff coefficients based on average precipitation
conditions only. The runoff coefficients are summarized below:
Runoff Coefficient (%) ,ém "«{!': /
Component Description Dry Average Wet Aesgaras E1
Unprepared Tailings Basin 20 24 29
Tailings Beach 90 90 90
Open Pit 45 50 55
Millsite (Disturbed) 65 70 75
Waste Rock Dumps 58 60 62
Undisturbed Catchments 20 24 29
2.1.4 Storm Events

Intensity-duration-frequency curves were developed for the site based on
data from the Rainfall Frequency Atlas for Canada (RFAC), as shown on
Figure 2.1. Probable maximum precipitation values for the site were also
estimated, as shown on Table 2.3. As outlined in the RFAC, the 1 and 6
hour values are not influenced by orographic factors, while the 24 hour and
10 day values are significantly affected. A conservative orographic factor of

1.5 was used to evaluate the storm events at the higher elevations.

The 10 day PMP storm event of 406 mm was estimated by assuming a ratio »

of 10 day to 1 day PMP of 2.0. This value was used in the evaluation of

embankment storage requirements. ¥ £
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2.2  REGIONAL GEOLOGY

Mount Polley is located in an alkalic intrusive complex in the Quesnel Trough, a 35
km wide north-west trending volcanic sedimentary belt of regional extent. The rock
units are segmented into blocks by several faults, including an inferred north westerly
trending normal fault that extends along Polley Lake. The predominant structure of
the region is northwest trending and dipping steeply to the northeast.

The topography is generally subdued and the area has been glaciated. Surficial
deposits of well graded dense glacial till are common throughout the region and are
typically present in greater thickness in topographic lows. Bedrock exposures are

common at higher elevations.
2.3 SEISMICITY

2.3.1 Regional Seismicity

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

earthquake data.

There has been much debate in recent years concerning the possibility of a
large interplate earthquake of magnitude 8 or 9 along the Cascadia
subduction zone. Such an event would be located at over 400 km west of
the project site, and therefore ground motions amplitudes would be
relatively low due to attenuation over such a large distance. However, the
duration of shaking experienced at the site may be very long for such an
event.
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2.3.2

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

a significant impact at the site.

Seismic Design Parameters

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

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

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

Four potential source zones were considered for estimation of the maximum

ground acceleration at the site for the deterministic analysis. These source

zones are the Northern B.C., Southeastern B.C., Northern Cascades and
Cascadia Subduction Zones. The results are tabulated below together with
the maximum magnitude and estimated minimum epicentral distance for

each zone:

Source Zone Maximum Epicentral Maximum
Magnitude | Distance,(km) | Acceleration, (g)

Northern B.C. 5.0 0 0.13
Southeastern B.C. 6.5 40 0.13
Northern Cascades 7.5 200 0.04
Cascadia Subduction Zone 9.0 450 0.08
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The Northern B.C. magnitude 5.0 earthquake corresponds to a worst case

event occurring directly beneath the site with a focal depth of 20 km.
Maximum accelerations were calculated using the ground motion attenuation
relationship given by Idriss (1993), using the Mean +1 standard error
relationship. Based on this, a Maximum Credible Earthquake (MCE) of
magnitude 6.5, causing a bedrock acceleration of 0.13 g has been assigned
to the site. However, for seismic stability analyses a magnitude 9 event with
a bedrock acceleration of 0.08 g has also been considered as an alternative
MCE. This earthquake has the potential to be more damaging due to the

long duration of ground shaking associated with such an event.

The selection of appropriate design earthquakes is based on criteria given by
the Canadian Dam Safety Association’s “Dam Safety Guidelines for Existing
Dams”. These criteria are given on Table 2.4. A “LOW?” consequence
category has been assessed for the Tailings Storage Facility. For post-
closure conditions a conservative “HIGH” consequence category has been

adopted for design.

The seismic ground motions adopted and implications for design are

summarized below:

° The Design Basis Earthquake (DBE) for operations will be taken as
the 1 in 475 year return period event. This corresponds to a
maximum firm ground acceleration of 0.037 g and maximum ground
velocity of 0.077 m/sec. A design earthquake magnitude of 6.0 has
been selected. These parameters will be used for the design of all
earthwork structures. These values are also recommended for the
design of all site buildings and structures, consistent with the
National Building Code of Canada. The above ground motion
parameters place the site in seismic zone O for acceleration and zone
1 for velocity, (Z,<Z,).

° The Maximum Design Earthquake (MDE) for closure of the Tailings _~

Storage Facility shall conservatively be taken as 50% of the MCE.
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This MDE corresponds to approximately the 1 in 2500 year return
period event, based on extrapolation of data from the probabilistic |
analysis. This event gives a maximum firm ground acceleration of
0.065g and design magnitude of 6.5. A design earthquake of
magnitude 9.0 with a maximum firm ground acceleration of 0.04g
has also been selected for seismic design. These events have been
adopted for the design of the embankment for post-closure
conditions.

Due to the dense nature of the overconsolidated foundation soils at the site,
the amplification of seismic waves as they propagate from bedrock to the

ground surface will not be significant. Case studies have shown that ground

motion amplification is negligible through dense soil deposits overlying
bedrock. Therefore, maximum bedrock ground motion parameters have
been used for embankment design.
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SECTION 3.0 - TAILINGS CHARACTERISTICS

3.1 PROCESS DESCRIPTION

Mount Polley tailings will be produced from conventional milling of copper and gold
ore. The anticipated tailings stream will be as follows:
° Solids throughput: 17,808 tpd (6.5 million tonnes per year)

e Percent solids: 35 percent
° Solids specific gravity: 2.78

Tailings slurry will be deposited from spigots located on the inside crest of the
embankments. Tailings will initially be deposited into make-up water and a submerged

beach with a slope of 15 to 20 percent is expected to develop from the coarser tailings G
fraction. Finer tailings particles will be transported further before settling. The
overall slope of the tailings solids is expected to be about 1.5 percent. (Tailings beach
slopes were estimated from experience at other mines and are based on the results
from the publication “Tailings Beach Slopes” by B. H. Conlin).
777
A

A sandy beach will develop as the coarser tailings fraction settles more rapidly
adjacent to the embankment. The average beach slope above water will be about 1.5
percent. The finer tailings particles will be transported further out into the supernatant

pond before settling at a minimum anticipated slope of about 0.25 percent. Overall,
the tailings solids are assumed to have an average slope of about 0.5 percent.

3.2  PHYSICAL CHARACTERISTICS

3.2.1 Initial Testwork

Preliminary metallurgical testwork was conducted on tailings from drill core
samples in 1989 and 1990. The bulk tailings were comprised of 64 percent
silt, 30 percent fine sand and 6 percent clay sized particles. The gradation
limits for the 1990 bulk tailings are shown on Figure 3.1. The tailings were
non-plastic, yellow grey in colour, with a solids specific gravity of 2.78.
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3.2.2

3.2.3

Settling tests were conducted at slurry solids contents ranging from 25 to 45
percent. The particles settled rapidly, with a pronounced segregation of
coarse to fine material. The colloidal clay fraction remained suspended in the
supernatant water for several days. The tailings initially settled to relatively
low dry densities of 0.9 to 1.1 tonnes/m>. Consolidation from evaporative

drying resulted in final dry densities of 1.3 tonnes/my’.

The initial volume of water recovered from the tailings depends on the initial
solids content of the slurry. At 35 percent solids, the initial water recovery
was about 64 percent of the total water in the slurry. The vertical permeability
of the settled tailings varied from 1.0 to 2.0 x 10 cm/s. The permeability will
be reduced due to on-going consolidation. Detailed results were presented in
Knight Piésold report “Design Report, Ref. No. 1625/1”.

1996 Testwork

Additional tailings testwork was conducted in 1996 by MET Engineers Ltd.
Tailings were separated into two streams called the finer Slime Tails and the
coarser Sand Tails. The Slime tails comprised about 57 percent of the tailings
stream. The Sand Tails made up the remaining 43 percent.

The Slime Tails were comprised of 85 to 90 percent well graded silt. The
remaining 10 to 15 percent was clay sized particles. The Sand Tails comprised

about 26 percent fine sand and about 70 to 74 percent coarse silt.

Bulk Tailings were estimated by combining results from the Slime and Sand
Tails. Bulk Tailings comprised about 13 percent fine sand, 77 to 82 percent
silt and 5 to 10 percent clay sized particles. The gradation limits of the Slime,
Sand and Bulk tailings are also shown on Figure 3.1.

1997 Testwork

In October 1997, tailings samples were obtained from the Tailings Storage
Facility and Mill. A testing program was conducted to determine the index
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properties and settling and consolidation characteristics of the tailings. Index
tests included specific gravity, Atterberg limits and particle size distribution
(sieve and hydrometer). Slurry tests included undrained and drained settling

tests, falling-head permeability tests and slurry consolidation tests.

Three tailings samples were tested. A composite sample (BK2) was collected
from the mill on-stream analyzer, which retrieves a sample hourly. Samples

collected over a three week period were filtered, dried and combined to form

the composite sample. Two additional samples were collected at the Tailings )
Storage Facility. One sample of bulk tailings slurry (BK.1) was taken at one of

the discharge spigots. Another sample (BH1)was taken directly from the ,f /

exposed tailings beach adjacent to the Main Embankment.
Index Tests I
The specific gravity of the BK1 tallmgs solids” Was determmed in two tests to

be 2.75 and 2.73. An average of 2. 74 was used for all calculations. The bulk //? fj Z. 75
tailings (BK1) were determined fobe non—plasuc with a liquid limit of 19%.

The bulk tailings (BK1) were fine-grained sandy silt (21% fine sand, 68% silt) Ry
with a trace of clay (11%). The composite sample (BK2) consists of 31% fine

sand, 61 % silt and 8% clay. The coarser beach tailings (BH1) consist of 66 %

fine sand, 31% silt and only 3% clay. The grain size distributions for each of

the 1997 samples are also shown on Figure 3.1.

The results on the bulk (BK1) and composite (BK2) samples were compared
to the 1990 bulk tailings sample. These tailings have a very similar gradation
to the composite tailings (BK2). The 1997 bulk tailings (BK1) sampled from a
discharge point are similar but have a higher percentage of fine silt particles.

Tailings grain size distribution is routinely carried out by the mine on samples
from the on-stream analyzer. From mid-October to mid-November, 1997, the
fines content of the tailings, (percent passing a No. 200 sieve) has varied from
51% to 69% and has averaged about 61%. Both the bulk tailings sampled
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from a discharge point within the storage facility (BK1), and the composite
tailings sample (BK?2), have a fines content greater than this average.

Slurry Tests

For the slurry tests, water was added to the tailings samples to create slurries
with an initial solids content of approximately 35 percent. The samples were
mixed to produce a consistent slurry prior to testing. In addition to the bulk
(BK1), beach (BH1) and composite (BK2) tailings samples, a fine tailings
slurry (SS1) was also tested. The fine tailings slurry was prepared in the
laboratory by allowing some of the bulk tailings sample to settle and segregate
in a large pail. The finer material on the top was gggm carefully collected and

remixed to form a slurry. This slurry is hkelyCo be representative ofhif{ fine-
grained material located within the supernatant p

Undrained settling, drained settling, and falling head permeability tests were
conducted on each of the four samples. Slurry consolidation tests were

performed on the bulk tailings (BK1) and fine tailings (SS1) samples.

For the undrained settling tests, each sample was placed in a one litre
graduated cylinder. The settling rate was recorded and the dry density of the
settled solids was calculated with time. These tests estimate the density to
which the tailings settle in an undrained, sub-aqueous environment. Undrained
settled dry densities of 0.81 torme/m’ and 1.10 tonne/m’ were achieved for the
bulk (BK1) and composite (BK2) tailings, respectively. An undrained settled
dry density of 0.89 tonne/m’ was recorded from the 1990 bulk tailings sample. .
Settled dry densities of 1.19 an@ nne/m’ were achieved for the beach /< “r
(BH1) and fine tailings (SS1), respectively. These dry densities represent the

range of initial densities achieved by the tailings upon settling within the

Tailings Storage Facility. The settled dry densities for each of the tailings

slurries are summarized below.
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Falling-Head Slurry
Tailings Sample | Settled Dry Density (t/m’) | Permeability | Consolidation, C,
(cm/sec) (m/year)
Undrained Drained
Beach (BH1) 1.19 1.20 5.5x% 107 -
Bulk (BK1) 0.81 0.92 4.7 x 10° 10
Fine (SS1) 0.49 0.57 5.4x10° 1
Composite (BK2) 1.10 1.10 2.2x 107 -

1. Initial solids content of tailings slurries approximately 35% prior to settling.
2. Cv = Coefficient of Consolidation

Drained settling tests were performed using one litre graduated cylinders with
bottom drainage and recovery of downward seepage. These tests provide an
indication of the dry density that will be achieved from settling with drainage
at the base of the sample. Drained settled dry densities of 0.92 and 1.10
tonne/m> were achieved for the bulk (BK1) and composite (BK2) tailings,
respectively. A drained settled dry density of 1.10 tonne/m> was recorded
from the 1990 testwork. Dry densities of 1.20 tonne/m’ and 0.57 tonne/m’
were achieved for drained settling of the beach (BH1) and fine (SS1) tailings

respectively. The resulting drained settled densities are summarized above.

Falling head permeability tests were conducted after completion of the drained
settling tests. Water was applied to the surface of the tailings, imposing a
vertical gradient across the sample. The drainage rate and drop in water level

were recorded with time. The following results were obtained:

Tailings Average Void Ratio Coefficient of
Sample (After Drained Settling) Vertical Permeability
(e) (cm/sec)
Beach (BH1) 1.45 55x 10
Bulk (BK1) 1.94 4.7x10-3
Fine (SS1) 3.75 5.4x 100
Composite (BK2) (m@j C 22x10
N
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3.3

These results provide an indication of the coefficient of permeability of the
tailings at low effective stresses and corresponding low densities (high void
ratios). The tailings permeability will decrease as consolidation increases the

density and reduces the void ratio.

Slurry consolidation tests were performed on the bulk (BK1) and fine (SS1)
samples to determine their coefficient of consolidation at low effective stresses
(high void ratios). The tests were carried out by introducing a pre-measured
quantity of tailings slurry into a one litre burette with the bottom stopcock
closed. After settling of the slurry the bottom stopcock was opened to permit
drainage and dissipation of pore pressures, causing an increase in the effective

stress across the sample. The decrease in volume with time was recorded.

The calculated coefficients of consolidation and the corresponding average

void ratios for the tailings slurry for both tests are as follows:

Coefficient of
Tailings Sample Average Void Ratio Consolidation
(e) (mz/year)
Settled Consolidated
Bulk (BK1) 2.32 1.62 10
Fine (SS1) 4.54 2.57 1

A coefficient of consolidation of 10 m?/year for the bulk tailings is in good
agreement with the tailings parameters used for the consolidation analyses in
the design of the Tailings Storage Facility, (Knight Piésold Design Report,
Ref. No. 1625/1). The coefficient of consolidation of 1 m*/year is a typical
lower bound value for fine tailings material.

GEOCHEMICAL CHARACTERISTICS

Geochemical testwork on a locked cycle tailings sample was conducted in 1989 by

Coastech Research Inc. The testwork included the following:
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° Determination of net acid generating potential
° Special Waste Test using acetic acid

° ASTM waste extraction test using carbonic acid

The acid base accounting procedures used were based on recommendations by the
U.S. Environmental Protection Agency. The method includes an evaluation of the
balance between acid producing components (primarily pyrite) and acid consuming
components (carbonates and other rock types with neutralizing capabilities). The

results are:

Sulphur | Paste pH Acid Neutralization | Net Neutralization
(percent) Potential Potential Potential
(kg CaCO,/t) | (kg CaCOs/t) (kg CaCO./t)
0.02 8.22 0.6 24.6 24.0

These results indicate that the tailings are not acid producing and have a significant net

neutralization potential. P

A special waste classification test was conducted in accordance with the procedure
published by the B.C. Ministry of the Environment, entitled "B.C. Special Waste
List". The test indicates that the tailings from the locked cycle tests do not exceed the

B.C. Waste Management Branch regulations for special wastes.

In addition to the special waste test, an ASTM waste extraction test using carbonic
acid at pH 5.5 was carried out. The test uses carbonic acid for leaching of the tailings
and is a more realistic indication of actual long term water leachable constituents under
slightly acidic rainfall. The test showed very low levels of water leachable
constituents in the extract, all at concentrations below the lower range concentration

for the pollution control objectives for final effluent discharge.

Detailed results of the geochemical characteristics of the tailings were presented in the
Knight Piésold document “Tailings Storage Facility Design Report, Ref. No.
1625/1”.
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SECTION 4.0 - GEOLOGICAL AND GEOTECHNICAL CONDITIONS

The tailings area geological and geotechnical conditions have been confirmed based

on results of the following site investigation programs:

e The initial site investigations in 1989.
° The final design investigations in 1995
o Investigations during Stage 1a/1b construction in 1996/1997.

The results of these investigations are presented in detail in the Knight Piésold
document “Tailings Storage Facility, Updated Design Report, Ref. No. 1627/2”.

Additional borrow area investigations for Stage 2 construction were conducted in
October, 1997. The results are presented in the Knight Piésold document “Stage 2A
Tailings Facility Construction, Selected Excerpts from Reference Information, Ref.
No. 10162/9-2”. This document also contains a summary of all geotechnical

investigations conducted prior to the Stage 2 borrow area investigations.

A geologic summary was prepared based on the above listed investigations and
accompanying laboratory test data to define the surficial overburden conditions,
including the continuity of the surficial glacial till and the location and extent of the
underlying sedimentary units. In summary, the geology of the tailings basin is

characterized by four units:
Surficial Till

A surficial layer of melt-out or Ablation glacial till underlies all areas of the tailings
basin investigated to date. This glacial till is typically comprised of 50 to 65 percent
sandy silt (passing No. 200). It is slightly weathered, firm to stiff, and wet for the
top 0.5 to 1 metres in the lower areas of the tailings basin. It is very stiff and is
moist to very moist below 1 to 2 metres depth and at higher elevations. No
appreciable fissuring was observed in the surficial till unit in the lower areas of the
tailings basin. This is likely due to the shallow groundwater table, which is typically

less than 0.3 metres below the ground surface.
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The surficial till thickness varies, but generally thins from north (4 to 6 m) to south
(2 to 3 m) along the valley and may pinch out completely downstream of the Main |
Embankment Seepage Collection Pond. Field and laboratory permeability testing on
the surficial till typically yielded results in the order of 10°® to 10® cm/s.

The surficial till thickness exceeds 2 metres over most of the tailings basin. Figure
4.1 shows the extent and thickness of the surficial till near the Main Embankment.
The surficial till is less than 2 metres thick over two areas, including the right
abutment (approx. Ch. 16+00 to 16+75) and at the bottom of the basin (approx.
Ch. 19+50 to 21+50). A glacial till basin liner was constructed over these areas.

The locations of the as-built basin liners are also shown on Figure 4.1.

Glaciolacustrine/Glaciofluvial Sediments

Glaciolacustrine/glaciofluvial sediments underlie the surficial glacial till. This unit
is primarily comprised of glaciolacustrine layers (silt, some clay), with lesser fine
grained glaciofluvial layers (sand). The glaciolacustrine/glaciofluvial sequence
thickens from west to east and from north to south, and terminates at approximately
El. 928 m. It is not present along the right abutment where the surficial till directly
overlies bedrock. The glaciolacustrine/glaciofluvial sequence transforms from a
continuous sequence near the Main Embankment into thin (0.5 to 3.0 m) layers
within the glacial till unit to the northwest. The glaciolacustrine/glaciofluvial
sequence is generally 6 to 8 metres thick at the west and increases to as much as 25

metres towards the eastern edge of the tailings basin.

The glaciolacustrine/glaciofluvial sequence consists predominantly of interbedded
layers of silt with either clay or fine sand. The glaciolacustrine (silt, clay)
sediments are often highly over-consolidated and very stiff to hard, with a low
permeability. Within the glaciolacustrine sediments, occasional seams of fine sand
with only a trace of silt are present. These seams vary in thickness from 0.1 metres

to greater than 3 metres.

One continuous sandy unit is present below the surficial till over a 450 metre stretch
(approx. Ch. 16+50 to 21+00) directly beneath or upstream of the Stage 1b Main
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Embankment footprint, as shown on Figure 4.2. The unit consists of fine-grained

sand with 20 to 40 percent coarse silt. The permeability is estimated to be 10° to .
10 cm/s, based on the results of gradation analyses. From Ch. 16+50 to Ch.

18+75 the unit grades into a fine to medium grained sand and contains localized

areas of coarser gravelly sand. The permeability of this coarser unit is estimated to

be 10* to 10° cm/s. Groundwater seeped into excavations and some of the pit

walls were unstable when exposed, indicating that the unit is likely a confined

aquifer. Two foundation drains, one pressure relief trench and one pressure relief

well were extended into the sandy unit to contain groundwater flows in this area. A

groundwater monitoring well (GW96-9) was installed in this unit just downstream of
the ultimate toe of the Main Embankment.

The glaciofluvial sand unit extends into the Tailings Storage Facility for
approximately 200 metres before it grades into a lower permeability silt or is
overlain by more than 2 metres of surficial till. Laboratory testwork on samples of
the glaciolacustrine/glaciofluvial materials from further upstream of the Main
Embankment (such as the sediment layers exposed in some areas of the Reclaim
Barge Channel) have shown that the material is primarily silt with variable clay

content and occasional narrow seams of coarse silt with trace to some fine sand.

Near the Perimeter Embankment Seepage Collection Pond (GW96-1), the
glaciolacustrine sequence consists of a 3 metre layer of firm to stiff, low
permeability silts with variable clay content and thin silty sand laminations. No
higher permeability layers were identified. East of the Perimeter Embankment
(GW96-2), the glaciolacustrine unit is 7.5 metres thick and consists primarily of silt
with rare thin (5 to 30 mm) fine to medium grained sand laminations. A 10 to 13
metre thick sequence of high permeability glaciofluvial sands and gravels was
encountered at depths of 27 and 32 metres in GW96-1 and GW96-2. The higher
permeability sandy gravel unit is not connected to the tailings impoundment. It is
therefore not considered to be a significant seepage pathway due to the thick layer
of low permeability surficial till and glaciolacustrine sediments above this zone.

-18- 10162/9-3

“A N\, Association Assaciation
of Consuiting des Ingénieurs- December 2’ 1997
Engineers Conseils
of Canada du Canada



ight Piésold Lid.

CONSULTING ENGINEERS

Basal Till

The glaciolacustrine/glaciofluvial sedimentary sequence is underlain by a very
dense, well graded silt and sand basal glacial till. The basal till dips and thickens
slightly from west to east and north to south, likely following bedrock topography.
It is typically 10 to 20 metres thick, massive, highly consolidated and contains some
gravel and trace to some clay. The basal till has a low permeability, estimated to be
less than 10°® cm/s.

Bedrock

At the Main Embankment, the bedrock surface dips from west to east and more
gently from north to south. Bedrock drops off quickly and is less than 1 metre
below surface on the ridge at the right abutment. The bedrock surface is greater
than 30 metres deep at the left abutment. Because of the thick cover of low

permeability overburden soils, the bedrock permeabilities will not greatly influence

01’/@ ,1’% {..;i £

seepage from the Tailings Storage Facility W e st

Bedrock is predominantly a red-brown sedimentary conglomerate composed of
hematitically altered volcanic tuffs and fragmentals. It is moderately to highly
weathered near the surface. Weathering decreases with depth. Rock quality is
typically poor to very poor for the top 15 m and improves with depth. The unit
appeared to be free of large fault fractures and measured permeabilities were

typically 10°® cm/s or lower.

A coarse-grained syenite intrusive unit underlies much of the hill up-slope (west) of
the Bootjack-Morehead Connector Road (GW96-5). The unit is massive and is
generally free of large fractures. Rock quality ranged from fair to good. Smaller

isolated units of mudstone, sandstone and basalt were also identified.
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SECTION 5.0 - TAILINGS STORAGE FACILITY DESIGN

5.1 GENERAL

The main components of the Tailings Storage Facility are the Main, Perimeter and
South Embankments. All three embankments are modified centreline zoned earthfill
structures with low permeability glacial till core zones, chimney drains, upstream
toe drains and downstream random fill zones constructed from mine waste rock.
The tailings embankments are shown in section on Drawing No. 10162-9-201. A
plan view of the final arrangement of the Tailings Storage Facility is shown on
Drawing No. 10162-9-200.

The tailings embankments have been designed for staged expansion during operations

in order to minimize initial capital expenditures and to maintain an inherent flexibility

to allow for variations in operation and production throughout the life of the mine.

5.2  DESIGN BASIS AND CRITERIA

5.2.1 General

The principal objectives of the Tailings Storage Facility are to ensure that
regional groundwater and surface water flows are not adversely affected
during mining operations and in the long term, and also to permit effective

reclamation at mine closure. The principal requirements of the design are to:

° Provide permanent, secure, and total confinement of all solid waste
materials within an engineered storage facility.
e Control, collect and remove free draining liquids from the tailings for

recycling as process water to the maximum practical extent.

e Include monitoring features for all aspects of the facility to ensure
performance goals are achieved.
° Develop the facility in stages to distribute capital expenditure over the
life of the project.
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The design basis and criteria are based on appropriate and conservative design
parameters from hazard classification, seismic data, hydrological studies, on |
results of site investigations and on review comments by the Ministry of
Employment and Investment (MEI). The design basis and criteria for all

aspects of the design, construction and operations are presented on Table 5.1.

Consequence Classification

A hazard classification based on the Canadian Dam Safety Association’s
(CDSA) “Dam Safety Guidelines for Existing Dams” has been assessed to
establish design flood and seismic criteria. Details of each consequence
category and the corresponding potential consequences of failure are presented
on Table 5.2.

A "LOW" hazard classification or consequence category has been assessed for
the Tailings Storage Facility, as discussed in Section 2.3. In accordance with
the “LOW” hazard classification, a Design Basis Earthquake (DBE)
corresponding to the 1 in 475 year return period event has been adopted for
design of the facility during operations. For post-closure conditions, a

conservative "HIGH" consequence category has been assigned.

The embankment has been designed to accommodate a maximum design
earthquake (MDE) corresponding to 50% of the maximum credible
earthquake (MCE) and the probable maximum flood (PMF) flood event.

Tailings Storage Capacity

The depth-area-capacity-filling rate relationships for the Tailings Storage
Facility are shown on Figure 5.1. The projected filling rate and rate of rise
are based on a production rate of 17,808 tpd (6.5 million tpy). The tailings
facility has been designed to contain 84.5 million tonnes of tailings solids at an
average dry density of 1.28 tonnes/m’ (1.1 tonnes/m® for Year 1, 1.2
tonnes/m”> for Year 2,and 1.3 tonnes/m’ for Years 3 through 13). Provisions
for the following are been incorporated into the design:
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° Up to 2.5 million cubic metres of process (reclaim) water on top of the
tailings surface. |

° An emergency storage volume of at least 0.68 million cubic metres
for runoff from the design storm event, the 24-hour probable
maximum precipitation (PMP).

