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MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT

TAILINGS STORAGE FACILITY
UPDATED DESIGN REPORT
(REF. NO. 1627/2) .

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 Pol.ley, 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 storagé of the solid
waste. - As the solids settle out of the shurry, process fluids are collected and
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.
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12  SCOPE OF REPORT . )
This report is an updated version of the original Tailings Storage Facility design réport
(Knight Piésold Ref. No. 1625/1). This report has been prepared in response to -
modifications to the embankment design, review comments and concerns, and the
addition of detailed geological and geotechnical information gathered during the Stage .
Ia/Ib construction program.
This report also contains as-built information for the Stage Ia/Ib tailings embankments,
seepage collection ponds, basin liners, sediment ponds and other details.
The updéted design is based on the following :
. Results of geotechnical investigations at the Tailings Storage Facility.
. Evaluation of construction materials.
. - Revised water balance and initial process water supply requirements.
. Updated requirements for operations, on-going construction and for final
reclamation. : j
| The Tailings Storage Facility comprises 2 valley impoundment that will initially
allow storage of water required for mill start-up. Tailings discharge from the
embankments will commence in early June, 1997. In its final configuration, the
facility will comprise a side-hill impoundment centred 5 km southeast of the ore
bodies. The overall site plan is shown on Dwg. No. 1625.200.
=
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2.1

2.1.1

2.1.2

SECTION 2.0 - SITE CHARACTERISTICS

HYDROMETEOROLOGY

General

Long and short-term climate records are available for a number of locations in
the area. Likely (with 6 years of record) and Horsefly (with 11 years) are

located in similar terrain within 40 km of the site. The project area is subject

to a relatively temperate climate with warm summers and cool winters. The
precipitation is well distributed throughout the year.

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. At
Quesnel, with approximately 70 years of record, exiremes are 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).

Precipitation and Evaporation

Precipitation data at the site is limited and thus mean precipitation records
for climatologically similar srations in the area were used to estimate mean
annual site precipitation values. The mean annual precipitation at Likely is
699.7 mm and at Barkerville (with over 70 years of record) is 1043.9 mm.
Precipitation for the site is expected to fall within this range. Data for Likely,
Barkerville and the site are presented in Table 2.1. A coefficient of variation
of 0.16 was determined from regional values which translates to a standard
deviation of 121 mm. These conditions were applied to the tailings facility

and nearby areas.

A mean apnual precipitation of 755 mm was determined for the Tailings
Storage Facility based on the above. 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
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130 mm. The increased precipitation value was determined by applying an

orographic factor of 1.07285 to the values for the Tailings Storage Facility.
The orographic factor is consistent with elevation correlations developed in
previous studies. This data is summarized on Table 2.2.

An annual evaporation rate of 423 mm at the site has been assumed to be
constant for all years of operation and precipitation conditions. The
evaporation rate should be monitored and any changes can be icorporated
in the design, as required.

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

Agsociation Association ’

of Consylting des Ingénieurs- June 6, 1997_
Engineers Conseils

of Canada du Canada

Intensity-duration-frequency curves have been developed for the site on the
basis of data obtained from the Rainfall Frequency Atlas for Canada
(RFAC), and these are shown on Figure 2.1. Probable maximum
precipitation values for the site have also been 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
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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 value 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.

277  REGIONAL GEOLOGY

The Mount Polley site 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.

Detailed descriptions of bedrock and overburden geology are presented in Section 5.0.

2.3  SEISMICITY

2.3.1 Regional Seismicity

Mount Polley is situated within the interior of B.C., 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, which is one-half magnitude higher
than the observed maximum magnitude of 4.5. Similarly, a maximum

_5- 162772
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2.3.2

-

magnitude of 6.5 has been set for the SBC zome, 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. However, such an event would be located at over 400 km
west of the project and therefore is unlikely to have a significant impact at
the site. 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 (Leader Lake Seismic Risk Assessment).
This potential source zone lies at a minimum distance of about 200 km and,
as above, is therefore unlikely to have a significant impact at the siie.

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
Earthqua_ke (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, described in Section 2.3.1. The results are
tabulated below together with the maximum magnitude and minimum
epicentral distance for each zone:
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Source Zone Maximum Epicentral Maximum
Magnitude Distance Acceleration
(km) (2
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

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
M=6.5 causing a bedrock acceleration of 0.13 g has been assigned to the

site.

Selection of appropriate design earthquakes for the Tailings Storage Facility
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 as discussed in Section 6. 1.2. For closure and 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 Basié Earthquake (DBE) for operations will be taken as
the 1 in 475 year return period event. This corresponds 1o a
maximum firm ground acceleration of 0.037 g and maximum ground
velocity of 0.077 m/sec. 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,
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~

consistent with the National Building Code of Canada. The above

ground motion parameters .place the site in seismic zone 0 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.

This MDE corresponds to approximately the 1 in 2500 year return

period event, based on extrapolation of data from the probabilistic

analysis. This cvent gives a maximum firm ground acceleration of

0.065 g and has 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. Casé 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 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 from the mill to the tailings storage facility will be

as follows:

. Solids throughput: 17,808 tpd (6.5 million tonnes per year)
o Percent solids: 35 percent

° Solids specific gravity: 2.78

The tailings shurry will be deposited from a series of spigots situated along the inside
crest of the embankment. During initial  discharge from the Stage Ib Main
Embankment, tailings will be deposited into stored make-up water. A steep
submerged beach with an estimated slope of 15 to 20 percent is expected to develop
from the coarser tailings 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. (The tailings beach slopes have been estimated from experience at other
mines and are based on the results presented in the publication “Tailings Beach
Slopes™ by B. H. Conlin.) The tailings beach is expected to emerge from the water
after about 4 to 5 months of filling at the throughput rate of 17,808 tpd and assuming

an initial dry density of 1.1 tonnes/cubic metre.

After the tailings beach has emerged, 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 setiling at a minimum
anticipated slope of about 0.25 percent. Overall, the tailings solids are assumed 10

have an average slope of about 0.5 percent.
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3.2

PHYSICAL CHARACTERISTICS

Coastech Research Inc. conducted preliminary metallurgical testwork on samples of

drill core in 1989. A laboratory testing program was conducted on tailings samples

obtained from this work. Selected information is summarized below,

The tailings are comprised predominantly of silt (64 percent) and fine sand (30
percent) with a trace of clay (6 percent). It is non-plastic, yellow grey in
colour and has a solids specific gravity of 2.78.

A series of settling tests were completed at slurry solids contents ranging from
25 to 45 percent. The tailings particles settled rapidly and a pronounced
segregation of coarse to fine material was observed. The colloidal clay
fraction remained suspended in the supernatant water for several days.

The tailings initially settled to relatively Iow dry densities generally in the
range of 0.9 to 1.1 tonnes/m’. Consolidation caused by evaporative drying
resulted in final dry densities of approximately 1.3 tonnes/m’.

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 setfled tailings varied from 1.0 x 10° and 2.0 .

x 10” cm/s. The horizontal permeability is expected to be significantly greater
due to segregation of the soil particles. In practice, the permeability of
deposited tailings will be reduced due to on-going consolidation.

Particle settling velocities were measured as part of the hydrometer test on the
silt and clay sized fraction. The data are used for calculating friction losses in

slurry pipelines.

Detailed results of this testwork was presented in the “Tailings Storage Facility Design
Report” (Knight Piésold Ref. No. 1625/ 1). More recently, MET Engineers Ltd. as
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part of the overall metallurgical testing for the project conducted additional testwork

on the tailings. The results of this testwork are summarized below.

. Tailings will be separated into two streams at the mill; the finer Slime Tails

and the coarser Sand Tails.

. The Slime tails will make up about 57 percent of the tailings siream. ~ The
Sand Tails will make up the remaining 43 percent.

e  The Slime Tails are comprised of about 85 to 90 percent well graded silt. The
remaining 10 to 15 percent is comprised of clay sized particles (estimated from
gradation limits).

. The Sand Tails are comprised of about 26 percent fine sand and about 70 to

74 percent coarse silt (estimated from gradation limits).
. The Bulk Tailings, estimated by combining the Slime and Sand Tails,
comprise about 13 percent fine sand, 77 to 82 percent silt and 5 to 10 percent

clay sized particles (estimated from gradation limits).

The gradation limits of the Slime, Sand and Bulk tailings are shown on Figure 3.1.

3.3 GEOCHEMICAL CHARACTERISTICS

Geochemical testwork on a locked cycle tailings sample was conducted in 1989 by
Coastech Research Inc. The testwork included the following:

. Determination of net acid generating potential
. Special Waste Test using acetic acid
L 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
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components (carbonates and other rock types with neutralizing capabilities). The

results of this testwork are as foliows:

Sulphur | Paste Acid Neutralization Net Neutralization
(percent) PH ~ Potential Potentia] Potential
(kg CaCO,/1) (kg CaCO,/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.

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 Wagte
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 showéd 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
“Tailings Storage Facility Design Report” (Knight Piésold Ref. No. 1625/1).
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SECTION 4.0 - SITE SELECTION

A selection and evaluation of alternative tailings disposal sites was carried out in 1989
and included a comparative assessment of the following factors:

. Capacity and filling characteristics. o
. Surface hydrology and downstream water usage.

. Hydrogeology and groundwater flows.

. Aesthetics and visual impact.

. Foundation conditions and construction requirements.

. Closure and reclamation requirements.

. Capital and operating costs.

Three possible tailings disposal sites were identified and designated as Areas A, B and
C. A preliminary site investigation program was conducted at each site to evaluate the
environmental impacts as well as design and construction constraints. Results of
initial site investigations for each site were presented in the 1990 Knight Piésold
“Report on Geotechnical Investigations and Design of Open Pit, Waste Dumps and
Tailings Storage Facility” and are not repeated in this report. The three sites are:

. Area A - A cross-valley impoundment located immediately south-east of
Bootjack Lake, in the Bootjack Creek Valley.

. Area B - A sidehill impoundment located between the south ends of Polley and
Bootjack Lakes, within the upper catchment of the Edney Creek Tributary.

° Area C - A cross-valley impoundment located between the north ends "of
Polley and Bootjack Lakes, just west of the Frypan Lake in the 6 k creek

swamp.

The evaluation included environmental, design, operational and economic factors.
Although Area A is closest to the mill, it was judged the least favourable because it
would have required two cross-valley embankments near the outlet of Bootjack Lake
and would have significantly impacted the Bootjack Creek catchment. Area C,
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located on a natural divide, would also require a cross-valley impoundment and would
have impacted both the Bootjack and Polley Lake catchments. Area B was deemed
the preferred site because it will provide secure tailings storage that would meet all
environmental and closure requirements at the least cost. Further, it would minjimize
potential impacts to both Polley and Bootjack Lake catchments and would keep mine
tailings and any leachate confined to the Edney Creek Tributary watershed.
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SECTION 5.0 - GEOLOGICAL AND GEOTECHNICAL CONDITIONS

5.1 GENERAL

Numerous site investigations were conducted during Stage Ia/Ib construction in

1996 and early 1997 for various reasons, including: _ "

. Test pit excavations to identify suitable embankment fill materials in
potential borrow sources. (The Original Borrow Area is located within the
facility, on the east side; the Alternate Borrow Area is located downstream
of the Main Embankment, above the topsoil stockpile; the Future Borrow
Area is located downstream of the facility, adjacent to the east end of the
Main Embankment.)

. Borehole investigations to define maximum borrow area depth in the

Original and Future Borrow Areas.

. Groundwater Monitoring Well drilling around the perimeter of the Tailings
Storage Facility for long term groundwater quality monitoring.

e Test pit excavations to delineate the extent of the basin liners.

. Test pit excavations to investigate potential sand deposits for use as filter
sand in the embankment drains.

. Borehole investigations to accompany the installation of instrumentation in
the Main Embankment foundation soils.

. Cone Penetration Test (CPT) investigations to further investigate the Main
Embankment foundation soils. |

The tailings area geological and geotechnical conditions have been confirmed using

information collected from these investigations and from work conducted in 1989
and 1995. The investigation locations are shown in plan on Dwg. No. 1627.001
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and the interpretations are shown in section on Dwg. Nos. 1627.002 to 1627.012.

A summary of the recent geological investigations is presented on Table 5.1 and

summary logs are included in Appendix A. A discussion of the site investigations

and the geological and geotechnical conditions at the Tailings Storage Facility is

presented betow.

5.2

521

SITE INVESTIGATIONS

Previous Investigations

Resulis from site investigations conducted prior to 1996 have been used in the
compilation of the geological and geotechnical data. Site investigations

conducted prior to' 1996 are summarized below.

1989 Test Pit Investigations

Test pits were excavated throughout the Main and Perimeter Embankment
footprints ‘and within ‘the tailings basin during the initial site investigations.
Shallow subsurface foundation conditions and potential borrow sources were
evaluated. Results from these investigations are presented in the Knight
Piésold document “Report on Geotechnical Investigations and Design of Open
Pit, Waste Dumps and Tailings Storage Facility, 1990”. '

1989 Diamond Drillhole Investigations

Seven diamond driltholes were completed at the Tailings Storage Facility as
part of the overall site condemnation and exploration program. The
investigations included tri-cone drilling of the overburden and diamond
drilling in bedrock. Packer permeability testing was also conducted. Results
from these iilvestigations are also presented in the Knight Piésold document
“Report on Geotechnical Investigations and Design of Open Pit, Waste Dumps
and Tailings Storage Facility, 1990”.
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1995 Test Pit Investigations

Numerous test pits were excavated at the proposed sites for the Main and
Perimeter Embankments, tailings basin, seepage control pond, pipeline road
and Millsite as part of the final design investigations. Results from these
investigations are presented in the “Report on 1995 Geotechnical
Investigations for Mill Site and Tailings Storage Facility” (Knight Piésold Ref.
No. 1623/1) and “Response to Review Comments on Tailings Embankment
Design” (Knight Piésold Ref. No. 1625/6). |

5.2.2 Recent Investigations

Additional geological and geotechnical information was obtained from site
investigations conducted during the 1996 and 1997 construction programs.
Recent investigations include the following:

1996 Test Pit Investigations

Numerous test pits were excavated during the 1996 construction program with
track mounted excavators provided by North American Construction. The test
pits were excavated to evaluate shallow subsurface soil conditions for the
following reasons:

. Basin Liners — Test pits were excavated to determine the limits of the
glacial till liner within the tailings basin. As a result of the
investigations, the Upper and Lower Basin Liners were delineated
immediately upstream of the Main Embankment, as shown on Figure
5.1. As part of the investigations, the thickness of the surficial glacial
till was identified and the permeability of the underlying
glaciolacustrine / glaciofluvial soil units was evaluated. The basin
liners are shown on Sections 1, 3, 4, 6 and 10.

. Borrow Areas - Test pits were excavated to evaluate glacial till borrow
sources for construction of the Stage I embankments. Most of the test
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pits were located in the Original Borrow Area.  Additional

investigations were conducted at the Alternate and Future Borrow
Areas. Soil samples were tested at the on-site laboratory. The results
are discussed in Section 6.4.2. The Original Borrow Area is shown

on Sections 5, 6 and 7.

. Filter Sand - Test pits were excavated to investigate local sandy

deposits. Samples were collected and laboratory tests were conducted
to evaluate the suitability of the materials as filter sand for use in the
embankment drains. Two areas were investigated, including the smail
hill at the west edge of the Reclaim Barge Channel and the ridge to the
east of the Perimeter Embankment.