° An additional one metre of freeboard for wave run-up and

emergency flood storage.

STAGE 1 CONSTRUCTION

The Stage 1 Tailings Storage Facility was constructed from May, 1996 to March,
1997. The Stage la Main Embankment was completed to El. 927 metres in
December, 1996 to enable the impoundment of runoff water from the 1997 freshet.

The Stage 1b Main and Perimeter Embankments were completed to El. 934 metres in

March, 1997. Stage Ib provides sufficient storage capacity to contain the above

mentioned runoff, plus additional make-up water from Polley Lake and tailings from

approximately one year of production.

The main components of the Stage 1 construction included the following:

Associatio

Tailings basin clearing, grubbing and topsoil stripping and stockpiling.

Soils investigations to determine the extent of the basin liners, including
laboratory and in-situ field testing.

Construction of the Lower and Upper Basin Liners, and additional Basin
Liners in the Original Borrow Area (No. 1), where required.

Preparation of the embankment foundations to ensure a tie-in with dense,
natural ground.

Placement and compaction of the embankment fill materials in the respective
zones in accordance with the Technical Specifications. Fill materials were
placed during freezing and non-freezing conditions.

Installation and monitoring of the Main Embankment Foundation and
Chimney Drain systems.

Installation and monitoring of vibrating wire piezometers.

A construction quality assurance (CQA) program to evaluate the construction
techniques and embankment fill materials through detailed testing on the fill
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and in the site soils laboratory. During cold weather construction periods,

additional Knight Piésold personnel were provided to ensure that the design
objectives were achieved in spite of the freezing conditions.

Excavation of the seepage collection ponds and installation of the drain
monitoring sumps, seepage recycle sumps and pipework.

The Bootjack-Morehead Connector Relocation to replace the section of the
Gavin Lake Forest Service Road that was inside the Tailings Storage Facility.
Tailings and Reclaim pipeline access roads, complete with pipe containment
channels, separate runoff diversion ditches and a crossing of Bootjack Creek.
Installation of the HDPE tailings pipeline, including construction of the T2
tailings dropbox, construction of the spigot offtakes (M1 dump valves and
movable discharge section), pipeline anchoring and pipeline testing.
Installation of the HDPE reclaim pipeline, including construction of the
reclaim booster pumpstation, pipeline anchoring and pipeline testing.
Installation of the floating barge pumpstation, steel ball joint and steel pipe.
Construction of the make-up water supply system components, including the
Millsite Sump, the Southeast Sediment Pond and the Polley Lake Pumpstation.

Fill placement during freezing conditions was permitted only if the materials were
placed and compacted to the specified densities which would normally be achieved

if freezing conditions did not prevail. The criteria for placing fill materials during

freezing conditions are summarized in the Knight Piésold document “Tender
Documents for Stage 2A Tailings Facility Construction, Ref. No. 10162/9-1”.

Stage 1 construction was generally completed in compliance with the design intent

and according to the technical specifications and construction drawings. Details are

provided in the Knight Piésold document “Report on Stage 1a/1b Construction, Ref.
No. 10162/7-5".

5.4

5.4.1

WATER MANAGEMENT AND RATE OF FILLING
General

The components of the water management plan include disturbed and
undisturbed areas at the open pits, waste dump, Millsite, Tailings Storage
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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 5.2.

The objective of the water management plan in the early years of operation
is to route all project water flows from disturbed areas into mine activities.
In later years, the objective will be 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 :

° Maximizing the capture of surface and groundwater flows from within

the project area.

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

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

° Monitoring the quality of surface runoff from disturbed areas and

groundwater flows within the project site.

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

e Managing the tailings supernatant pond to optimize the volume of
water stored on the tailings surface durmg operatlons and at closure

;/! ) M{/}CZ/%&%.&'; - fw}?f” y ey /’/ Fiborgrd ;}/}f P S W C N I .
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The key to implementing the”watét managemen plan is developing and

maintaining a detailed data base so that water balances can be as accurate as
possible. This will enable the water balances to become useful tools for
predicting annual make-up water requirements and for scheduling releases of

clean surface runoff water.

5.4.2 Water Balance Results

The overall project water balance was originally presented in the Knight
Piésold document “Report on Project Water Management, Ref. No.
1624/1”. The current water balance has been modified as other catchment

areas will no longer be utilized as a source of surface runoff. Instead, water
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will be extracted annually from Polley Lake during the spring freshet high ‘
flow period.

The water balance requires a sufficient volume of water to be available to
the milling circuit during the cold winter months when precipitation
accumulates as snow and surface runoff is at a minimum or if drier than

average conditions occur. This requirement can be met by:

e Providing up to 2.5 million cubic metres of water in the tailings
impoundment prior to start-up.

° Ensuring that 1.9 to 2.5 million cubic metres of water is available in
the tailings impoundment after freshet during on-going operations.

o Allowing for contingency water extraction from Polley Lake during
peak flow months. The amount of water that can be extracted from
Polley Lake is limited by the minimum fish flow requirements for

Hazeltine Creek.

The staged development plans for the various components of the project are
included in the water balances. For this report, average annual water

balances for years 1 and 13 have been prepared.

The water balance components for years 1 and 13 are shown on Figures 5.3
and 5.4. The results of the water balance for years 1 and 13, shown on
Tables 5.3 and 5.4, indicate that water stored in the Tailings Storage Facility
will be at a minimum in March of every year, just prior to the freshet. The
subsequent snowmelt significantly increases the water storage in the tailings
impoundment. However, it is unlikely that the freshet alone will provide
enough water for operations for the following winter and additional make-up
water will be required from Polley Lake to make up the difference. Current
plans include the annual withdrawal of up to 1 million cubic metres of water
from Polley Lake. A schematic illustration of the water balances for years 1

and 13 is presented on Figure 5.5.
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The annual withdrawal of up to 1 million cubic metres of water from Polley

Lake will likely only be required prior to start-up and for the first three to
four years of operations. Withdrawal requirements for subsequent years will
decrease progressively with time due to the increased consolidation of
tailings in the pond (greater release of pore water) and the progressive

development of the open pit and waste dump.

Site water balances have been developed and are being updated based on
actual production and monitoring data. The site water balances are in general

agreement with the original water balance.

Rate of Filling

The Filling Schedule and anticipated Staged Construction sequence is shown
on Figure 5.6. The filling schedule includes tailings deposition and reclaim
water storage. Provisions for the 24 hour PMP and required 1 metre of
freeboard are also included. These variables, combined with preferred
construction seasons, are used to define the stage construction sequences.
Variations in the reclaim water volume are based on the amount of water

available in the pond from the water balances.

Recorded pond levels to date are also shown on Figure 5.6. The recorded
pond levels indicate that the rate of filling of the impoundment is slightly
behind anticipated levels. However, no modifications are currently planned
for the embankment staging as additional make-up water may be supplied

from the Polley Lake Pumping System.

The rate of filling for the tailings accounts for consolidation, which occurs
continuously within the tailings deposit during deposition and will continue
after completion of operations until all excess pore pressures have
dissipated. = Expulsion of pore fluids during consolidation produces
settlement of the tailings surface and a corresponding increase in the average
density of the deposit.
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Analyses conducted to predict tailings surface settlements and average
densities during operations and at closure are discussed in detail in the
Knight Piésold document “Updated Design Report, Ref. No. 1627/2”. In
summary, an average dry density of 1.1 tonnes/m3 was predicted after the
first year of operation. The average dry density will likely increase to 1.2 to

1.3 tonnes/m3 and will be maintained until closure.

ON-GOING EMBANKMENT CONSTRUCTION

General

On-going embankment construction requirements for the staged expansions
are shown on Figure 5.6 and on Drawing No. 10162-9-201. The staged
expansions will incorporate a combination of centreline and modified
centreline construction methods. The on-going raises will each provide
incremental storage capacity for one or two years of production. The
proposed raises will be re-evaluated during operations to ensure that
adequate storage capacity and embankment freeboard are maintained
throughout the mine life.

The embankment design will be reviewed on an on-going basis. Drainage
systems will be evaluated during operations and will be extended during on-
going embankment expansions as required. Any modifications to the
drainage systems will be based on operating experience, monitoring records
and availability of various embankment construction materials. All pipework
will include suitable levels of redundancy to compensate for minor

embankment settlements or earthquake induced deformation.

Staged embankment fill quantities for on-going construction are shown on
Table 5.5.

The Tailings Storage Facility can be expanded if the ore reserves are

increased above the projected total of 84.5 million tonnes. Embankment
raises above the proposed final crest elevation of El. 965 metres would be
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constructed as required by incorporating a downstream extension of the

embankment toe. This would also ensure that embankment stability is

maintained.
Embankment Settlement

Settlement of the embankment fill materials occurs progressively as the
embankment raises extend over the tailings beaches. Analyses carried out to
predict the magnitude of these settlements using a one-dimensional finite
element computer model are discussed in detail in the Knight Piésold
document “Updated Design Report, Ref. No. 1627/2”. Thea analyses are

summarized below.

Two tailings columns were evaluated at increasing distance from the Stage
1b embankment crest.

e Column A - 6 metres of tailings overlain by Stages 3 to 7.
° Column B - 30 metres of tailings overlain by Stages 6 and 7.

Void ratio vs. effective stress and coefficient of consolidation vs. effective
stress relationships for the tailings beach materials were based on data for
similar coarse tailinés from existing tailings facilities. Parameters used for the

tailings consolidation analyses were adopted to represent these tailings.

Estimates of embankment settlements were made for staged expansions up to
the final Stage 7 crest at El. 965 metres. These represent the maximum
settlements at the deepest section of the embankment.

The “bulk” tailings adjacent to the Stage 1b embankment crest will be
approximately 50% consolidated prior to construction of the Stage 2 raise. A
settlement of about 0.3 metres is expected during construction of Stage 2 onto
these tailings. This settlement will occur during initial placement of the coarse
bearing layer on the tailings and during placement of the remaining fill.

Consolidation will occur rapidly during fill placement and the underlying
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tailings are predicted to be over 90% consolidated immediately after ‘
construction. These “bulk™ tailings do not have a significant effect on
predicted embankment settlements because the compressibility of this material
is likely to be higher than the coarser beach tailings only at low effective
stresses. Due to confinement from additional tailings, effective stresses will
increase in this underlying material. Therefore, the compressibility of these

tailings will be similar to the overlying beach tailings by the time on-going

embankment raises are constructed.

For the staged expansions, the majority of the settlement for both columns
occurs during placement of embankment fill, as described above. The coarse
bearing layer and fill placement during construction routinely~ compensates
for these initial tailings settlements. Excess pore pressures generated in the
tailings during fill placement dissipate rapidly and the degree of
consolidation is typically 70 to 90% by the end of construction of each raise.

Embankment settlements after construction of each raise in Column A will be
negligible (less than 0.1 metres) and the underlying tailings will be
consolidated shortly after each raise. Settlements for Column B are also
expected to be minor, approximately 0.6 metres and 0.2 metres after

construction of Stages 6 and 7, respectively.

On-going settlements due to additional embankment raises generally reduce as
the tailings become less compressible at the high confining pressures from the
overlying fill. Settlements will also vary laterally along the embankment crest
due to the variable thickness of the underlying tailings. The minor settlements
given above correspond to maximum values in the deepest section of the

facility and therefore differential settlements will not be significant.

On-going fill placement during staged expansion of the embankment routinely
compensates for settlement of the embankment crest. Sloping internal
embankment zones and the chimney drain will deform slightly but will result
in only a very slight flattening of the embankment drainage systems. This will
not reduce the efficiency or integrity of the systems.
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5.6

5.6.1

SEEPAGE ANALYSES

General

Seepage analyses were performed using the finite element computer program
SEEP/W to establish the pore water pressures within the embankments for
stability analyses and to estimate the amount of seepage discharge from the

Tailings Storage Facility.

To reflect variability in embankment design and foundation conditions, the
Final Embankment seepage analysis was conducted by dividing the Tailings
Storage Facility into four sections as shown on Figure 5.7. The sections

examined were:

o The Perimeter Embankment.

° The Main Embankment with a varved silt unit within the foundation
(Section A).

o The Main Embankment with a sand unit within the foundation
(Section B).

e The South Embankment.

Finite element models were generated for each section to estimate the seepage
rates into the upstream toe drains, the chimney drain, the foundation drains
(Main Embankment sections only), and the groundwater system. Seepage
rates for the entire facility were determined by adding the seepage rates for

each section.

Two cases were considered in the analyses. These were:

° Case 1: estimated seepage flows with the upstream toe drains
functioning.

° Case 2: estimated seepage flows with the upstream toe drains not
functioning.
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Finite element models were also generated to determine the pore pressure
conditions following completion of the Stage 2 Main Embankment and of the
Post Closure Main Embankment for use during stability analysis. The
conditions considered for the Stage 2 and the Final Embankment seepage

analyses are summarized on Table 5.6.

During the initial year of operations, tailings will be discharged into stored
make up water, resulting in limited beach development. As a conservative
approximation, fine tailings, have been assumed to extend to the upstream face
of the embankment up to the maximum stored make up water elevation of
925 m.

Summary of Parameters

Saturated and unsaturated hydraulic conductivities were determined for each
material in the embankment and foundation. Typical conductivity functions for
similar soil types were used in assigning hydraulic conductivity values. These
functions were adjusted to correspond with the actual saturated conductivities
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 to account for the less permeable consolidated
tailings at depth. Hydraulic conductivity values were assigned based
on falling head permeability test results for tailings samples collected
in October 1997.

° Hydraulic conductivity values for Zone S, Zone B, and the Basin
Liner were estimated from Stage 1 Record and Control Test results.

e Hydraulic conductivity values for Zone F, Zone T, the Free
Draining Fill, and Zone C were based on Stage 1 Record and
Control Test results and from empirical estimations relating to
particle size analysis (Hazen formula, Crum, Blein, and Munk
formula, and the USBR formula).
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° Hydraulic conductivity values for the foundation materials were
based on field permeability test results, estimations recorded during

geological investigations, and typical values for similar materials.

The material parameters used during the analyses are provided on Figures
5.8, 5.9 and 5.10.

Conductivity ratio values (ratio of the vertical hydraulic conductivity divided
by the horizontal hydraulic conductivity) for the embankment materials,
foundation, and the tailings were estimated based upon typical values for
similar materials. The vertical and horizontal conductivities for Zone S and
Zone B are expected to be equal (conductivity ratio of one), however a
sensitivity analysis was completed to determine the effects a higher

horizontal conductivity.

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 summarized as follows:

° A no-flow boundary condition was assigned along the left side of the
model (upstream of the embankment).

e A total head boundary was imposed at the tailings surface to model a
supernatant pond.

° The upstream embankment toe drains and the foundation drains were
modelled by applying elevation head nodes at those locations (pore
water pressure equal to zero).

° The longitudinal drain and the outlet pipe were modelled by applying
an elevation head node at the base of the chimney drain.

° A hydrostatic pore pressure profile with the water table 2 metres
below the ground surface was assigned to the right boundary of the
model (downstream of the embankment).
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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:

e Seepage collected by the upstream toe drain.

° Seepage collected by foundation drains.

o Seepage collected by the chimney drain.

° Seepage flow which bypasses the seepage collection systems.

Flows captured in the seepage collection systems (i.e. the upstream toe drains,
the chimney drain, and foundation drains) will drain to the Seepage Collection
Ponds and will be recycled to the tailings impoundment. Seepage flows which
bypass the seepage collection systems are the only component lost to

groundwater.

Results

The results of the seepage analysis are provided in Table 5.7. 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 factored into the following flow

projections.

In Case one, with the upstream toe drains functioning as designed, a total
seepage rate of 39.9 1/s was calculated from the seepage analysis. The

solution flow contribution made by each of the components is as follows:

° The upstream toe drain collected 36.4 1/s.
° The chimney drain system collected 0.6 /s.
° The embankment foundation drain system collected 1.1 1/s.
o Seepage loss through the foundation was 1.8 I/s.
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The results from Case 2, with the upstream toe drains not functioning, .
indicate a total seepage of 4.2 1/s The flow contribution made by each of the

components is as follows:

° The chimney drain system collected 1.2 I/s.
e The embankment foundation drain system collected 1.1 I/s.
° Seepage loss through the foundation was 1.9 I/s.

Construction of the upstream toe drains will reduce the expected losses into
the groundwater system. Seepage into the upstream drains will also
contribute to the consolidation of the tailings and decrease the hydraulic

conductivity of the tailings mass.

The seepage rates presented above are expected maximum incremental
values which occur late in the project. However, during the early years of
operation, seepage rates are expected to be lower, particularly at the
Perimeter and South Embankments where the natural groundwater table
provides complete hydraulic confinement during the first year. As the
tailings surface rises, the seepage rate is expected to gradually increase to
the maximum values presented above. Following closure, seepage rates will
decrease as the supernatant pond becomes remote to the embankment and

the tailings continue to consolidate.

The results of the sensitivity analysis to determine the effects of a higher
horizontal conductivity within the Zone S and the Zone B indicate that a
conductivity ratio of 0.1 within these zones would increase the total seepage
through the embankment by 40 percent. However, the seepage losses into
the groundwater system would actually be reduced and the additional flow
would be collected by the chimney drain system and the foundation drain

system.
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STABILITY ANALYSES

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.

The conditions considered during stability analyses are summarized in Table

5.8 and outlined below.

Downstream _Stability - Analyses were performed to investigate the

downstream stability of the Stage 2 Main Embankment, the Final Main
Embankment during operations, and the Post Closure Main Embankment for

the following conditions:

Association
of Consulting
Engineers

of Canada

Static conditions during operations and post-closure. Minimum
acceptable factors of safety of 1.3 (during operations) and 1.5 (post-
closure) have been adopted for these cases.

Earthquake loading during operations and post-closure. The stability
of the embankment under earthquake loading was analyzed using 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 deformations of the embankment
initiated by earthquake loading. For conditions during operations, a
seismic coefficient of 0.04 was used to represent the Design Basis
Earthquake (as determined by the hazard classification for the Tailings
Storage Facility). A conservative seismic coefficient of 0.065 was
used to represent the Maximum Design Earthquake, for post-closure
(long-term) conditions.

Residual (post-liquefaction) tailings strength conditions. A
preliminary tailings liquefaction analysis indicates the tailings will not
liquefy during operations if subjected to the Design Basis Earthquake
with a magnitude of 6.0. However, for post-closure conditions a
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Maximum Design Earthquake with a magnitude of 9.0 has been _

considered. This earthquake has the potential to initiate liquefaction
within the tailings due to the long duration of ground shaking
associated with such an event. Therefore, for post-closure

conditions, liquefaction of the entire depth of tailings was assumed.

The tailings were assumed to be partially consolidated during operations
(based on the results of the consolidation analysis) and 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.

The location of the phreatic surface was based on seepage analysis for the
cases with the upstream toe drains functioning and with the upstream toe

drains not functioning. Both cases were considered in the analyses.

Upstream Stability - The upstream stability of the Stage 2 Main Embankment,
the Final Main Embankment, and the Post Closure Main Embankment has

also been evaluated.

The influence of construction pore pressures on embankment stability has been

previously considered. These results are presented in Section 5.7.3.

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 Stage 1 Record and Control Test results, testwork conducted
on representative samples as part of the 1995 geotechnical
investigations, and typical values for similar materials. An average
bulk unit weight for the tailings deposit adjacent to the embankment
was estimated from the results of consolidation analysis.
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° Partially consolidated tailings during operations were assigned typical
undrained shear strengths ranging from 10 kPa to 55 kPa at depth. |
For fully consolidated tailings an average effective friction angle of
30° was adopted. 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.

° An undrained shear strength of 10 kPa was conservatively adopted to
represent the residual (post-liquefaction) strength of the tailings. This
is based on lower bound values obtained for similar tailings and is also
consistent with lower bound data presented by Seed (1990) for the
residual undrained shear strength of sand.

° An average effective friction angle of 30° was adopted to represent the
coarse beach tailings beach underlying on-going embankment raises.
These coarser, more free draining tailings will consolidate rapidly.
Modelling has shown that these tailings achieve complete consolidation
shortly after placement of the embankment raise.

e Effective strength parameters for the embankment fill and foundation
materials were obtained from consolidated-undrained triaxial testwork
performed on representative samples obtained during the 1995
geotechnical investigations.

° An undrained shear strength of 85 kPa was adopted to represent the
strength of the top two metres of the Stage 1 and 2 foundation soils
during Stage 2 analysis. This value is based on the lower third bound
strength obtained from 1996 cone penetration tests.

° An effective friction angle of 26° was used to represent the strength
parameters of the top two metres of the Final 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 testwork performed on glacial
till samples obtained during the 1995 geotechmcal investigations.————""

° An effective friction angle 0f4/0??vas adopted for the free draining fill
based on typical values for sumlar materials.

e A hydrostatic pore pressure of 1.5 metres above ground was applied to
the foundation soils on the downstream side of the embankment. This
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piezometric condition has been added to simulate baseline artesian
pore water pressures within the foundation materials. This value is '
based on the initial readings from the foundation piezometers, the pore
pressure dissipations from the cone penetration tests and the

observation of nearby groundwater monitoring wells.
The geometry, material parameters and location of the phreatic surface for the
Stage 2 Main Embankment and the Final and Post Closure Main Embankment

stability analyses are illustrated on Figures 5.11 and 5.12 respectively.

Results of Analyses

The results of the stability analysis are summarized in Table 5.9 and outlined

below.

Stage 2 Main Embankment Stability Analysis- The factors of safety of the
downstream slope of the Stage 2 Main Embankment are 1.67 for the static
condition and 1.44 under seismic loading. Similarly, results of analysis of the

upstream slope indicates the factors of safety are also within acceptable levels.
The factors of safety for the upstream slope are 1.64 under static conditions
and 1.49 under seismic loading conditions. The results of Stage 2 stability
analysis is illustrated on Figure 5.13.

Final Main Embankment Downstream Stability Analysis - For the static case

during operations a minimum factor of safety of 1.58 was calculated when the
toe drains are functioning and 1.55 when the toe drains are not functioning.
Under seismic loading conditions, these values are reduced to 1.42 when the
toe drains are functioning and to 1.35 when the toe drains are not functioning.
The Final Main Embankment downstream stability analysis results are
summarized on Figures 5.14 and Figure 5.15.

Final Main Embankment Upstream Stability Amnalysis - Under static
conditions, the factor of safety for the upstream slope of the Final Main

Embankment is 1.93 when the upstream toe drains are functioning and 1.82
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when the upstream toe drains are not functioning. Under seismic loading, the
factor of safety with the upstream toe drains functioning is 1.67 and 1.41 with |
the upstream toe drains not functioning. The Final Main Embankment
upstream stability analysis results are illustrated on Figures 5.16 and 5.17.

Post Closure Main Embankment Stability Analysis - For post closure stability

analysis, an increase in tailings strength and a lowering of the phreatic surface
resulted in factors of safety for the downstream slope of 1.77 under static
conditions and 1.49 under seismic loading. Calculated values for the
minimum factor of safety of the upstream slope were 2.09 for static conditions
and 1.72 for seismic loading conditions. The results of post closure stability

analysis are provided on Figure 5.18.

Residual (post-liquefaction) Tailings Strength Analysis - Under the worst case
conditions with the upstream toe drains not functioning, the calculated factors
of safety for the upstream and downstream slopes were 1.71 and 1.39
respectively. This indicates that the embankment is not dependent on tailings
strength to maintain overall stability. The results of the post liquefaction

analysis are provided on Figure 5.19.

A sensitivity analysis was previously conducted to evaluate the downstream
static stability of the Final Main Embankment for various hydrostatic pore
pressures in the foundations soils. The results, shown on Figure 5.20,
indicate that a minimum Factor of Safety of 1.1 is approached as the
foundation pore pressures reach a height about 8.5 metres above ground for
the final embankment. The pore pressures will be monitored during
embankment construction and appropriate actions will be taken to assure
embankment stability.

PRECEDENTS FOR DESIGN CONCEPTS

The Mount Polley Mine tailings embankments are modified centreline zoned earthfill

structures with low permeability glacial till core zones, chimney drains, upstream

toe drains and downstream random fill zones constructed from mine waste rock.
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The tailings embankments have been designed for staged expansion during operations
in order to minimize initial capital expenditures and to maintain an inherent flexibility
to allow for variations in operation and production throughout the life of the mine.

Key design concepts which may be subject to review by regulatory agencies include:

° Modified Centreline Construction
e Drainage systems provided upstream of the embankment core zones.
° Drainage system pipeworks which penetrate the embankments.

Modified centreline construction is similar to conventional centreline construction in
that the contact between the compacted fill and tailings slopes slightly upstream.
However, it differs because no construction on the downstream face of the
embankment is required. It is different from upstream construction in that the stability
of the embankment is independent of tailings strength.

Modified centreline construction has been successfully used at other mines, including
the Montana Tunnels Mine in Montana, the Nickel Plate and Premier Mines in British
Columbia and the Alumbrera Mine in Argentina. In addition, modified centreline
construction has been permitted for the Kensington Mine in Alaska. A collection of

papers which discuss modified centreline construction is included in Appendix A.

The drainage system located upstream of the embankment core zone has been included
to facilitate drainage of the tailings mass and to control the phreatic surface within
the embankments. Upstream toe drains will be included along the full length of the
embankments at selected elevations during future staged expansions. The locations
and elevations of the drains will be reviewed after an observation period during
operations when parameters such as the tailings characteristics, available borrow
materials and the performance of the facility have been established.

Upstream drainage systems have also been successfully implemented at the above
mentioned mines. It is presently anticipated that the Mount Polley upstream
drainage system will initially include a Longitudinal Drain and will be similar to the

Chimney Drain System.
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The upstream drainage systems require conveyance pipework which penetrates the
embankment core zones. The Mount Polley conveyance pipework will comprise |
solid HDPE pipe with seepage collars bedded in concrete. The pipework will be
installed in the abutments in dense natural ground. The details and elevation of
future core zone pipe penetrations will be finalized during the detailed design for the
staged expansions. The Toe Drain conveyance pipe downstream of the Main
Embankment ultimate toe was installed during Stage 1a/1b construction.
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SECTION 6.0 - STAGE 2 CONSTRUCTION

6.1 GENERAL

Stage 2 is the first of the staged expansions for the Tailings Storage Facility, as shown
on the Staged Construction and Filling Schedule on Figure 5.6. The construction
stages are based on a throughput rate of 17,808 tpd, a tailings dry density of 1.1
tonnes/m’ and a full production start-up date of August 1, 1997. The total Stage 2
expansion includes raising the embankments 6 metres to El. 940 metres and will be

completed in three separate stages, as follows:

e Stage 2A includes the first modified centreline raise of 2 metres, to El. 936
metres. The Stage 2B haul road at the toe of the existing Stage 1b
embankment is also included in Stage 2A construction.

° Stage 2B includes an additional raise of 2 metres to El. 938 metres and the
remainder of the Stage 2 downstream work.