1996 Vibrating Wire Piezometer Installations

A total of six vibrating wire piezometers were required in the foundation soils

at the Main Embankment. Two piezometers were installed in boreholes at

_each of the three Main Embankment monitoring planes (boreholes 96-A1, 96-

B1 and 96-C1). The boreholes were advanced to a maximum depth of 16.5
metres using solid and hollow stem augers. Standard Penetration Testing
(SPT) was conducted during the drilling of the each borehole, including
continuous sampling for the first 10 metres. Split spoon samples were
analyzed at the on-site laboratory. The borehole locations are shown on Dwg.
No. 1627.001 and are included on Section 3. The drill rig was operated by
Peace Drilling and Research. R.E. Graham Engineering supervised the
drilling and piezometer installations. The R.E. Graham field report and test
hole logs are provided in Appendix B1.

1996 CPT Program and Pressure Relief Well Installations

A CPT (cone penetration testing) program was conducted at the Main
Embankment to obtain continuous profiles of soil types and information on
densities and pore pressures in the foundation soils. The CPT program was
also conducted to investigate low SPT N-values encountered in a saturated,
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non-plastic silt layer during the drilling for the 1996 Vibrating Wire

Piezometer Installations. The CPT investigations confirmed that the low N-
values were due to drilling disturbance and not weak foundation soils. After

the CPT holes were completed, a second hole was drilled 'using a solid stem

“auger to confirm soil types and permit soil sampling. Four auger holes were

drilled to serve as Pressure Relief Wells. The holes were hydraulically
connected to the embankment foundation drains by backfilling with filter sand.
The drilling was completed by Mud Bay Driiling and the CPT investigations
were conducted by Cone Tec, under the direction of Knight Piésold. The
resulis of these investigations are presented in the Cone Tec field report,
included in Appendix B2. (In addition to the Pressure Relief Wells, Pressure
Relief Trenches were excavated and backfilled with gravelly sand.)

1996 Groundwater Monitoring Well Installations

The 1996 groundwater monitoring well installation program was conducted in
November, 1996. The purpose of the program was to drill and install
groundwater monitoring wells around the Tailings Storage Facility. Wells
were installed in higher permeability zones in both overburden and bedrock.
The wells will be used for long-term monitoring of groundwater quality. The
program comprised drilling through the overburden and into bedrock at six
locations around the perimeter of the Tailings Storage Facility. Three
locations around the mine site were also dritled. The drilling was completed
using an air rotary rig, operated by Drillwell Enterprises.  Standard
Penetration Testing (SPT) and sampling was conducted within the overburden
at 10 or 20 foot intervals. Bedrock chip samples (for condemnation analysis)
were collected at 10 foot intervals. Details of this investigation are presented
in the report “1996 Groundwater Monitoring Well Installation Program”
(Knight Piésold Ref. No. 1628/4).

1997 Test Pit Investigations

The 1997 test pit investigations were completed in January 1997. The purpose
of the investigations was to further delineate near surface glacial till borrow
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3.3

sources for embankment from the Original and Alternate Borrow Areas and to
~ evaluate the potential of the Future Borrow Area. The test pits were
excavated to depths up to 6.7 metres. The test pits investigations were

completed using a track mounted excavator owned and operated by North
American Construction. Soil samples collected during the investigations were
analyzed at the on-site laboratory.

1997 Borehole Investigations

The 1997 borehole invesﬁgaﬁons-Were also completed in Jamuary, 1997. The
purpose of the investigations was to define the maximum borrow depth by
identifying the maximum depth of the glacial till in the Original Borrow Area.
The investigations included solid stem and hollow stem augering in 28
boreholes.  Split spoon sampling was .conducted and the boreholes were
terminated at 2 maximum depth of 17 m. The drill rig was owned and
operated by Geotech Drilling. - Soil samples collected from the auger flights

and from the split spoons were analyzed at the on-site laboratory.

The borrow area test pits and boreholes are shown in plan on Dwg. No.
1627.001 and on Sections 5, 6, 7 and 8.

SUMMARY

A geologic summary has been prepared from the above listed investigations and

laboratory test data. The main purpose of the geological summary is to define the

surficial overburden conditions, such as 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 (Ablation) Till Unit

A surficial layer of 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
the No. 200 sieve). The surficial till unit is believed to be a melt-out or Ablation
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Till. Tt is commonly slightly weathered, firm to stiff, and wet over the top 0.5 to
1.0 metres in the lower areas of the tailings basin. The till is very stiff and is moist -
to very moist below 1.0 to 2.0 metres depth and at higher elevations. ‘No
appreciable fissuring was observed in the surficial till unit, likely due to the shallow

groundwater table, which is typically less than 0.3 metres below the ground surface.

The thickness of the surficial till varies, but generally thins from north (4 to 6
metres) to south (2 to 3 metres) along the valley, as shown on Sections 1, 4, 7, 8,
and 10. The surficial till unit may pinch out completely downslope (southeast) of
the Main Embankment Seepage Collection Pond, as shown on Sections 1, 4, and
10. In-situ field and laboratory permeability testing on the surficial till unit typically
yielded results in the order of 10® to 10 cm/s. The till thickness appears to
exceed 2 metres throughout most of the tailings basin.

Areas where the surficial (Ablation) till is thinner (less than 2 metres) are shown on
Figure 5.1. One design criteria for the tailings basin was that a minimum thickness
of 2 metres of surficial glacial till must be present or a low permeability soil liner
was to be constructed (as discussed in Section 6.2.2). Figure 5.1 indicates that the
surficial (Ablation) till unit is less than 2 metres thick at two sections of the Main
Embankment, including the right abutment (approx. Ch. 16-+00 to Ch. 16-+75) and
at the bottom of the basin (approx. Ch. 19+50 to Ch. 21+50). As a result, a
glacial till basin liner was required in these areas. The locations of the as-built basin

~ liners are also shown on Figure 5.1.

Glaciolacustrine/Glaciofluvial Unit

A glaciolacustrine/glaciofluvial sedimentary unit underlies the surficial glacial ill.
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 ElL.
928 m (approx.). It is not present .along the right abutment where the surficial till
directly overlies bedrock. The glaciolacustrine/glaciofluvial sequence also appears
to transform from a continuous sequence near the Main Embankment into thin (0.5
to 3.0 metre) layers within the giacial till unit to the northwest. The
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glaciolacustrine/ glaciofluvial sequence is generally 6 to 8 metres thick at the west

and increases to as much as 25 metres thick 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. The
glaciolacustrine unit has a low permeability as a result of the fine-grained
composition. 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 was identified below the surficial glacial till over the 450
metre stretch (approx. Ch. 16+50 to Ch. 21+00) directly beneath or immediately
upstream of the Stage Ib Main Embankment footprint, as shown on Figure 5.2 and
Section 3. The sandy unit is characterized as fine-grained, containing 20 to 40

percent coarse silt. The permeability value of this unit is estimated to be 10510 10°

cm/s, based on the results of gradation analyses.

Additional test pit and borehole investigations have shown that the sandy unit
terminates just downstream of the upstream toe of the Main Embankment, except
for a 225 metre stretch between Ch. 16+50 and Ch. 18+75. In this area, the
sandy unit grades into a fine to medium grained sand and contains localized areas of
coarser gravelly sand. The permeability value of this coarser unit is estimated to be
10* to 10 emy/s. During investigations, groundwater was seeping into excavations
in this material and some of the excavation 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 uﬁit
to help contain groundwater flows in this area. Groundwater Monitoring Well
GW96-9 was also advanced into this unit just downstream of the ultimate toe of the
Main Embankment.

Test pit investigations showed that the glaciofluvial sand unit extends upstream into
the Tailings Storage Facility for approximately 200 metres before it grades into a
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lower permeability silt unit or is overlain by more than 2 metres of surficial glacial -

till, as shown on Sections 4 and 10. 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.

During drilling of groundwater monitoring well GW96-1 near the Perimeter
Embankment Seepage Collection Pond, the surficial glacial till was found to have a
minimum thickness of 5 metres, as shown on Section 8. Below this, the
glaciolacustrine sequence consists of a 3 metre thick layer of firm to stiff, low
permeability silts with variable clay content and thin silty sand laminations. No
hlgher permeability layers were observed in this unit. The glaciolacustrine sequence
is in tarn underlain by 19 metres of glacial till. Just east of the Perimeter
Embankment, in groundwater monitoring well GW96-2, the glaciolacustrine unit is
7.5 metres thick and is overlain by 11 m of glacial till. The glaciolacustrine
sequence 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 groundwater monitoring wells

" GW96-1 and GW96-2. This unit overlies a Basal Till unit (discussed below). The

higher permeability sandy gravel unit is not connected to the tailings impoundment
and is therefore not considered to be a significant potential seepage pathway due to
the thick layer of low permeability surficial till and glaciolacustrine sediments above

this zone.
Basal Till
The glaciolacustrine/glaciofluvial sequence is underlain by a very demse, well
graded silt and sand glacial till unit believed to be a basal till. The basal till unit

dips and thickens slightly from west to east and north to south, likely followmg
bedrock topography. It is typically 10 to 20 metres thick., massive, h1ghly
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consolidated and contains some gravel and trace to some clay. The basal till has a o

low permeability, estimated to be less than 10 cm/s.
Bedrock

At the Main Embankment, the bedrock surface dips from west to east across and
more gently from north to south, as shown on Sections 1, 3, 4, 5, 6 and 9.
Bedrock drops off quickly to the west and is présent less than 1 metre below surface

on the ridge at the right abutment. The bedrock surface is greater than 30 m deep at

the left abutment and bedrock permeabilities will not greatly influence potential
seepage from the Tailings Storage Facility because of the thick cover of low
permeability overburden soils. '

Bedrock at the tailings basin is predominantly a red-brown sedimentary

conglomerate unit composed of hematitically altered volcanic tuffs and fragmentals.

1t is moderately to highly weathered near the surface, but weathering decreases with

depth. Results from the 1989 condemnation drilling indicated that rock quality was

typically poor to fair, with the top 7 to 15 m often very poor to poor and improving y
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, as observed in groundwater monitoring
wells GW96-5 and MP89-236. 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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6.1

6.1.1

SECTION 6.0 - TATLINGS STORAGE FACILITY DESIGN

DESIGN BASIS AND CRITERIA

- General

The principal objectives for the design 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.

o Control, collect and remove free draining liquids from the tailings for
recycling as process water to the maximum practical extent.

. 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.

The design basis and operating criteria for the Tailings Storage Facility are
based in part on appropriate and conservative design parameters frqm hazard
classification, seismic data, hydrological stdies and geotechnical site
investigations and on review comments by the Ministry of Employment and
Investment (MEI). The design basis and operating criteria for all aspects of
the design, construction and operations are presented on Table 6.1.

Provisions for water management are also included.
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6.1.2

Consequence Classification

A hazard classification for the Tailings Storage Facility has been assessed to
establish design flood and seismic criteria. The hazard classification is based
on the Canadian Dam Safety Association’s (CDSA) “Dam Safety Guidelines
for Existing Dams”, which states that “Tailings dams and their appurtenant
structures must be protected against the same hazards and to the same extent
as embankment dams...”. Details of each consequence category and the

corresponding potential consequences of failure are presented on Table 6.2.

A "LLOW" hazard classification or consequence category has been assessed for
the Tailings Storage Facility, as discussed in Section 2. This implies that the
consequences of failﬁre consist of a low economic loss and low environmental
impact. In accordance with the “LOW” hazard classification, a Design Basis
Earthquake (DBE) corresponding to the 1 in 475 year return period event
(which corresponds to the National Building Code of Canada standard) has
been adopted for design of the facility during operations. For closure and
post-closure conditions, a conservative "HIGH" consequence category has

been assigned.
The embankment has been designed to accommodate a maximum design
carthquake (MDE) corresponding to 50% of the maximum credible

earthquake (MCE) and the probable maximum flood (PMF) flood event.

Tailings Storage Capacity

The tailings storage facility depth-area-capacity-filling rate relationships are
presented on Figure 6.1. The projected filling rate and rate of rise for the
tailings are based on an average annual production rate of 6.5 million tonnes
(17,808 tpd). Figure 6.1 indicates that after approximately 3 years of
operation the tailings surface area is sufficiently large that the on-going rate of
rise is less than 3 metres per year.
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6.1.4

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)

with an assumed flat tailings surface.

The filling schedule and anticipated staged construction sequence is shown on
Figure 6.2. In addition to the flat tailings surface, provisions for the following

have been incorporated into the design:

. Up to 2.5 million cubic metres of process (reclaim) water.
. An emergency storage volume of at least 0.68 million cubic metres
for the design storm event.

. An additional one metre of freeboard for wave run-up.

The emergency storage volume of 0.68 million cubic metres will be
available on the tailings surface at start-up and during on-going operations.
It is required to contain the anticipated runoff from the 24-hour probable
maximum precipitation (PMP) storm event centred on the tailings facility
and the catchment area immediately above the facility. A minimum of one
metre of freeboard will be available above the PMP runoff volume inside the
facility for wave run-up and emergency flood storage. The projected runoff
from a 10-day PMP event is approximately 1.36 million cubic metres,
which can also be completely contained within the basin. As adequate
storage capacity will always be available within the tailings basin for
complete containment of the PMP events, an emergency spillway will not be

required during operations.

Reclaim Water Storage Capacity

The Tailings Storage Facility includes the provision to store up to 2.5 million
cubic metres of reclaim water on top of the tailings surface. This water will be
required prior to mill start-up and to supply the milling process during the cold

winter months when surface runoff is at a minimum.
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An evaluation of the extent and depth of the supernatant pond was previously

‘completed for various tailings slopes during operations. The results indicated

6.1.5

that there would be sufficient flexibility within the operating plan to ensure

adequate storage volume on the tailings surface.

An average tailings beach slope of 0.5% has been assumed, although slopes
adjacent to the upstream face of the embankment are typically in the range of
1 to 2 percent. The steeper beach adjacent to the embankment will provide a
sandy zone for construction of on-going raises and for control of the phreatic
surface in the embankment.

Staged Development

The tailings embankments have been designed for staged development during
operations in order to minimize initial capital expenditures and to maintain an
inherent flexibility to allow for variations in operation and production
throughout the life of the mine.

The Stage Ja embankment was constructed to El. 927 metres in late 1996. The
embankment was raised to Stage Ib El. 934 metres in early 1997. Stage Ib
provides adequate water storage for mill start-up, plus tailings storage for
approximately the first year of production along with the required freeboard.
The final embankment is projected to reach El. 965 metres.

On-going requirements for embankment construction are shown on Figure 6.2
and on Dwg. No. 1625.111. Staged embankment fill quantities are presented
on Table 6.3. The Stage II and IIT embankment raises will each provide
incremental storage capacity for approximately one year of production. The
Stage IV raise and each of the successive raises have been designed to provide
incremental storage capacity for approximately two years of operation. On-
going evaluation during operations will provide the basis for determining
whether annual raises are more expedient for staged expansion of the facility.
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All raises after Stage Ib will require the placement of fill on tailings beaches.

A coarse bearing layer of sandy gravel or rockfill will be included, as

“required, for the initial construction on the tailings beaches. The low rate of

6.2

6.2.1

rise of the tailings surface and the provision of an upstream drainage system
will promote drainage and consolidation in order to enhance fill placement on
the tailings beaches.

On-going raises of the tailings embankments may incorporate cycloned sand
extracted from the bulk tailings stream. This option will be evaluated during
the initial years of operation.

Tt will be possible to expand the tailings storage facility if the ore reserves are
increased above the currently projected 84.5 million tonnes. Embankment
raises above the proposed final crest elevation of El. 965 metres would be
constructed as required by incorporating 2 downstream extension of the
embankment toe. In addition to an increased storage capacity for the facility
this would also ensure that embankment stability is maintained. Detailed
stability analyses must be performed in the design of all future embankment

raises.

TATLINGS BASIN PREPARATION

Foundation Preparation

Foundation preparation requirements for the embankment footprints,
seepage collection ponds, basin liners, borrow areas, topsoil stockpiles,
reclaim barge channel and site roads include clearing, stripping and topsoil
stockpiling. Sub-excavation and replacement may be required in soft,
saturated areas of the embankment footprints.

Topsoil stripped from the embankment footprint and from the tailings basin,

where required, will be stored in the topsoil stockpile, adjacent to the
Alternate Borrow Area, as shown on Dwg. No. 1625.201.
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6.2.2 Basin Liners

As discussed in Section 5.0, most of the tailings basin is blanketed by
naturally occurring low permeability glacial till which functions as an in-situ
soil liner. However, an area of thin near surface glacial till with underlying
glaciofluvial sediments was identified just upstream of the Main
Embankment footprint. This is where the glacial till basin liners were
constructed. A basin liner was constructed where the thickness of the
surficial glacial till unit was less than 2 metres and the underlying materials
were estimated to have permeability values greater than 10 cov/s.

The extent of the basin liners was confirmed during the 1996 site
investigations. The Upper and Lower Basin Liners were delineated
immediately upstream of the Main Embankment, as shown on Figures 5.1
and 5.2 and on Dwg. No. 1627.201.

The imported glacial till basin liner is connected to the Main Embankment
core zone and extends onto existing dense low permeability glacial till that is
at least 2 meters thick. The original design requirement specified that the
liner was to be placed and compacted in three 150 mm thick lifts and then
covered with a 300 mm thick layer of random fill as protection from frost
penetration and equipment traffic. The frost protection was later increased
t0 450 min for the Lower Basin Liner. In addition, an exira 750 mm of low

permeability glacial till was mounded over the backfilled investigation test

pits within both basin lLiner areas. The upsiream edge of the Lower Basin

Liner was keyed into the existing surficial glacial till materials. The details
of the basin liner are shown on Dwg. No. 1625.202.

The basin liner materials were tested as part of the overall QA/QC program.

In general, the liner materials comprised well graded silty sand glacial till

placed and compacted wet of the Standard Proctor Optimum Moisture
Content. The test results on the basin liner materials will be presented in the
Stage Ia/Ib construction report.
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6.2.3 Sediment Control Structures

Sediment control measures were included to prevent turbid surface runoff
from impacting the environment downstream of the Tailings Storage Facility
during basin stripping and early embankment construction. The Main
Embankment Seepage Collection Pond was constructed first to provide ¢
primary sediment control during basin stripping and early embankment
construction.  Once the embankment foundation was prepared and
embankment fill placement started, the Main Embankment became the

primary sediment control feature.

6.3 EMBANKMENT CONSTRUCTION
6.3.1 General

The final configuration of the Tailings Storage Facility will include the Main,
Perimeter and South Embankments. The Main and Perimeter Embankments
are zoned earthfill structures with low permeability glacial till core zones,
chimney drains, upstream drains and a downstream random fill zope. The
South Embankment is a zoned earthfill water retaining structure that also
includes a Chimpey Drain. Future embankment construction may also

incorporate waste rock from open pit development.

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 atlow for variations in operation and production
throughout the life of the mine. The embankments will be expanded using
downstream and centreline construction techniques during the first two
years. Further expansion of the Main and Perimeter Embankments will
involve modified centreline methods, whereas the South Embankment will be
constructed by downstream and centreline methods.
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6.3.2

6.3.3

Foundation Conditions

Geotechnical investigations confirmed that the foundation materials at the
embarnkments generally comprise surficial glacial till overlying a dense
glaciofluvial/glaciolacustrine deposit. After foundation preparation was
completed (including topsoil removal) most of the foundation soils were
found to be dense, low permeability glacial till. However, some localized
areas of the Main Embankment footprint contained soft, saturated glacial till
which was reinoved prior to fill placement. At the Perimeter Embankment,
a layer of saturated sand and silt was also removed from a small area of the
embankment foundation to expose suitable low permeability glacial till.

The prepared embankment foundations were inspected by the Engineer and
written foundation approval was required before fill placement was allowed

to comunence.

A system of foundation drains was installed in the ‘Main Embankment
foundation to improve the foundation conditions and ephance the dewatering
of near surface soils. This system was installed to permit drainage during
the early stages of construction. Pressure relief wells and pressure relief
trenches connected to the foundation drains were included to depressurize
the underlying glaciofluvial deposits to enhance the stability of the
embankment. The foundation drains are discussed in detail in Section 6.3.6.
The details of the pressure relief wells and trenches are shown on Dwg.

Nos. 1625210 and 211.

Borrow Areas

The tailings embankments will be constructed predominantly from glacial till
borrowed locally at the Tailings Storage Facility. Most of the glacial till
used for Stage Ia and Ib embankment construction was taken from the
Original Borrow Area which is located within the facility, on the east side.
Additional material was taken from the Alternate Borrow Area, located

downstream of the Main Embankment, above the topsoil stockpile and from
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6.3.4

-

the Future Borrow Area, located downstream of the facility, adjacent to the

. east end of the Main Embankment. The borrow areas are shown on Dwg. '

No. 1625.201.

In some sections of the Original Borrow Area, the glacial till materials were
completely removed, exposing higher permeability soils. As 2 result, a low

permeability glacial till basin liner was constructed over the exposed areas.

Glacial till materials present at lower elevations within the Tailings Storage
Facility will not be accessible once impoundment filling COMMENCES.
Therefore, the Alternate and Future Borrow Areas will continue to be
developed for future embankment expansions. Waste rock from open pit
development may also be utilized in the downstream shell zone (Zone C).

Stage Ta/Ib Embankments

The Stage Ia Main Embankment construction was completed to EL 927

metres in December, 1996. Stage Ia was completed as a water retaining
dam to store the 1997 freshet runoff. Approximately 85 percent of the Stage
Ib Perimeter Embankment was also completed in 1996.

The Stage Ib Main and Perimeter Embankment construction was completed
to EL. 934 meters in March, 1997. Stage Ib will provide sufficient storage
capacity to contain all mine site runoff, additional make-up water, as
required, from the Polley Lake Pumping System, and for approximately one
year of tailings production.

The Stage Ia/lb Main Fibankment consists of an upstream core Zone (Zohe
S) and a downstream zone (Zone B) and a Chimney Drain. Zone S is
comprised of well graded, low permeability glacial till. The specification
for Zone S originally required glacial till placement and compaction in.
maximum 300 mm lifts to 95 percent of the Modified Proctor maximum dry
density. However, after construction started, it became apparent that this
compaction standard was unattainable due to high in-situ moisture contents.
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To account for this, a design change was made to the Zone S fill

specification. The revised specification required that the fill be compacted
to 98 percent of the Standard Proctor maximum dry density, with a moisture

content less than 2 percent wet of the optimum moisture content, or as -

required to meet the compaction specification.

The downstream zone for the embankment (Zone B) is also comprised of

‘well graded glacial till. The specification for Zone B originally required

placement and compaction of glacial till (with the inclusion of some coarser
material) in maximum 600 mm lifts to 90 percent of the Modified Proctor
maximum dry density. However, coarser materials were not located in the
borrow areas and the Zone B fill placement specification was subsequently
revised to coincide with the revised Zone S specifications.  During
construction, both Zone S and B fill was placed in thin lifts (typically 100 to
150 mm) using scrapers and record testing was conducted every 300 mm for
Zone S and 600 mm for Zone B.

The Chimney Drain is comprised of filter sand (minimum continuous width
1 metre) with Longitudinal and Outlet Drains for conveyance. The
Longitudinal and Outlet Drains include filter sand, filter fabric, drain gravel

and perforated CPT pipe.

The Stage Ib Perimeter Emobankment is a homogeneous fill embankment
comprised of Zone S glacial till placed and compacted in maximum 300 mm
lifts to 98 percent of the Standard Proctor maximum dry density. The
Perimeter Embankment also has a Chimney Drain which will be installed
during Stage II construction.

Seepage Collection Ponds

The Main Embankment Seepage Collection Pond, located immediatelyr

downstream of the Main Embankment, was completed at the start of the
Stage Ia comstruction program. The Perimeter Embankment Seepage
Collection Pond was excavated during Stage Ib construction in 1997.
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6.3.6

The seepage collection ponds will collect water from the embankment drain -

systems and from locat runoff. The solutions will be recycled back into the
Tailings Storage Facility. Details of the Main and Perimeter Embankment
Seepage Collection Ponds are shown on Dwg. Nos. 1625.213 and 214.

Embankment Drainage Provisions

The following embankment drainage provisions have been incorporated to
facilitate drainage of the tailings mass and to control the phreatic surface
within the embankments:

Foundation Drains - Feur foundation drains were installed with individual
conveyance pipes for Stage Ia/Ib Main Embankment as shown on Dwg. No.
1625.210. The drains, which run parallel to the embankment axis, consist
of perforated CPT tubing placed in a drain gravel surround which is
encapsulated by filter fabric. The conveyance pipework for the drains runs
into the Drain Monitoring Sump. At least two additional foundation drains
will be included in future embankment raises.

Chimney Drain System - A Chimney drain has been included in the Main
Embankment and is planned for both the Perimeter Embankment and the
South Embankment. The chimney drains will provide a contingency
drainage measure for control of the phreatic surface in the embankment and

will also function as a crack stopper downstream of the core zone.

As illustrated on Dwg. Nos. 1625.111, 1625.207 and 1625.236, ﬂ_le
Chimney Drain System includes the following components:

. Longitudinal Drains - The Longitudinal Drains are located at the
bottom of the Chimney Drain. They are the collector drains and
consist of perforated CPT tubing placed in a drain gravel surround
encapsulated by filter fabric. The drain gravel and filter fabric are
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surrounded by filter sand. A proper filter relationship exists
between the filter sand and the drain rock.

. Outlet Drains - The Outlet Drains consist of perforated CPT tubing
placed in a drain grével-surround encapsulated by filter fabric. The
drain gravel and filter fabric are surrounded by filter sand. The
Main and Perimeter Embankments each include three Qutlet Drains,
which slope from the Longitudinal Drain at a minimum of one
percent. For Stage Ia/lb, the Outlet Drains were terminated at the
downstream face of the Main Embankment, and will ultimately be
connected to the Drain Monitoring Sumps.

e Chimney Drains - The Chimney Drains extend vertically above the

Longitudinal Drains and consist of Type B filter sand.

The Iongitudinal Drains were constructed by excavating a trench in placed
and compacted embankment glacial till fill or in dense natural ground. The
Outlet Drains were constructed by excavating a trench in placed and
compacted Zone B glacial till. The Chimney Drain was installed by various
methods, including placing and compacting the filter sand in a vertical
trench and/or in a mound. The construction techniques were closely
monitored to ensure that the filter sand was not contaminated.

The Chimney Drain System at the Main Embankment was installed to El.
920 metres during Stage Ia construction. It was extended to El. 929 meters
during Stage Ib construction in 1997 and will be further extended to El. 934
meters during Stage 1I construction in 1998. Future extensions will be
included depending on the operational performance of the embankments,
and on the type of construction materials which are iricorporated in ongoing
stages. The Longitudinal Drain was extended to El. 930.5 meters during the
Stage Ib construction in 1997. Filter sand was mounded over the
Longitudinal Drain sections above El. 929 metres. The drain gravel and
Type B filter sand were processed at the mine site and at the rock borrow

area.
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6.3.7

The Perimeter and South Embankment Chimney Drain systems will be ‘

identical to the Main Embankment. They will be installed during future
construction programs.

Upstream Toe Drain System - Upstream toe drains will be included along
the full length of the embankment 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.

It is presently anticipated that the Upstfeam Toe Drain System will initially
include a Longitudinal Drain and will be similar to the Chimney Drain
System. Conveyance pipework which penetrates the embankment core zone
will comprise solid HDPE pipe with seepage collars bedded in concrete and
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 Ia/Ib construction.

On-going embankment expansions may incorporate cycloned sand for the
upstream fill, should an acceptable and economic product be produced.
Additional drainage measures will be added as required, based on the

behaviour of the materials and the performance of the facility.

Preliminary details of the Upstream Toe Drain System are shown on DWg.
Nos. 1625.111 and 1625.236.

Staged Expansions

The anticipated staged expansions for the embankments are shown on Dwg.

No. 1625.111. The staged expansions will incorporate a combination of

-37- 162772
Association Association ’
of Consuiting des Ingénieurs- ' June 6’ 1997
Engingers Conseills
of Canada du Canada

L3




Knight Piésold Ltd.

CONSULTING ENGINEERS ’ ~

6.4

- 6.4.1

centreline and modified centreline construction methods and will utilize
glacial till, cycloned sand and random fill for the various ernbankment‘
zones. The specific requirements for the random fill zones will be
determined after construction and operation of the first phase of the project.
The on-going embankment raises must be re-evaluated during mine
operations to ensure that adequate storage capacity and embankment

freeboard are maintained throughout the life of the mine.

The embankment drainage systems will also be extended during on-going
embankment expansions as required. -Outlet drains and pipework will
include suitable levels of redundancy to compensate for minor embankment

settlements or earthquake induced deformation.

The design will be reviewed on an on-going basis. Modifications to drainage
systems will be incorporated as required based on operating experience,
monitoring records and availability of various embankment construction

materials.
CONSTRUCTION MATERJALS
General

The predominant construction material for Stage Ia/Ib construction was a
well graded glacial till which was borrowed locally, with the majority of the
material coming from within the tailings impoundment. Lesser quantities of
sand and gravel were required for the drains. As there are no nearby sand
and gravel deposits, the required materials were produced from on-site

crushing and screening operations.
During Stage Ia/Ib construction, materials were continually evaluated based

on testwork completed in the on-site laboratory, in-situ field tests conducted
with a nuclear densometer, and on visual inspections.
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6.4.2 Stage Ia/Ib Laboratory Testwork

Glacial till deposits within the tailings basin were sampled during the site
investigation programs prior to the detailed design of the facility.
Laboratory testing on selected samples included index testing to characterize
the materials, specialized testing to evaluate the compaction characteristics,
and permeability and shear strength testing to provide data for embankment
design and analyses. Results from the earlier laboratory index testing are
summarized ‘on Table 6.4. Resuits from additional effective strength,
compaction and permeability testwork are presented on Tab_lé 6.5.

In addition to the earlier laboratory testwork, extensive testing was
conducted as part of the overall QA/QC program for Stage Ia/Ib
construction. Prior to starting fill placement, numerous control tests were
conducted in the on-site laboratory on samples obtained from the borrow
areas, after stripping and grubbing was completed. The results of the control
tests for glacial till from the Original, Alternate and Future Borrow areas are
shown on Tables 6.6, 6.7 and 6.8, respectively. The median values are

summarized as follows:

Borrow Area

Parameter Original Alternate Future
Gravel Content (%) : 11.4 21.1 24.2
Sand Content (%) 35.7 31.8 35.7
Silt Content (%) 43.4 39.7 36.2
Clay Content (%) 9.5 75 4.0
Moisture Content (%) 12.5 114 11.6
Plastic Limit, PL (%) 16.5 15.1 -—
Liquid Limit, LL (%) 24.4 24.0 —
Plastic Index, PI (%) 8.9 _ 8.4 -
Liquidity Index, LI (%) -0.11 -0.37 -—-
Maximum Dry Density (kg/m’) 2057.5 2025.0
Optimum Moisture Content (%) 9.7 10.5 -
Specific Gravity ' 2.73 2.7 -
Lab Permeability (cm/s) - 1.8E-09 -— -—
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6.4.3

Plots of the median gradation limits for a]l three borrow areas are shown on

Figure 6.3.

After fill placement commenced and it was confirmed that the fill would be
placed wet of optimum, additional testwork Was conducted to determine the
relationship between moisture content and the undrained shear strength of
the glacial till. The results of this testwork are shown on Figure 6.4,

Detailed results of all laboratory testwork conducted for the -Stage Ia/lb
QA/QC program will be presented in the Stage Ia/Ib Construction Report.