° Stage 2C includes a 2 metre modified centreline raise, to El. 940 metres.

The overall site plan showing the Stage 2 tailings embankments is shown on Drawing
No. 10162-9-100. The Stage 2 General Arrangement is shown on Drawing No.
10162-9-101. Cross-sections of the Main and Perimeter Embankments are shown on
Drawing Nos. 10162-9-102 and 103, respectively. Details of each of the Stage 2

construction programs are provided below.
6.2 STAGE2A

Stage 2A includes raising the Main and Perimeter Embankments by 2 metres to crest
El. 936 metres. The raise on the existing Stage 1b embankments will be a modified
centreline raise, where fill materials will be placed on the tailings beaches adjacent
to the embankments. The scope of work for Stage 2A embankment construction

includes the items listed below.
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Relocate tailings pipeline as required. Pipeline moves must be scheduled to
allow tailings discharge from movable discharge section to be continued for |
as long as possible. The M1 dump valves are to be used as a last resort.
Survey Stage 1b embankments to evaluate settlement and/or deformations.
Clear, strip and grub and remove topsoil or unsuitable material from the
embankment extensions at the abutments (from El. 934 to El. 936 m) and on
ground down to the tailings surface.

Prepare the foundation areas for the embankment fill.

Install vibrating wire piezometers in tailings beaches.

Place Type 1 Geotextile Filter Fabric on the tailings beach at the Main
Embankment.

Place the coarse bearing layer on the Geotextile Filter Fabric at the Main
Embankment.

Prepare the Stage 1b embankment crests for fill placement.

Supply, place and compact glacial till fill in Zones B and S to El. 936 m.

The Stage 2B haul road at the toe of the existing Stage 1b embankment is also
included in Stage 2A construction. The scope of work for the Stage 2B Haul Road

includes the items listed below.

Clear, strip and grub and remove topsoil or unsuitable material from the
foundation area for the haul road.

Prepare the foundation area for the haul road.

Install outlet drains OD-4, 5, and 6 at the Perimeter Embankment.

Install foundation drain FD-5 at the Main Embankment, complete with the
required pressure relief wells and trenches. Pressure relief details are shown
on Drawing Nos. 10162-9-105 and 155.

Install vibrating wire piezometers in the foundations below Zone T and in
Zone T, as required.

Place Type 2 geotextile filter fabric on the prepared and approved
foundations as required.

Supply, place and compact Zone T material for the haul road.

Install inclinometers in the Main Embankment foundations as required.
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The haul road is within the footprint of future embankment raises and therefore must
be constructed to the same standards for Stage 2A embankment construction. Stage 2A |
construction is planned for early 1998. Winter construction methods established
during Stage 1 construction will be followed. Details for Stage 2A construction are
shown on Drawing Nos. 10162-9-104, 105, 110, 111, 120 and 121.

6.3 STAGE 2B
Stage 2B includes raising the Main and Perimeter Embankments by 2 metres to El.

938 metres. It also includes the remainder of the downstream work for Stage 2. The

scope of work for Stage 2B construction includes the items listed below.

° Relocate tailings pipeline as for Stage 2A construction.

e Clear, strip and grub and remove topsoil or unsuitable material from the
embankment extensions at the abutments (from El. 936 to El. 938 m.).

o Prepare the foundation areas for the embankment fill.

° Install foundation drains FD-6 and 7 at the Main Embankment, complete
with the required pressure relief wells and trenches.

° Place Type 2 geotextile filter fabric on the prepared and approved
foundations as required.

e Supply, place and compact Zone T and C materials.

e Extend outlet drains OD-1, 2 and 3 at the Main Embankment.

° Install Longitudinal at the Perimeter Embankment and extend Longitudinal
Drain at the Main Embankment.

° Extend Chimney Drains to El. 936 m.

° Prepare the Stage 2A embankment crests for fill placement.

° Supply, place and compact glacial till fill in Zones B and S and extend the

Longitudinal and Chimney Drains to EI. 938 m.
e Install vibrating wire piezometers in fill zones as required. Extend the

piezometer leads to the instrumentation monitoring huts.

Stage 2B construction is planned for mid 1998.
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STAGE 2C

Stage 2C includes raising the Main and Perimeter Embankments by 2 metres to crest
El. 940 metres. The raise on the Stage 2B embankments will be a modified
centreline raise, where fill materials will be placed on the tailings beaches adjacent
to the embankments. The scope of work for Stage 2C embankment construction

includes the following items:

Relocate tailings pipeline as required for Stages 2A and 2B.

Survey Stage 2B embankments to evaluate settlement and/or deformations.
Clear, strip and grub and remove topsoil or unsuitable material from the
embankment extensions at the abutments (from El. 938 to El. 940 m) and on
ground down to the tailings surface.

Prepare the foundation areas for the embankment fill.

Place Type 1 Geotextile Filter Fabric on the tailings beaches..

Place the coarse bearing layer on the Geotextile Filter Fabric.

Prepare the Stage 2B embankment crests for fill placement.

Supply, place and compact glacial till fill in Zones B and S to El. 940 m.
Extend Chimney Drains and Zone T and C materials to El. 940 m.

Stage 2C construction is planned for late 1998 or mid 1999. Winter construction

methods established during Stage 1 construction will be followed if construction takes

place in freezing conditions. Construction details for Stage 2B and 2C are shown on
Drawing Nos. 10162-9-130, 131, 140 and 141.
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SECTION 7.0 - PIPEWORK

7.1 GENERAL

A brief description of the pipework and pump systems required to operate the tailings
and reclaim pipelines and the seepage recovery systems is included in this section.
Detailed descriptions of the pipework are presented in the Knight Piésold documents
“Operation, Maintenance and Surveillance Manual for Stage 1b Embankment (EL
934m), Ref. No. 10162/7-3” and “Tailings Storage Facility, Updated Design
Report, Ref. No. 1627/2”.

7.2  TAILINGS PIPEWORK

The tailings pipeline extends approximately 7,000 metres from the Millsite 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. 965 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.

S

&

Spill containment is provided for the full length of all pipelines. The pipelines are
buried through the Millsite area and are laid in a pipe containment channel cut in or
lined with glacial till from the Millsite 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 Millsite to the T2 Dropbox and is comprised of 22
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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 Millsite and at the T2 Dropbox) to ensure

that flows are not restricted at the inlets.

The pipeline runs along the inside crest of the embankment at the Tailings Storage
Facility. It is provided with a movable discharge section with six 150 mm offtakes
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 can be installed. The tailings pipeline is secured on the embankment crest by

straps and concrete blocks or guide posts to restrict thermally induced movements.

For the first year of operations, discharge will be concentrated from the Main
Embankment at the deepest part of the impoundment to establish the tailings beach,
and from the right abutment of the Main Embankment to cover the Upper Basin
Liner. Additional discharge will be provided at the M1 dump valves, as required.
After the tailings beach is established at the Main Embankment, 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 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 so as to blanket the near surface bedrock with a /7%,”/{
layer of low permeability tailings.

7.3  RECLAIM PIPEWORK

The reclaim system was designed to provide adequate pipeline and pumping capacity
to recycle process water from the Tailings Storage Facility to the Millsite so as to meet
process requirements. Reclaim pipework includes the reclaim pipeline, a reclaim
booster pump station a pump barge in the Tailings Storage Facility. All pipework
except a 300 metre stretch of steel pipe at the reclaim barge 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 was constructed in two sections. The first section extends from
the pump barge to the booster pump station and includes approximately 300 metres of |
steel pipe at the pump barge. The remainder is HDPE pipe which decreases in
thickness (pressure rating) as the booster pump station is approached and the pressure
head is decreased. The second pipe section is similar to the first, but does not have
any steel pipe sections. 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 was built 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 millsite. The control system and

pipework design will include the necessary provisions for spill prevention.

The reclaim barge is a prefabricated floating pump station complete with perimeter
trash screens, internal wet well(s), pump(s), 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 Others. Identical pumps will be used at the barge and booster station to

reduce spare part requirements and to simplify maintenance.

7.4  SEEPAGE RECOVERY SYSTEMS

Seepage recovery systems return seepage water collected from the foundation drains,
chimney drains and upstream toe drains to the tailings impoundment. Seepage
recovery systems have been installed at the Main and Perimeter Embankments. An
additional system will be installed at the South Embankment in the future.

The seepage recovery systems include seepage recycle sumps and seepage recycle
pumps and pipelines. Seepage recycle sumps have been installed at the Main and
Perimeter Embankment Seepage Collection Ponds. They 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. Seepage water discharges directly
onto the tailings beach.
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SECTION 8.0 - INSTRUMENTATION AND MONITORING

8.1 GENERAL

Instrumentation and monitoring are essential to evaluate the performance of the
embankments and associated structures and to detect abnormal conditions relevant to
dam safety. A detailed description on the instrumentation and monitoring
requirements is presented in the Knight Piésold document “Operation, Maintenance
and Surveillance Manual for Stage 1b Embankment (El. 934m), Ref. No. 10162/7-3”.

Maintenance and inspection requirements are also described in this document.

8.2  MONITORING PROGRAM

The monitoring program described in the Operation, Maintenance and Surveillance
Manual for Stage 1b Embankment includes the following:

a) Measurement of the rate of filling with water and/or tailings. =1 ole

b) Measurement of the Foundation Drain flow quantities and sampling for water
quality analyses.

c) Monitoring of the Chimney Drain outlets. K4

d) Monitoring of the vibrating wire piezometers.

e) Monitoring of Survey Monuments and Control Points.

1) Monitoring of water levels in groundwater monitoring wells.

2) Sampling of groundwater monitoring wells for water quality analyses.

h) Sampling of surface water streams for water quality analyses.

1) Sampling of process water in the tailings pond and seepage recycle ponds for
water quality analyses.

1 Flow monitoring in diversion ditches, runoff collection ditches, and Polley
Lake Pumping System.

k) Meteorological (rain, snow, evaporation) and air quality data collection.

Monitoring and reporting frequencies and contingency procedures for all components
of the Tailings Storage Facility are also provided in the Operation, Maintenance and
Surveillance Manual.
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8.3 RESULTS TO DATE

A plot of the up to date Main Embankment foundation drain flows is presented on
Figure 8.1. The plot shows that the flows have continued to remain low, with total
flows typical'ly below 0.5 litres/second, even though the pond level is rising. This
indicates that the impounded water has not significantly influenced the underlying soils
and that the glacial till liner (natural and constructed basin liner) is working to seal off
the tailings basin.

Summary plots for the four piezometer planes are shown on Figures 8.2, 8.3, 8.4 and

8.5. The results from each instrumentation plane are discussed below.

Plane A (Main Embankment Ch. 20+00)

° Piezometers in the drain zones include Al-PE1-01, A1-PE1-02 (foundation
drains) and A1-PE1-03 (chimney drain). All pore pressures are below zero,
indicating that the drains are unimpeded and functioning well. Minor
fluctuations have occurred since installation.

° Piezometers in the foundation soils include A2-PE2-01 and A2-PE2-02. A2-
PE2-01 is deeper (9 m) and is installed in the fine grained glaciolacustrine

sediments. It has approx. 11.5 m excess pore pressure, which is about 2.5 m °

above ground (artesian), an increase of approx. 2 m since installation. A2-
PE2-02 is shallower (2.9 m) and is also in the fine grained glaciolacustrine
sediments. There is approx. 2 m excess pore pressure, (not artesian). It is
relatively unchanged since installation , with only minor fluctuations.

° Piezometers in the embankment fill zones include A2-PE2-03, A2-PE2-04 and
A2-PE2-05. All piezometers showed significant pore pressure increases during
fill placement. A2-PE2-03 is slowly dissipating and currently has approx. 8 m
excess pore pressure. A2-PE2-04 increased dramatically after installation and
fill placement and stopped working shortly after installation. A2-PE2-05 is
fully dissipated and is showing very little excess pore pressure (0.15 m).
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Plane B (Main Embankment Ch. 22+40)

Piezometers in the drain zones include B1-PE1-01, B1-PE1-02 (foundation
drains) and B1-PE1-03 (chimney drain). All pore pressures are below zero,
indicating that the drains are unimpeded and functioning well. Minor
fluctuations have occurred since installation.

Piezometers in the foundation soils include B2-PE2-01 and B2-PE2-02. B2-
PE2-01 is deeper (15 m) and is installed in a sandy glaciofluvial layer. There
is approx. 14.1 m excess pore pressure (not artesian), an increase of approx.
2.7 m since installation. B2-PE2-02 is shallower (7.9 m) and is also a sandy
layer in the glaciofluvial sediments. There is approx. 8.1 m excess pore
pressure, which is about 0.2 m above ground (artesian), an increase of about
3.2 m since installation.

Piezometers in the embankment fill zones include B2-PE2-03, B2-PE2-04 and
B2-PE2-05. All piezometers showed significant pore pressure increases during
fill placement. B2-PE2-03 increased dramatically after installation and fill
placement and has approx. 16.8 m excess pore pressure. B2-PE2-04 increased
dramatically after fill placement and is still dissipating. It currently has approx.
5.7 m excess pore pressure. B2-PE2-05 is fully dissipated and is showing zero

€XCess pore pressure.

Plane C (Main Embankment Ch. 184+50)

Piezometers in the drain zones include C1-PE1-01 and C1-PE1-02 (foundation
drains). All pore pressures are below zero, indicating that the drains are
unimpeded and functioning well. Minor fluctuations have occurred since
installation.

Piezometers in the foundation soils include C2-PE2-01 and C2-PE2-02. C2-
PE2-01 is deeper (8.2 m) and is installed in a sandy layer in the glaciofluvial/
glaciolacustrine sediments. There is approx. 12.4 m excess pore pressure,
which is about 4.1 m above ground (artesian), an increase of approx. 1.8 m
since installation. C2-PE2-02 is shallower (5.2m) and is also a sandy layer in
the glaciofluvial/ glaciolacustrine sediments. This piezometer has stopped
functioning. There was approx. 6.3m excess pore pressure, which is about 1.1
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m above ground (artesian) when it stopped functioning. This was an increase
of approx. 0.7 m.

Piezometers in the embankment fill zones include C2-PE2-03 and C2-PE2-05.
Both piezometers showed significant pore pressure increases during fill
placement. C2-PE2-03 increased dramatically after installation and is fully
dissipated, with a pore pressure below zero C2-PE2-05 increased after fill

placement. It currently has approx. 0.9 m excess pore pressure.

Plane D (Perimeter Embankment Ch. 39+ 86)

One piezometers has been installed at the Perimeter Embankment. Piezometer
D2-PE2-01 was installed in the embankment fill. It is showing approx. 0.3 m
excess pore pressure and is essentially unchanged since installation.

In summary, monitoring to date has shown that:

The drain piezometers are all showing pore pressures are below zero,
indicating that the drains are functioning well.

Pore pressures in the foundation soils have typically increased by 2 to 3 m,
due to the loading from the embankment and impounded tailings and water.
Only C2-PE2-02 is exhibiting significant artesian pore pressures (4.1 m). The
frequency of piezometer readings will be increased if the pressure rises closer
to the trigger level (6 m artesian).

Embankment fill piezometers responded quickly to the placement of fill
materials and were monitored accordingly. Some high pressures were
observed because of the piezometer installation method, where the saturated
tips were immersed in a loose slurry in a small hole and were then quickly
loaded. These pore pressures are not considered to be indicative of general
pore pressure conditions in the embankment fill, but only provide an
indication of the confined slurry pressure at the piezometer tip. The high
pressures are slowly dissipating and illustrate the low permeability nature of
the surrounding fill.
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Trigger values have been established for all piezometers, as discussed in the Knight
Piésold documents “Operation, Maintenance and Surveillance Manual for Stage 1b |
Embankment (El. 934m), Ref. No. 10162/7-3” and “Tailings Storage Facility,
Updated Design Report, Ref. No. 1627/2”. These values, if exceeded, will require
that investigations and contingency or remedial actions be taken.

8.4  ON-GOING MONITORING REQUIREMENTS

The established monitoring program must be followed for the life of the facility. In the
future, if very good results are continually obtained, some of the monitoring
frequencies may be reduced. However, the Design Engineer must approve any

modifications to the monitoring frequencies.

For Stage 2 construction, an another instrumentation plane will be added at the Main
Embankment, near the right abutment (Ch. 17+60) where artesian pore pressures
from the glaciofluvial/glaciolacustrine sediments have been identified. A total of 28
new vibrating wire installations are planned, including 2 in the tailings beach at Planes
A, B, C and D. Also, additional foundation piezometers will be installed in boreholes
at Planes A and C. The piezometers will be closely monitored during embankment fill
placement. Placement rates will be modified as required to ensure that any excess pore
pressures which may be generated during fill placement have dissipated before
additional fill materials are placed. Instrumentation details for Stage 2 are shown on
Drawing Nos. 10162-9-150, 151, 152, 153 and 154.

Inclinometers are to be installed just past the final toe of the Main Embankment at
Planes A, B and C during Stage 2. The inclinometers will also require weekly

monitoring.

Embankment crest surveys will be completed before and after construction of each of

Stage 2A, 2B and 2C to evaluate deformation and settlement.
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SECTION 9.0 - CLOSURE AND RECLAMATION

9.1 GENERAL

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

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

° Long-term stability of the tailings impoundment.

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

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

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

° Establishment of a self-sustaining vegetative cover consistent with existing

forestry, grazing, wildlife and outdoor recreation needs.

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

tailings re-vegetation plots.

The detailed Reclamation Plan for the Mount Polley Mine is presented in the Hallam
Knight Piésold document “The Mount Polley Mine Project Reclamation Plan”.
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9.2  DECOMMISSIONING AND CLOSURE

Testwork on the tailings has indicated that the tailings solids will not be acid-
generating. Therefore, no special remediation measures will be required. The general
concept is that the surface of the tailings impoundment will be decommissioned as a
mixed forested/wetlands complex with a gradual transition towards a ponded area with
an overflow spillway. The downstream face of the tailings embankments will be
covered with topsoil from stockpiles and revegetated progressively during operations
to the greatest extent possible, once the final toe position and slope have been
established.

At mine closure, surface facilities will be removed in stages, salvaged and sold. The
tailings delivery system will be dismantled and removed immediately following
cessation of operations. The reclaim barge, pumps and pipeline will be utilized for
supplementary flooding of the open pit and will then be dismantled and removed. The
seepage collection ponds and recycle pumps will be retained for a period after closure
until monitoring results indicate that tailings area seepage is of suitable quality for
direct release to the environment. At that time, the seepage collection pond and
recycle pumps will be removed. The groundwater monitoring wells and piezometers

in the tailings embankment will be retained for long term monitoring.

Before flooding the wetlands complex to the required pond elevation, the area along
the final water level will be sculptured using conventional earthmoving equipment to
create a series of small bays and channels which will become a margin environment
conducive to the creation of waterfowl breeding and staging habitat. The tailings
embankments and the upland portions of the exposed tailings beach will be covered
with a layer of topsoil from stockpiles and revegetated with indigenous species of
conifer and deciduous trees and willow and marsh land grasses. The moist transition
zone between the topsoiled beach and final pond will be revegetated as an early seral
stage meadow, leading to aquatic tolerant, emergent and submerged species of plant.
Native vegetation species that are accustomed to swampy areas will be utilized for
these transition zones. Where necessary, the final tailings surface will be treated with
amendments suitable for sustaining permanent growth. The shoreline will then be

planted with native emergent plant species for cover. The expected species will be
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transplanted from nearby wetlands of a similar aspect and elevation or propagated

from root cuttings, turf squares or offsets.

A spillway will be constructed to accommodate the Probable Maximum Flood (PMF)
flood flows within the tailings basin. The spillway will be constructed in competent
ground along the northwest side of the Tailings Storage Facility and will discharge to
the Edney Creek north tributary drainage. The elevation of this spillway and outflow
channel will be designed to establish a set water elevation over the tailings surface

(approximately 15% coverage).

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

routed through the tailings area.

The advice of organizations such as the B.C. Fish and Wildlife Branch, Ducks
Unlimited and local trappers/guided outfitters will be sought during final design and
implementation of the Reclamation Plan.
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SECTION 10.0 - REFERENCES

The following select Knight Piésold documents provide background information to

support this report:

Mount Polley Mining Corporation, Mount Polley Project, Tailings Storage
Facility, Operation, Maintenance and Surveillance Manual for Stage Ib
Embankment (El. 934 m), Ref. No. 10162/7-3, November 24, 1997.

Mount Polley Mining Corporation, Mount Polley Mine, Tender Documents
for Stage 2A Tailings Facility Construction, Ref. No. 10162/9-1, November
11, 1997.

Mount Polley Mining Corporation, Mount Polley Mine, Stage 2A Tailings
Facility Construction, Selected Excerpts from Reference Information, Ref.
No. 10162/9-2, November 6, 1997.

Mount Polley Mining Corporation, Mount Polley Project, Tailings Storage
Facility, Report on Stage Ia/Ib Construction, Ref. No. 10162/7-5, August 14,
1997.

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

Imperial Metals Corporation, Mount Polley Project, Tailings Storage Facility,
Design Report, Ref. No. 1625/1, May 26, 1995.

Other references include the following:

1.

Hallam Knight Piésold Ltd., “Imperial Metals Corporation, The Mount
Polley Mine Project Reclamation Plan, April, 1996 .

.57 - 10162/9-3

Association Association
of Consulting des Ingénieurs- December 2: 1997

Engineers

Conseils

of Canada du Canada



Knight Piésold Lid.

CONSULTING ENGINEERS

2. LaVassar, J.M. and Ordonez, G.A., (1991), “Leader Lake Seismic Risk
Assessment,” OFTR 91-6, Water Resources Program, Dam Safety Section,
Washington State Department of Ecology.
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TABLE 2.1

MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT

MEAN MONTHLY AND ANNUAL PRECIPITATION

Location: Likely, B.C. Mine Site Barkerville

Elevation: 724 m 1000 m 1265

Location: 52°36'N 52°30°N 53°4°N
121°32°W 121°35°W 121°31°W

Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.

(mm) (mm) (mm) (mm) (mm) (mm)
Jan 74.2 27.0 75.5 27.0 103.0 444
Feb 60.2 27.7 58.1 27.7 85.6 42.5
Mar 37.8 13.5 44.5 13.5 85.3 29.1
Apr 42.2 20.9 43.1 20.9 61.8 245
May 36.6 154 50.6 15.4 65.9 28.9
June 66.3 29.7 81.5 29.7 89.2 28.8
July 47.0 274 65.7 274 81.7 31.0
Aug 82.0 35.7 83.1 35.7 102.3 53.0
Sept 50.4 27.1 60.4 27.1 85.4 39.9
Oct 61.6 42.3 60.4 42.3 88.4 37.4
Nov 58.4 18.8 57.3 18.8 86.6 28.2
Dec 83.0 36.9 74.8 36.9 108.7 42.5
Annual 699.7 1164 755 1164 1043.9 112.7

Source :

Canadian Climate Normals, 1951-1980, Temperature and Precipitation Atmospheric

Environment Service, Environment Canada.
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CONSULTING ENGINEERSVIOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT

PRECIPITATION DETAILS USED IN ANALYSIS

J:\JOB\REPORT\10162-9\3-TBL.2-2.XLS

11727197 15:29

DESCRIPTION VALUE

Lower Elevations (ie. TSF)
Mean annual precipitation (mm) 755
"Dry" annual precipitation (mm) 601
"Wet" annual precipitation (mm) 909
"Max." annual precipitation (mm) 1050
"Min." annual precipitation (mm) 450
Mean annual rainfall (mm) 451
Mean annual snowfall (mm) 304
Coefficient of variation 0.16
Standard deviation (mm) 121

Higher Elevations (ie. mill site, waste
dumps, etc.)
"Elevation" factor 1.07285
Mean annual precipitation (mm) 810
"Dry" annual precipitation (mm) 645
"Wet" annual precipitation (mm) 975
Coefficient of variation 0.16
Standard deviation (mm) 130

Proportions of Total Precipitation:
Rainfall 0.60
Snowfall 0.40

Monthly Proportions of Precipitation:

Rainfall Proportion Snowfall Proportion
(mm) as Rainfall (mm) as Snowfall
Oct 48.3 0.11 12.1 0.04
Nov 17.3 0.04 40.0 0.13
Dec 7.6 0.02 67.2 0.22
Jan 6.8 0.02 68.7 0.23
Feb 6.0 0.01 52.1 0.17
Mar 6.0 0.01 38.5 0.13
Apr 24.2 0.05 18.9 0.06
May 45.3 0.10 5.3 0.02
Jun 81.5 0.18 0.0 0.00
Jul 65.7 0.15 0.0 0.00
Aug 83.1 0.18 0.0 0.00
Sep 58.9 0.13 1.5 0.00
Total (mm) 450.7 304.3

Association Association

of Consulting des Ingénieurs-
Engineers Conseils
of Canada du Canada




Knight Piésold Lid.

CONSULTING ENGINEERS

TABLE 2.3

MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT

PROBABLE MAXIMUM PRECIPITATION

1 hour PMP =78 mm =78 mm/hour

6 hour PMP = 88 mm = 14.6 mm/hour

24 hour PMP =203 mm = 8.5 mm/hour

10 day PMP =406 mm = 1.7 mm/hr
Source :

Rainfall Frequency Atlas for Canada, W.D. Hogg, D.A. Carr, Supply and Services
Canada 1985.

Note:

1. 24 hr. PMP value conservatively assumes an orographic factor of 1.5.
2. 10 day PMP value assumes a 10 day to 24 hour PMP ratio of 2.0.
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TABLE2.4

MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT

USUAL MINIMUM CRITERIA FOR DESIGN EARTHQUAKES

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

* For a recognized fault or geographically defined tectonic province, the Maximum Credible
Earthquake (MCE) is the largest reasonably conceivable earthquake that appears possible. For a
dam site, MCE ground motions are the most severe ground motions capable of being produced at
the site under the presently known or interpreted tectonic framework.

® In Hydro-Quebec’s practice, the MDE for Very High Consequence structures involves a
combination of deterministic and probabilistic approaches that reflect current knowledge of
seismo-tectonic conditions in Eastern Canada. Hydro-Quebec’s deterministically derived MDE
magnitude is the maximum historically recorded earthquake, increased by one-half magnitude,
while their probabilistically derived earthquake has an estimated probability of exceedence of
1/2000.

¢ An appropriate level of conservatism shall be applied to the factor of safety calculated from these
loads, to reduce the risks of dam failure to tolerable values. Thus, the probability of dam failure
could be much lower than the probability of extreme event loading.

¢ MDE firm ground accelerations and velocities can be taken as 50% to 100% of MCE values.
For design purposes the magnitude should remain the same as the MCE.

® In the High Consequence category, the MDE is based on the consequences of failure. For
example, if one incremental fatality would result from failure, an AEP of 1/1000 could be
acceptable, but for consequences approaching those of a Very High Consequence dam, design
earthquakes approaching the MCE would be required.