Construction Materials for Future Raises

It is anticipated that either glacial till or mon-acid generating rockfill
materials from the mining operation will be selectively incorporated in the
shell zones of the embarkments for future raises. Local glacial till materials
will continue to be exploited for the low permeability core zone, and
adequate filters and transition zones will also need to be incorporated in

future raises.

6.5

6.5.1

QA/QC PROCEDURES

General

The quality assurance (QA) and quality control (QC) procedures are
described in detail in the Site Inspection Manual (Knight Piésold Ref. No.
1625/2). Kanight Piésold has directed the QA/QC testing for Stage Ta/Tb
construction and will continue to direct the QA/QC testing for the future
embankment expansions.

Laboratory testing required for the QA/ QC program includes the following:

. Moisture Content (ASTM D2216).

. Particle Size Distribution (ASTM D422).
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Laboratory Compaction (ASTM D1557).

Specific Gravity (ASTM D854).

Atterberg Limits (ASTM D4318).

Field Density (ASTM D2167).

Laboratory and Field Air Entry Permeameter (LAEP or FAEP).
Field Density by Nuclear Methods (ASTM D2922).

Moisture Content by Nuclear Methods (ASTM D3017).

Detailed testing frequencies and schedules are outlined in the Site Inspection

Manual.

Technical Specifications developed for the Work are described in the
document “Tailings Storage Facility and Ancillary Works” (Knight Piésold,
Ref. No. 1625/3), which includes for:

Association
of Consulting
Engineers

of Canada.

Basin clearing, stripping and topsoil stockpiling.

The evaluation of prepared subgrade and removal of unacceptable
foundation soils (if any).

The evaluation of the extent of the basin liner and basin liner fill
placement inspection. (Basin liner limits and borrow materials were
based on control tests, including parﬁcle size analysis, permeability,
field density and moisture-density relationship.)

Embankment fill placement, including setting out and grade control
(survey) requirements, control and record testing schedule, fill
acCeptanée criteria (as above), equipment requirements, geotexﬁle
selection (as needed), compaction specifications, etc.

Supply and installation of geotechnical instrumentation, including
vibrating wire piezometers, read out equipment and monitoring huts,

survey monuments, flow monitoring equipment, etc.
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. Installation of groundwater monitoring wells, including materials and
procedures.

6.5.2 Supervision, Inspection and Testing

6.5.3

Knight Piésold personnel were on site for full time supervision, inspection
and testing duties during Stagé Ia/Ib construction. Key items addressed by
Knight Piésold included foundation inspection and approval prior to fill
placement, assessment of borrow material suitability, inspection of fill
placement procedures, in-situ testing of the placed fill for moisture content
and density, record and control testing at the required frequencies, and
monitoring of all construction instrumentation.

As a result of the prolonged construction season, Stage Ia/Ib construction
was completed under winter conditions. Embankment construction restarted
in late November, 1996 and Stage Ia was completed by mid-December,
1996. The subsequent Stage Ib embankment raise occurred from mid
January to mid March, 1997. During the two cold weather construction
periods, additional Knight Piésold personnel were present to ensure that the
design objectives were achieved in spite of the freezing conditions.
Additional inspections included close monitoring of the borrow areas to
ensure that wunsuitable or frozen material was not hauled to the
embankments. If any frozen material was inadvertently placed on the
embankments, it was removed and replaced with non-frozen glacial till.
Smaller work areas were developed, both on the embankments and in the

borrow areas to reduce the exposure time to freezing conditions.

QA/QC Results

Results of the Stage Ia/Ib QA/QC program will be presented in detail in the
Construction Report. In summary, the QA/QC results have shown that the
design objectives were achieved. The fill materials fit within the specified

gradation envelopes and density and moisture content values were
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acceptable. Median values for the glacial till fill placed at the Main and

Perimeter Embankments (taken from the record samples) are as follows:

L]

: Parameter Zone S Zone B
Gravel Content- (%) 17.3 18.7
Sand Content (%) 31.4 34.5

"|ISilt Content (%) 41.3 38.4
Clay Content (%) 10.0 8.5
Moisture Content {%) 11.6 10.7
Plastic Limit, PL (%) 14.9 14.7
Liquid Limit, LL (%) 24.4 22.0
Plastic Index, PI (%) 9.7 8.0
Liquidity Index, LI (%) -0.30 -0.45
Maximum Dry Density(kglm3) 2080.0 2085.0
Optimum Moisture Content (%) 9.9 9.7
Specific Gravity 2.74 2.74
1ab Permeability (cm/s) 9.5E-10 1.1E-09

Results of the record tests for Zones S and B are shown on Tables 6.9 and
6.10 and plots of the median results for the particle size distributions are

shown on Figure 6.5.

TAILINGS CONSOLIDATION ANALYSES

6.6.1 General

On-going consolidation of the tailings deposit is an important consideration for
the design and construction of the facility during operations and at closure.

Consolidation 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.

A one-dimensional finite element computer model developed by Knight
Piésold Ltd. was used to predict the magnitude and rate of tailings settlement
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6.6.2

and the corresponding average tailings density. This model used variable

coefficients of consolidation, a void ratio versus effective stress relationship,

an actual or predicted tailings deposition rate and large strain consolidation

theory.

Analyses  have been performed to predict tailings surface settlements and

average densities during operations and at closure.

Parameters and Assumptions

The following parameters and assumptions were incorporated into the

consolidation model:

Association
of Consulting
Engineers

of Canada

Void radio vs. effective stress and coefficient of consolidation vs.
effective stress relationships were based on data for tailings materials
which exhibit similar settling characteristics to the Mount Poliey
tailings. The selected parameters are considered representative of the
tailings which comprise approximately 10 to 15% fine sand, 85 to
90% fines and have a specific gravity of about 2.75.

An initial settled dry density of 1.0 tonnes/m® was used, based on the
results of laboratory settling tests for a Mount Polley tailings slurry
with approximately 35% solids content.

A daily production rate of 17,800 tonnes of dry tailings was assumed
until closure. Tailings deposition was assumed to be carried out
continuously over a 13 year operating period.

The tailings are assumed to be deposited in horizontal layers across the -

entire tailings impoundment.
An impermeable (no flow) boundary condition was modelled at the

base of the tailings due to the presence of the underlying low
permeability glacial till foundation and basin liner material.
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6.6.3

6.7

6.7.1

. Evaporative losses from the exposed tailings surface were ignored. .
Surface desiccation of the tailings will further assist in consolidation
and densification of the deposit, particularly after closure when tailings

deposition has ceased and the supernatant pond has been removed.

Results

Estimates of tailings surface elevation and average dry density have been
computed for a 13 year operating period. An average dry density of
approximately 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 tornes/m3 and will be
maintained until closure. The density of the deposit will increase more rapidly
once tailings deposition ceases and self-weight consolidation continues. This

would be assisted by surface desiccation due to evaporation.

The tailings deposit will remain partially consolidated during operations and
for a period of time after closure until all excess pore water pressures have
dissipated. The actual time taken for complete consolidation will be dependent
on the in-situ consolidation characteristics of the tailings.

EMBANKMENT SETTLEMENT
General

Setflement of the embankment fill material occurs progressively as the
embarkment raises extend over the tailings beaches. Analyses have been
carried out to predict the magnitude of these settlements using the one-
dimensional finite element computer model described in Section 6.6.
Surcharge loading has been applied to represent construction of overlying
embankment raises in addition to on-going deposition and consolidation of the
tailings. Analyses have been carried out to predict embankment settlements

after each on-going staged expansion.
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6.7.2

. Two tailings columns were evaluated at increasing distance from the Stage Ib

embankment crest, as shown on Figure 6.6 and are summarized as follows:

. Column A - 6 metres of tailings overlain by Stages I'V to VIII.
. Column'B - 30 metres of tailings overlain by Stages VII and VIII.

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 tailings from existing tailings facilities. An initial settled dry
density of 1.2 tonnes/m’® was adopted for the beach tailings, which will
consolidate more rapidly than the tailings slimes within the facility.

Tailings will be discharged into stored make-up water in the initial year of
operations. Lateral segregation of tailings and beach development will be
limited during this time and tailings deposited adjacent to the embankment will
consist of a mixture of bulk tailings material. This material will likely not
consolidate as rapidly as the coarser beach tailings, The average degree of
consolidation of this -initial “bulk™ tailings zone has also been predicted.
Parameters used for the tailings consolidation analyses described in Section

6.6 were adopted to represent these tailings and are considered conservative.
Results

Estimates of embankment settlements have been made for staged expansions
up to the final Stage VIII crest at El. 965 metres. These represent the
maximurn settlements at the deepest section of the embankment.

The “bulk” tailings adjacent to the Stage Ib embankment crest will be
approximately 50% consolidated prior to construction of the Stage II raise. A
resulting settlement of about 0.3 metres is expected during construction of
Stage II onto these “bulk” 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 tailings are predicted to be over 90% consolidated immediately
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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
A and B occurs during placement of embankment fill, as described above. A
coarse bearing layer (where necessary) 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 VII and VIII, respectively. It was assumed that only
one toe drain located at the upstream shoulder of the Stage Ib crest was
available to assist in the drainage and dissipation of excess pore pressures in
the tailings for these analyses. If required, additional toe drains will be
incorporated to allow increased consolidation in the tailings mass. Therefore,
settlements are likely to be even smaller than those predicted above.

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.
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6.8

6.8.1

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 system. This will

not reduce the efficiency or integrity of the system.

STABIJITY ANALYSIS

General

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

Downstream _Stability - Analyses were performed to investigate the
downstream stability of the final Main Embankment for the following

conditions:

. 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 (pseudostatic) loading during operations and post-closure.
The stability of the embankment undér earthquake loading was
analyzed 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, the Design
Basis Earthquake was used (as determined by the hazard classification
for the Tailings Storage Facility). The Maximum Design Earthquake
was used for post-closure (long-term) conditions.
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. Post-liquefaction (residual tailings strength) condition. A minimum
acceptable factor of safety of 1.1 is considered appropriate for this

condition.

The tailings were assumed (0 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.

During operations, the tailings beach and upstream embankment drainage
systems will ensure that the phreatic surface is kept away from the upstream
face of the embankment. However, a worst case condition with an elevated

phreatic surface within the embankment core Zone was also evaluated.

Upstream Stability - The upstream stability of the Main Embankment has also
~ been evaluated for Stage Ib (during storage of make-up water) and at closure

for the final embankment configuration.

The influence of construction pore pressures On embankment stability has also

been considered.

6.8.2 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 testwork conducted on representative samples as part of the
1995 geotechnical investigations. The results were originally presented
in the "Report on 1995 Geotechnical Investigations for Mill Site and
Tailings Storage Facility” (Knight Piésold Ref. No. 1623/1). An
average bulk unit weight for the tailings deposit adjacent to the
embankment - was estimated from the resuls of the consolidation

.49~ 1627/2

Association Association ’ i
of Consulting des Ingénigurs- June 6’ 1997

_Engineers Conseils
of Canada du Canada



Knight_Piésold Ltd.

CONSULTING ENGINEERS

Association
of Consulting
Engineers

of Canada

-

analysis. The cycloned sands (Zone CS8) were assigned a typical value _

for this material.

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.

- 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 and reported in the "Report on 1995
Geotechnical Investigations for Mill Site and Tailings Storage Facility”
(Knight Piésold Ref. No. 1623/1). A summary of these results is
included on Table 6.11. The downstream shell zone has
conse.rvatively been assumed to comprise glacial till materials only,
and no additional strength allowance has been included for rockfill
materials which will likely be incorporated.

An undrained shear strength of 85 kPa was adopted to represent the
strength of the top two metres of the Stage Ib foundation soils. This
value is based on the lower third bound strength obtained from the
1996 cone penetration tests, (Conetec Field Report, July 31, 1996).

An effective friction angle of 26° was used to represent the strength
parameters of the top two metres of the Final 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. These samples were obtained during the 1995 geotechnical
investigations and reported in the “Report on 1995 Geotechnical
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Investigations fer Mill Site and Tailings Storage Facility” (Knight
Piésold Ref. No. 1623/1).

An effective friction angle of 32° was adopted for the cycloned sands

(Zone C8), which is considered conservative for this material.

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.

The location of the phreatic surface has been estimated from steady-
state seepage analyées. The details are provided in Section 6.9.

A hydrostatic pore pressure of 1.5 metres above ground was applied to
the foundation soils on the downstream side of the embankment. This
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 the nearby. groundwater well. A sensitivity analysis to
check the stability for various hydrostatic pore pressures has been

" calculated.

The geometry, material parameters and location of the phreatic. surface for the
stability analyses are illustrated on Figure 6.7.
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Results of Analvses

Downstream Stability - For the static case during operations a minimum factor
of safety of 1.4 was calculated. This value will increase after closure as
tailings consolidation continues with a corresponding gain in strength. Once a
minimum factor of safety of 1.5 is obtained it is no longer dependent on
tailings strength- and. the potential slip- surface is located within the
embankment. The minimum factor of safety for the potential critical slip
surface is 1.5. For a deeper embankment slip surface, the factor of safety is
1.6. The location of potential slip surfaces during operations and post-closure

are given on Figures 6.8 and 6.9, respectively.

A sensitivity analysis was conducted to evaluate the downstream static stability
of the Stage 1b and Final Main Embankments for various hydrostatic pore
pressures in the foundations soils. The resuits, shown on Figure 6.10,
iﬁdicate that a minimum Factor of Safety of 1.1 is approached as the
foundation pore pressures reach a height about 6.0 and 8.5 metres above
ground for the Stage 1b and Final Main Embankments, respectively. The
pore pressures will be monitored and appropriate actions will be taken to
assure embankment stability. These actions may include implementation of
depressurization measures and/or buttressing with suitably graded filter
materials as discussed in the Operating Maintenance and Surveillance Manual
for Stage Ib Embankment El. 934 metres (Knight Piésold Ref. No. 1627/3).

The post-closure factor of safety is dependent on the degree of consolidation
and strength of the tailings material adjacent to the embankment. If on-going
monitoring records and stability evaluations indicate that the minimum
required factors of safety are not achieved, a small stability berm will be
constructed at the downstream toe to obtain factors of safety greater than 1.5.

For the extreme case of an elevated phreatic surface within the embankment
core zone a factor of safety of 1.4 was calculated for the embankment at

closure. If on-going monitoring and piezometric records indicate that an

elevated phreatic surface can develop in the embankment, appropriate
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stabilization measures will be incorporated to ensure a minimum factor of
safety of 1.5 after closure. The use of rockfill materials in the downstream
shell zone will also enhance the embankment stability.

For earthquake (pseudostatic) loading during operations a minimum factor of
safety of 1.3 was computed for a seismic coefficient of 0.04, corresponding to
the Design Basis Earthquake. For post closure conditions and a seismic
coefficient of 0.065, representing the Maximum Design Earthquake, a factor
of safety of 1.2 is obtained for the potential critical slip surface. For a deeper
slip surface, the factor of safety is 1.3. The location of the potential slip
surface for each case is shown on Figures 6.11 and 6.12. 1t should be noted
that even for a seismic cdefﬁcient of 0.13, representing the Maximum
Credible Earthquake, the minimum factor of safety is greater than 1.0, which
jmplies that the embankment will be stable with no deformation.

The tailings residual strength case represents the steady state strength of the

' material after degradation by in-situ straining. Such a condition can occur if

liquefaction is initiated in the material by rapid static or seismic loading which

causes a corresponding increase in pore pressures. A factor of safety of 1.4

was calculated for this case. This indicates that the embankment is not

dependent on tailings strength to maintain overall stability. The potential slip

surface for this case is shown on Figure 6.13.

Upstream Stability - The minimum upstream static factor of safety for the
Stage Ib embankment during water storage is 1.5 and will increase once
tailings depositibn commences. Under seismic loading conditions for the
Design Basis Earthquake, a minimum factor of safety of 1.3 was computed.
The probability of occurrence of such an event during Stage Ib construction
and water storage is extremely low. However, even for these worst case
conditions a factor of safety well above the minimum of 1.0 is maintained.