PIf a Low Consequence structure cannot withstand the minimum criteria, the level of upgrading
may be determined by economic risk analysis, with consideration of environmental and social
impacts.
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TABLE 5.1

CONSULTING ENGINEERSMOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

DESIGN BASIS AND OPERATING CRITERIA

j:\job\report\10162-9\3-tbl5-1.doc

ITEM ] DESIGN CRITERIA

1.0 GENERAL DESIGN CRITERIA

Regulations MEI, MELP (Water Management Branch)

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

Design Operating Life 14 Years

Tailings Production Information

17,808 tonnes/day, 35% solids, 2.78 SG, 81.3 million tonnes total
production, 1.28 tonnes/m’ final average tailings dry density

Hazard Rating:
During Operations LOW by CDSA Hazard Classification
After Closure HIGH by CDSA Hazard Classification
Site Elevation 910 to 1150 metres
Climate Average Annual Rainfall = 755 mm, Annual Evaporation =423 -mm, Mean

Design Floods and Freeboard:
During Operations:

After Closure:

Annual Temp = 4.0 C (Likely), Design 24 hour PMP storm =203 mm. ™,
‘“W._, [ PPBRSURE———— ———

top of maximum
pond volume. Additional 1 m freeboard provided. N&spillway.

Final spillway in place, freeboard to pass the Probable Maximum Flood
(PMF) in the tailings basin.

Design Earthquakes:
During “Operations:
Design Basis Earthquake (DBE)
Maximum Design Earthquake (MDE)
After Closure:

Maximum Credible Earthquake (MCE):

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

1 in 2500 Year Event (MCE).

Seepage Control

Glacial Till Liners (natural and constructed) in basin, with Foundation
Drain System below Main Embankment. Seepage reports to Seepage
Collection Ponds.

Tailings Pipework

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

2.0 TAILINGS BASIN

Site Selection

See Section 4.0 of 1627/2 and based on:
Capacity and filling characteristics.
Hydrology and downstream water usage.
Hydrogeology and groundwater regime.
Aesthetics and visual impact.
Foundation conditions.

Construction requirement.

Closure and reclamation requirements.
Capital and operating costs.

Geological and Geotechnical Conditions

See Section 4.0 of 10162/9-3.

Basin Liner

e  Natural fine grained till, or
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TABLE 5.1

CONSULTING ENGINEERS\MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

DESIGN BASIS AND OPERATING CRITERIA

Basin Liner (cont’d)

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

Liner placed in 3 - 150 mm lifts.

Liner compacted to 95% Std. Proctor max. dry density (ASTM D698)
at optimum moisture content minus 1% to plus 2%.

Embankment Foundation Drains

Installed in Main Embankment Foundation.

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

Drain conveyance pipes are solid HDPE.

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

Stripping

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

Remove organic soil to topsoil stockpiles.

3.0 TAILINGS EMBANKMENT

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 12 m final dam.
Embankment Height (Max.): Starter 15 m (Crest EL. 927 m)
Final 53 m (Crest EL. 965 m)
Embankment Crest Length:  Starter 1000 m
Final 4500 m

Design Tonnage

6,500,000 tpy (17,808) tpd

Solids Content of Tailings Stream

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

Freeboard: Operations 24 hour PMP event (679,000 m”) plus 1.0m wave run-up 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 t/m’
Year 3-13 1.3 t/m’
Tailings Specific Gravity 2.78
Borrow Material Properties See Section 3.0 of 10162/7-5.
Construction Diversion Not required.
Emergency Spillway Flows:  Operations Not required.
Closure Design flow for routing PMF event.
Filling Rate See Figures 5.1 and 5.6 from 10162/9-3.
Fill Material Properties See Drawing No. 10162-9-104.
Compaction Requirements See Drawing No. 10162-9-104.
Geotechnical Data See Section 3.0 of 10162/7-5 and Section 2 of 10162/9-2.
Seepage Analysis Section 5.6 of 10162/9-3..
Stability Analysis Section 5.7 of 10162/9-3..
Page 2 of 5
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TABLE 5.1

MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

DESIGN BASIS AND OPERATING CRITERIA

Sediment Control

Primary control from Main Embankment. Main Embankment Seepage
Collection Pond provides secondary sediment control.

Seepage Control

Seepage collection ponds and pumpback well systems.

Seismic Parameters

See Section 2.3 of 10162/9-3.

Spillway Discharge Capacity

Not required during operations.

Settlement

See Section 5.5 of 10162/9-3.

Surface Erosion Protection

Re-vegetation with grasses on final embankment slope.

4.0 PIPEWORKS

4.1 Tailings Delivery and Discharge
Pipework

See Section 7.0 of 10162/9-3.

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” DRI15.5, 22 DRI17 and 24”
DR15.5.

Spigots

Movable discharge section placed on tailings embankment crest.

Flow Rate

Design throughput 900 tonnes/hr dry solids.

Slurry solids content 35%.

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

o 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.
o Pipeline sleeved in pipe containment channel.

- Bootjack Creek to TSF 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

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

Reclaim Pipeline

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

Reclaim Booster Pump Station

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

Spill Containment

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

4.3 Seepage Recycle System

Function

Return seepage and foundation drain flows to TSF.

Drain Monitoring Sumps

Flow quantity and water quality measurements on individual drains.

Seepage Collection Ponds

e  Sized to hold 10 times max. weekly seepage flow quantity.
e Excavated in low permeability natural soil liner, operated as
groundwater sink.
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TABLE 5.1

CONSULTING ENGINEERS\T O UNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

DESIGN BASIS AND OPERATING CRITERIA

Seepage Recycle Pumps

e Set in vertical pump sumps.
e  Submersible pumps, system by Others.
e 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

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

Normal Operating Level

1102.7m

Maximum Operating Level

1106.2 m

Flow Control Structures

See Drawing No. 1625.232 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

1057.4 m

Flow Control Structures

See Drawing No. 1625.232 for layout details.

Discharge Pipe

250 mm HDPE DR 21 to Reclaim sump or T2 Dropbox

Flow Monitoring

None.

5.4 Polley Lake Pump Station

See Report 1628/5.

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 Y% inch ID, 350 ft of 19 % inch ID and 5200 ft of 17 % inch ID pipe.

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.
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TABLE 5.1

CONSULTING ENGINEERSMOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

DESIGN BASIS AND OPERATING CRITERIA

6.2 Geotechnical Instrumentation and
Monitoring

Piezometers

Measure pore pressures in drains, foundations, fill materials and
tailings.

Vibrating wire piezometers.

Installed by qualified technical personnel.

Three instrumentation planes for Main Embankment and one for
Perimeter Embankment.

Survey Monuments

Deformation and settlement monitoring of embankments.

6.3 Flow Monitoring

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

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

Stream flow monitoring.

6.4 Water Quality Monitoring

To ensure environmental compliance.

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

Upstream and downstream samples for impact analysis.

6.5 Hydrometeorology

© © o o

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

Evaporation.

Air quality monitoring (dust, etc.).

6.6 Operational Monitoring

Quantify operation of tailings storage facility.

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

Supernatant pond (depth, area and volume).

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.

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.

Notes:

1. The closure plan will remain flexible

during operations to allow for future changes in the mine plan and to

incorporate information from on-going reclamation programs.
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TABLE 5.2

MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT

CONSEQUENCE CLASSIFICATION OF DAMS

J:JOB\REPORT\10162-9\3-TBL5-2.XLS 11/28/97 11:49

Consequence
Category

Potential Incremental

Consequences of Failure ™

Loss of Life Economic, Social, Environmental

Very High

Large increase expected (e} Excessive increase in social, economic
and/or environmental losses.

High

Some increase expected vl Substantial increase in social, economic
and/or environmental losses.

Low

No increase expected Low social, economic and/or
environmental losses.

Very Low

No increase Small dams with minimal social,
economic and/or environmental losses.
Losses generally limited to the owner's
property; damages to other property
are acceptable to society.

(a]

(b

Incremental to the impacts which would occur under the same natural
conditions (flood, earthquake event) but without failure of the dam.

The type of consequences (e.g. loss of life, or economic losses) with
the highest rating determines which category is assigned to the structure.

The loss-of-life criteria which separates the High and Very High categories
may be based on risks which are acceptable to society, taken to be 0.001
lives per year for each dam. Consistent with this tolerable societal risk
the minimum criteria for a Very High Consequence dam (PMF and MCE)
should result in an annual probability of failure of less than 1/100,000.
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TABLES.3
MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT
TAILINGS STORAGE FACILITY
MONTHLY WATER BALANCE - AVERAGE PRECIPITATION CONDITIONS

YEAR1
Asswmptions: Catchment Areas: Runoff Coefficients:
Daily Ore and Tailings Throughput (tpd) =17,808 Tota! Tailings Facility Area (ha) = 233 Millsite Area-disturbed (ha) = 20 Tailings Pond = 1.0
Solids Content = 35% Pond Area (ha) = 48.6 Millsite Area-undisturbed (ha) = 38.9 Unprepared Basin = 0.24
Tailings $.G. = 2.78 Beach Area (ha) = 50.3 Waste Dump-disturbed (ha) =27.2 Tailings Beach = 0.9
Water Content of Ore = 4% Unprepared Area (ha) = 134.1 Waste Dump-undisturbed (ha) = 106.8 Open Pit Area = 0.5
Tailings Initial Dry Density (/m®) =0.9 Upstream Undiverted Area (ha) = 61 Area North of Millsite (ha) =22.6 Undisturbed Catchment Areas = 0.24
Tailings Final Dry Density W) =1.1 Total Pit Area (ha) = 17.6 Millsite Area-disturbed = 0.70
Minimum Fresh Water Makeup =24 % Downstream Area (ha) = 63.1 East Waste Dump-disturbed = 0.60
Open Pit Groundwater Discharge (m*/mo) =39,818 Beach Evaporation Factor = 0.80
(200 Igpm) Downstream Area Factor = 0.70
1172837 §2;01 T:JOB\DATAM0162-8\WATERBALYWBAL-3.XLS
[_I—)ESCRIPTION JUN JUL AUG SEP OoCT Nov DEC JAN FEB MAR APR MAY ANNUAL
AlfRainfall (mm/month) 8L.5 65.7 83.1 58.9 48.3 17.3 7.6 6.8 6.0 6.0 24.2 45.3 450.7 A
BliSnowfall (tnm/month) 0.0 0.0 0.0 1.5 12.1 40.0 67.2 68.7 S52.1 38.5 18.9 5.3 304.3 B
CliEvaporation (muymonth) 112.0 107.0 92.0 50.0 15.0 0.0 0.0 0.0 0.0 0.0 0.0 47.0 423.0 C
<WATER INTO TAILINGS IMPOUNDMENT> (m3)
1 With Sturry 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 | 12,071,280 {|!
2 Tailings Pond Precipitation 39,647 31,961 40,425 29,382 23,496 8,416 3,697 3,308 2,919 2,919 88,731 92,379 367,278 |2
3] Tailings Beach Runoff 36,861 29,715 37,585 27,318 21,845 7,825 3,437 3,076 2,714 2,714 82,497 85,889 341,475 |3
4 Undiverted Runoff From Within Tailings Facility 26,230 21,145 26,745 19,439 15,545 5,568 2,446 2,189 1,931 1,931 58,704 61,117 242,989 |4
5| Runoff from Upstream Undiverted Area 11,932 9,618 12,166 8,843 7,071 2,533 1,13 996 878 878 26,703 27,801 110,532 |I5
Saj Runoff from Downstream Area 35,999 29,020 36,705 26,679 21,334 7,641 3,357 3,004 2,650 2,650 80,566 129,740 379,344 {isa
6 Waste Dump Runoff (Disturbed and Undisturbed) 36,682 29,570 37,402 26,510 21,739 7,786 3,421 3,061 2,700 2,700 82,095 85,471 339,137 |6
7 Water Available From Polley Lake o] 0 ] 0 Y 0 0 [ 0 0 500,000 500,000 1,000,000 47
3 >>> Totall 1,193,290 1,156,969 1,196,968 1,144,110 1,116,971 1,045,709 1,023,411 1,021,572 1,019,733 1,019,733 1,925,235 1,988,337 | 14,852,036 |18
<WATER OUT OF TAILINGS IMPOUNDMENT> (m3)
Supernatant Recover,
9| (+) Recovery from Tailings 598,937 598,937 598,937 598,937 598,937 598,937 598,937 598,937 598,937 598,937 598,937 598,937 7,187,247 {19
10 (+) Total Net Precipitation and Runoff =(2)+3)+(4)+(5)+(5a)+(6)-(18)-(19p 87,838 55,960 109,286 93,746 97,703 39,769 17,471 15,632 13,793 13,793 419,295 440,638 1,404,923 {110
1 (+) Consolidation to Final Density 109,426 109,426 109,426 109,426 109,426 109,426 109,426 109,426 109,426 109,426 109,426 109,426 1,313,115 |11
12| (+) Water Available From Polley Lake 0 0 0 0 0 0 0 0 0 0 500,000 500,000 1,000,000 |12
13] (-) Seepage (63,940) (63,940) (63,940) (63,940) (63,940) (63,940) (63,940) (63,940) (63,940) (63,940) (63,940) (63,940) (767,280} |13
14}iSub-Total (recovered water in supernatant pond) 732,262 700,384 753,710 738,169 742,127 684,192 661,894 660,055 658,216 658,216 1,563,719 1,585,061 10,138,006 {|14
15 () Underdrainage 58,100 58,100 58,100 58,100 58,100 58,100 58,100 58,100 58,100 58,100 58,100 58,100 697,200 |15
16[|Sub-Total (total recovered water) =(14)+(15) 790,362 758,434 811,810 796,269 800,227 742,292 719,994 718,155 716,316 716,316 1,621,819 1,643,161 | 10,835,206 {16
17, (-) Water Retained in Tailings 297,576 297,576 297,576 297,576 291,576 297,576 297,576 297,576 291,576 297,576 297,576 297,576 3,570,917 {17
18] (-) Evaporation from Supernatant Pond 54,484 52,051 44,754 24,323 7,297 0 0 0 0 0 0 22,864 205,773 |18
19] (-) Evaporation from Beach 45,027 43,017 36,987 20,102 6,030 0 0 0 0 0 0 18,895 170,059 ||19
20 (-) Seepage Losses 5,840 5,840 5,840 5,840 5,840 5,840 5,840 5,840 5,840 5,840 5,840 5,840 70,080 [20
21|[Sub-total (unrecoverable water) 402,928 398,485 385,158 347,841 316,744 303,416 303,416 303,416 303,416 303,416 303,416 345,176 4,016,830 [t
22 >>> Totall 1,193,290 1,156,969 1,196,968 1,144,110 1,116,971 1,045,709 1,023,411 1,021,572 1,019,733 1,018,733 1,925,235 1,988,337 | 14,852,036 |22
Water Required at Millsite
23j\Water for slurry 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 | 12,071,280 {23
24jlWater for Dust Controf on Roads 25,000 25,000 25,000 25,000 25,000 0 0 [ 0 [ 0 25,000 150,000 (24
25 Mill Water Required 1,030,940 1,030,940 1,030,940 1,030,940 1,030,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,030,940 | 12,221,280 ji25
26§i(-) Minimum Fresh Water Input to Mill (from open pit groundwater) = 2.4 %*(1) 24,143 24,143 24,143 24,143 24,143 24,143 24,143 24,143 24,143 24,143 24,143 24,143 289,711 26
27}i(-) Waler in Ore 21,982 21,982 21,982 21,982 21,982 21,982 21,982 21,982 21,982 21,982 21,982 21,982 263,784 |27
28 Water Required from Additional Sources =(25)-(26)-(27) 984,815 984,815 984,815 984,815 984,815 959,815 959,815 959,813 959,815 959,815 959,815 984,815 11,667,785 28
< WATER DISTRIBUTION IN SYSTEM > (n3)
29|[Open Pit Surface Runoff 7,694 6,203 7,846 5,702 4,560 1,633 718 642 566 566 17,221 17,929 71,280 |29
30}|Open Pit Groundwater (39,818 - fresh water input to mill) 15,675 15,675 15,675 15,675 15,675 15,675 15,675 15,675 15,675 15,675 15,675 15,675 188,105 |30
31|Milt Site Runoff (Disturbed and Undisturbed) 20,404 16,449 20,805 14,746 12,092 4,331 1,903 1,702 1,502 1,502 45,666 47,543 188,646 ||31
32}iCatchment Area North of Millsite 4,743 3,823 4,836 3,427 2,811 1,007 442 396 349 349 10,614 11,051 43,847 |32
33l|lRecovered Water from Tailings Facility (excluding storage) 790,362 758,484 &11,810 796,269 800,227 742,292 719,994 718,155 716,316 716,316 1,621,819 1,643,161 | 10,835,206 |33
34 Total Water Available in the System 838,879 800,634 860,972 835,821 835,365 764,939 738,732 736,571 734,409 734,409 1,710,995 1,735,359 | 11,327,08534
35|Water Surplus/Deficit) =(34)-(28) (145,937) (184,181) (123,844) (148,994) (149,450) (194,876) (221,083) (223,245) (225,406) (225,406) 751,179 750,544 -340,700 {35
36lICummulative Water Surplus/(Deficit) (145.937) {330,118) (453,962) {602,956) {152,406) (947,283)  (1,168,366) (1.391.611) (1,617.017) (1,842,423) (1,091,244)  (340,700) -340,700 J[36
Notes: 1, Snowfall is provided in equivalent depth of rainfall and is ass 1to on 3t areas until April and May when it melts equally over the two months.

2. Fresh water imput to mill to be supplied from Open Pit dewatering wells.
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Assumiptions:
Daily Ore and Tailings Throughput (tpd) =17,808
Solids Content = 35%
Tailings 8.G. = 2.78

Water Content of Ore = 4%

Tatlings Initial Dry Density (t/m’) =0.9

Tailings Final Dry Density (U’ =1.3

Minimum Fresh Water Makeup = 2.4%
Open Pit Groundwater Discharge (m*/mo) =39,818
(200 Igpm)

TABLE 5.4
MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT
TAILINGS STORAGE FACILITY
MONTHLY WATER BALANCE - AVERAGE PRECIPITATION CONDITIONS
YEAR13
Catchment Areas:

Total Tailings Facility Area (ha) =233
Pond Area (ha) = 101
Beach Area (ha) = 122
Unprepared Area (ha) = 10
Upstream Undiverted Area (ha) =61
Total Pit Area (ha) = 64.7
Downstream Area (ha) = 63.1

Millsite Area-disturbed (ha) = 20
Millsite Area-undisturbed (ha) = 39

Waste Dump-disturbed (ha) = 134
Waste Dump-undisturbed (ha) =

Area North of Millsite (ha) =24.3

Runoff Coefficients:
Tailings Pond = 1.0

Unprepared Basin = 0.24
Tailings Beach = 0.9
Open Pit Area = 0.5

Undisturbed Catchment Areas = 0.24

Millsite Area<disturbed = 0.70
East Waste Dump= 0.60

Beach Evaporation Factor = 0.80
Downstream Area Factor = 0,70

1128597 12:00 JTOB\DATA\0162- 8\WATERBAL\WBAL-3.XLS
[pESCRlPTION JUN JUL AUG SEP oCT NOV DEC JAN FEB MAR APR MAY ANNUAL
A Flainfall (mmv/month) 81.5 65.7 83.4 58.9 48.3 17.3 7.6 6.8 6.0 6.0 24.2 45.3 450.7  [IA
Bl|Snowfall (mm/month) 0.0 0.0 0.0 1.5 12.1 40.0 67.2 68.7 52.1 38.5 18.9 5.3 304.3 B
CllEvaporation (;mnv/month) 112.0 107.0 92.0 50.0 15.0 0.0 0.0 0.0 0.0 0.0 0.0 47.0 4230 IC
<WATER INTO TAILINGS IMPOUNDMENT > (m3)
t With Sturry 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 | 12,071,280 {|1
2 Tailings Pond Precipitation 82,152 66,226 83,765 60,883 48,686 17.438 7,661 6,854 6,048 6,048 183,859 191,419 761,040 {2
3 Tailings Beach Runoff 89,707 72,316 91,468 66,482 53,164 19,042 8,365 7,485 6,604 6,604 200,768 209,023 831,029 |3
4 Undiverted Runoff From Within Tailings Facility 1,936 1,561 1,974 1,435 1,148 411 181 162 143 143 4,334 4,512 17,939 |14
5 Runoff from Upstream Undiverted Area 11,932 9,618 12,166 8,843 7,071 2,533 1,113 996 878 878 26,703 27,801 110,532 |5
54 Runoff from Downstream Area 35,999 29,020 36,705 26,679 21,334 7,641 3,357 3,004 2,650 2,650 80,566 129,740 379,344 fi5a
6| Waste Dump Runoff (Disturbed and Undisturbed) 70,300 56,671 71,680 50,805 41,662 14,922 6,556 5,865 5,175 5,175 157,333 163,802 649,948 I6
7 Water Available From Polley Lake 0 0 0 0 0 0 0 0 0 0 0 0 0 7
8] >>> Total] 1,297,965 1,241,352 1,303,698 1,221,067 1,179,005 1,067,928 1,033,172 1,030,305 1,027,439 1,027,439 1,659,503 1,732,238 | 14,821,111 18
<WATER OUT OF TAILINGS IMPOUNDMENT> (m3)
Supernatant Recover
9 (+) Recovery from Tailings 598,937 598,937 598,937 598,937 598,937 598,937 598,937 598,937 598,937 598,937 598,937 598,937 7,187,247 Hlo
10) () Total Net Precipitation and Runoff =(2)+(3)+(4) +(5)+(5a) +(6)-(18)-(1 69,548 22,867 115,009 115,807 143,269 61,988 27,232 24,365 21,499 21,499 653,563 632,937 1,909,584 {10
11 (+) Consolidation to Final Density 185,183 185,183 185,183 185,183 185,183 185,183 185,183 185,183 185,183 185,183 185,183 185,183 2,222,195 {|11
12| (+) Water Available From Polley Lake 0 0 0 0 0 [ 0 0 o 0 0 0 0 12
13 (-) Seepage (63,940) (63,940) (63,940) (63,940) (63,940) (63,940) (63,940) (63,940) (63,940) (63,940) (63,940) (63,940) (767,280) |13
14]1Sub-Tolal (recovered water in supernatant pond) 789,729 743,047 835,190 835,987 863,449 782,168 747,412 744,545 741,679 741,679 1,373,743 1,353,117 | 10,551,746 |14
Underdrainage Recovery
18] (+) Underdrainage 58,100 58,100 58,100 58,100 58,100 58,100 58,100 58,100 58,100 58,100 58,100 58,100 697,200 |15
16/|Sub-Total (total recovered water) =(14)+(15) 847,829 801,147 893,290 894,087 921,549 840,268 805,512 802,645 799,779 799,779 1,431,843 1,411,217 | 11,248,946 16
Unrecoverable Water
17 (-) Water Retained in Tailings 221,820 221,820 221,820 221,820 221,820 221,820 221,820 221,820 221,820 221,820 221,820 221,820 2,661,838 §17
18] (-) Evaporation from Supernatant Pond 112,896 107,856 92,736 50,400 15,120 [ 0 0 0 4] 0 47,376 426,384 118
19 (-) Evaporarion from Beach 109,581 104,689 90,013 48,920 14,676 0 0 0 0 0 0 45,985 413,863 |19
20 (-) Seepage Losses 5,840 5,840 5,840 5,840 5,840 5,840 5,840 5,840 5,840 5,840 5,840 5,840 70,080 |20
2 1jjSub-total (unrecoverable water) 450,137 440,205 410,409 326,980 257,456 227,660 227,660 227,660 227,660 227,660 227,660 321,021 3,572,165 121
22] >>> Totall 1,297,965 1,241,352 1,303,698 1,221,067 1,179,005 1,067,928 1,033,172 1,030,305 1,027,439 1,027,439 1,659,503 1,732,238 | 14,821,111 22
‘Water Required at Millsite
23(Water for slurry 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 | 12,071,280 |23
24}|Water for Dust Control on Roads 25,000 25,000 25,000 25,000 25,000 0 0 0 0 0 0 25,000 150,000 |24
25 Mill Water Required 1,030,940 1,030,940 1,030,940 1,030,940 1,030,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,030,940 | 12,221,280 25
26{|(-) Minimum Fresh Water Input to Mill (from open pit groundwater) = 2.4 %¥(1) 24,143 24,143 24,143 24,143 24,143 24,143 24,143 24,143 24,143 24,143 24,143 24,143 289,711 {126
271l(-) Water in Ore 21,982 21,982 21,982 21,982 21,982 21,982 21,982 21,982 21,982 21,982 21,982 21,982 263,784 |27
2 Water Required from Additional Sources =(25)-(26)-Q27) 984,815 984,815 934,815 984,815 984,815 959,815 959,815 959,815 959,815 959,815 959,815 984,815 11,667,785 |28
<WATER DISTRIBUTION IN SYSTEM > (m3)
29jl0Open Pit Surface Runoff 28,286 22,802 28,841 20,963 16,763 6,004 2,638 2,360 2,082 2,082 63,305 65,908 262,036 |29
30[iOpen Pit Groundwater (39,818 - fresh water input to mill) 15,675 15,675 15,675 15,675 15,675 15,675 15,675 15,675 15,675 15,675 15,675 15,675 188,105 |[30
31{IMill Site Runoff (Disturbed and Undisturbed) 20,404 16,449 20,805 14,746 12,092 4,331 1,903 1,702 1,502 1,502 45,666 47,543 188,646 |31
32||Catchment Area North of Millsite 5,099 4,111 5,199 3,685 3,022 1,082 476 425 375 375 11,413 11,882 47,145 32
33(IRecovered Water from Tailings Facility (excluding storage) 847,829 801,147 893,290 894,087 921,549 840,268 805,512 802,645 799,779 799,779 1,431,843 1,411,217 | 11,248,946 133
34 Total Water Available in the System 917,294 860,184 963,811 949,157 969,103 867,362 826,203 822,809 819,414 819,414 1,567,902 1,552,226 | 11,934,879 |34
35||Water Surplus/(Deficit) =(34)-(28) (67,522) (124,631) (21,005) (35,658) (15,713) (92,454) (133,612) (137,007)  (140,401)  (140,401) 608,087 567,410 267,094 |35
36]|Cunulative Water Surphus/(Deficit) (67,522) (192,153) (213,158) (248,816) (264,528) (356,982} {490,594) (627,601 (768,002) (908,403) (300,316) 267,094 36
Notes: 1. Snowfall is provided in equivalent depth of rainfall and is d to on catct areas until April and May when it melts equally over the two months.

2. Presh water imput to mill to be supplied from Open Pit dewatering wells.



CONSULTING ENGINEERS

JNORDATAU0162-NVOLUMINTOTALVOL XLS]Overull

TABLES.S

MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

TAILINGS STORAGE FACILITY

STAGED EMBANKMENT FILL QUANTITIES

3-Dec-97 1405

FILL QUANTITY BY STAGE (m®)!"!