For the final impoundment configuration, the minimum upstream static factor
of safety is in excess of the minimum 1.5. The minimum factor of safety

under seismic loading is well above the required minimum of 1.0.
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6.9

6.9.1

The location of potential slip surfaces and assumed phreatic surfaces for each

case are shown on Figure 6.14. The stability analyses show that the Main
Embankment has an acceptable factor of safety under the most extreme and
seismic conditions.

Construction Pore Pressures - The influence of the construction pore pressures

- on the stability of the Stage Ib embankment has also been considered. The

starter embankment was constructed to a2 maximum height of 20 metres over a
7 to 8 month period and represents the largest construction lift for the facility.
Close control of the fill moisture contents during construction prevented

excess pore pressure development in the fill zones.

Pore pressures will be routinely measured during construction of on-going
raises using piezometers installed into the embankment fill and foundations.
Stability analyses will be required and evaluated for the design of on-going
embankment raises.

SEEPAGE ANALYSIS

General

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

* To establish the pore water pressures within the embankments for
stability analyses.

o To estimate the amount of seepage discharge from the tailings storage
facility. '

The seepage analyses have been conducted for the Main Embankment only
and were based on the cross-section shown on Figure 6.15. The parameters

used such as the saturated hydraulic conductivity, are also included on Figure
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6.9.2

6.9.3

6.15. For a conservative assumption, the final Main Embankment length of
1,200 metres was used in the seepage analyses.

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 (zone 3), 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 zones. In assigning hydraulic
conductivity values for the seepage analysis, typical conductivity functions for
similar soil types were used. 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 for the various zones of the
embankment and foundation soils were estimated based upon typical

values for similar materials.

Boundary Conditions and Flux Sections

Boundary conditions were imposed on the modelled sections to more
accurately represent hydrogeologic conditions in the field. These conditions

are summarized as follows:
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6.9.4

L A no-flow boundary condition was assigned along the left side of the

model] (upstream of the embankment).

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

supernatant pond.

. The upstream embankment toe drain was modelled by applying a no-

head condition at that location.

. Foundation drains were modelled by applying no-head nodes at drain
locations.
. 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).

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

locations, in particular, were examined closely:

. Seepage inflow to the upstream toe drain.
. Seepage flow collected by foundation drains.

. Seepage flow which bypasses the seepage collection systems.

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

Resulis

All seepage flow estimates are projected increases over baseline flow rates.

_In particular, the embankment foundation drains inciude a baseline
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groundwater flow component which is not factored into the following flow

projections. Case one modelled the embankment drain as designed and
represents the expected final Main Embankment configuration. The total
solution flow rate of 1.52 l/s (24 gpm) was calculated from the seepage
analysis. Approximately 97 percent of the flow was collected in the
upstream toe drain and the embankment foundation drains while the
remaining 3 percent of the solution flowed through the foundation. In case

one, the solution flow contribution made by each of the components is as

follows:
. The upstream toe drain collected 95 percent (1.45 I/s or 23 gpm).
. The embankment foundation drain system collected 2 percent (0.03

/s or 0.4 gpm).

. Seepage loss through the foundation was 3 percent (0.04 1/s or 0.6
gpm).

Case two modelled the failure of the upstream embankment toe drain. The
results provide the maximum seepage pore pressure for use in the stability
analysis of the final Main Embankment. The total solution flow of 0.16 1/s
(2.5 gpm) was calculated from the seepage analysis. Approximately 838
percent of the flow was collected in the embankment foundation drains,
while the remaining 12 percent of the solution flowed through the

foundation.

In case two, the solution flow contribution made by each of the components

is as follows:

. The embankment foundation drain system collected 88 percent (0. 14
/s or 2.2 gpm).
. Seepage loss through the foundation was 12 percent (0.02 Vs or 0.3
gpm).
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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.

For both cases, the baseline groundwater flow rates recorded during
construction and in the period since are much greater than the flow rates
predicted for the foundation drains as a result of tailings impoundment. The
total maximum baseline flow rate to date has been measured at

approximately 0.9 Us.
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S : tributary catchment above the sediment pond. The storage capacity can be
increased by selectively routing flows into the tailings system. Erosion control

and energy dissipation riprap will be provided as mecessary in spillways and
discharge channels.

o
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7.3.3

7.3.4

-

. The need for sediment removal at sediment control ponds

should be checked anmually and after major storm events and

carried out when necessary.

Poliey _Lake Pumping System

The Polley Lake Pumping System is a contingency option that can provide
additional make-up water to the milling process. The system was designed
for a maximum water extraction rate of 8,000 US gpm and will operate
during the spring freshet only. It includes a submerged intake structure,
suction pipeline, pumping station and a discharge pipeline into the Tailings
Storage Facility. The general arrangement of the pumping system is shown
on Dwg. No. 1628.001. The design was presented in the report “Polley
Lake Pumping System” (Knight Piésold Ref. No. 1628/5).

Based on annual water balances for average precipitation conditions, the
extraction of up to 1 million cubic metres may be required for the first 3
years of operations, after which the annual make-up water requirements

decrease.

The amount of water that can be extracted from Polley Lake is limited by
the minimum fish flow requirements for Hazeltine Creek. To minimize the
negative potential impacts on Hazeltine Creek, water will only be extracted
from Polley Lake during the freshet, from approximately mid March to mid
May. Based on annual outflow hydrographs for Polley Lake, approximately
1.4 to 2.0 million cubic metres of water should be available annually for
pumping. However, the actual water available for pumping will be
determined by monitoring flows in Hazeltine Creek during the pumping
period.

Sediment Control Ponds and Discharge Requirements

Sediment control ponds are sized to provide storage (Southeast Sediment

Pond) of the 1 in 10 year - 24 hour storm runoff flood flows from the
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Catchment above the tailings access road, between the Millsite and
Bootjack Creek - Runoff will be directed to Bootjack Creek with no

transfer to the Tailings Storage Facility.

Catchment areas downstream from the tailings embankments -
Runoff for some areas will be directed to the Seepage Collection
Ponds and transferred to the Tailings Storage Facility.

Millsite area - Diversion ditches along the lower perimeter of the
Millsite area will collect and direct runoff to the Millsite Sump. The
water will be pumped to the mill or will flow by gravity to an inlet
point (T1) on the tailings pipeline so that it can be returned to the
process circuit via the tailings and reclaim systems.

Waste Rock Storage Area - A diversion ditch along the base of the
waste rock storage area will collect and direct runoff to the Southeast
Sediment Pond. From here, water can be directed into the process
circuit via the Reclaim Booster Pump Station or the T2 Dropbox.

The design criteria for the diversion ditches are as follows:

. The ditches are sized to convey the peak flow runoff from
the 1 in 10 year precipitation event. This flow was
determined on the basis of site JIDF values and the ratiopal
formula, as ouflined in the MOE Manual of Operational
Hydrology.

. Erosion protection and energy dissipation will be provided to
minimize erosion under normal operating conditions.
Erosion damage requiring repairs to surface water control
facilities would be expected during extreme flood events.

. For design purposes, “extreme” floods are defined as those
with an annual probability of occurrence of less than 2%.
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. Minimize the volume of fresh water extracted from Polley Lake.

. Monitor the quality of surface runoff from disturbed areas and

groundwater flows within the project site.

. Release only the highest quality water from within the project
boundaries in accordance with permitted requirements. The volumes
to be released will be as necessary to maintain an overall project water
balance under actual hydrometeorological conditions.

. Manage the tailings supernatant pond to optimize the volume of water
stored on the tailings surface during operations and provide the final
volume of ponded water in the tailings basin at closure. The objective

at closure is to provide a walk-away solution.

. Develop and maintain a detailed data base to allow water balances for
the site to be as accurate as possible, thereby becoming useful tools for
predicting annua! make-up water requirements and for scheduling

releases of clean surface runoff water as appropriate.
7.3.2 Surface Runoff Diversion Ditches

Some of the surface runoff diversion ditches will be used to direct runoff to

the Tailings Storage Facility from various catchments as follows:

. Catchment above the Tailings Storage Facility - Runoff from the
area directly above the Tailings Storage Facility will be captured

during the early years of operation.

. Catchment above tailings area access road. below Bootjack Creek -
Runoff in the ditch for the access road will be directed to the

Tailings Storage Facility. The pipelines are in a separate pipe
containment channel.
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7.2.3

7.3

7.3.1

The annual withdrawal of the maximum of 1.0 million cubic metres of water .

from Polley Lake wil 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.

Water Supply at Start-Up

As stated above, the updated water management - plan indicates that
approximately 1.9 to 2.5 million cubic metres of water should be stored in the
Tailings Storage Facility prior to mill start-up. This water volume will be
obtained by capturing the 1997 freshet and by pumping up to 1 million cubic
metres from Polley Lake.

WATER MANAGEMENT PLAN

General

The objective of the project Water Management Plan in the early years is t0
route all project water flows from disturbed areas into the milling process or
into associated mine site activities such as dust suppression. In the later years
of operation 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. The following activities will be incorporated in the

Water Management Plan:

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

. Maximize the use of the uncharacteristic water recovered from within

the project area in the milling process.
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7.2.2

~

the analyses are consistent with those used in previous water balances for the )

tailings impoundment and mine site. For this report, average annual water
balances for years 1 and 13 are presented. -

Water Balance Results

When conducting the water balance, a fundamental consideration was that an.

adequate volume of water must be available to the milling circuit during the
cold winter months (when precipitation accurnulates as snow and surface
runoff is at a minimum) or if drier than average conditions occur. This
requirement can be met by:

. 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 following the freshet during on-going
operations.

U Allowing for contingency water extraction of up to 1.0 million cubic
metres annually from Polley Lake during peak flow months.

The water balance components for years 1 and 13 are shown on Figures 7.2
and 7.3, respectively. The results of the water balance for years 1 and 13
are shown on Tables 7.1 and 7.2, respectively, and indicate that water
stored in the Tailings Storage Facility will be at a minimum in March of
every year, just prior to freshet. The subsequent snowmelt will significantly
increase the water storage in the tailings impoundment. However, it is
unlikely that the freshet alone will provide the volume required to carry
operations through the following winter. Consequently, additional make-up
water from Polley Lake (up to about 1 million cubic metres) will be required
to make up the difference so that sufficient process water is available for
reclaim. A schematic illustration of the water balances for these years is

presented on Figure 7.4,
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SECTION 7.0 - WATER BALANCE AND MANAGEMENT

7.1 GENERAL

The water management strategy for the Mount Polley Project was originally
presented in the “Report on Project Water Management” (Knight Piésold Ref. No.
1624/1). The current revised water management strategy differs from the concept
originally presented as catchment areas A, B and C will no longer be utilized as a
source of surface runoff for transfer to the tailings impoundment. Instead, up to one
million cubic metres of water will be extracted annually from Polley Lake during the
spring freshet high flow period.

The overall project components include.disturbed and undisturbed areas at the open
pits, waste rock storage area, Millsite, Tailings Storage Facility, the undisturbed
catchment area immediately upstream of the Tailings Storage Facility and the
diverted areas downstream of the tailings embankments. A schematic of the site

water management plan is showa on Figure 7.1.
7.2 WATER BALANCE
7.2.1 General

The overall project water balance was completed in the “Report on Project
Water Management” by integrating the water balances for the mine site with
those for the Tailings Storage Facility.  The analyses included a
comprehensive series of water balances to evaluate the volumes of surface
runoff water available throughout the life of the mine. A probabilistic water
balance apalysis using the @RISK Analysis and Modelling program was
developed to describe the effects of a statistical range of precipitation
coﬁditions _over the entire life of the project. Over 1000 different

combinations of wet and dry precipitation conditions were considered.

The staged development plans for the various components of the project are

included in the water balance analyses. Specific assumptions incorporated in
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SECTION 8.0 - PIPEWORK
8.1 GENERAL

This section describes the pipework and pump systems required for the tailings and
reclaim pipelines and for the Tailings Storage Facility seepage recovery syétem-
Design criteria for the various components of the Tailings Storage Facility pipework
are provided. The pipeline plan and profiles are shown on Dwg. Nos. 1625.218, 222
and 228, with sections and details shown on Dwg. No. 1625.219, 223, 224, 225 and
226.

8.2  TAILINGS PIPEWORK

8.2.1 General
The tailings pipeline extends approximately 7,000 metres from the Millsite to
the southwest corner of the Tailings Storage Facility (the right abutment of the
Main Embankment). The tailings system is designed to flow by gravity and to

be self-draining.

8.2.2 Design Criteria

The tailings pipeline has been designed to the following criteria:

. Millsite tailings discharge at El. 1,110 metres (approx.).

. Tailings embankment crest elevation at start-up at E1. 934 metres.

. Tailings embankment crest elevation at end of mine life at El. 965
metres.

. Continuous downhill grade to ensure pipeline is free draining and to

prevent potential sanding and freezing problems.
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8.2.3

Pipe diameter selected for gravity flow (open channel or non-pressure

flow) over a range of operating conditions.

. All pipework is butt fusion welded HDPE, with the exception of a
short (300 metres) stretch of steel pipe at the reclaim barge.

. A dropbox (T2) provided along the tailings line allows for the addition
of waste dump runoff from the Southeast Sediment Pond to the tailings
stream and serves as an overflow for the reclaim booster sump.

. 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 to provide
additional spill containment.

Tailings Delivery Pipework

The tailings delivery pipework consists of 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.

The tailings pipeline has two sections, with different pressure ratings and
diamneters. The first section extends from the Millsite to the T2 Dropbox and
is comprised of 22 inch (556 mm) DR 17 HDPE pipe. The second section
extends from the T2 Dropbox to the Tailings Storage Facility and comprises
24 inch (610 mm) DR 15.5 HDPE pipe. Two sections of 30 inch (762 mm)
DR 15.5 HDPE pipe are also included at the start of the two pipeline sections
(at the Millsite and at the T2 Dropbox) to ensure that flows are not restricted

at the inlets.
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8.2.4

8.3

8.3.1

Tailings Discharge Pipework

At the Tailings Storage Facility, the pipeline will run along the inside crest of
the embankment. The pipeline will be provided with a movable discharge
section comprising twelve lengths of pipe (199.2 m) with 150 mm offtakes
near the end of every second pipe (6 offtakes total). The movable discharge
section will allow controlled deposition of tailings over the tailings beach. The
tailings pipeline has been installed with a number of flanged connections
where the movable discharge section can be installed. 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.

The offtakes will be made from one of a number of commercially available

options for this purpose. A tj/pical offtake or “spigot” comprises:

. a strap-on tee sleeve (Robar type) with a flanged 150 mm outlet;

. a valve, which is required for regulation of high flows or pressures;

. a length of heavy duty (material handling type) hose or HDPE pipe;

. a pipe anchored to the embankment to direct tailings flow and

minimize erosion of the embankment fill.

The tailings pipeline will be secured on the embankment crest by straps and
concrete blocks or guide posts to restrict thermally induced movements.

RECLAIM WATER SYSTEM
General

The reclaim water system returns water from the Tailings Storage Facility to
the Millsite for re-use in the process circuit.  The reclain water system
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8.3.2

8.3.3

8.3.4

comprises a pump barge, the reclaim pipeline and a reclaim booster pump
station.

Design Criteria

The reclaim water system is designed to meet the following criteria:

. To provide adequate pipeline and pumping capacify to meet
operational process requirements.

. To provide a Stage Ib drawdown range of the pond using the pump
barge channel from El. 932 to El. 917.

. To provide a booster pump station at the midpoint of elevation to
reduce pressure rating requirement. Pumps identical to those at the
barge will be used in the booster station to reduce spare part

requirements and to simplify maintenance.

Reclaim Barge

The reclaim barge will be a prefabricated floating pump station complete with
perimeter trash screems, internal wet well(s), pump(s), valving, piping,
electrical power, instrumentation and control circuitry. The reclaim barge will
be designed by Others. |

A hinged walkway/pipe bridge will be provided for access to the barge from
the side of the reclaim barge channel. The reclaim barge channel is shown on
Dwg. No. 1625.206.

Reclaim Pipeline

The reclaim pipeline will be constructed in two sections, with varying pressure
ratings to accommodate anticipated operating pressures and vacuum
conditions. The first section will extend from the pump barge to the booster
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8.3.5

8.4

8.4.1

-

pump station and will include a stretch (approximately 300 metres) of steel

pipe at the reclaim barge. The remainder will consist of 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 has been selected to.

provide the required water transfer capacity.

Reclaim Booster Pump Station

The reclaim booster pump station will be constructed using parts identical to
those at the pump barge to the greatest degree possible. This will ensure ease
of maintenance and will allow parts to be interchanged as needed.

An inter-linked control system, to be designed by Others, will co-ordinate
pump operations with process water demand at the millsite. The control
system and pipework design will include the necessary provisions for spill

prevention.

SEEPAGE RECOVERY SYSTEM

Monitoring Wells

The monitoring wells around the perimeter of the Tailings Storage Facility
will be used to monitor seepage from the tailings area. These wells will be
sampled prior to start-up to establish baseline ground water quality and during

operations to check for process constituents in the groundwater.

The monitoring wells can not be operated as seepage recovery wells.
However, on-going monitoring will indicate if additional seepage recovery
wells are required. Any new seepage recovery wells will be suitably sized to
permit installation of submersible pumps.
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8.4.2 Embankment Foundation Drains

8.4.3

Embankment foundation drains and pressure relief wells and trenches located
immediately below the compacted glacial till at the Main Embankment will
relieve any groundwater or seepage pressures which may develop in the
embankment foundations. The drains will convey the resulting flows to the
Drain Monitoring Sump, where the outlets will be monitored for flow quantity
and water quality.

In the event that an additional pressure relief trench is required on the right
abutment of the Main Embankment, it will be directed to the Drain
Monitoring Sump, where a new outlet can be installed and monitored for flow
guantity and water quality.

All foundation drain flows will be recycled to the tailings impoundment via the
Drain Monitoring Sump.

Toe Drains

The upstream toe drains shown on Dwg. Nos. 1625.111 and 1625.236 are
included to dewater the tailings beach. They are an important component for
the modified centreline raising of future stages of the embankment. The
detailed design of the upstream toe drain system will be completed prior to
Stage III conmstruction, after the tailings characteristics, available borrow
materials and the performance of the facility during operations can be
reviewed.

The toe drain outlets will discharge to the drain monitoring sumps. The flows

will be monitored for flow quantity and water quality and the results correlated
to other instrumentation and monitoring data.

=71 - 1627/2

Association Association - .

o Censulting des Ingénieurs- June 6, 1997
Engingers Conseils

of Canada du Canada




Knight Piésold Ltd.

CONSULTING ENGINEERS

- 844

8.4.5

Drain Monitoring Sump

Drain monitoring sumps are provided upstream of the Main and Perimeter
Embankment Seepage Collection Ponds to allow flow measurements and water

" quality samples to be taken from the individual drains. The sumps are

constructed using 1.8 m diameter manholes with low level outlets to the
seepage collection ponds as shown on Dwg. No. 1625.202.

Seepage Collection Pond Recycle Pumps

The seepage collection ponds are provided with recycle pump systems to
pump the water back to the Tailings Storage Facility. The seepage collection
and recycle system is shown schematically on Dwg. No.. 1625.213. The
pipelines consist of six inch diameter HDPE pipe with suitable pressure ratings
and will extend from the pumps to the crest of the tailings embankment to
discharge directly onto the tailings beach.
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SECTION 9.0 - INSTRUMENTATION AND MONITORING

8.1 GENERAL

Geotechnical and environmental instrumentation and monitoring systems are essential
to evaluate the performance of the embankment and associated structures and to detect
abnormal conditions relevant to dam safety. Close monitoring of the Tailings Storage
Facility is especially important in the first year of operations, before the tailings
beaches are established (Stage Ia/Ib will initially function as a water storage dam to
store runoff and make-up water for mill start-up.)

9.2  MONITORING PROGRAM

The monitoring program for the Tailings Storage Facility includes the following:

) Measurement of the rate of filling with water and/or tailings.
The pond elevation, depth, area and volume must be closely monitored:
. To ensure that the required amount of make-up water (maximum 2.5
million cubic metres) is not exceeded so that there is adequate storage

capacity for tailings until construction of the next raise.

. To enable monitoring of the supernatant pond depth / area / volume so
that tailings characteristics such as dry density can be determined.

. To monitor water recoveries.

. To enable the correlation of the pond level with other data, such as the
piezometers and drain flow quantities.

The filling rate can be monitored by measuring the pond level and using a
staff gauge together with the depth / area /capacity curve for the facility. The
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v d) Monitoring of the vibrating wire piezometers.

For Stage Ia/Ib, vibrating wire piezometers have been installed along three
instrumentation planes at the Main Embankment. One piezometer was also

installed at the Perimeter Embankment. The piezometers measure pore

pressures in the foundation soils, the embankment foundation drains and the
embankment fill zones, including the Chimney Drain.

Summary plots for data collected to date at the three Main Embankment
piezometer planes are shown on Figures 9.2, 9.3, and 9.4. The results show

that:

Asseciation
of Consulting
Engineers

of Canada

Pore pressures in the foundation soils have remained at or near pre-
construction levels (Piezometers A2-PE2-01/02, B2-PE2-01/02, C2-
PE2-01/02). Temporary pore pressure increases in the range of one
metre of head resulted from fill placement. Foundation pore pressures
also increased by approximately 1 m due to impounding water to an
elevation of about 926 m.

Pore pressures in the foundation and chimney drains have remained at
zero, indicating that all drains are unimpeded and are functioning well
(Piezometers A1-PE1-01/02/03, B1-PE1-01/02/03, C1-PE1-01/02).

The fill piezometers responded quickly to the placement of additional
material and were monitored accordingly. Some high pressures were
observed (greater than the load from the new fifl). This is attributed to
the piezometer installation method, where the saturated tips were
immersed in a loose slurry in a small hole and were then quickly
loaded. Therefore, these pote pressures ére not considered to be
indicative of general pore pressure conditions in the embankment fill,
but only provide an indication of the confined shurry pressure at the
piezometer tip. The high pressures are slowly dissipating and
illustrate the low permeability nature of the surrounding fiil.
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b)

pond level is shown on the summary plots for the foundation drain flows and

the vibrating wire piezometer pressure plots, as discussed below.

Measurement of the Foundation Drain flow guantities and sampling for water
quality analyses.

The flows in the foundation drains at the Main Embankment must be closely
monitored to allow for correlations with other data (especially pond level) to
be established. This is of particular importance during the initial filling of the
Tailings Storage Facility when there are no tailings to help seal the basin.

A plot of the up to date foundation drain flows and pond level is shown on
Figure 9.1. The plot shows that the foundation drain flows have continued to
remain low, with a total flow below 20 litres/minute, even though the water
level in the pond is rising. This indicates that the impounded water has not
influenced the underlying soils and that the glacial till liner (natural and
constructed basin liner) is working.

In addition to monitoring the foundation drain flows, samples should also be
collected for water quality testing. Sampling and testing have already been
initiated and should be continued quite frequently prior to mill start-up so that
consistent baseline data are established. It is recommended that sampling and
testing be continued until at least three consistent sets of results have been
collected.

Monitoring of the Chimney Drain outlets.

The three outlet drains for the Main Embankment Chimney Drain end at the
downstreamn face of the embankment. They will be extended to the Drain

* Monitoring Sump as part of Stage IT construction in 1998. These drains must

also be closely monitored to allow for correlations with other data (especially
pond level) to be established. Any outlets installed in the Perimeter
Embankment Chimney Drain will be similarly monitored.
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h)

h);

k)

Sampling of surface water streams down gradient of the facility for water
quality analyses. :

The surface water streams down gradient of the facility will be sampled for
water quality analyses on an on-going basis. As discuésed above, sampling
and testing should be continued frequently until mill start-up so that consistent
baseline data are established.

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

After tailings discharge has commenced, process water in the tailings pond
and seepage recycle ponds should be sampled for water quality analyses. The
results can be compared to those from groundwater quality monitoring wells.

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

This is required for the detailed on-going evaluation of the project water
balance and can be used to help predict the amount of make-up water needed
from Polley Lake.

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

Meteorological data is important for the water balances and can be used to
help predict the amount of make-up water needed from Polley Lake. This data
is being collected on an on-going basis.

Instrumentation details are shown on Dwg. Nos. 1625.220 and 221 and the
frequency of monitoring for the instrumentation is shown on Table 9.1. The
instrumentation systems will be upgraded as required during each staged
expansion of the tailings embankment. The locations and details of additional

piezometers and surface movement monuments will be established during the

detailed design of each staged expansion.
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Monitoring is being continued on a weekly basis. The piezometer leads will

be extended to the instrumentation monitoring huts after the foundation
preparation work required for future embankment rajses has been compléted.
All new piezometer instellations for future embankment raises will be similarly

monitored.

Monitoring of Surface Movement Monuments and Survey Control Points.

Surface movement monuments are required on the crests of the embankment
each year to monitor vertical and lateral movement of the earthfill dams. End
of construction and beginning of comstruction embankment crest surveys will

also be carried out for each staged expansion raise.

Survey control points established for Stage Ia/Ib construction will act as
survey control for all features at the Tailings Storage Facility, including the
staff gauge for monitoring the pond level and the surface movement
monuments on the embankment. New survey control poiats will be established

as required.

Monitoring of water levels in groundwater monitoring wells. .

A total of 11 monitoring wells were installed at six locations around the
perimeter of the Tailings Storage Facility in late 1996, as shown on Figure
9.8. Monitoring of the water levels has been initiated and will be continued
on a monthly basis. In addition, well MP89-234 will be monitored.

Sampling of eroundwater monitoring wells for water quality analyses.

A total of 11 monitoring wells were installed at six locations around the
perimeter of the Tailings Storage Facility in late 1996, as shown on Figure
0.5. Sampling for water quality analyses has been initiated and will be
continued frequently prior to impounding tailings so that consistent baseline
data are established.
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Routine Inspections

Routine inspections provide, to the maximum extent possible, continuous
surveillance of the facility and should be done on a weekly basis.

Routine inspections are very important during the initial filling of the Tailings
Storage Facility. The downstream slope and toe of the Main Embankment should
be inspected in detail and any signs of seepage noted, such as wet areas, seepage
boils, flows from the Chimney Drain outlets, etc.

Intermediate Inspections

Intermediate inspections of the civil/structural works and mechanical equipment
should be carried out on an annual basis, or as required if abnormal conditions or a
particular hazard arises.

Equipment Tests

Intermediate inspections of pumps should be conducted on a regular basis with
valve inspections occurring twice a year, or as required, to ensure effective

operation.

Special Inspections

Special inspections are required during initial reservoir filling and may be required
following a major flood, earthquake or other event which may have affected the

operation of the equipment or damaged the facilities.

' 'Spec.ial inspections should be conducted by the Design Engineer.  Special

inspections will include all earthfills and cut slopes, the drain monitoring sumps, an
on-site review of all monitoring data and an overall site inspection of all components
associated with the Tailings Storage Facility.
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9.3

An “Operation, Maintepance and Surveillance Manual for Stage Ia

Embankment El. 927 metres” was previously issued (Knight Piésold Ref. No.
1627/1), and was a requirement prior to commencing water impoundment in
the Tailings Storage Facility. A revised manual “Operation, Maintenance and
Surveillance Manual for Stage Ib Embankment El. 934 metres” will be issued
(Knight Piésold Ref. No. 1627/3) prior to start-up. |

The main objectives of the Operation, Maintenance and Surveillance Manuals
are to provide operational procedures and to detail monitoring systems which
will be implemented both prior to start-up and during operations. In
particular, the various components of the project water management plan will
be identified and specific operational and monitoring requirements will be
itemized so that the objective of storing sufficient runoff water in the tailings
facility for mill operations is maintained, while simultaneously preventing the
accumulation of excess water in the tailings impoundment during on-going

operations.

The frequency and testing requirements for the water quality monitoring
(groundwater monitoring wells, surface waters, tailings water) are being
evaluated and will be finalized as required to meet the all guidelines required

by government agencies.

- INSPECTIONS

All components of the embankment and associated structures should be regularly

inspected to ensure the serviceability and integrity of the Tailings Storage Facility.

The type and scope of inspections were originally presented in the “Operation,

‘Maintenance and Surveillance Manual for Stage Ia Embankment El. 927 metres”
(Knight Piésold Ref. No. 1627/1) and are summarized below. All inspections are to
be carried out by suitably qualified individuals as described in the manual. The

inspection requirements will be reviewed and presented in the revised “Operation,
Maintenance and Surveillance Manual for Stage Ib Embankment El. 934 metres™.

]
i
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In addition to the special inspection required prior to start-up and after a flood or
earthquake, increased site surveillance should also be initiated if the following
conditions or circumstances are observed: '

. Abnormally high piezometric levels.

. Settlement, cracks and/or slumping of the embankment.

. Sinkholes along slope(s) of the embankment.

. Failure or substantial movement of reservoir slopes.

. Slope failure or seepage flows from the embankment slopes.

. Increased or contaminated flow from foundation drain outlet pipes.
. Damage to any component of the facility.

The minimum frequency of inspections and tests is specified on Table 9.2.
9.4  CONTINGENCY PLANS

In the event that minor repairs are required at the Tailings Storage Facility,
construction equipment should be available at the Mine. The minimum equipment
requirements include an excavator, a grader and a bulldozer. The equipment will be
used to repair any slumped or scoured areas along embankment slopes, or to
construct other key cuts or fills etc. Construction materials should be available at the
Tailings Storage Facility and at the Mine for use in repairing or remediating any
damaged areas. Local stockpiles of filter sand, drain gravel, riprap, and glacial till
should be made available for periodic maintenance or for emergency use. Sources
of cement, plastic sheeting, filter fabric, miscellaneous pipework and spare parts

etc. should also be available at the Mine.

The surficial glacial till on the right abutment (approx. Chainage. 16+40 to 18-+70)

" is ‘underlain by sandy sediments with some elevated pore pressures. There is a

possibility that the pere pressures in this unit will increase as the Tailings Storage.
Facility is filled, especially during the initial filling with water prior to start-up. In
the event that on-going monitoring and inspections indicate that uplift pressures are

increasing (indicated by elevated pore pressures in the piezometers or evidence of
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séepage or piping downstream of the embankment), it may be necessary to install a

pressure relief trench in this unit downstream of the embankment.

The pressure relief trench will be designed as required. Materials needed to
construct this pressure relief trench would likely include 6 inch corrugated
polyethylene tubing (CPT), 8 oz. non-woven filter fabric, drain gravel and Type B
filter sand. These materialé should be available at the Mine or in the vicixﬁty of the

Tailings Storage Facility.

A second option to minimize any effects that increased uplift pressures could have is
to construct a buttress on the downstream side of the Stage Ia/Ib Main
Embankment. This work is aiready planned as part of the Stage II expansion in
1998 but could be undertaken earlier, if necessary. The design of the butiress,
including material and placement Specifications, would be completed as required.

The Longitudinal Drains have been installed in demse natural ground at the left
abutment of the Main Embankment. At the right abutment, the Longitudinal Drain
was- installed in fill just above the prepared ground surface. As a result, the
Longitudinal Drains can functicn as foundation drains and some seepage should be

expected.