Stage 1b 2A 2B 2C 3 4 5 6 7
ElL (m)| 934 936 938 940 946 951 956 961 965 TOTAL
Item ||ZONE AND MATERIAL Year| 1996/97 1998 1999 1999 2000 2002 2004 2006 2008 (m®)
1.0 |[[COARSE BEARING LAYER (CBL)? 0 9,000 0 15,500 0 0 0 0 0 24,500
2.0 |ZONEB 220,000 | 84,000 | 29,400 | 66,500 0 0 0 0 0 399,900
3.0  [[FREE DRAINING RANDOM FILL (FDF)"! 0 0 0 0 256,455 | 221,375 | 229,625 | 235,510 | 175,400 | 1,118,365
4.0 ||ZONES 352,000 | 21,000 | 45500 | 46,900 | 163,500 | 162,500 | 167,500 | 172,500 | 140,500 | 1,271,900
5.0 |[FILTER SAND
5.1{IChimney Drain 22,000 0 16,800 5,900 20,280 | 20,150 | 20,850 | 21,425 0 127,405
5.2lLongitudinal Drain 2,450 0 5,400 0 2,400 1,100 500 350 0 12,200
5.3|Outlet Drain 50 800 700 0 700 0 0 0 0 2,250
6.0  |DRAIN GRAVEL
6.1{ILongitudinal Drain 450 0 900 0 400 200 100 50 0 2,100
6.2Outlet Drain 50 200 100 0 100 0 0 0 0 450
6.3||[Foundation Drain 1,500 200 800 0 0 0 0 0 0 2,500
7.0 ||ZONET 0 52,000 | 137,500 | 23,500 | 93,420 | 80,600 | 83,400 | 85,700 0 556,120
80 [|ZONEC 0 0 506,600 | 29,300 | 812,500 | 130,800 | 6,800 | 1,368,900 | 61,600 | 2,916,500
TOTALS 598,500 | 167,200 | 743,700 | 187,600 | 1,349,755 | 616,725 | 508,775 | 1,884,435 | 377,500 | 6,434,190
Notes:

[1] All quantities listed above are neat line. No allowance has been added for cut to fill shrinkage.
{2] Coarse Bearing Layer only included for Stage 2. It may be required for additional expansions, to be determined prior to construction.

[3] Free Draining Random Fill material type to be determined prior to construction.
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J:\JOB\REPORT\10162-9\3TBLTMP.XLS

TABLE 5.6

MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT

TAILINGS STORAGE FACILITY

SUMMARY OF REQUIRED SEEPAGE ANALYSES

1-Dec-97
CASE EMBANKMENT SECTION
Main Embankment Perimeter Embankment South Emankment
With U/S Toe Drain Without U/S Toe Drain With U/S Toe Drain Without U/S Toe Drain With U/S Toe Drain Without U/S Toe Drain
Stage 2 - yes[l] —— - - -
Final Embankment - Operations yest!h & yes!th -yes? yes™ yes™ yes®!
Final Embankment - Post Closure yes!!! - - - . -

Notes:

[1] Required to determine phreatic surface for stability analyses.
[2] Required to determine seepage flows for each component (foundation drains, chimney drain, U/S toe drains and seepage losses).
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TABLE 5.7
M T POLLEY MININ RPORATION
M TPOLLEY P T
TAILIN TORAGE FACILITY
RE TS OF SEEPAGE ANALYSE
J:\JOB\DATA\10162-N\SEEPW\[SEPSUM.XLS]Table 5.6b 3-Dec-97
Estimated Flow from Seepage Analysis (L / s)
Embankment Section Section Length Into Toe Into Chimney [Into Foundation Into Total Flux
(m) Drains Drain Drains Groundwater Through
System Embankment
Case 1 - Upstream Toe Drains Functioning
Perimeter Embankment 2130 19.31 0.32 N/A 0.81 20.45
Main Embankment - Section A i
(varved silt unit within foundation) 950 8.36 0.17 0.25 0.90 9.73
Main Embankment - Section B
(sand unit within foundation) 480 3.50 0.06 0.85 0.04 4.40
South Embankment 885 5.23 0.06 N/A (0.02 5.31
Case 1 Totals 4445 36.40 0.61 1.10 1.77 39.89
Case 2 - Upstream Toe Drains Not Functioning
Perimeter Embankment 2130 N/A 0.70 N/A 0.87 1.57
Main Embankment - Section A
(varved silt unit within foundation) 950 N/A 0.26 0.23 0.94 1.43
Main Embankment - Section B
(sand unit within foundation) 480 N/A 0.08 0.91 0.04 1.03
South Embankment 885 N/A 0.19 N/A 0.02 0.21
Case 2 Totals 4445 N/A 1.23 1.14 1.87 4.24
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TABLE 5.8

MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT
TAILINGS STORAGE FACILITY

SUMMARY OF REQUIRED STABILITY ANALYSES

JAJOBAREPORT\10162-9\3TBLTMP.XLS 1-Dec-97
UPSTREAM ANALYSES™ DOWNSTREAM ANALYSES
CASE With U/S Toe Drain Without U/S Toe Drain With U/S Toe Drain Without U/S Toe Drain
Static Seismic Static Seismic Residual Static Seismic Static Seismic Residual
Stage 2 - End of Construction S - yes yes™ D - m - yes? yes®! )
Final Embankment - Operations yesm yesm yesm yesm -3 yesw "yeslz’\]/«“ yes[4] /}/'eSB] .
Final Embankment - Post Closure B - yes™ yes®) yest™ B ) yes'® yest! yes!"!
Notes:
{11 No U/S toe drains installed for Stage 2, no analyses required. . _
[2] Minimum Factor of Safety for End of Construction Static Cas@
[3] Minimum Factors of Safety for all seismic cases are:
- Pseudostatic case 1.0 (or limited displacement).
- Displacement analyses to ensure acceptable movements during the earthquake may be required.
< —Post-Liquefaction (flow slide) case 1.1 ™
[4] Minimum Factor of Safety for Final Emabankment Static Case During Operations is_1 y
[S] Upstream analyses for full height Post Closure required for worst case only (without U/S toe drain).
[6] Minimum Factor of Safety for Final Embankment Static Post Closure case is 1.5.
[7] Peak shear strength parameters are to be used for static cases (End of Construction or Post Closure).
[8] Residual shear strength parameters are to be used for seismic cases.

(9

In materials predicted to liquify, post-liquefaction shear strengths are to be used.

[10] Steady state seepage conditions are to be used for Post Closure cases.

[11] Steady state pore pressure conditions for relevant pond level are to be used for End of Construction and During Operations cases.
[12] All upstream analyses for loss of freeboard critical slip surfaces.

[13] Residual Tailings Strength Case only required for Post Closure worst case (without U/S toe drain). Minimum Factor of Safety is 1.1.
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TABLE 5.9

MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT
TAILINGS STORAGE FACILITY

RESULTS OF STABILITY ANALYSES

JAJOB\REPORT\10162-9\3TBLTMP.XLS 1-Dec-97
UPSTREAM ANALYSES™ DOWNSTREAM ANALYSES
CASE With U/S Toe Drain Without U/S Toe Drain With U/S Toe Drain Without U/S Toe Drain
Static Seismic Static Seismic Residual Static Seismic Static Seismic Residual
Stage 2 - End of Construction - - 1.64% -1 - - 1.67# 1.448 ...l
Final Embankment - Operations 1.931 1.67% 1.821 S 1.58% 1.428 1.55 1.35" -
Final Embankment - Post Closure e s 2.09" 1.71% s --B 1.77 1.49 1.39"%
Notes:
[11 No U/S toe drains installed for Stage 2, no analyses required. ... L
o e, A8

[2] Minimum Factor of Safety for End of Construction Static Cas\ms 1 3 ‘:/Z 0%
[3] Minimum Factors of Safety for all seismic cases are: = /

- Pseudostatic case 1.0 (or limited displacement).

- Displacement analyses to ensure acceptable movements during the earthquake may be required.

- Post-Liquefaction (flow slide) case 1.1.
[4] Minimum Factor of Safety for Final Emabankment Static Case During Operations is 1.3.
[S] Phreatic surface below upstream toe drains for Final Embankment Post Closure Analysis. Analysis not required.
[6] Minimum Factor of Safety for Final Embankment Static Post Closure case is 1.5. —
[7]1 Peak shear strength parameters are to be used for static cases (End of Construction or Post Closure).
{8] Residual shear strength parameters are to be used for seismic cases.
[9] In materials predicted to liquify, post-liquefaction shear strengths are to be used.

[10] Steady state seepage conditions are to be used for Post Closure cases.

[11] Steady state pore pressure conditions for relevant pond level are to be used for End of Construction and During Operations cases.
[12] All upstream analyses for loss of freeboard critical shp surfaces.

Mgs Strength Case for worst case only (w1thout U/S toe drain).
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MOUNT POLLEY MINING CORPORATION
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DEPTH/AREA/CAPACITY,/FILLING RATE
i FOR TAILINGS STORAGE FACILITY

Area (Ha)
300 200 100 0
970 /
966 . /
\ | — Area /
\‘/
\ /
\
Py -Fa) \ ]
TS

|
|

I~ Capacil)

)

'Y

D
Elevation (m)

i
|
|
I e ~
T ] | / : N
i 936 l \\\\
| - ~
] N
| 920 |
| | \
~ Rate of Rise (m/yr) | Capocity (m>x 10°)
20 15 70 5 | 910 0 29] 30 40 5i 0 70
1 0 I
|
Sl i S
\ J \\
s
‘ Lo

0 1§ L

(A4 }93 \

75 T~

[ \
20
T T T T I T T T T
0 10 20 30 40 50 60 70 50 g0

Note: Tailings dry density 1.1 ¢/m< in Year 1, 1.2 t/m°’
in Year 2 and 1.3 t/m“ for remainder.

Nov. 28, 1997
KNIGHT PIESOLD LTD.

Tonnes Milled (x 10 6)

89

FIGURE 5.1

CONSULTING ENGINEERS




CAD FILE: \10182\9\FIG\B10 Plot scale 1=2 STD. 1

MOUNT POLLEY MINING CORFPORATION
MOUNT POLLEY PROJECT
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MOUNT POLLEY PROJECT
SCHEMATIC OVERVIEW OF WATER BALANCE COMPONENTS
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MOUNT POLLEY PROJECT
SCHEMATIC OVERVIEW OF WATER BALANCE COMPONENTS
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CATCHMENT AREAS USED IN WATER BALANCE FOR YEAR 13 P - LI 1% 2000 Metres
Catchment Area Area No. Area (ha)
Tallings Facility -
Tarlings Pond 7 7071.0
Beach 2 722.0
Unprepared oreo 3 10.0
Upstrearmn undiverted area 4 60.9
Downstream area 9a 479
Downstream area 9b 15.2
Waste Dump 5 7134.0
Mil/ Site & 58.9
Area north of Mill Site 7 24.3
Open Fit 8 64.7
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MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

TAILINGS STORAGE FACILITY

SCHEMATIC ILLUSTRATION OF WATER BALANCE - YEAR 1 & 13

Average Year Precipitation Precipitation Evaporation
Precipitation WASTE DUMP
Water from Open Pits
71,280 29% Mill Site Catchment Area
262,036 |2 Runoff North of Mill Site
188,646 |31 43,847 32
Correspondings to Line Number on Wator Balance Tablos 188,646 |31 47,145 32
OPEN PITS Seo Tablo 7.1 ftom No. 25, Typ.
Fresh Water input to Mill
289,711 |2
289,711 |
Ground Water from Open Pits M..I_LL
188,105 |30
Yoar 1, Typ/ 188,105 |20 Water in Ore
Year 13, Typ—" 263,784 |27
263,784 |27
Maximum Annual Annual Dust Control
Cummulative Deficit Deficit 150,000 |24 Water Pumped
340,700 fas 150,000 |24 from Polley Lake
267,084 |as Recovered Water 1,000,000 |7
10,835,206 |16 [¢] 7
11,248,946 |16
Downstream Area TSF Direct Precipitation
Runoff Runoff on Pond Evaporation Tailings Slurn Water from
379,344 |sa 584,464 |[3+4 367,278 |2 375,832 |1s+19 | 12,071,280 |1 Waste Dump Undiverted Runoff
379,344 s 848,967 |3+4 761,040 |2 840,247 |1e+19 112,071,280 |1 339,137 |s 110,532 Is
649,948 |s 110,532 |s
Z
Retained —
3,570,917 v
2,661,838

Seepage
Collection Pond

"

Seepage

70,080

70,080

NOTES

TAILINGS STORAGE FACILITY

1. All flows in m®/year.
2. All results are for average precipitation conditions.
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MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

TAILINGS STORAGE FACILITY

FILLING SCHEDULE AND STAGED CONSTRUCTION

November 28, 1997
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MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT
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MOUNT POLLEY MINING CORPORATION

MOUNT FOLLEY PROJECT

PERIMETER EMBANKMENT SEEFAGE ANALYSES

SUMMARY OF MATERIAL PARAMETERS

FOUNDATION EMBANAKMENT FilL
ZONE ZONE DEPTH VERTICAL HYDRAULIC | CONDUCTIVITY ZONE ZONE VERTICAL HYDRAULIC | CONDUCTIVITY
NUMBER (m) CONDUCTIITY (cm/s) RATIO NUMBER CONDUCTIITY (cm/s) RATIO
77 Dense to Very Dense Till 0o -5 7 x 1077 7 7 Tailings £ >946 m 5x 107° 7
12 Varved Silt 5 - 7 7 x 107° 0.7 2 Tailings E1. 934-946 m 7 x 107° 7
13 Basal Till 7 - 17 7 x 107° 7 3 Tailings El. <934 m 7 x 10°° 7
14 Varved Silt 17 - 21 7 x 1077 01 4 Coarse Tailings 5x 10°° 0.1
75 Glaciofluvial Sand and Gravel >21 7 x 107°¢ 7 5 Zone B 7 x 10°° 0.7-1.0
6 Free Draining Random Fill 7 x 107* 7
7 Zone S 5 x 1077 0.7-1.0
& Chimney Drain 7 x 1072 7
9 Zone C 7 x 1077 7
Crest £]. 965 10 Zone T 7 x 1077 7

Conductivity Ratro

_ Vertical Hydraulic Conductivity
" Horizontal Hydraulic Conductivity

NZ/\4

AN/ZN\NY

NZN\4

®® ® |6 o |® o
©

Dec. 1, 71997
KNIGHT PIESOLD LTD.
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MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT

MAIN EMBANKMENT SEEFPAGE ANALYSES — SECTIONS A AND B
i SUMMARY OF MATERIAL FPARAMETERS

B1

CAD FILE: \10162\9\FIG\81 Scole 1:500 Plol 1=05

FOUNDATION EMBANKMENT FILL
ZONE ZONE DEPTH VERTICAL HYDRAULIC | CONDUCTIVITY ZONE ZONE VERTICAL HYDRAULIC | CONDUCTIVITY
NUMBER (m) CONDUCTIITY (e¢m/s) RATIO NUMBER CONDUCTIVITY (cm/s) RATIO
13 Loose to Medium Dense Till 0o - 1.2 7 x 1077 7 7 Tailings £1. >946 m 5 x 107° 7
4 Dense to Very Dense Till 1.2 — 2.2 7 x 1077 / Z Tailings £1. 934—-946 m 7 x 107° 7
154 Varved Silt 22 - 127 7 x 107° 0.7 3 Tailings E1. <934 m 7 x 10°° 7
158 | Sand 22 - 12.7 7 x 107°F 7 4 Coarse Tailings 5 x 107° 0.1
6 Basal Till >12.7 7 x 10°° ] ] Zone B 7 x 10°° 0.71-1.0
6 Free Draining Random Fill 7 x 107* 7/
7 Zone S 5 x 1077 0.1-1.0
Crest £l 965 g Zone & . 5 x /0:; 0.7-1.0
’/ g Chimney Drain 7 x 10 7
1.5 10 Zone T 7 x 1077 7
/ 77 Zone C 7 x 1077 7
72 Basin Liner 7 x 107 7

_ Vertical Hydraulic Conductivity
" Horizontal Hydraulic Conductivity

Conductivity /?oﬁo%

R
@ Material 154 within Section A foundation.
Material 158 within Section B fourndation.
Dec. 1, 1997

KNIGHT PIESOLD LTD.
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MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

SOUTH EMBANKMENT SEEPAGE ANALYSES

SUMMARY OF MATERIAL PARAMETERS

NN

Nov. 28, 1997
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CONSULTING ENGINEERS

FOUNDATION EMBANKMENT FILL
ZONE ZONE DEPTH VERTICAL HYDRAULIC | CONDUCTIVITY ZONE ZONE VERTICAL HYDRAULIC | CONDUCTIVITY
NUMBER (m) CONDUCTIVITY (cm/s) RATIO NUMBER CONDUCTIVITY (ecm/s) RATIO
9 | loose to Medium Dense Till 0 -5 1 x 197~ ! 7 Tailings £l >946 m 5x 107° 7
10 Volcanic Conglomerate Bedrock >5 e 1 x 10°° , / 7 2 Tailings £1. <946 m 7 x 107° 7
S 3 Coarse Tailings 5 x 107° 0.1
4 Free Draining Random Fill 7 x 107 7
5 Zone S 5 x 1077 0.1-1.0
6 Chimney Drain 7 x 107¢ 7
7 Zone T 7 x 1077 7
& Zone C 7 x 1077 7

Conductivity Ratio

Vertical Hydraulic Conductivity

= Horizontal Hydraulic Conductivity

86

FIGURE 5.10
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KNIGHT PIESOLD LTD.

MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT

STAGE 2 MAIN EMBANKMENT STABILITY ANALYSES

GEOMETRY AND MATERIAL PARAMETERS

B7

Unit wt. a’ c,, C
MATERIAL TYPE (kN/m? )| (degrees) (7<Pa)
Tailings:
Partially Consolidated 18 - 10-35
Coarse Tailings 19 30 0
Embankment Fill:
Zone B 22 35 0
Zone C 217 40 [
3 Zone S 21 35 0
- Chimney Drain 20 I35 0
- Zone T 217 40 0
- Coarse Bearing Layer 27 40 o
Foundation:
C . Loose to Medium Dense Till 20 - 85
X Z//;; ?f ;;"msg?; abc./q ’ f 0/’{/)0/ ois Dense to very Dense Till 21 26 0
¥ ity Jysi ; : T :
3 Tailings Surface for Downstream . g/aa?/arc.};jsz‘rme/G‘/ac;of/uv/a/ Sediments :;g gg g
X Stability Analysis El. 938m Phreatic Surface for gsal 11
- Downstream Stability Analysis
- Tailings Surface for Upstream
[ Stability Analysis El. 936m 15 . Stage 2 Crest £l 940
e\ oz 1 @ 0.
_ T M \
- = Zone B\ ‘
Coarse Tailings
“ﬁ\ Coarse Bearing Layer:
- Partially
N Consolidated Tai/ings\& Zone S
Loose to Medium /0
- Dense Till Zone C \
- "7/ 4 ~ — ~
f\\ \Dense to Very Dense Till
- Glaciolustrine/Glaciofluvial Sediments ~
f‘\_/——\ Basal Till TN Pore Pressure of 1.5 m above hydrostatic
o \/\ condition assurmed in the foundation soils —_
- ~)
B 5 0 10 20
Scaole i i ! |
Dec. 1, 1997
FIGURE 5.11
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MOUNT POLLEY MINING CORPORATION
MOUNT PILLEY PROJECT

FINAL MAIN EMBANKMENT STABILITY ANALYSES

GEOMETRY AND MATERIAL FPARAMETERS

B4

LN DAL I N NI L L O L N A 1 S B B B B SRR

Unit wt. z’ c,, C
MATERIAL TYPE (kN/m?)| (degrees)|  (kPa)
Tailings:.
Partially Consolidated 18 — 10—-55
Fully Consolidated (Post Closure Analysis) 79 30 0
Residual (Post Liquefaction) Strength 18 - 70
Coarse Tailings 19 30 0
Embankment Fill:
. Zone B 22 A 35 0
Phreatic surface for ‘ Zone C 21 A5 40 0
Crest £I. 965m f:/na/ Main Embankmen; with Zone FDF (Free Draining Fill) 19 5= 40 0
unctioning Upstream Toe Drains Zone S o1l 35 0
. Zone F (Chimney Drain) 20 35 0
Phreatic surface for ) Zone T 27 40 o
_ ) final Main Embankment with Coarse Bearing Layer 27 40 0
- norn —-fungz‘mnmg Upstreamn
‘\ Joe Drains Foundation.
Tailings Embankment Upstream Loose to Medium ODense Till 20 26 o
\3‘ Toe Drain (typ.) Dense to Very Dense Till 217 26 0
Glaciolacustrine/Glaciofluvial Sediments 20 33 0
Basal Till 20 33 o
Coarse Tailings
Phreatic Surface for
Post Closure Main Embankrment
—_— Zone T
Coarse Bearing Layer Chimney /’ Zone C/)‘
Lrain
Z
Zone 8B
Loose to Mediurmn
Dense Till Zone B @ T T TT e e
S T—\"7/ A"/ 4 == ~ —
f\\ \Dense to Very Dense Till
Glaciolustrine/Glaciofluvial Sediments \
j‘\_/—\ Basal Till T Pore Pressure of 1.5 m above hydrostatic
¥/\~y condition assumed in the foundation soils —.
\,V()
5 0 70 20
Scale .. .| ' ! |
Dec. 1, 1997
FIGURE 5.12
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MOUNT _POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

RESULTS OF STAGE 2 MAIN EMBANKMENT STABILITY ANALYSES

Potential Slp Surface
Static Conditions
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MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT
RESULTS OF FINAL MAIN EMBANKMENT DOWNSTREAM STABILITY ANALYSES
UPSTREAM _TOE _DRAINS FUNCTIONING
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MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT

RESULTS OF FINAL MAIN EMBANKMENT DOWNSTREAM STABILITY ANALYSES

UPSTREAM TOE DRAINS NOT FUNCTIONING
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MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT
RESULTS OF FINAL MAIN EMBANKMENT UPSTREAM STABILITY ANALYSES
UPSTREAM TOE _DRAINS FUNCTIONING
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Static Conditions
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MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT
RESULTS OF FINAL MAIN EMBANKMENT UPSTREAM STABILITY ANALYSES
UPSTREAM TOE _DRAINS NOT FUNCTIONING
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MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT
POST CLOSURE MAIN EMBANKMENT STABILITY ANALYSES
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NOTES

1.

2.

Open Pits and Woste Dumps are shown in their
final configurations.

Pond level in Tailings Storage Facility projected
at £, 936 ( July 1999 ).

Topography has not been updated from 1997 Flyover.
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£l 936 m (July 1999)
See Note 3

] EMBANKMENT SETTING OUT POINTS
Point Northing Easting Chainage
S1 | 5 818 622.590 594 258.688 | 5+00.000

S2 | 5 818 392.402 594 765.778 | 10+56.890
S3 | 5 818 365375 594 995246 | 12+87.944
S4 | 5 818 235.539 595 240.350 | 15+63.922
S5 | 5 818 966.983 596 208.866 | 27+75.802
S6 | 5 819 304.035 595 955.881 | 31+97.234
S7 | 5 819 939.748 595 010.249 | 43+36.686
58 | 5 820 053.03¢ 594 396.471 | 49+60.831

e

onnector /Relocation

Tailings ond” Reelaim =
P/:aellg)es 3
> VA
LEGEND == "”l"' =
®6‘W96‘ 15 Groundwater Monitoring Well WM@R
B LT 1] AT T TR
LT LA
L LT T I
o -
NOTES o= Reclaim Borge Channel, )

see Note 5
1. Chainages defined by Setltting Out Point
S1 ot Ch. 5+00.

2. Stripping ond clearing required 5 m beyond
foe of embankments.

3. Pond elevation estimated from Filling Schedule
ond Sloged Construction Curve.

4. Topogrophy has not been updated from 1997
Flyover.

5. Reclaim barge ond ramp Jocations lo be
determined by Mount Polley Mining Corporation.

6. Toilings pipeline on embankment crest not
shown for clorily.

7. Ihe north side of the Haul Rood between S7
and S8 is the contact between embankment il
Zones B and S.
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ZONE LOCATION | MATERIAL TYPE PLACEMENT AND COMPACTION REQUIREMENTS

Core Zone |Glacial il Placed, moisture conditioned and spread in maximum
S.0.L 300 mm thick layers (after compaction).
J Vibratory compaction to 98% of Stondard Proctor
maximum dry density or as approved by the Engineer.
4000 8000 : .
| Fil Zone | Glacie! tl, Placed, moisture conditioned and spread in maximum

glociofacustrine or 1000 mm thick la )
) wers (after compaction).
o270 2500, Srnuiar mulemyl Vibratory compaction to 928 of Stondard Proctor
maximum dry density or as approved by the Engineer.

—
I
rm;of;ga” Mive Rock Placed and spread in maximum 600 mm thick
e layers. Compaction as directed by the Engineer.
;|"—5 I C - ?Z;Z s Rk Placed and spread in maximum 1000 mm thick
l e layers. Four passes with a specified vibratory roller.
gl | a3 25 2 F C/ZZ,;?/ Feter mitpe Placed and spread in maximum 600 mm thick layers.
7 7 Y Compaction as directed by the Engineer.
[ j F Loogggwg';gh/ Fifter Samd Placed and spread carefully around filter fabric/drain
I gravel. Compaction as directed by the Engineer.
| Foundation/ | Drain Gravel :
4 Longitudinal) Placed and spread carefully around seepage collection
250 f Outg/et Drain pipes. Compaction as directed by the £ngineer. .
) Chimney Drain 1000 min. — Basin Liner |Glacial i, Placed and spread in maximum 150 mm thick layers.
- 3500 23 000 / continuvous width glaciolacustrine or| Compaction as directed by the Engineer. B
) granular material
Upstream Toe Drain, 6500 4000 . . o e
e Note 4 g - I—— Stage 2C £l 940 Coarse Bearing| Random Rockfill | £nd dumped and spread as required for trofficobility
940 — Layer and fill placemnent. |
-~ i > \ 7 (—5[099 2B £l 938 -
g Coarse Bearing Layer, S SUNR, W Stage 24 £ 936 - FOF Upstream Shell| Free draining | Placement and compaction requirements to be
< Jul_1, 1999 see Note 6 TR : Zone Random Fill | determined.
S : ) Wi RN YL % Stage 16 £1. 934
% i : \\ \\ \ f 4 T
é Tvpe 1 Geotextile Filter
Fabric, see Note 8
wp L Mor. 1, 1998 4 |
Outlet Drain excavated in ’ i
r Zone C, see Note 3 " =
15 500
70 000
F £, 919.0 - )
o s [ over on pipes —
. Stage 26 000 5
Z‘?"‘E" Basin f See Note 11 for extent o Mok P
ner of downstream fill Main Embankment
L : Sespage Collection Pond 4
V v T R T R AT T ) Outlet pipe,
= T TS S L e A .
570 e I OU”dat/W \-Long/'tud/'na/ Drain, . Az 1 g 9085\ ]
O-1.3 see Note 2 . i \ 20 000 min. L_ ) s e 2 L
Foundation Orain
FD-2,4 Foundation Drain FO=5 Foundation Drain FD—6,7 ) L
L see SECTION 4/105 see SECTION 4/105 Drain Monitoring Sump _
SsEe 7 7 7 . Foundation Droin see DETAIL C/105
TION 707, 730, 740 Type 2 Geotextile Fifter conveyance pipes, see
o0 MAIN EMBANKMENT Fabric, see Note 9 DETAIL A/105 for tie—in
NOTES
1. Pond efevations estimated from Filling Schedule and 8 Type 1 Geotextile Filter Fabric required on tarlings.
Staged Construction Curve. Specification provided in Tender Documents (12 0z/sq. yd).
2. Longitudinal Drain to be extended from invert £l. 929 9. Type 2 Geotextife Filter Fabric required from the right
(Stage 1b) to £l 938.5 in original ground during Stage 2B. abutment (approx. Ch. 15+75) to £1. 920 on the Jleft
. . - abutment (approx. Ch. 23+00). Specification provided in
J. Outlet Drains to be extended to Drain Monitoring Sump Tender Documents (8 oz/sq. yd).
during Stage 2B. Drains require min. 2% slope. r NOT FOR CONSTRUCTION I
X . 70. Foundation drains are not intersected on this |
4. Stage 2C Upstream Toe Drain to be designed and instolled cross—section. .
during Stage 3. " R
I ﬁ_?om?-troom) fill (1000 thick for Zone T and 4000 thick
5. Fill plocement rates to be monitored by the Engineer. Placement or Zone C) to be placed up to final Stage 25 Crest
rotes to be modified /¥ excess pore pressures observed in Fill £ 938 at right abutment and to ground £1. 920 (approx. 10 5 0 70 20 Metres
or foundation piezometers. Ch. 23+00) at left abutment. Seole [ — —
6. Coarse Bearing Layer required on tailings. To be added on
ground as required to provide a firm bearing layer for Fill
placemnent. MITED LLEY TION
7. Al dimensions in millimetres with elevations in metres, CO;gé%gT‘CP’EE%OEQ/ANIE‘OMR - MOUNT PO MINING CORPORA
unless noted otherwise. S!@N' , B.C.
RN MOUNT POLLEY MINE
OF L
v
] [
140 TSF_— STAGE 2C MAIN EMBANKMENT - PLAN 3 K. D. K. EMBREEOR#N  WAL/DHS
130 | STAGE 2 EXPANSION — STAGE 2B MAN EMBANKMENT % : = TAILINGS STORAGE FACILITY
105 | TSF — STAGE 2 EXPANSION —FOUNDATION PREPARATION—SECTIONS & DETAILS A Y ghecreo QB&J STAGE 2 MAIN EMBANKMENT
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NOTES ZONE LOCATION | MATERWAL TYPE PLACEMENT AND COMPACTION REQUIREMENTS
1. Pond elevations estimated from Filling Schedule and L
Staged Construction Curve. Core Zone | Glacial till Placed, moisture conditioned and spread in maximum
300 mm thick layers (after compaction).
2. Longitudinal Drain to be installed during Stage 25. Vibratory compaction to 98% of Standard Froctor
maximum dry density or as approved by the Engineer.
Outlet Drains to be instolled to Stage b crest durin il &
Stage 2A. “ ¥ Fill Zone G;gg//'g;ogu//;tﬁn e or| Flaced, moisture conditioned and spread in maximum
granu/ar material | 1000 mm thick layers (after compaction).
Chimney Drain to be installed during Stage 28 and ZC. Vibratory compaction to 92% of Standard Proctor
maximum dry density or as dpproved by the Engineer.
5. Stage 2C Upstream Toe Drain to be designed and installed durin R #e 7
Stagg 3 ” 7 d T fraZr:;s;Zon i, Soek Placed and spreod in maximum 600 mm thick
. lgyers. Compaction as directed by the Engineer.
6. Coarse Bearing Layer required on tailings. To be added on ground Shel/ Mine Rock . X .
as required to provide a firm bearing layer for fill placement. ¢ Zo;e ! o Placed and spread in maximum 1000 mm thick
J layers. Four passes with a specified vibratory rofler.
7. All dimensions in millimetres with elevations /n metres, 7
uniess noted otherwise, " C/Z;Z%ey Hliter wand Placed and spread in maximum 600 mm thick layers.
Compaction as directed by the Engineer.
8. Type 1 Geotextile Filter Fabric uired on tailings. Specification tudir
SoL. /{p provided in Tender Documengq(/ 2 oz/sq. yg P F /'Oaggg‘/‘z;'g{ Fitter Sand Placed and spread carefully around filter fabric/drain
' gravel. Compaction as directed by the Engineesr.
9. Type 2 Geotextile Filter Fabric only required on prepared ground ; i
4000 8000 b);eow £ 9320 m. Spoafcat/on//s pqrowdgd ,npreﬁder # G [:;%%ggé Droin Grovel Placed and spread carefully around seepage collection
Documents (8 0z/sq. yd). Outlet Drain pipes. Compaction as directed by the Engineer.
2500 | l' 10. Fill placement rates to be monitored by the Engineer. Placement S S g . i
870 [ rates to be modified if excess pore pressures observed in fill = Basin Liner | Glacial tl, Placed and spread in maximum 150 mm thick layers.
! or foundation piezometers. glaciotacustrine or| Compaction as directed by the Engineer.
granular material
} 11. Downstream fill (1000 thick for Zone T and 2000 thick Zone C) 1550 ©, . . . e
- 7.5 | to be placed up to ground Ei. 933 m. S8CBL”. Coarse Bearing| Random Rockfill | End dumped and spread as required for trafficobility
, , 05D XS Layer and Fill placement.
j A /‘DF Upstream Shell| Free draining Placement and compaction requirements to be
960 — sV Zone Random Fill determined.
I 0.5 -
| L
|
950 [~ 25 —
E 7
~ Chimney Drain 1000 min.
5 L 3500 23 000 continuous width _
S
3 Upstream Toe Drain,
L% see Note 5 ————_| Eoe Stage 2C £1. 940
940 e e Stage 26 £. 938 r
oarse Bearing Layer, I : ‘ & 937.0
L Ew, Stoge 24 £ 936 Stage 2B, see Note 17 for
Sl 1, 1999 see Note 6 : >~ 7 —rQ extent of downstream fil
L - . T ; \_' (-S‘tage 16 £ 934 % . . N
Dipe . St F’f‘ej - = - amef)feﬂnaﬁ%?yfnwfpw& Perimeter Embankment
Fobric. ~see Notes 8 = . see | or te—in erimeter Embankmen
c’ , +7 500 . 75 500 13 500 101060 | _(Stags 2A ( Seepage Collection Pond
930 — e Y e e N e e e T ¥ e o 8] R Vi ! 3 . —
| Longitudinal M «/—- _______________________________ R ,’__ R Outlet pipe
see Note 2 L ( o = o £l 926.50
S e —
- Tvpe 2 Geotextile Filter Outlet Drain, S = e
Fabric, see Note 9 see Note 3 L
Drain Monitoring Sump, 4
see DETAIL C/105 g
920 — —
2
1 _1 7
SECTION _ 707, 737, 747 8
PERIMETER EMBANA’MENT il
E
g
NOT FOR CONSTRUCTION | 3
E
4]
5 0 10 20 Metres E]
Scole ' mm——— . 8
El
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3
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UNIFIED SOIL CLASSIFICATION SYSTEM

UNIFIED SOIL CLASSIFICATION SYSTEM

PROJECT: _ZONE S and Z0ME B PROJECT: _ ZOME T
65 | GRAVEL. T SAND | SILT | I GRAVEL | SAND [ SILT I
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ZONE LOCATION | MATERIAL TYPE PLACEMENT AND COMPACTION REQUIREMENTS
Core Zone |Glacial 4l Placed, moisture conditioned and spread in maximum
J00 mm thick layers (after compaction).
Vibratory compaction to 98% of Standard Proctor
maximum dry density or as approved by the Engineer.
Fill Zone Glacial i, Placed, moisture conditioned and spread in maximum
glaciolacustrine or| ' 722" X s Prec
e blar einatanol mm  thick layers (after compaction).
g Vibratory compaction to 92% of Standard Proctor
maximum dry density or as approved by the Engineer.
Tmznos,;:/on Afine Rack Placed and spread in maximum 600 mm thick
layers. Compaction as directed by the Engineer.
C gggz Mie Ragk Ploced ond spread in maximum 1000 mm thick
: lifts. Four passes with a specified vibratory roller.
i C‘/b///_naz,ey Fiter wand Placed and spread in maximum 600 mm thick /ifts.
Compaction as directed by the Engineer.
F Loogtg}';ttudpﬂzg{ fFilter Sond Placed and spread carefully around fifter fabric/drain
gravel. Compaction as directed by the Engineer.
G [:nunfj ation/ | Drain Grave/ Placed and spread carefully around seepage collection
gitudinal/ . o i 4 /
Outlet Drain pipes. Compaction as directed by the Engineer.
- Basin Liner |Glacial Ui, Placed and spread in maximum 150 mm thick /ifts.
glaciolacustrine or| Compaction as directed by the Engineer.
granular materiol
CBL Coarse Beoaring| Random Rockfill £End dumped and spread as required for trofficability
Layer and fill placement.
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over and securely

Geolextile Filter Fabric wrapped
around pipes, securely fastened

Geotexlile Filter Fabric folded

fostened

Low permeability
glaciol till backfill

Type 2 Geotextile
Filter Fabric

200 o

R
( DOrain gravel —j
2 CO
58
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~
3
-4

5o 7

Drain grovel 1500 (rmin.)

5077,
150 dia, HDPE o
.o 3¢ / ?/7 pipe S

To Drain
Monitoring Sump

Type 2 Geolextile
Filler Fobric overlopped

Fill —

FOUNDATION DRAIN DETAIL
Scale A

5

SECTION 7120
OUTLET DRAIN DETAIL
Scale A

A
DETAIL 777
EMBANKMENT FOUNDATION DRAIN TIE-IN (IN SECTION)
Scole 8
Type 2 Geo[ex{i/:\ Zone T '\) § Prepared § /‘ Zone T
Filter Fabric ————" foundation = |
N2\ IS NZ N4 N7/ NYZS ‘</§
100 Dio. perf EJ ‘\"Prepared 150 mm Perf %—— ]
CPT pipe —| o SR foundation Droin > % S
1000 J~0roin Gravel f‘\ graver 2% i ]
Notive 1200 <8
Glacial '
4 il or 2000 \
E 37,1 Embankment
SECTION 710

Iype B Filter Sond

EMBANKMENT FOUNDATION DRAIN
PRESSURE RELIEF TRENCH
TYPICAL DETAIL

Scale A

EMBANKMENT FOUNDATION DRAIN
PRESSURE RELIEF WELL
TYPICAL DETAIL

Scole A

Type 2 Geotextile 1000 . Type 2 Geotextile 1000
Filter Fobric ' : ——Drain gravel Fifter Fabric Drain grovel
= N7 \% = NZS%
100 dia. Pert. \}* % 100 dia. Perf. %
CPT pipe — CPT pipe —]
3
N
. 2
e
¥ -~
—\— 9
S 150 dia. Borehole R
Trench lypically 3000 long, ) backfilled with Type B |, 8
backfilled with sandy gravel Filter Sand. 5
q, d by the Engineer d
pproved by the Engi ~ \ {3
) 2
g
§

500 mm (min.)

Trench for Outlet Droin excavaled
in placed and compacted glocial fill

\ Zone C

MAIN

£ erZ’
AN

5

Iype 2 Geofextile
Filter Fabric

000, /|
; o~

4 000

HOLD
For Stage 28
Construction

EMBANKMENT OUTLET DRAIN EXTENSION

Scale A

150 dio. Perforoted
CPI pipe

CPT/HDPE connection

Iype 2 Geotexlile
Filter Fobric

f Ivpe & Filter Sond ~&

N

&~ Drain gravel
OSSN0 088E

G

Low permeab/'//'[y//
glacial till backfill
/
== / / 150 dia. HOPE
e DR17 pipe /
> V4
0eo0sBat0 s Tad ::}*g /

NS4

Table 1
£LEV. MAIN PERIMETER
EMBANKMENT | EMBANKMENT
A 907.5 9255
g 908.5 926.5
c 909.3 927.0
0 911.5 930.5

150 dia. DR17 HOPE
Drain Foundation
outlet pipework, (typ.)

1000 Sump depth

HOLD

For Stage 28
Construction or
s required by

Stripped ground

surface ‘.
:W" T———— 5
:

£l C, see Note 4
\_i

,/- Precast lid

— &L D

To Drain
Monitoring Sump

Geotexlile Filter Fobric folded
over and securely fastened

-
DETAIL 727
OUTLET DRAIN ﬂE—/g (IN SECTION)

Scale

NOTES

1. All pipework to have a minimum of 1 m of cover

for frost protection.
2. All HDPE pipe penelrations to be watler tight.

Buried pipework to be covered by o berm and clearly

Z\4%

LAY

%

moarked by o line of stakes.

1800 1.D. Precast manhole . 5
Elevation of new HOPE pipe penetrations at Droin
Monitoring Surmp to be determined in the field, by
HOPE Pipe peneltrotions, the Engineer.
see Note 2

200 dia. OR17
HOPE Outlet pipe

£ _C
DETAIL 717, 727

EXISTING DRAIN MONITORING SUMP (Typ.)

Scale A
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B I Potential Topsoit-22.  \B
© otentiol Topsos y
EMBANKMENT SETTING OUT POINTS L& 'S Stockpite N DG NO. 10162-9-120
Point Northing Fosting Chainage \% \\% 3]
O {) A
S1 5 818 622.590 594 258.688 5+00.00 Yy ‘\?“ N -
52 | 5 818 392402 | 594 765.778 | 10+56.89 \ ~ <\ \
53 5 818 365.375 594 995.246 12+87.94 \ \ ‘\
5S¢ 5 818 238.539 595 240.350 15+63.92 \ \ 0(} 5) \
55 5 818.966.953 596 208.866 | 27+75.80 \ 755
56 5 819 304.035 595 955.881 | 31+97.23 \ : J \ |
57 5 819 939.748 595 010.249 | 43+36.69 \ . / V4 \
S8 5 820 053.034 594 396.471 49+60.83 \ \ ey Stage 28 Houl Road,
‘ ‘ \ \ .L. V4 /’ see Note 6
ey
7 \ \ o J/ \/ J
\ Stage 21 \ AL \
\ Stripping Limits \ 6"‘ 'iﬂ"' 4// #~Foundation preporatio
. , < Ay / required in Stage 2A
Foundation preparation 7 / . i
\ required down to K /”/’/ Tfeglprint
_NOTES \ tailings surface p 2
1. Choinoge defined by Setting Out Point 000 N \ 7

S1 at Ch. 5+00. 5 819 \

2. Stripping and clearing required 5 m beyond \
loe of embankments.

——

3. Pond elevotion estimated from Filling Schedule K\Tm’ﬁ'ngs and Recloim Water K
aond Staged Conslruction Curve. \ £1. 930 (Morch 1998), e,x
4. Topography has not been updated from 1997 \see Note 5 T~
Flyover. \\
5. Taiings pipeline on embankment crest not \\ <

shown for clorily.

<
. £
6. Stoge 28 Houl Rood to be constructed at =
the downslream toe of the Stage 1b Main
Embankment to El. 831.0. Above El, 931.0 )
Houl Road is offset 30 m from S5.0.L. < / {
Stage 2A Moin ) <2

Embankment El. 936

\\% \
N
% \

70

Main Embonkment
Seepage Collection

FD-5 (Offset8m 0/S
from Stage 1b\foe,

L@da{/‘on preparaltion "00
ey
i

red down to
'%\t’rface
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Elevation (m)
o
3

S00

940 T

930 |.

910 L

Coarse Bearing Layer, .-

see Note 6 7

Approximate beach/pond 7
elevation, Mor. 1, 1998

Type 1 Geotextile
Filter Fobric, see Note &

Lower Basin
Lin

Foundation
Drain FO—-1,

v

2 e
4 Chimney Drofn, 7 T
e Note 4

I 9290
(Stage lo 17927 T

= see. Note F
X

ZONE LOCATION

MATERIAL TYPE

PLACEMENT AND COMPACTION REQUIREMENTS

Core Zone | Glacial till
Glacial til),
3 £l Zone glaciolacustrine or,
granufer material
Transition |Mine Rock
Zone
Shell Mine Rock
Zone
Chimney | Filter sand
F Drain
r Longitudinal/ | Filter Sand
Outlet Drain
e Foundotion/” | Drain Gravel
Longitudinal/”
Outlet Droin
- Basin Uner | Glacial til,
. glaciolacustrine or
T gronuler materiol
e CBL Coarse Bearing| Randorm Rockfil]
T Laysr

Placed, moisture conditioned and spread in maximum
JO0 mm thick layers (after compaction).

Vibratory compaction to 98% of Standard Proctor
maximum dry density or as opproved by the Engineer.

Placed, moisture conditioned and spreod in maximum
1000 mm thick lavers (after compaction).

Vibratory compaction to 92% of Standard Proctor
maximum dry density or as opproved by the Engineer.

Placed and spread in maximum 600 mm thick
layers. Compaction as directed by the Engineer.

Placed and spreod in maximum 1000 mm thick
lifts. Four passes with a specified vibratory rolfer.

Ploced and spread in maximum 600 mm thick fifts.
Compaction as directed by the Engineer.

Placed and spread carefully oround fitter fabric/drain
gravel. Compaction as directed by the Engineer.

FPlaced and spread corefully around seepage collection
pipes. Compaction as directed by the Engineer.

Ploced ond spread in maximum 150 mm thick lifts.
Compaction as directed by the Engineer.

£End dumped ond spread as required for trafficability
and fill placement.

Main Embankment
20 000 min. Seepage Collection Pond

I . Outlet pipe,

see Note 2

Foundation /
Drain FD~2, 4

SECTION 715

r s.o.L. 7]
- 30 000 17 500 -
gap L Stricping 4000 13 000 Stage 24 £, 436 Stripping ]
L Limit, P~ [ 5000 Stoge 1b EL 934 inwt up.
2 : Stripping 7
& 5000 |, I f I j;; s |
§ T (. Iz W2 ] 2200
‘§ - - RN S RIIN N
< . | Ry gi -
i ]
930 [~ ] .
. 2 N
. SECTION 755 .
S.0.L f{n‘;}tp/'/;g
imit, typ.
30 000 \ 17 500 Stripping
| Limit, bp.
940 [ 2500 2500 -
N T S Ai;\ x ‘ S ~
s §,
s
2 |
™~
Y930

110

TSF_— STAGE 2A MAIN EMBANKMENT — PLAN

SECTION 735

Fifter Fobric, see Note 9

Foundation Drain FD-S5,
see SECTION 4/705

NOTES

1. Pond elevations estimated from Filling Scheadule and
Staged Construction Curve.

2. longitudinal Drain to be extended from invert
El. 929 (Stage 1b) to £l 938.5 in original ground
during Stage Z8B .

3. Outlet Drains to be extendsd lo Drain Monitoring
Sump during Stoge Z8.

Chimney Drain to be extended during Stoges 28 and 2C.
5. Fill placement rates to be monitored by the Engineer.

Placement rates fo be modified if excess pore pressures
observed in fill or foundation piezometers.

£ 908.5

—(Dmin Monitoring Sump,

Foundation Drain conveyance see DETAIL C/105

& Coarse Bsaring layer required on lailings. To be odded on ground

plpes, see DETAIL A/105 for tie—in.

as required to provide a firm bearing layer for fill placement.

N

All dimensions in millimetres ond elevations in metres,

unless noted otherwise.

& Type 1 Geotextie Filter Fabric specification provided in
Tender Documents (12 oz/sq. yd).

9. Type 2 Geotextile Filter Fobric is required from the right
cbutment (gpprox. Ch. 15+25) to E. 920.0m on the left
abutment (gpprox. Ch. 23+00). Specification is provided
in Tender Documents (8 oz/sq. yd).

f0. All Foundation Droins are not intersected on this cross—section.
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NOTES

1. Chainage defined by Setting Out Point
S7 at Ch. 5+00. A 2

A\ Stripping and clearing required 5 m beyond
\ toe of embankmerts.

! 3. Pond elevation estmated from Filling Schedule
X aond Staged Construction Curve.
4. Topography has not been updated from 1997 )
- Fiyover.
e L\/

THIS DRAWING:

PolleyXLake

\

Foundatiorr preporation

equired in Stage 2A
foolprint <t 28 Houl
age aul
Road, see Note N

Future Noul Road.

by | 5. Tailings pipeline ori embankment crest not
[7/st/ng Foad-

shown for clarily.

Outlet Drains,

', % —~
420 é} futd o YA see Note 7\ 6. .S;;fage 28 Haul Road t;: be ganstrucge% at
= — , RS S 3 o the downslream toe of the tage 7 lain DRAWING NO. 10162-9-110
P2 = Drain Monitoring Sump Embankment to El. 931.0. Above El. 931.0
= \ Houl Road is offset 30 m from S.0.L.

\\//\

Per)“ oter s 7. Outlet Droins to be instolled to crest for

Stage 18 embonkrnent only. Exposed Outlet KEY PLAN
DOroins to be covered with Zone T moateriol,

-Stage 2A

Foundation preparation
required in Stage 2A
foolprint

I
121

Foundation preparation
required on upstreom side o
of Perimeter Embankment O

P\

Wi

{ /] //
/?aad, see Note ”

N\ Booljack~Morehead
\ Connector Relocation

]

Tailings ond Recloim Water
£l 930 (March, 1998),

see Note 3 \

Stage 2A Moin
EMBANKMENT SETTING OUT POINTS Embonkment £ 936
Point Northing £asting Chainage

S? 5 818 622.590 594 258.688 | 5+00.00
S2 | 5 818 392.402 594 765.778 | 10+56.89
S3 | 5§ 818 365.375 594 995.246 | 12+87.94
54 5 818 238.539 595 240.350 | 15+63.92
S5 | 5 818 966.983 596 208.866 | 27+75.80
S6 | 5 819 304.035 595 955.881 | 31+97.23
S7 | &5 819 939.748 595 010.249 | 43+36.69
S8 | 5 820 053.034 59¢ 396.471 | 49+60.83
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870 — NOTES
7. Pond elevations estimated from Filling Schedule 6. Coarse Bearing Layer to be odded on ground as required
L and Staged Construction Curve. to provide a firm bearing layer for fill placement.
2. Longitudinal Drain to be installed during Stage 25. 7. Al dimensions in millimetres with elevations in melres,
unless noted otherwise.
960 3. Outlet Drains to be installed to Stage 1b crest
during Stage 2A. Penetration at Drain Monitoring Sump 8. Type 2 Geotextile Fifter Fabric onfy required on prepared
already made. Pjpe stubs are capped and backfilled. ground below El. 932.0m. The specification Is provided
/n Tender Documents (8 oz/sq. yd).
- Chimney Drain to be installed during Stage 28 ond ZC.
5. Fill placement rotes to be monitored by the Engineer.
Placement rates to be modified if excess pore pressures
950 — observed in fill or foundation plezometers.
&
=
I
.S =
3
Q.; Stripping = T =
Limit, .
i imi cmmoo 4000 10 500 ]
& 2500
| —'r—“* Stoge 24 £ 936
L ; '—( Stage 76 £ 934 . ;
N : Qutlet Drain Conveyaonce pipes, n
17 500 . see DETAIL B/105 for tie—in Perimeter Embonkment
| Seepage Collection Pond
930 - "L tudinal R \-— o ] Outlet pipe ]
ongrtuding, BEOIOOON odbiimmuisbuin el ool T S B R o £ 927
Drain, see Note 2 . £. 926.50
c Bearing L Type 2 Geotextile Filter i
r oarse £Searing Layer, Local cover of Qutlet Drains Fabric, see Note 8 Outlet Drain, ) o ! .
see Note 6 as required by the Engineer see Note 3 Drain Monitoring Sump,
see DETAIL C/105
1 B
o SECTION 720
r N ZONE LOCATION | MATERIAL TYPE PLACEMENT AND COMPACTION REQUIREMENTS
S.0.L.
i Core Zone | Glaciol &l Placed, moisture conditioned and spread in maximum
940 | S //?tpmg ! 1000 10 500 — 300 mm thick layers (after compaction).
Limit, Yp—— 2500 o . Vibratory compaction to 98% of Standard Proctor
—E\ 5000 f oge A 7 500 maximum dry density or as approved by the Engineer.
N~ 1.5 f % 7 7
N L (Stage 16 £ 954 - 552 Fill Zone g;gg/l'g/{act/u//fstrin o or| Flaced, moisture conditioned and spread in maximum
$ - granular material 1000 mm thick layers (after compaction).
S ' - Vibratory compaction to 92% of Standard Proctor
l.% l maximum dry densily or as approved by the £ngineer.
930 Longitudinal Drain, N i .
s::gjvco/t;nz o 7’/‘02%5,;20/7 Mine Kok Placed and spread in maximum 600 mm thick
layers. Compaction as directed by the Engineer.
2 Shell | Mine Rock . . )
- - Placed ond spread in maximum 1000 mm thick
SECTION 120 Zone lifts. Four passes with a specified vibratory roller.
F C/ZZZ?’ Filtar moml Ploced and spreod in maximum 600 mm thick lifts.
SoL Compaction as directed by the Engineer.
- nggﬁ’dg;;/n/ Fitter Sand Placed and spreod carefully around filter fobric/drain
[ Jo 000 gravel. Compaction as directed by the Engineer. B
I R . 2
940 | 4000 10 500 17 500 [‘oo: 7?:75533/// Oroin Gravel Placed and spread carefully around seepage collection €
'g 2500 auze[ Droin pipes. Compaction as directed by the Engineer. §
2 1 l— Stage 2A £1. 936 ‘ u
$ L~ \—l/\ TR RS Basin Liner | Glacial ¢, Placed ond spread in maximum 150 mm thick lifts. g
5 U‘ S glaciolacustrine or| Compaction as directed by the Engineer. 3
Q'; ‘ Longrtudinal Drain, 8 granufar material 2
930 e Jige 2 . caL Coarse Bearing| Random Rockfill | End dumped and spread ags required for trafficability =
e L5 Layer and fill placement. 3l
SECTION 120 &
Pa
5 0 10 20 Metres §
Scale  mepm | 2
S.0.L g
945 =
ol s oo N [NOT FOR CONSTRUCTION]  ;
g
< 3
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EMBANKMENT SETTING OUT POINTS
Point Northing Eosting Chainage
I~ s7 5 818 622.530 594 258.658 5+00.00
52 5 818 392.402 594 765.778 | 10+56.89
S3 | 5 818 365.375 594 995.246 | 12+87.94
54 5 818 238.539 595 240.350 | 15+63.92
55 5 818 966.983 596 208.866 | 27+75.80
S6 | 5 819 304.035 595 955881 | 31+97.23
S7 | 5 819 939.748 595 010.249 | 43+36.69
S8 | 5 820 053.034 594 396.471 | 49+60.83
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NOTES
1. Chainage defined by Selting Out Point
S7 ot Ch. 5+00.
2. Stripping and cleoring required 5m beyond
) toe of embankments.
y 3. Pond elevation estimated from Filling Schedule
\ N—_._- { and Staged Construction Curve.
- - = 4, Topography has not been updoled from 1997
‘i‘—h—' - Flyover.
oY E———
5. Reclaim barge ond romp locations to be
determined by Mount Pollsy Mining Corporation.
Reclaim Barge 6. Tailings pipeline on embonkment crest not
Channel shown for clarily.
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EMBANKMENT SETTING OUT POINTS
Point Northing Easting Chainage Q