In the event that seepage is observed from the Chimney Drain outlets on the
downstream face of the Main Embankment, the outlets should be extended to the
Seepage Collection Pound or the Drain Monitoring Sump. Extensions to the Drain
Monitoring Sump are planned for Stage II construction and will require 6 inch
corrugated polyethylene tubing (CPT), 8 oz non-woven filter fabric, drain gravel
and Type B filter sand. These materials should be available at the Mine or in the
vicinity of the Tailings Storage Facility. A riprap lined trench can be constructed
"should the flows require temporary redirection to the Seepage Collection Pond.
Suitable materials should also be available at the Mine or in the vicinity of the
Tailings Storage Facility.
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SECTION 10.0 - RECLAMATION
10.1 GENERAIL

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

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

decommissioned operations
. Long-term stability of the tailings impoundment

. Re-grading of all access roads, ponds, ditches and borrow areas not required

beyond mine closure

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

e Long-term stabilization of all exposed materials susceptible to erosion
. Natural integration of disturbed lands into surrounding landscape, and

restoration of the natural appearance of the area after mining ceases, 10 the

greatest possible extent

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

forestry, grazing and wildlife needs

As an overall approach to achieving these objectives, the Reclamation Plan is
sufficiently flexible to allow for future changes in the mine plan and to incorporate

1
5
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information obtained from ongoing reclamation research programs such as trial

tailings re-vegetation plots.

10.2 TOPSOIL STOCKPILING

Soil surveys were completed prior to construction to determine soil characteristics, soil
volumes and to select topsoil stockpile areas. Requirements for salvage and
stockpiling of surficial materials from the tailings impoundment were subsequently
developed. The preferred locations for topsoil stockpiling are shown on the
Drawings.. All topsoil stockpiles will be provided with runoff collection ditches and
sediment control features.

10.3 DECOMMISSIONING AND CI.OSURE

Testwork has confirmed that the tailings are non-acid generating. Therefore, the
tailings surface 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 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
'bumps will be removed. The groundwater monitoring wells and monitoring
piezometers in the tailings embankment will be retained for use as long term

monitoring devices.

A dual level spillway will be conmstructed, with the lower level designed to

accommodate the 1-in-200 year flood flows and the second capable of accommodating
J
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the Probable Maximum Flood (PMF) within the tailings basin. The lower spillway,

which will include the outflow channel, will be cobstructed in competent ground
adjacent to the South Embankwent 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). A secondary, or emergency overflow spillway section will be
designed to accommodate the PMF while maintaining sufficient freeboard within the
impoundment. This secondary spillway is also required in the event that beavers, ice
or debris block the lower spillway and outflow channel.

Before the final tailings impoundment flooding 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 waterfow! breeding and staging habitat. The
tailings embankments and the upland portions of the exposed tailings beach will be
covered with a layer of soil and revegetated with indigenous species of conifer and
deciduous trees, and willow apd 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 aguatic 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
transplanted from pearby wetlands of a similar aspect and elevation or propagated
from root cuttings, turf squares or offsets.

The advice of organizations such as the B.C. Fish and Wildlife Branch, Ducks
Unlimited and local trappers/gnided outfitters will be sought during final design.

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.
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SECTION 11.0 - REFERENCES

The following Knight Piésold documents provide background information to support

this report:

Imperial Metals Corp. Mt. Polley Project, “Report on Geotechnical
Investigations and Design of Open Pit, Waste Dumps and Tailings Storage
Facility”, February 19, 1990.

2. Imperial Metals Corp. Mt. Polley Project, "Report on 1995 Geotechnical
Investigations for Mill Site and Tailings Storage Facility, Ref. No. 1623/1,
March 14, 1995. ‘

3. Imperial Metals Corp. Mt. Polley Project, Report on Project Water
Management, Ref. No. 1624/1, February 6, 1993.

4. Imperial Metals Corp. Mt. Polley Project, Groundwater Monitoring Program,
Ref. No. 1624/2, June 3, 1996.

5. Imperial Metals Corp. Mt. Polley Project, Tailings Storage Facility, Design
Report, Ref. No. 1625/1, May 26, 1993.

6. Imperial Metals Corp. Mt. Polley Project, Tailings Storage Facility, Site
Inspection Manual, Ref. No. 1625/2, May 26, 1995.

7. Imperial Metals Corp. Mt. Polley Project, Tailings Storage Facility and
Ancillary Works, Part 10 - Technical Specifications, Ref. No. 1625/3, March
25, 1995.

8. Tmperial Metals Corp. Mt. Polley Project, Tailings Access Road and Tailings/

Reclaim Pipelines, Part 6 - Technical Specifications, Ref. No. 1625/4, May
17, 1995.

-85 - 1627/2

Association Association .

of Consulting des Ingénieurs- June 6, 1997
Engineers Conseils

of Canada du Canada




™

J




N

Knight Piésold Ltd.

CONSULTING ENGINEERS

9.

10.

11,

12.

13.

4.

15.

16.

17.

Imperial Metals Corp. Mt. Polley Project, Manual on Sampling and Handling

Guidelines for Determination of Groundwater Quality, Ref. No. 1625/5, May
19, 1995. :

Imperial Metals Corp. Mt. Polley Project, Response to Review Comments on
Tailings Embankment Design, Ref. No. 1625/6, January 25, 1996.

Imperial Metals Corp. Mt. Polley Project, Response to Review Comments on
Groundwater Monitoring Program, Ref. No. 1625/7, September 12, 1996.

Imperial Metals Corp. Mt. Polley Project, Requirements and Specifications

for the 1996 Groundwater Monitoring Program, Ref. No. 1625/8, September
12, 1996.

Mount Polley Mining Corporation, Mount Polley Project, Tailings Storage
Facility, Operation, Maintenance and Surveillance Manual for Stage Ia
Embankment (El. 927 m), Ref. No. 1627/1, March 11, 1997.

Imperial Metals Corp. Mt. Polley Project, Report on Geotechnical
Investigations and Design of Open Pits and Waste Dumps, Ref. No. 1628/1,
July 5, 1996.

Imperial Metals Corp. Mt. Polley Project, Specification for Drilling,
Monitoring Well Installations and Related Services, Ref. No. 1628/3,
September 18, 1996.

Mount Polley Mining Corporation, Mount Polley Project, 1996 Groundwa;er
Monitoring Well Installation Program, Ref. No. 1628/4, February 17, 1997.

Mount Polley Mining Corporation, Mount Polley Project, Polley Lake
Pumping System, Ref. No. 1628/5, February 19, 1997.
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Other references include the following: _ "-;,. )

1. Basham, P.W., Weichert, D.H., Anglin, F.M., and Berry, M.I., 1982.
"New Probabilistic Strong Seismic Ground Motion Maps of Canada: A
Compilation of Earthqdake Source Zones, Methods and Results”, Earth
Physics Branch Open-File Report 22-33.

2. Cornell, C.A., 1968. "Engineering Seismic Risk Analysis”, Bulletin of the
Seismological Society of America, Vol. 58, No. 5, pp. 1583-1606.

3. Idriss, 1.M., 1993. "Procedure for Selecting Earthquake Ground Motions at
Rock Sites”, Report to U.S. Dept. of Commerce, NIST GCR 93-625.

4. Seed, R.B. and Harder, L.F., 1990. “SPT-Based Analysis of Cyclic Pore
Pressure Generation and Undrained Residual Strength”, H. Bolton Seed
Memorial Symposium, Vol. 2.

5. Zarling, J.P., Nelson, W.G. and Ryan, W.L., November 1990. “Cold
Regions Engineering Short Course”, University of Alaska.
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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 44.4
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 422 20.9 43.1 20.9 61.8 24.5
May 36.6 15.4 50.6 154 65.9 28.9
June 66.3 29.7 81.5 29.7 89.2 28.8
July 47.0 274 65.7 27.4 81.7 31.0
Aug 82.0 35.7 83.1 35.7 1023 53.0
Sept 50.4 27.1 60.4 27.1 85.4 39.9
Oct - 61.6 423 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 1087 425
Annual 699.7 116.4 755 116.4 1043.9 112.7

Source :

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

Environment Service, Environment Canada.
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MOUNT POLLEY MINING CORPORATION -

MOUNT POLLEY PROJECT

TABLE 2.2

PRECIPITATION DETATLS USED IN ANALYSIS

TNOBREPORTMV62M2-TBLZ-2.XLS

S/19/97 9:42

DESCRIPTION VALUE
Lower Elevations (ie. TSF)
Mean annual precipitation (mm) 735
"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 Snowfali Proportion
{mm) as Rainfall (mm) as Snowfall
Oct 438.3 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 BL.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
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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 - =203mm = 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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TABLE 9.1

MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

TAILINGS STORAGE FACILITY

FREQUENCY OF INSTRUMENTATION MONITORING

JJOBAREPORTA162702-TBLY-1 xls)Sheetl 18/04/97 14:16
INSTRUMENTATION No. No. Frequency Monitored Comments
_ Installed Working of Monitoring By &
STAFF GAUGE
- Bagin Filling 1 1 Weekly MPMC
PIEZOMETERS:
Stage la/Tb Embankments
- Foundation 6 ~ Weekly MPMC
- Drains 8 Weekly MPMC One piezometer at Perimeter
- Embankment Fill Weekly MPMC Embankment (D2-PE1-01)
DRAIN OUTLETS:
Stage Ta/Ib Main Embankment Chimney Drain outlets
| - Foundation Drains 4 4 Weekly MPMC to be extended to Drain
- Chimney Drain Outlets 3 3 Weekly MPMC Monitoring in Stage I1.
SURFACE MOVEMENT MONUMENTS: ¢ Not yet installed.
Stage Ia/Ib Main Embankment 3 4 times per year '
SURVEY CONTROL POINTS: ¥ Survey Hubs established
Stage Ta/Ib Main Embankment 2 2 times per year for Stage Ia/lb construction.

Notes:

1. Surface movement monuments used to monitor lateral and vertical displacements along slopes and crests of embankment.

2. Survey control points to be established for Stage Ia/Ib construction will act as survey control for surface monuments.

3. Instrumentation to be monitored during initial construction (by Design Engineer) and during operations (by Dam Co-ordinator).
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TABLE 9.2

MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT
TAILINGS STORAGE FACILITY

MINIMUM FREQUENCY OF INSPECTIONS AND TESTS

FAJOBAREPORT 627\ [2-TBLS-2. xls]Sheer]

£8/04/97 15:13
INSPECTION FREQUENCY
ITEM: Weekly Annually
1. INSPECTIONS:
a. Routine X
b, Intermediate
- earthfills X
- pipelines X
- civil X
- mechanical equipment X
- electrical equipment x
2. TESTS:
a. Portable Generators / Pumps
- no load X
- under full lqad X
b. Valves / Flowmeters X
3. EPP TESTS *:
a. Communications Tests X
b. Operational Tests X

Association
of Consulting
Engineers Conseils
of Canada du Canada

* EPP = Emergency Preparedness Plan
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Assumptlens:

Dully Ore and Tailings Throughput {tipd) = 17,808
Sutids Content = 35%
Tallings §.G. = 2,78
Water Content of Ore = 4%
Tailings Initial Dry Density (¢m) = 0.9
Taitings Final Dry Density (/m} = 1.1

Total Taillngs Faeility Area (hay = 233
Pund Area (ha) = 43.6
Beuach Area {ha) = 50.3
Unprepared Area (ha) = 134,1
Upstream Undiverted Area () = 61
Tutal Pit Area (ha) = 17.6

Millsite Area-disturbed (ha) = 20
Milisite Area-undisrbed (ha) = 38.9

Waste Dump-disturbed (hay = 27.2
Waste Dump-indisturbed (ha) = 106.8

Area North of Millsite (ha) = 22.6

£l

Tailings Pond = 1.0
Unprepared Basin = 0,24

Tailings Beach = 0.9

Open Pit Area = 0.5
Unitisturbed Catehment Areas = 0.24
Miltsiie Area-disturbed = 0.70

Mini Presh Water Makeup = 2.4% Downstream Area (ka) = 63.1 East Waste Dump-disturhed = 0.60
Open Pit Groundwater Discharge (m'/mi) = 39,818 . Bench Evaporation Facwr = 0.80
- {200 Tupm) Downstream Area Facter = 0.70
&ANT 0z JANIIDATAVSINWATERRALWHAL-A. X LS
EDFSCRIP'I‘ION JUN JuL AUG SEP ocT NOV DEC JAN FER MAR APR MAY ANNUAL
AljRainfall {mm/month) ' * 81.5 65.7 83.1 58.9 48.3 17.3 1.6 6.8 6.0 6.0 242 453 450.7 fA
BiSnawfall (mm/month) 0,0 e.0 0.0 1.5 S A | 40.0 67.2 68.7 52.1 3ss 18.9 5.3 43 B
Cl[Evaporation (mm/month) 112.0 107.0 92.0 50.0 15.0 0.0 0.0 0.0 0.0 0.0 0.0 47.0 423.0 4
<WATER INTO TAILINGS IMPOUNDMENT > (m") .
1 With Sturry 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005940 1005940 1,005940 1,005,940 1,005,940 1,005,940 | 12,071,280 |1
2 Taillngs Ponut Precipitaiion 39,647 31,961 40,425 29,382 23,496 8,416 3,697 3,308 2,919 2,919 88,71 92,379 367,278 |2
3 ‘Tailings Beach Runoff 16,861 29,715 37,585 27,3518 21,845 1,825 3,431 3,076 2,714 2,714 82,497 25,889 141,478 |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 38,704 61,117 242,989 14
3 Runoff from Upstream Umliverted Area 11,932 9,618 12,166 8,843 7,0m1 2,533 1,113 996 878 378 26,703 27,801 110,532 45
5 Runoff from Downstream Aren 35,999 29.020 36,705 26,679 21,334 7.641 3,357 3,004 2,650 2,650 £0,566 129,740 379,344 [i5a
6f- Waste Dump Runaff (Distarhed and Undisturhed) 36,682 29,570 37,402 26,510 21,739 7,186 3,421 3,061 2,700 2,700 82,095 85,471 339137 (6
k| Water Available From Polley Lake 0 . a 0 [1] 0 o . [1] 0 0 1] 500,000 500,000 1,000,000 |7
8l ’ >>> Towl| 1,193,290 1,156,969 1,196,968 1,144,110  [,116971 1045709 . 1,023.41 1,021,572 1,019,733 1,019,733 1,925,235 1,988,337 | 14,852,036 |8
<WATER OUT OF TAILINGS IMPOUNDMENT> {m") i
9 (+) Recovery fram Tatlings 598,937 598,937 598,937 598,937 598,937 598,937 508,937 508,937 598,937 598,937 598,937 598,937 | TA8TMT |2
10 {+) Toal Net Precipitation and Runodff =(2)43)4+{4)}+{5)+{Sa) +{6)-(18)-(1| 87,838 55,960 109,286 93,746 97,703 39,769 1741 15,632 13,793 13,793 419,295 440,638 1,404,923 10
A {+) Censwlidation w Final Density ' 109,426 109,426 109,426 109,426 109,426 109,426 109,426 109,426 109,426 100,426 109,426 109,426 1,313,115 11
12 {+) Water Availyble From Polley Lake 0 1] ¢ 4] 0 i ¢ [ 0 0 500,000 500,000 1,000,000 |[12
13 {-) Seepuge (63,940) (63,940) 63,940) (63,940) {63,940} (63,940) (63,940) (63,940) (63,940) {63,940} 63,940y  (63,940) (767,280) |13
14f|Sub-Toral {recovered water In supernatant pond) 732,262 700,384 53,710 738,169 742,127 684,192 661,394 660,055 658,216 658,216 1,563,119 1,585,061 | 10,138,006 14
Underdrainage Revoyery '
15 {4) 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-Tutal {total recovered watery =(14)+(15) 790,362 758,484 811,810 796,269 400,227 142,292 719,994 T18.158 716,316 716,316 1,621,819 1,643,181 | 10,835,206 16\
Unrecoverable Water - .
1”7 (=) Wauter Retwined In Tuflings 07516 297,576 297,576 291.516 297.576 207,575 297,576 297.576 297,576 - 207,576 297,576 297.576 357007 17
L8 (=) Evapaorgtion from Supernatant Pomd. 54,484 52,051 44,754 24,323 7,207 4] 1] 0 0 b i} 22,864 205,773 118
19 (-) Evaporation from Beach 45,027 43,017 36,987 20,102 6,030 i} 1] 0 1] 1] a 18,805 170,05¢ |19
20 {-) Seepuge Losses 5,840 5,840 5,840 5,840 3,840 5,840 3,840 5.840 5,840 5.840 5,840 70,080 20 .
21(|Sub-tstul {unrecoverable warer) . 298,485 385,158 347,841 316,744 ng 416 303,416 303,416 ol 416 03,4168 303,416 145,176 4,016,230 [f2]
22 > =3 Towl £,156,969 1,196,968 1,144,110 1,116,001 1,045,709 1,023,411 1,021,572 1,019,733 [,019.,733 1,925,235 1,988,337 | 14,852,036 |22
Water Required at Millsile . :
23[|Water for sluery 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 | 12,071,280 [i23
24[|/Water for Dust Contrel on Roads 25,000 25,000 25,000 25,000 25,000 0 0 [1] o ‘0 ] - 25,000 150,000 (124
25 Mil) Water Required . 1,000,940 (,030,9%40 1,030,940 1,030,940 1,030,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,940 1,005,040 1,030,940 | 12,221,280 [[25
26](-) MInimum Fresh Water Input 1o Mill (from open plt groundwater) = 2.4 %*(1) 24,143 24,143 24,143 24,143 4,143 24,143 24,143 24,143 24,143 24,143 24,143 24,143 289,711 |26
27/|(-} 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 21,982 263,784 127
2§ Water Reyuired from Additional Sources =({25)-(26)-(2T) 984,815 984,815 984,815 934,815 084,815 959,815 959,815 059,815 059,815 959,815 959,815 934_8I§ 11,667,785 |28
<WATER DISTRIBUTION IN SYSTEM> (m”)
29[Open Ph Surface Runoff 7.694 6,203 7,846 5,702 4,560 1,633 718 642 566 566 122 . 17,929 ?f.EEO 29
30[{Open Pit Groundwater (39,818 - fresh water Input o milly 15,615 15,675 13,675 15,675 15.675 15,675 15,675 15,675 15,673 13,675 15,675 15,675 188,105 |30
3Y||Mill Site Runoff (Disturbed and Unilisturbed) ' 20,404 16,449 20,805 14,146 12,002 4,331 1,503 1,702 1,502 1,502 45,666 47,543 188,646 |31
32)|Catchment Area North of Millsie 4,743 3,823 4,336 3427 2,81t 1,007 442 396 349 349 10,614 11,05t 43,847 |32
33IRecavered Water from Tailings Facility {excluding storage) 790,362 758,484 811,810 796,269 800,227 742,292 719,994 718,155 TI6,316 716,316 1,621,819 1,643,161 | 10,815,206 33
kL Tol Warter Available In the Systemn £38,379 £00,634 £60,972 835,821 835,365 764,939 738,752 736,501 734,409 734,409 1L,H0,99s 1,735,359 | 11,327,085 |34
I3Water Surplus/{Defich) =(34)-(28) (143,937)  (184,181)  (123,844) (143,994}  (149,450) (194,876} (221,083) (223,245) {225,408) {225,406) 751,179 750,544 -340,700 |35
36)Cummulative Water Surplus/(Deficlty (145,537} {330,118)  {453.962)  (602,956) " (757.406) (0472830 (1,168.366) (1,391,611 (1617017 (1,842,423 (10012440 {340,700 -340,700 {36