5 818 622.590 594 258.688 | 5+00.00 THIS DRAWING
52 5 818 392.402 594 765778 | 10+56.89
53 5 818 365375 594 995246 | 12+87.94
54 5 818 238.539 835 240.350 | 15+63.92
55 5 818 966.953 596 208.866 | 27+75.80
S6 5 819 304.035 595 955881 | 31+97.23
S7 | 5 819 939.748 595 010.249 | 43+36.69
S8 5 820 053.034 594 396,471 | 49+60.83
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EMBANKMENT SETTING OUT POINTS 'S S NN W VS o
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S7 at Ch. 5+00. N

2. Stripping ond clearing required 5m beyond
toe of embankments.

3. Pond elevation estimated from Filling Schedule
and Staged Construction Curve.

4. Topography hos not been updated from 1997
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EMBANKMENT SETTING OUT POINTS
Northing Easting Chainage Q’

5 818 622.590 594 256.688 | 5+00.00
5 818 382.402 594 765.778 | 10+56.89
5 818 365.375 594 995246 | 12+87.94
5 818 238.539 595 240.350 | 15+63.92
5 818 966.983 596 208.866 | 27+75.80
5 819 304.035 595 955.881 | 31+97.23
5 819 939.748 595 010.249 | 43+36.69
5 820 053.034 594 396.471 | 49+60.83
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NOTES

1. Chainage defined by Setling Out Point
S1 ot Ch. 5+00.

2. Stripping and clearing required 5m beyond
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3. Pond elevation estimoted from Filling Schedule
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4. Topography has not been updated from 1997
Flyover.
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9sor soL Elad NOTES
SUMMARY OF PIEZOMETER INSTALLATIONS —=
F Stage 2C £l 940 7] . . i . .
F LEAD DATS 1. Piezomelers ore vibraling wire lype, RST model VW-2100 with a
osok __[ Stage 28 £. 938 Jos0 PIEZOMETER 1D |} rnveres (m) NORTHING EASTING ELEV. /NSTALéL—ED pressure rating of 100 psi or equivafent, connected to o readout
b v AO-PEZ-01 928 panel via standard non—-vented model YW-232 direct burial cable.
2 ] +_ AG-PEZ-02 928 , . -
'E AT-PET-07 775 5 818 486.650 | 595 595 060 912.99 | 27708796 2. Fiezomeler leads are lo be extended lo Instrumentation Moniloring
X gk Stope Je30 AT—PET—02 750 5 818 456.420 | 595 626,950 | 972.14 | 27708796 Hut ofter foundation preparation for final embankment during
S A AI-PET=03 200 5 818 476.822 | 595 602.360 | 917.17 | 22/10/96 Stage 2 construction.
8 E Inclinometer | o AT-PET—04 57
S A-1 v AG_PEI-OT 617 3. Future survey monuments not shown. A minimum of 2
& 920k /@ 5(/’,‘{//}60{;0 %a’gzbl d920 ve ADPET-02 935 monuments will be installed for each embankment raise.
! o0 A2-PE2-01 200 5 818 482.710 | 595 598.740 903.7 | 25/07/96 . . .
L 101 \ ] AT PEP—02 200 5§15 482710 | 595 598, 140 909.8 | 2507796 4. Instollotion detoils for borehole piezometers as shown
S_Clocil Tl v e e «_Z:J - . AZ—PE2~03 75 5 818 484.196 | 595 598.140 | 919.43 | 12/02/57 on Drg. No. 10162~9-154.
910k FO—-3 pria m=s — = T s (A2-PE2-04) 200 5 818 487.510 | 595 595.995 | 926.07 | 22/02/97
tominated Siti, Sond A2~PE2-02 t Glociolocustrine/. A2-PE2-05 175 5 818 475.061 | 595 607.560 921.87 | 22/02/97
- with some Clay I Glociofluviol sediments 3 ve A2-PE2-06 903
AA2-PE2-05 N e A2-PE2-07 909
b ” ol T AZ-PEZ-O1 10 000_; =
900 Sitty/Send Glacial Til 1 - 900 e A2-PE2-08 910
Glaciol T (Basol) ve AD-PE2-09 G35
e BO-PE2-01 928
A ¢ BO-PE2-02 928
PMNE 7“5‘0‘ B81-PEI-01 J00 5 818 632.550 | 595 787.910 91727 1 10/09/96
CH. 20+00 B1-PEI-02 275 5 818 609.040 | 595 806.770 915.951 10/09/96
* 81-PEI1-03 Jos 5 818 622.780 | 595 797.260 915.69 | 22/10/96
*e BI-PE1-04 937
9s0r S.0.L. 950 ee G2-PEI-O01 935
e B2-PE1-02 912.5
2 Stage 2C £ 940 3 B2-PEZ-01 325 5 518 628.270 | 595 787.860 | 902.00 | 25/07,/96
3 B2-PE2-02 325 5 818 627.470 | 595 790.660 909.50 | 25/07/96
ssof il { 5’”_%‘;025 Z‘ ;,‘35; 36 J9s0 B7-PE2-03 325 5515 636550 | 595 786.950 | 921.00) 22/10,/96
9! § E2-PE2-04 J30 5 818 626.940 | 595 794.190 921.001 22/10/96
-~ E E B2-PE2-05 J25 5 818 £19.014 | 595 799.804 921.70| 14/03/97
\E‘ *e B2-PE2-08 918
230t s o0 ve BZ-PEZ~07 935
S vo0-rE2-02 2 Stope v CO-PES=0] %78
= 1 2 Inclinometer 1 » CO-PE2-02 928
$ e @ b62-pE2-07 —7 CI-PEI-01 325 5 818 410.500 | 595 496.070 | 914.70 | 28/09/96
l% 920F B1-PE1-01 82-PL1-02 / 1920 CI1-PEI-02 J30 5 818 410.500 | 595 496.070 816,601 22/10/96
o ] ~PET~ FO—. "’_:‘ , ———_——1 — , ee C1-PE1-03 830
3 Sitty Glociat Tit FO-1 P o2 Surficig] Glacial I~ 3 os CI—PE]—04 915
B1-pE1-02  82-PE2-06 U, TRE FD-7 ] o 3
910F ====ggr=c-s-=-osozhkoooorssssA----o=sooooooozssssszoocooooocho q970 o C2-PET-02 935
Lominated St with bi-rez-02 Glociglocustriney C2-PEZ-01 350 5 818 392410 | 595 478240 | 907.30 | 25/07/96
4 some Clay,” Sand layers o iments : (C2-PEZ=02) 350 5 818 392410 | 595 478240 | 910.50 | 25707796
SoTS®mCTITIICICIITCIIIIIIIASCTICIIIICCIIIIIICIIICCIIICIICID ¢2-PE2-03 325 | 5 518 399.106 | 595 476.624 | 920.97 | 12702797
s00- = 500 ee CI2—-PE2-D4 208
C2-PE2-05 325 5 818 402.343 | 595 475.326 924.84 | 12/02/897
20 C2-PE2-06 913
B s C2-PEZ2-07 915
157 ee C2-PE2-08 935
PLANE 150 0 ves DD—PEDI-OT 935
CH. 22+4 vss DO—PE2-02 935
os DI-PET-07 90 933
e DI-PEI-02 929
D2-PE2-01 85 5 819 756,360 | 595 316.210 931.00| 15/12/96
ve D2-PE2-02 922
se [2-PE2-07 908 LEGEND
£E2—-PE2-02 913
ssor sodL 7 = Plone 10. (A, B etc.)
3 E ] . [————Area (0-Toilings, 1-Drain, 2-Embankment)
g Stage 2C £l 940 . To be instolled during Stage 2A construction. AO—PE1~07—Number 1.0
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NI 930 Cory 5
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970 NOVES
b I.  Piezometers are vibrating wire type, RST rmodel VW-2100 with a
3 pressure rating of 100 psi or equivalent, connected to a readout
9s50% - 60 panel vio standard non-vented model VW-232 direct burial cable.
b _ 2. Piezometer leads are lo be extended to Instrumentotion Monitoring
S5.0.L. Hut ofter foundation preparation for final embankment during
> !
& gsof | 4 950 Stage 2 construction.
l ]
S L Stoge 2C £l 940 ] 3. Future survey rnonuments not shown. A minimum of 2
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Bedding and backfill for piezometer leads
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Main Embonkment | c Shell Mine Rock
i - ¥ Zone
Seepage Collection Pond K

stream Joe Drain
bp.) see Note 2
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Modified Centreline Construction
of Tailings Embankments
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Abstract: A new approach to compacted fill embankments for tailings storage facilities has been developed which
is seismically stable and minimizes the fill requirements, and hence costs, for embankment construction. Modified
centreline construction is similar to conventional centreline construction but with the contact between the compacted
fill and the tailings sloping slightly upstream. It is, however, different from upstream construction as the stability
of the embankment relies on the relatively wide thickness of compacted fill at any elevation, is independent of the
tailings strength and is inherently stable even with complete liquefaction of the tailings mass. The design approach
significantly reduces the quantity of fill required for on-going raises compared to conventional centreline and
downstream construction as on-going construction on the downstream face is not required. This also allows for
reclamation of the downstream embankment face during operations. It has been successfully implemented at the
Montana Tunnels Mine in Montana, where a final embankment height of over 100 metres is planned, and forms
the basis for the tailings embankment design for new projects in Alaska and British Columbia, Canada. This paper

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

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

1. Introduction

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

Both of these approaches require a relatively large

volume of fill material for the embankment section.

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

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

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

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



. upstream.

¢ Initial

¢ Final

(ii) Centreline

Figure 1 Downstream and centreline embankments
2. Design Concept

The modified centreline cross-section is similar to a
centreline cross-section but with the contact between
the embankment fill and the tailings sloping slightly
It results in the minimum .volume of
~ embankment fill for an embankment that is stable under
all conditions of static and seismic loading.
Furthermore, on-going construction on the downstream
face is not required and reclamation can be carried out
during operations. A schematic cross-section through
a modified centreline embankment is shown on
Figure 2.

Effective

Figure 2 Modified centreline embankment

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

fluid such as bentonite mud can be used to support
very deep excavations,

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

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

3. Stability and Deformation Analyses

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

(i) Downstream stability,

(ii) Upstream stability,

(iii) Deformation Analyses.

Downstream Stability

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

~Freeboard
Effective fill line

P
[ AFRp—
p—
S
SUMMARY OF LOADING CONDITIONS

SYMBOL DESCRIPTION

P LIQUEFIED TAILINGS

Py HYDRODYNAMIC THRUST

Pe EARTHQUAKE LOADING ON EMBANKMENT

w WEIGHT OF EMBANKMENT

S SHEAR RESISTANCE

Figure 3 Downstream pseudo-static
loading for stability analyses



In designing a modified centreline embankment the
main variables to be considered in the geometry of the
section are the height of the modified centreline
portion, the downstream slope and the upstream contact
slope between the fill and tailings.

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

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

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

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

H
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Figure 4 Relationship between critical height and acceleration



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

(i)> (n)>
T:Freeboord\{ ‘ /\,\\ (\ y
/

Embankment
fill

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

(ii) Post earthquake loss of freeboard.
Tailings residual strength, c,/p’ = 0.1 — 0.2

Figure 5 Upstream stability loading cases
- to determine maximum freeboard

Deformation Analyses

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

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

somewhat larger than those from the simplified
Newmark analyses using the extreme values.

The stability analyses discussed above have only
considered the more extreme loading conditions. In all
embankment designs, all loading cases must be
analyzed using relevant material parameteis to ensure

that acceptable factors of safety exist for each loading
case.

4. Case Histories

Montana Tunnels Mine, Montana, USA.

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

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

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

The stability assessment for the embankment
included conventional limit equilibrium analyses for
static, pseudo-static and post-earthquake conditions.
Additional pseudo-dynamic finite element analyses,
using the procedure described by Byrne et al[5], were
also used to evaluate potential embankment
deformations for a maximum credible earthquake with
a peak horizontal ground acceleration of 0.22 g. The
analysis includes both the inertia forces from the
earthquake as well as the softening effect of the soil
during cyclic loading. The fifth modified centreline
embankment raise will be completed at the Montana
Tunnels Mine during 1994, with annual expansions
planned through 2001.
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Figure 6 Typical section through Montana Tunnels embankment

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

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

Final Stage El. 680’
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liquefied tailings, indicate that the embankment is
stable and deformations would be very small.
Deformation analyses were also carried out using the
pseudo-dynamic finite element procedure developed by
Byrne et al [5]. The analysis allows both the inertia
forces from the earthquake as well as the softening
effect of the liquefied soil to be considered.

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

The Kensington Venture is currently in the final
stages of permitting.
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Approx. toe
El. 384’

K"(t;ype C1
A

ginage blanket

Figure 7 Typical section through Kensington embankment
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Figure 8 Typical section through Kemess South embankment

Kemess South Project, B.C., Canada

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

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

5. Conclusions

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

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

successfully implemented at the Montana Tunnels Mine

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

The Kensington Project is a proposed new underground gold mine located near Juneau, Alaska. A 90 m high
dam has been designed to contain the tailings from the mill process. The project is located in an area of high
potential seismicity with a design bedrock acceleration of 0.6 g, and earthquake induced liquefaction of the

tailings is probable. The design for the tailings dam uses compacted earthfill and rockfill and a modified
centreline arrangement. The design of the dam is presented together with an analysis of earthquake induced
displacekrnents using the computer code FLAC. The results of these analyses are compared with previous
displacement analyses using the pseudo-dynamic finite element procedure developed by Byrne et al (1992,

1994).

INTRODUCTION

The Kensington Project is a proposed underground gold mine located 40 miles north of Juneau, Alaska, on
the east side of the Lynn Canal. The mine will process the ore at a rate of 4000 tons per day and requires on-
land storage for up to 30 million tons of tailings. One alternative for on-land storage is behind a 90 m high
dam desi'gned to contain the tailings and for water management at the site. This dam has been designed with
a modified centreline earth rockfill embankment which will be constructed in stages. The embankment
cross-section differs from conventional centreline construction in that the upstream contact between the
compacted fill and the tailings is located upstream of the starter dam centreline for each additional
construction stage. Examples of other applications of the modified centreline construction method are

presented.
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The Kensington project is located in an area of high potential seismicity and earthquake induced liquefaction
of the tailings is probable. Several cases of earthquake induced failure of tailings dams built using the tailings
sands and upstream construction have been reported in the literature, e.g. two Chilean tailings dams (Dobry
and Alvarez (1967)), and the Mochikoshi tailings dam in Japan (Ishihara (1984)). Therefore, key
considerations in the design of the Kensington dam are the seismic stability and the potential displacements

resulting from earthquake loading.

The stability of the Kensington tailings dam has been evaluated in several ways. Conventional limit
equilibrium and Newmark analyses including hydrodynamic loading from the liquefied tailings were
originally carried out and indicated that the embankment is stable and deformations would be very small for a
design bedrock acceleration of 0.6 g. Subsequent more detailed deformation analyses using a pseudo-
dynamic finite element procedure were carried out and are reported by Byrne et al (1992, 1994). This
procedure allows inertia forces from the earthquake as well as the softening effect of liquefied tailings to be

taken into account.

Further deformation analyses have been carried out using the finite difference computer program FLAC and a
simple total stress approach. The procedures involved in these analyses, and the results of the analyses are

presented in this paper.

MODIFIED CENTRELINE CONSTRUCTION

Modified centreline construction is a new approach to compacted fill embankments for tailings storage
facilities which is seismically stable and minimizes the fill requirements, and hence costs, for embankment
construction. Modiﬁed centreline construction is similar to conventional centreline construction but with the
contact between the compacted fill and the tailings sloping slightly upstream. It is, however, different from
upstream construction as the stability of the embankment relies on the relatively wide thickness of compacted
fill at any elevation, is independent of the tailings strength and is inherently stable even with complete
liquefaction of the tailings mass. The principal features of this construction technique, analytical procedures
and case histories have been presented by Haile and Brouwer (1994). This design concept has been used for
the Montana Tunnels Mine tailings embankment in Montana, USA, and is currently being implemented for
the Alumbrera Project in Argentina and the Kemess South Project in B.C., Canada. Overview case histories

for these projects are presented below.



Montana Tunnel Mine, Montana, USA.

The Montana Tunnels Mine is an open pit operation which involves processing gold, lead, zinc and silver ore
at a rate of approximately 14,500 tonnes per day. The mine has been cperating since 1987. Total mineable

reserves from inception of mining have recently been expanded from 38 to 62 million tonnes.

The original tailings embankment was designed using a downstream method of construction for the annual
staged expansions as described by Haile and Brouwer (1987). The compacted rockfill embankment layout
was modified in 1990, when on-going expansions were constructed using the modified centreline method in
order to minimize fill quantities and preserve a downstream process water pond. These modifications are
described by Brouwer et al (1992). The modified centreline section was changed again in 1993 to enable
expansion of the tailings impoundment to provide storage for the increased ore reserves. The embankment is
presently designed to reach a maximum ultimate height of 105 metres. A schematic cross-section through the

embankment is shown in Figure 1.

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

seismic stability. The wick drain programs. are described by Brouwer et al (1994).

The stagility assessment for the embankment included conventional limit equilibrium analyses for static,
pseudo-static and post-earthquake conditions. Additional pseudo-dynamic finite element analyses, using the
procedure described by Byrne (1991), were also used to evaluate potential embankment deformations for a
maximum credible earthquake with a peak horizontal ground acceleration of 0.22 g. The analysis includes

both the inertia forcés from the earthquake as well as the softening effect of the soil during cyclic loading.
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Figure 1: Typical section through Montana Tunnels embankment



Alumbrera Project, Argentina.

The Alumbrera project is a large open pit copper-gold mine currently being developed in Catamarca
Province, Argentina. The mine will process ore at an initial rate of 80,000 tonnes per day, increasing to
120,000 tonnes per day after five years. The tailings facility has been designed for a total storage capacity of
1 billion tonnes. The project is located in an area of moderate historical seismicity. The presence of a
significant linear feature running through the footprint of the embankment, however, has been used as the

basis for a maximum design acceleration at the site of 0.58 g.

The design of the tailings facility incorporates a free draining, modified centreline embankment with an
ultimate height of 165 m. The 45 m high starter embankment, currently under construction, uses local
alluvial materials and incorporates an upstream drainage system. On-going raises will be constructed using
waste rock from the open pit for the structural shell zones and alluvial materials for the transition zones

between the waste rock and tailings. A typical section through the embankment is shown on Figure 2.

The embankment has been designed assuming full liquefaction of the tailings mass under the design
earthquake. However, due to the coarse grind of the tailings, the drainage system incorporated in the
embankment and the significant depth of the tailings, it is considered unlikely that liquefaction of the tailings

would in fact occur.
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Figure 2: Typical section through Alumbrera embankment
Kemess South Project, B.C., Canada.
The Kemess South Project, situated in north central British Columbia is currently under construction. A total

reserve of 200 million tonnes of gold and copper ore will be processed at a rate of 45,000 tonnes per day.

The project includes the staged construction of a compacted earthfill tailings embankment using the modified



centreline technique to an ultimate height of 150 metres. A schematic embankment section is shown on

Figure 3.

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

to reduce post-closure reclamation requirements.
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Figure 3: Typical section through Kemess South embankment

KENSINGTON TAILINGS DAM

The proposed Kensington Tailings Dam is designed as a modified centreline embankment using compacted
earthfill and mine waste rock, and constructed in stages to an ultimate height of 90 m. A typical section

through the embankment is shown on Figure 4.
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The initial stage of the embankment will be constructed using local borrow materials from within the tailings
basin. These consist of a well graded glacial till that will comprise the core zone (M), and glaciofluvial
alluvial deposits that will be used for the upstream and downstream shell zones (Ul, UlA, U2, D1, DIA,
D2). On-going construction raises will utilize underground mine development waste for the main structural

zones, as well as a processed filter sand, glacial till (M) and alluvium (D1A, D2).

Foundation conditions at the site consists of dense glacial till deposits with a thickness varying from 0 m on

the valley bottom to over 50 m on the right abutment. The underlying bedrock is a fresh, fractured phylite.

The site is located in an area of moderate historical seismic activity. However, the Lynn Canal forms a
linear extrapolation of the Chatham Strait fault to the south and the Denali fault to the north. Both of these
faults have been ascribed an MCE of Magnitude 7.0, and hence the Maximum Design Earthquake for the site
has been based on a Magnitude 7.0 event centred in the Lynn Canal at a horizontal distance of 3 miles from
the site. This results in a maximum design acceleration of 0.6 g and maximum velocity of 0.6 m/s for the
site, which have been used as the basis for the liquefaction assessment of the tailings and for the embankment

displacement analyses.

LIQUEFACTION

Cyclic shear loading of granular soils causes slip at grain contacts that results in compaction under drained
conditions. If drainage is prevented from occurring, then grain slip still occurs but results in a rise in
porewater pressure and a loss in strength and stiffness in place of compaction. If porewater pressure rises to
equal the total stress, the effective stress drops to zero, and a complete loss in stiffﬁéss occurs. The soil
temporarily act as a liquid, and large strains and deformations will occur in the presence of a driving stress.
However, as the -Iielueﬁed soil strains, porewater pressures will drop and the soil will strain harden and
recover some strength and stiffness, the amount depending on its density or penetration resistance. Typical

pre- and post-liquefaction curves are shown in Figure 5.
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Test data indicate that post-liquefaction strength, termed the residual strength, s,, depends on the effective
confining stress o', prior to liquefaction and the density, i.e. s, = ac',. Typical « values as a function of

normalized penetration resistance (Byrne, 1996), are shown in column 2 of Table 1.

The shear strain required to mobilize the residual strength, y;, may be very large and depend on relative
density and the degree of liquefaction, which can be expressed in terms of the factor of safety against
triggering, Frpig. Estimates of y; from Byrne (1996), are also shown in Table 1. The data shown in Table 1

can be used to prescribe a simple bilinear post-liquefaction stress-strain curve as shown in Figure 6.

(Nso /0’ ¥e (%)
(@) Frrig = 1.0 Frric = 0.5
0-4 0.05-0.10 25 -50 > 100
4-10 0.10-0.20 10-25 30 - >100
10 - 15 0.15-0.40 8§-15 20-35
15 - 20 0.30 - 0.50 5-10 15-25
>20 >0.50 <5 <15

Table 1. Post-Liquefaction Stress-Strain and Strength Parameters

Ideally, the post-liquefaction shear stress-strain curves should be obtained directly from testing of
representative undisturbed samples. However, estimates can be obtained indirectly from penetration
resistance tests and comparison with laboratory tests on similar materials and/or field experience during past
earthquakes (Byrne, 1996). It should be noted that the post-liquefaction curves may be 50 to 506 times softer

than the pre-liquefaction curves, so that ranges of values rather than precise values should be used.
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ANALYSIS PROCEDURE

In dealing with earthquake induced liquefaction, there are three basic concerns:

D) Will the cyclic loading induced by the earthquake trigger liquefaction?, and if so
2) Is the residual strength adequate to prevent a flow slide? and if so,
3) Are the deformations tolerable?

These questions can be addressed by either an effective stress or a total stress dynamic analysis procedure as

described by Byrne et al. (1994).
The current state-of-practice is to carry out a total stress analysis procedure. Briefly, this involves:

1) A triggering analysis, wherein the factor of safety against triggering liquefaction is assessed by
comparing the cyclic resistance ratio (CRR) with the cyclic stress ratio (CSR) caused by the design
earthquake. The CSR is usually obtained from an equivalent viscoelastic dynamic analysis using SHAKE or

FLUSH.

2) A flow slide analysis. Here the residual strength is assigned to those zones deemed to have
triggered, and limit equilibrium analyses are carried out to assess stability. If the computed factor of safety is
less than unity, a flow slide is predicted and remedial measures are generally required.

3) ) Deformation analysis. If a flow stide is not predicted, the deformations associated with liquefaction
could still be quite large, and must be assessed. The simplest and most common method used for this is the
Newmark (1965) approach. Here, a potential slide block is modelled as a single-degree-of-freedom mass on
an inclined plane (rigid plastic condition) and subjected to inertia forces corresponding to the design
earthquake. The .reéulting downslope movements are computed and used as an estimate of soil movements.
The assumption of a rigid plastic soil response is not appropriate for liquefied soil conditions, and Newmark

never intended that it be used for this condition (Byrne, 19591).
The following simple total stress approach is proposed here for seismic assessment of tailing impoundments:

D Determine the pre-earthquake static stresses using a finite element or finite difference code such as
FLAC (Fast Lagrangian Analysis of Continua, ITASCA, 1995), using appropriate drained stress-strain and
strength parameters for each soil type. The computer code FLAC solves the equations of motion in explicit
form using very small time steps. The solution technique is valid for both static and dynamic conditions and
has an advantage when solving static problems that while the problem may not be statically stable, the

solution technique is stable and the failure pattern is predicted.



2) Determine the zones that will liquefy during the design earthquake. This may require a triggering

analysis as discussed earlier, or it may be simply assumed that all saturated tailings will liquefy.

3) Assign post-liquefaction stress-strain and strength parameters to the liquefied zones and assess the
flow slide potential. Conventional limit equilibrium analyses are commonly used for this. If the computed

factor of safety is <1, a flow slide is predicted and deformations will be very large.

4) If a flow slide is not predicted, displacements éan be computed by considering the effects of
liquefaction as well as the inertia forces induced by the base motions. The liquefaction effect involves setting
the initial stress redistribution to o, = o, and 1,, = O in the zones of liquefaction. Upon shearing, the
liquefied soil will strain harden and gain strength and stiffness as depicted in Figure 5. Loading of the model

may be simulated in the following ways:

a) Gravity Only: Here the displacements are considered to be caused by gravity loading only, without
the inertia forces caused by seismic loading of the base. Liquefaction of the tailings causes a redistribution in
stress state and a greatly reduced stiffness, which results in disequilibrium under gravity loading, and causes
movements that will be arrested when the soil strains and develops sufficient strength. This becomes a
dynamic problem as soil elements initially accelerate under the out of balance forces, and finally decelerate

and come to rest. The computer code FLAC can be used to carry out such an analysis.

b) Gravity plus Base Acceleration: . The approach described above neglects the inertia forces due to

movement of the base. In the time history approach, a representative time history of base motion is chosen,
and a dynamic analysis is carried out. Liquefaction of the tailings is assumed to occur after a prescribed
time, after which the post-liquefaction stress-strain curves are assigned to the liquefied zone together with a

stress state 6, =0, and 1,,=0. The computer code FLAC can be used to carry out this analysis.

c) Gravity Qlu.g Velocity Pulse: Newmark found that the effect of a base time history could be roughly
accounted for by considering that the soil block is subjected to a number of velocity pulses with magnitude
equal to the maximum ground velocity, V... Byrne (1991) argued that once soil liquefaction occurred‘, only
one pulse equal to the maximum value need be considered. In this approach, the whole tailings impoundment
is considered to have a velocity V., at the time liquefaction occurs. The liquefied zones are then assigned
post-liquefaction parameters and a dynamic analysis carried out to assess the displacement resulting from the

velocity pulse. FLAC can be used for this analysis.
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APPLICATION TO THE KENSINGTON PROJECT

As previously mentioned, original analyses for the Kensington tailings dam included conventional limit
equilibrium and Newmark displacement analyses as well as pseudo-dynamic displacement analyses, as
reported by Byrne et al (1992, 1994). Results from these previous analyses indicated that the embankment is
stable even with complete liquefaction of the tailings. A flow slide would not occur and deformations would

be very small.

The previous analyses assumed that the cyclic loading induced by the design earthquake would trigger
liquefaction, and showed that a flow slide would not occur. The new analyses presented in this paper do not
present these results but provide a new assessment of the deformations associated with earthquake loading on
the embankment. As described in the previous section, three approaches were considered: Gravity Only,
Gravity plus Base Acceleration and Gravity plus Velocity Pulse. All analyses were conducted using the
finite-difference computer code FLAC. The model grid was defined by four distinct zones: tailings mass,
embankment sand/gravel and till core zones, and the underlying foundation, as shown on Figure 7. Static as
well as post-liquefaction material input parameters required for the elastic-plastic Mohr-Coulomb model are

shown in Table 2.
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Figure 7: Kensington Tailings Embankment - FLAC Grid with Various Material Zones
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Elostic Parameters Plastic Density
Parameters

MATERIAL Kg n K, m | Ddeg) | C'(xPa)| Pp(t/m?)
Tailings

—~preliquefaction 375 0.5 1490 0.25 36.6° 1.9
—post liquefaction 3.75 0.0 1490 0.25 8.5° 1.9
Sand/Gravel Zones 455 0.465] 1085 0.25 39° 0 2.2
Till Core Zone 725 0.46 1700 0.25 42° 0 2.2
Foundation 2600 0.0 3400 0.0 40° 0 2.2

NOTES

1. Post-liquefied Shear Modulus for Tailings modelled as being independent of stress, ie. G=375 kPa

2. Sheor ond Bulk Modulii for Foundation materials modelled as overage volues over depth of foundation,
je. G = 2.6x10°kPa , B = 3.4x10%kPo

3. For all other materials, elostic Shear and Bulk Modulii are considered to depend on the level of confining stress.

= O y" Oy .
G = Kch(-F—,;) (kPa) B = Kpfy ("p:) (kPa) Py = Atmospheric Pressure

Table 2: Kensington Dam Displacement Analyses - Material Input Parameters for FLAC Model

For all analyses, the entire tailings mass was considered saturated and liquefiable. The static stresses prior to
liquefaction were obtained by initially setting the cohesion for all zones to a very high value, and allowing the
model to reach equilibrium under gravity loading. Cohesion was then dropped to zero, and the mean
effective stress within each element was determined as the model was allowed to reach a new equilibrium.
At this point, bulk and shear moduli values for each element were calculated, through their relationships with
mean effective stress. After reaching this static condition within the model, each of the three displacement

analyses were carried out, as described previously.

RESULTS

Horizontal and vertical displacements of the dam crest have been predicted for three deformation analyses
approaches: Gravity Only, Gravity plus Base Acceleration and Gravity plus Velocity Pulse. Displacements
resulting from the Gravity plus Velocity Pulse approach may be compared with the previous pseudo-dynamic
SOILSTRESS analyses, as both cases utilize a similar analytical approach. As shown on Table 3,
displacements resultihg from the FLAC Gravity plus Velocity Pulse analysis are greater than from the
SOILSTRESS pseudo-dynamic analysis. Slightly revised material input parameters and model geometry may
be factors contributing to this discrepancy, specifically an unrealistically high value for s, for the liquefied

tailings used in the SOILSTRESS analysis.
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ANALYTICAL PROCEDURE Crest Displacement (m)

Horizontal Displacement Vertical Displacement
FLAC — Gravity plus Velocity Pulse 1.2 ~0.5
SOILSTRESS
— Pseudo-dynamic approach (Byrne, 1992) 0.5 ~-0.1
" NOTE

1. Positive horizontal displacements — downstream: positive vertical displacements — up.

Table 3: Results of Displacement Analyses for Kensington Embankment

The results from the three different approaches used in the FLAC analyses are compared in Table 4. Of the
three deformation analyses conducted, the Gravity Only case resulted in the lowest horizontal and vertical
deformations.  For this case, the post-liquefaction parameters are assigned to the tailings, and the

embankment is allowed to deform under gravity, with no input base motion considered.

Crest Displacement (m)
FLAC ANALYTICAL APPROACH

Horizontal Displacement Vertical Displacement

Gravity Only 0.1 0.0

Gravity plus Base Acceleration '

(i) _ San Fernando (Griffith Park) 3.7 -2.8
Time History :

(ii) Imperial Valley (El Centro) 0.1 -2.9
Time History

Gravity plus Velocity Pulse 1.2 -0.5

NOTES

1. San Fernando, ond Imperial Valley time histories scaled to peok ground acceleration of 0.6g
2. Positive horizontal displacements ~ downstreom: positive vertica! displocements - up.

Table 4: Results of FLAC Displacement Analyses for Kensington Embankment

For the Gravity plus Base Acceleration approach, two separate earthquake time histories were applied to the
model. Although each time history was scaled to a peak ground acceleration of 0.6 g, the records were
significantly different. As shown on Figures 8 and 9, the San Fernando time history is a “balanced” record,
with accelerations distributed evenly in both directions. On the other hand, the Imperial Valley record
contains peak input accelerations of greater magnitude in the negative (upstream) direction. These

differences in the earthquake time histories may explain the resulting displacements shown on Table 4.
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Reversing the time history records for these two earthquakes resulted in lower displacements for the San
Fernando time history and a much larger horizontal displacement, in the order of 7 m downstream, for the
Imperial Valley record. Due to the nature of this time history, an inverted Imperial Valley record applies
large base accelerations in the downstream direction. This may explain the resulting displacements for the

inverted Imperial Valley record.

To further investigate the results of the Gravity plus Base Acceleration approach, other cases were analyzed
in which a decreased thickness of the tailings mass was considered to liquefy during the input base time
history. Resulting displacements of the embankment crest from these analyses were only slightly smaller than
for the case in which the entire tailings mass was considered to liquefy. This indicates that for these cases,
the embankment geometry may have more of an influence on the patterns of deformation from a Gravity plus

Base Acceleration analysis than the corresponding strength of the adjacent tailings deposit.

:g 0 é ;$' |]. ' w {}/}_ W\‘A,‘\\}ﬁf{rM&\tWIII‘,‘NLJ,WJH{MV\«,W\AWWJ‘\NI\‘[{\/W#\*Ww .

Liquefaction at 6 seconds.

-6 lllllilllllllllllllllllllIlllII[[I[IIIII

i=1

10 , 20 30 40
Time (seconds)

Figure 8: San Fernando Earthquake, Griffith Park Time History
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Figure 9: Imperial Valley Earthquake - El Centro Time History

As shown on Table 4, the Gravity plus Velocity Pulse approach resulted in displacements somewhere between

For all approaches the predicted pattern of displacements was an outward
The “worst case”

the other two methods.
(downstream) bulging of the crest with vertical slumping of the embankment.

displacements from the inverted Imperial Valley time history are shown on Figure 10.

P T R RN
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Figure 10: Kensington Tailings Embankment - Pattern of Displacements for the Inverted Imperial Valley

Time History
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SUMMARY

The Modified centreline method is a new approach to tailings embankment construction, and has been shown
to be seismically stable, while minimizing fill requirements. This construction method has been used in the
design of the proposed tailings dam for the Kensington Project located in an area of high potential seismicity
near Juneau, Alaska. Previous displacement analyses were carried out using the pseudo-dynamic finite
element procedure developed by Byrne (1991), and resulted in small and acceptable displacements of the dam

crest.

A new total stress approach for seismic assessment of tailings impoundments is presented, using a finite
element or finite difference code such as FLAC. Three displacement analysis approaches are proposed:
Gravity Only, Gravity plus Base Acceleration and Gravity plus Velocity Pulse. As shown in Table 4, the
Gravity Only case resulted in very small deformations of the dam crest, indicating that the methods which
include an input base motion are more conservative. The Gravity plus Velocity Pulse approach resulted in
larger crest displacements than the Gravity Only case, but smaller displacements than the Gravity plus Base
Acceleration method. This result seems reasonable, due to the more conservative nature of the Gravity plus
Base Acceleration approach, in which case the embankment continues to be subjected to a base input motion
even after liquefaction of the tailings mass has occurred. A more conservative approach to the Gravity plus
Velocity Pulse method would be to subject the embankment to several velocity pulses, rather than just a
single pulse. 4

Of the three approaches presented, the Gravity plus Base Acceleration displacement analysis has been shown
to be the most conservative, resulting in the largest displacements of the embankment crest. It has also been
shown that although different earthquake records can be scaled to contain identical peak base accelerations,
they may provide significantly different results when incorporated into displacement analyses. When
conducting a Gravit;l plus Base Acceleration displacement analysis, several representative earthquake time

histories should be applied to the model, in order to ensure a rigorous evaluation.

Predicted displacements resulting from this new approach using FLAC for conducting deformation analyses
were generally found to be higher than from the previously conductgd pseudo-dynamic finite element analyses
using SOILSTRESS. In particular, the Gravity plus Base Acceleration approach was found to result in the
largest patterns of deformation, providing a conservative approach for the seismic assessment of tailings

impoundments.
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Design and operation of the Montana Tunnels tailings disposal facility
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Montana Tunnels Mining Inc., Jefferson City, Montana
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ABSTRACT: The Montana Tunnels Project is an open pit mining operation located 37 km south
of Helena, Montana. It involves mining of a weathered diatreme orebody at a rate of 11,500 tpd
to produce lead and zinc concentrates with significant precious metal values. Total mineable reserves
are currently estimated at 46 million tons. The tailings from the mineral extraction process are
discharged into a drained tailings impoundment with supernatant water decanted into a process water
pond prior to recycling to the mill. Significant features of the initial design of the tailings disposal
facility included a partial soil-bentonite liner and drainage system within the tailings basin and a free-
draining embankment with a design flow-through capacity of 4000 USgpm and an ultimate height
of 260 ft. During initial start-up, some difficulties were encountered with respect to erosion of the
soil-bentonite liner and solids passing through the embankment drainage system. The latter problem
led to redesign of the filter system on the embankment face and the incorporation of a decant system
for recovery of supernatant water. The construction technique for the main embankment has also
been changed from downstream construction to a modified centreline method, which differs from
conventional centreline construction in that the contact between compacted fill and tailings slopes
slightly upstream. The embankment does not, however, rely on the strength of the tailings and is
stable even if the tailings are fully liquefied.

This paper provides an overview of the original design basis for the tailings disposal facility,
operating performance to date, the reasons for design modifications and a stability assessment of the
modified centreline construction technique.

I INTRODUCTION Helena, Montana. The mine permit area
encompasses 1,497 acres of which 860 acres
The Montana Tunnels mine is operated by will be disturbed by the mining operations.

Montana Tunnels Mining Inc., a subsidiary of
Pegasus Gold Corporation. Montana Tunnels
began operation in the spring of 1987
following 25 months of environmental review
under the Montana hard rock mine permit
process and 13 months of construction. . The
‘mine is located in north Jefferson County,
.Montana, approximately 25 miles south of

The Montana Tunnels orebody occurs in the
throat of an ancient volcano which was active
approximately 50  million  years ago.
Mineralization is hosted in a tuffaceous breccia
called a "diatreme". The mineralization
consists of small veins and disseminated
mineral grains of pyrite, galena, and



sphalerite, along with electrum (a mixture of
gold and silver). The ore grade averages
0.019 ounces per ton gold, 0.34 ounce per ton

silver, 0.24 percent lead, and 0.62 percent
zinc.

Mining is by conventional open pit methods
of drilling, blasting, loading and haulage. The
mine moves approximately 4 million tons of
ore and 6 million tons of waste annually.

Ore processing in the 11,500 tons per day
concentrator involves primary crushing to -8"
size or smaller, followed by autogenous and
ball mill grinding to approximately 75% minus
100 mesh. A small gravity circuit has been
added to the grinding section to collect coarse
particles of free electrum which are refined to
produce a dore bullion. Following grinding,
the slurry enters the flotation circuit where
lead, followed by zinc minerals, are selectively
floated to produce lead and zinc concentrates.
In 1991, Montana Tunnels produced 62,600
ounces of gold, 1.17 million ounces of silver,
7,000 tons of lead and 18,000 tons of zinc.

- Tailings from the flotation circuit flow by
gravity to the tailings disposal facility which is
located downslope from the concentrator and is
the primary focus of this paper. A general

arrangement of the overall mine site is shown

on Figure 1.

2 PERMITTING AND RECLAMATION

Mining operations at Montana Tunnels are
regulated by over 20 state and federal laws

through eight different state and federal
agencies.

Before Montana Tunnels was constructed,
Pegasus Gold Corporation prepared a
comprehensive plan for environmental
management. It included programs for air and
water quality monitoring, a system to recycle
process water, and a reclamation plan to assure

-2 -

that lands disturbed by mining would be
restored to other productive uses when mining
is completed. Montana Tunnels operates four
air quality stations around the perimeter of the
mine. Samples are collected weekly and
analyzed for concentrations of particulate dust
and the presence of heavy minerals. Water
quality monitoring is conducted at 25

groundwater wells and three surface water
stations. Samples are collected at weekly,

monthly, and quarterly intervals, depending
upon the location of the monitoring point.
Water is checked for a wide variety of metals
as well as pH, sulphates, and nitrates. Since
the start of construction in 1986, the mine has
been in compliance with Montana’s strict water
quality standards. Montana Tunnels is a zero
discharge facility. No water is discharged into
the waters of Montana. All water used to
process ore as well as storm runoff is collected
in the tailings disposal facility where it is
filtered through the tailings dam and collected
in a reclaim water pond for reuse at the mine.
Approximately 80% of the mine’s water
requirement is met through recycling.

The reclamation objectives at Montana
Tunnels are to restore the land to its prior uses
which were mainly livestock grazing, wildlife
habitat, and recreation. Through 1991,
Montana Tunnels has salvaged over 1.4 million
cubic yards of topsoil for future reclamation.
Wherever feasible, reclamation is conducted
concurrently with mining operations. Montana

‘Tunnels has also established a number of

reclamation research projects at the mine. Test
plots have been established to examine the
feasibility of reclamation using different topsoil
depths, seed and mulch mixtures, and fertilizer
application rates. The research program will
continue  throughout Montana  Tunnels’
operating life to ensure implementation of the
best possible reclamation program for the
mine.
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3 TAILINGS FACILITY DESIGN

The tailings disposal facility for the Montana
Tunnels mine comprises a drained tailings
-.impoundment for storage of the tailings solids
and a process water pond for storage of all
decanted water prior to recycling to the mill.
The overall facility is designed to achieve the
basic objectives of minimizing seepage to the
environment in the short and long-term and

achieving a fully drained stable tailings mass-

suitable for surface reclamation on completion
of mining. The design and initial construction
are desqribed by Haile and.Brouwer (1987).

Specific features of the initial design include
a partial soil-bentonite liner and drainage
“system within the tailings basin and a free-
draining embankment with a design flow-
through capacity of 4000 USgpm and an
ultimate height of 260 ft. (80 m), constructed
in stages using waste rock from open pit
mining. A schematic cross-section through the
facility is shown on Figure 2.

4 INITIAL OPERATIONS

Milling operations at the mine started in the
spring of 1987. During initial operations some
difficulties were encountered with various

-3
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Fig. 2 Schematic cross-section of tailings disposal facility

aspects of the tailings facility which have led to
some on-going design modifications.

_The tailings distribution system consists of
two header pipes around the uphill perimeter
of the tailings basin, with multiple valved
‘spigot offtakes along each header to distribute
the tailings slurry. Deposition of the tailings
slurry was initially carried out on a controlled
rotational basis towards the main embankment,
the intent being to create low energy laminar
flow over the tailings beach to promote liquid-
solid separation.  Supernatant water and
rainfall runoff within the tailings basin flows
towards the embankment and, in the original
design, is decanted through the embankment
drainage system to the process water pond.
Despite the efforts made to distribute the
tailings slurry and the provision of erosion
control berms, some concentration of flows
inevitably occurred on the drainage blanket
overlying the soil bentonite liner in the lower,
flatter portion of the basin. This led to scour
of the gravelly sand making up the drainage
‘blanket on slopes of between 1 and 3 percent,
and some localized erosion of the soil-bentonite
liner. These difficulties were overcome by
repairs to the liner and by placing a rockfill

blanket over the drainage blanket using clean
waste rock from the open pit
operations.

mining

The offtake pipes for tailings discharge were:
also locally extended to ensure deposition of
the slurry took place on previously deposited
tailings.

A second difficulty arose with respect to the
ability of the embankment filter system to
prevent the fine tailings particles from entering
the embankment. The embankment drainage
system was designed with a flow-through
capacity of 4000 USgpm, with a series of
processed gravel drainage zones and perforated
pipework upstream of a low permeability
central core. Water entering the drainage
system flows by gravity through concrete
encased outlet pipes to the process water pond

-beyond the downstream toe. A needle punched

polyester geotextile embedded in the upstream
face was designed to prevent the ingress of the
tailings fines. The design was based on the
particle size distribution of the tailings from
pilot testwork and filter criteria published by
Koerner (1986), giving an equivalent opening
size (EOS) <2 x dg. This resulted in the use

_of a 12 oz/yd* geotextile with an EOS of 80

microns, similar to what was successfully

-4 -



employed at the Jamestown Mine in California.
(Skolasinski et al (1990)).

Once tailings deposition started, it was
immediately apparent that the filtration system
was not working and, while adequate water
recovery was achieved, a significant volume of
“tailings fines were passing through the
geotextile. Sampling of the tailings showed
that significant segregation was occurring and
that the material adjacent to the -embankment

face was a very fine colloidal rock flour with’

a particle size distribution as shown on Figure
3. :
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Fig. 3 Particle size distribution of tailings
samples

The immediate remedy involved the placing
of a layer of sand on the upstream face of the
embankment which provided some temporary
relief.

5 SUPERNATANT WATER RECOVERY'

A testwork program was initiated to identify
combinations of geotextile and sand that would
_effectively prevent ingress of the tailings fines,
but maintain the required flow-through capacity
for on-going operations. This was not entirely
successful as the use of sand appeared to be
necessary with a resulting reduction in overall
pgrmeability. In practice, a combined

sand/geotextile filter would work but a
significant ponded depth above the level of the
tailings fines would be required to achieve the
required flow-through capacity.

An alternative was adopted which involved

the construction of decant towers on the
embankment face connected into the
embankment drainage system.  However,

persistent cloudy water in the process water
pond led to a complete re-design of the
embankment and water recovery system.

This involved extension of a tailings header.
pipe and deposition of tailings from the
embankment, relocating the surface pond into
the northeast gulley of the tailings basin, and
construction of a new decant system in the
northeast gulley for recovery of the supernatant
water.

The decant system comprises a 20 inch
diameter steel and HDPE conveyance pipe
located along the east side of the basin and
leading to the process water pond. At the
upstream end, offtakes to the conveyance pipe
are located at 5 foot vertical intervals and are
connected to decant towers as shown on Figure
4. The decant towers allow for very fine
control of the pond water level while removing
the cleanest surface water as the level of the
tailings solids rises. As each decant becomes
fully submerged it is plugged with concrete.
The decant system continues to work extremely
well.

6 MODIFIED CENTRELINE
CONSTRUCTION

Deposition of tailings from the embankment
and the resulting segregation of the sand
fraction has allowed a complete re-design of
the main embankment from the original
downstream construction to modified centreline
construction.
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Modified centreline construction is similar to intrinsically ~ stable under earthquake
conventional centreline construction in that the loading. The analogy for the upstream .
contact between compacted fill and the tailings face is that of a slurry wall, where a dense
slopes slightly upstream. It is, however, fluid, i.e. bentonite mud, can be used to
different from upstream construction as the support very deep excavations.
stability of the embankment is independent of
the tailings strength. The revised cross-section Th'is construction techflique requires some
for the embankment is shown on Figure 5. placing of fill on the tailings beach. If the

beach is strong enough to support the first lift,
then the strength only increases as the tailings

MATERIAL PLACING AND COMPACTION REQUIREMENTS

MATERAL TYPE LOCATION PUAGING AHD COMPACTION REQUIREMENTS
PLACED, MOISTURE CONDITIONED AND SPREAD IN MAX, 17 LAYERS AFTER
DUTREME 01 ZONE COMPALTION. WBRATORY COMBACTION A6 OECTED. BY THE ENGHEER,
PLACED AND SPREAD IN MAX. 36" LAYERS AFTER COMPACTION.
RANDOM ROCKFILL 03 ZONE VIBRATORY COMPACTION AS DIRECTED BY THE ENGINEER,
NON ACID PLACED AND SPREAD IN MAX, 36" LAYERS AFTER COMPACTION.
GENERATING ROCKFILL 04 Zome VIBRATORY COMPACTION 10 90% OF MAXIMUM DENSITY.
AN 1,U2a,U20.U3 PLACED AND SPREAD iH VARYING UFT THICKNESSES
RoekeL e TS COMPACTION AS DIRECTED BY THE ENGINEER.
NP PLACED AND SPREAD IN MAX, 36" LAYERS.
5590, v CF ZonE VIBRATORY COMPACTION AS DIRECTED BY THE ENGINEER,
L .
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Fig. 5 Modified centreline embankment cross-section



.consolidate. If the beach cannot support the
first lift, then it can be displaced using rockfill.

Stability analyses carried out on the
embankment for worst case seismic loading
assume full liquefaction of the tailings and
hydrodynamic forces imposed by this liquefied
tailings mass. This is synonymous with the
loading imposed by a liquefied silt on a water
retaining gravity dam. Shear resistance is
provided by the relatively wide thickness of
compacted fill at any elevation. A schematic
diagram of the forces acting on the modified
centreline portion of the embankment is shown
on Figure 6.
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Fig. 6 Stability aﬁélysis of modified centreline
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Static factors-of-safety for upstream and
‘downstream failure are 1.81 and 1.50,
respectively.

The design MCE acceleration for the
Montana Tunnels site is 0.22 g. For the
permitted final crest at El. 5515 feet, an
overall embankment height of 265 feet, the
critical acceleration assuming fully liquefied
tailings is 0.24 g. ’

Displacement analyses using the procedures
of Newmark (1965) and Makadisi and Seed
(1977) for an MCE event result in negligible
potential displacement within the embankment.
A more rigorous displacement analysis has
been developed by Byrne et al (1992) and has
been used to analyze a similar modified
centreline embankment. This will be used to
investigate raising the embankment by a further
40 feet to accommodate increased ore reserves.

Modified centreline construction involves
placing fill on the tailings beach for each
embankment raise. The first upstream fill
placement took place in 1990 on a beach only
55 feet wide after only six months of tailings
deposition from the embankment. Construction -
involved placement of a geotextile directly on
the tailings to form a separation layer and an
initial 3 foot lift of coarse rockfill placed with
Caterpillar 777 trucks and a D8N bulldozer
travelling along the lift.  Monitoring of
porewater pressures within the tailings was
carried out using electric transducers. A
typical response is shown on Figure 7. It
shows an initial rise in pore pressure during lift
placement, followed by dissipation within 24
hours. This was accompanied by numerous
sand boils beyond the lift and evidence of
horizontal dissipation of excess pore pressures.
After dissipation of the excess pressures,
placement of the second lift was authorized
without further concerns for stability.

A second upstream lift was successfully
placed in the summer of 1991. In this case,
the geotextile separation layer was augmented

‘with a geogrid to provide additional horizontal

strength. While the initial pore pressure rise
in the tailings under the first lift in 1990
generally equalled the vertical stress, in 1991
significantly lower pressure rises were
observed due to the improved tailings beach
development and some air-drying of the
tailings. :
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Fig. 7 Pore-pressure response in tailings

The change in the embankment construction’
method has resulted in a large reduction in the’

the material. Consolidation is also limited by
the geometry of the tailings basin
relatively rapid rate of rise.

and

Consolidation within the tailings basin has
been analyzed using a one-dimensional large
strain finite element analysis and measured
tailings consolidation parameters. The
resulting tailings density profile is as shown on
Figure 8, with an anticipated average dry
density at closure in the order of 82 pounds
per cubic foot. Different options are currently
being investigated to enhance beach
development and evaporation from the tailings

;surface, in order to improve consolidation and

‘reduce potential long-term settlements.

compacted fill requirements with a resulting

significant cost saving. It has also allowed on-
going reclamation of the downstream face.

7 TAILINGS CONSOLIDATION

The drainage system overlying the soil-
bentonite liner at the base of the tailings mass,
together with the drained embankment, were
incorporated into the original design to
decrease drainage path lengths and enhance
consolidation of the tailings. The current
reclamation concept is to obfain access to the
final tailings surface as soon as possible after
mine closure for placement of a cap rock layer
~and topsoil to return the tailings area to its
original grazing potential.

On-going filling of the tailings basin, together
with pore pressure measurements within the
‘ tailings mass, has indicated that the tailings are
not achieving the degree of consolidation
anticipated in the original design. This is
“attributed to the actual very fine gradation of
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Fig. 8 Tailings density profile

8§ SUMMARY

The Montana Tunnels tailings disposal facility
was designed in 1985 as a drained tailings
facility for storage of the tailings solids,
together with a lined process water pond. The
basic objectives of the design are the protection
of waters of the State and ease of long-term
reclamation.



* The mine started operations in 1987. During
initial ~ start-up, some difficulties were
encountered with respect to erosion of the soil-
bentonite liner and solids passing through the
embankment drainage system. The latter
problem led to immediate re-design of the filter
system on the embankment face and the
_incorporation of a decant system for recovery
of supernatant water. In order to reduce on-
going construction costs for the embankment,
which is built from mine waste material, the
construction technique has also been changed
from a full downstream section to a modified
centreline method.

Modified centreline embankment construction
differs from conventional centreline

construction in the contact between compacted .

fill and tailings slopes slightly upstream. The
embankment does not, however, rely on the
strength of the tailings and is stable even if the
tailings are fully liquefied. It provides a cost-
effective method of embankment raising and
allows for on-going reclamation of the
downstream slope.
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