Motes:

2. Fresh water imput to mill &0 he supplied frem @pen Pit dewatering wells.

1. Snowfall is provided in equivatent depthi of rainfall and is assumed o gecumulate on cakchment areas untfl April and May when it melts equally over the twis months.



' Knight_Piésold Ltd.
CONSHMNGINEEHS

Daily Ore and Tailings Throughput {tpd) = 17,808
Solids Content = 35%
Tallings §.G. = 278
Water Content of Ore = 4%
Tallings Initial Pry Denshy (¢m") = 0.9
Tailings Final Dry Density {t/m") = 1.3

Tuotal Tailings Facility Area (ha) = 233
Pond Area tha} = 101
Beach Area (ha} = 122
Unprepared Area (hay = 10
Upstream Undiverwed Area (hay = 61
Totul Pit Area (ha} = 64.7

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

Waste Dump-fisturbed (ha) = 134
Waeste Dump-tndisturbed ¢ha) =

Atea North of Millslie (ha) = 24,3

Runoff Coufficients:
. Tallings Porl = 1,0
Unprepared Basin = 0.24
Tailings Beach = 0.9
Open Plt Area = 0.5
Undisturhed Catehment Areas = 0,24
Millslwe Area-diswrhed = 0.70

Mini Fresh Water Makeup = 2,4% Duownstream Area tha) = 63.1 East Waste Dump= 0,60
Open Pit Groundwater Discharge {m'fmu) = 39,818 . Beach Evaporation Factar = 0.80
(200 Jgpm) Downsiream Area Factor = 0,70
&SN LI FARIBDATAMSPOWATERRALAWRAL-2 XIS
HDESCRIP’I‘ION JUN JUL AUG ‘SEP ocT NOY DEC JAN FEB MAR APR MAY ANNUAL

Af[Rainfall (mm/maonih) 515 65.7 83.1 58.9 48,3 17.3 1.6 6.3 6.0 6.0 242 453 450,7 A

B[|Snuwfall (mm/muonth) 0.0 0.0 0.0 1.5 12.1 40.0 671.2 6.7 . 52.1 385 18.9 53 304.3 B
Cl{Evaporation (mnt/meonth) 2.0 107.0 92.0 50.0 15.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 4230 |(lc

<WATER INTO TAILINGS IMPOUNDMENT > (in’)

1 Wlth Starry 1,005,940 1,005,940 1,005,040 1,005,940 1,005,940 1005940 1,005,940 1,005,040 1,005,940 1,005,940 1005040 1,005,940 | 12,071,280 i

2 Tallngs Pl Precipltadon 82,152 66,226 83,765 50,883 48,686 17,438 7.661 6,854 6,048 6,048 183,859 191,419 T61,040 2

3 Tailings Beach Runoff 29,707 72,316 91,468 66,482 53,164 19,042 8,365 7,485 5,604 6,604 200,768 209,023 831,029 |3

4 Unttiverted Runoff From Within Tailings Pacitiy 1,936 1,561 1,974 1,435 1,148 411 181 162 143 143 4,334 4,512 17,939 |d

5 Runuff fram Upstream Undiverted Area £1,932 9,618 12,166 £,843. 7,071 2,533 1,113 906 B78 878 26,703 27,801 110,532 §fs
5u Runutf from Duwnstream 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 ji5a

B Waste Dump Runol¥ (Disturhed and Uncisnarbed) 70,300 56,671 71,680 50,805 41,662 14,922 6,556 5,865 bR Y] 5,175 157,313 163,802 649,948 16

7 Water Available From Pulley Lake 1] 0 1] 0 0 1] 0 ] L] 0 ) SN (L ()

8| >>> Totl] 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 1,007,439 1,659,503 1,732,238 | 14,821,111 }8

< WATER OUT OF TAILINGS IMPOUNDMENT > (")

9 (+) Recovery from Tulllngs 598,937 598,937 598,937 598,937 598,937 598,937 598,937 598,937 598,937 598,937 598,937 508,937 | 7,187,247 [¢
19) - {+) Total Net Precipitation and Runoff =(2) +(3)+{d}+(5)+(52)+(6)-(18)-| 69,548 22,867 115,009 115,807 143,269 61,988 21,232 24,365 21,499 21,499 653,563 632,937 1,909,584 10
1 {+) Cuonsolidation to Finat 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 V] [+ 1] 0 0 0 1] 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
148Suh-Tuotal {recavered water In supetnatant pond) 789,729 743,047 835,190 835,987 863,449 782,168 47,412 744,545 741,679 741,679 1,373,743 1,353,117 | 10,551,746 |14

Underdiainage Recovery .
15 {+) Underdrainage 58,100 58,100 58,100 58,100 58,100 58,100 58,100 58,100 58,100 58,100 58,100 58,100 692,200 |15
16}Sub-Totat {tetal recovered water) =(14)+(15) 247,829 £01,147 893,250 194,087 921,549 340,263 805,512 202,645 799,779 F99,779 1,430,843 EALL217 | 11, 248946 |16 \\‘

Unrecoyerable Water
17 (-) Water Repained In Tallings 221,820 221,820 221,820 221,820 231,820 221,820 21,820 221,820 224,820 221,820 21,820 22_1.320 2,661,838 (17
18 (=} Evapuration from Supernutent Pond 112,896 107,856 92,736 50,400 15,120 0 0 0 0 0 1] 41,376 426,384 [18
19 {-} Evaporarion from Beuch 109,581 104,689 90,013 48,920 14,676 0 0 0 0 0 1] 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 .
2i[[Sub-tmal {unrecoverable water) 430,137 440,205 410,409 326,950 257,456 227,660 221,660 227,660 227 660 227,660 227,660 321,021 3,572,165 (21
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 1.027439 1,027,439 1,659,503 1,732238 | 14,821,111 |22

Water Required at Millsite
23[Water for slurry 1,005,940 1,005,040 1,005,940 1,005,940 1005940 005940 1,005,940 1,005,940 1,005,940 1,005,940 1,005940 1,005,940 | 12,071,280 (123
24|[Water for Dust Control on Roads 25,000 25,000 25,000 25,000 25,000 0 o L] & 0 4] 25,000 150,000 (24
25 MHI Water Requlred 1,000,940  1,030,940. 1,030,940 1,030,940 1,030,940 1,005,940 1,00540 1,005,940 1,005940 1,005,940  1,005,940. 1,030,940 12.‘2_‘21,250 25
26(\{-) Minimum Fresh Water Input t0 Mill (feom 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|y Water In Ore 21,982 21,982 21,082 21,982 21,982 21,982 21,982 21,982 21,982 21,982 21,982 21,982 263,784 27
28 Whater Requlired from Additional Sources =(25)-(26}-(27) 984,315 934,815 934,815 984,81% 984,815 959,815 959,815 959,815 059,815 959,815 959,815 084,815 | 11,667,785 128

< WATER DISTRIBUTION IN SYSTEM > (m%) ,
29{|0pen Pit Surfuce Runoff 28,286 22,802 28,841 20,963 16,763 6,004 2,638 2,360 2.082 2,082 63,205 65,908 262,036 |29
300pen Pit Groundwater (39,818 - fresh water input 1o 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
UM Site Runoff (Disturbed and Undisturhed) 20,404 16,449 20,805 14,746 12,002 4,331 1,903 1,702 1,502 1,502 45,666 47,543 188,646 (131
32{|Carctiment Arca Nordh of Millsite 5,009 4,111 5,199 3,685 3,022 1,082 476 425 s . 315 11,413 11,882 47,145 |32
33[[Recovered Water from Talllngs Factlity {excluding storage) 847,829 801,147 £93,200 894,087 921,549 840,268 805,512 802,645 799,779 799,779 1,431,843 1,411,217 | 11,248,946 33
! Total Water Available in the System 917.2%4 860,184 963,811 949,157 059,103 867,362 826,203 822,809 819,414 819,414 1,562,902 1,552,226 | 11,934,879 434
35)Water Surplusf(Deficit) =(34)-(28) {67,527) £124,631) (21,005) {35,658) (15,713 (92,454) {133,612y {137,007y (140,401}  (140,401) 608,087 567,410 267,094 |35
36/[{Cummulative Water Sutplus/(Deficin {67,522) {192,153) (213,158)  {248,816)  (264,528)  (356,982) (4903,594) {627,601y (768,002)  (508,403) (300,316) 267,094 36

Notes; f' e Snowfall Is pravided in eqalvalent depth of rainfall and is 1t tawe en cateh areas until Aprit and May - g it melis eyqually over the twiy months, . ‘\

»\ ,! Fresh water imput 1o mill ta be supplied from Open Pit dewatering wells, ( J i\ J
e y ..
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D ONSULTING ENGINEERS MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT
RECORD TEST SUMMARY SHEET FOR ZONE B
JAOBREFORTVI 62D 2-thl6 L 0. x s [Data Sheer . 13/04/97
Knight Piésold Ltd. RECORD TEST - SUMMARY SHEET SHEET : L_of |
REULFING ENGINERHS
fTRT R MAIN EMBANKMENT ZONE B RECORD SAMPLES PERIOB : Aug. 200610 Mar. 137
PROJECT : . MOUNT POLLEY - TAILINGS STORAGE FACILITY - STAGE [b CONSTRUCTION . PROJECT NO.: 1627
MATERIAL : Glacinl Till Zong B Record Tests AREA:  Main Embankment - Zone B
LOCATION RI R2 R7 R3 R4 R6 REa
DATE SAMFLE Chiinage Ottser Elev. Anierberg Limins Field RTa Rn 76.2 384 254 ] 19,05 | 9.525 | 4.7498 | 237098} 1.19126] 0.5944 | 0.4191 1 0.1499 | 0.0731| 0.002 Statdard Prictor 8.4, LAEP
SAMPLED N, () () () Fi. LL M BLC 11 Dry Nat. % 3 [ 1 0,75 | 0.375 | 0.187 | 0.0937 | 0.0469 | 0.0234{ 0.0165 | 0.0059 | 0,0020 | vawre || Max Dry Opt, '
) % % % % Dewsity | m.t. [« Max 3 12 1 4 k713 #4 #3 16 30 #40 | #4100 | #200 | Clay Density mig ' cmis
k' % Density Tghn® %
28-Aug-96 20425 [25m N of IS Suulder] _913.6_ ]| 150 | 267 1.7 13.7 012 19340 138 | 941 1000 [ 014 [ 902 [sri [ srs | vra | 956 { 728 | 695 [ 673 205.0 | 101
_1-Aug-96_ 143 | M7 10.4 124 | [ Ttooso | 120 | on3 | 1000 | e6o | san | 9w | a7 | ear | g4 ) 796 | 61 | 70 | _n2 |
_01-Sep96 s 0L o i
123 20250 oog
10,7 20320 26

|13 X T OIS Shoutder
27T N of D/8 Shoulder| 9
_.|25m M of D/S Shoulder| 9203

_ oo

170096 | £ of ier| "o16,6 1t
19-0c1-86 15 N of D/S Shuutd 918.5 11.5
04-Feh-97 | R/MENZB-11 16 +60 | Sm N of VS Shlvulder{  920.0 13.2
05-Feb-97 | RUME/ZB-12 ] 18400 | dmNwofLID 9220 11,1
06Feb-97 | RMEZBAS | 18450 [13m N or D/ Shoulder| 9210 10.8_
09-Feb-97 | RIMEZB-14 18+350 | 10m N uf DJS Should 924.0 8.3
08-Feh-97 | R/ME/ZB-I5 17475 | 5t N of D/$ Shautd 921.0 8.7
09-Feb-97 | RIMEZE-16 | 15+50 1 3m MNaof DJS Shoulder] 9243 | 8.0
13-Feh-07 | RIMEZRAT || 19490 | Bim N uf DS Souider | 9230 7.2 .2
13-Fch-97 | RIME/ZE-18 18+75 NofCID 98,0 .5 10.2
13-Feb-97 | R/ME/ZB-19 19490 NufC/D 921.0 4.1 10.4
13-Feb-97 | R/ME/ZB-20 19425 Sof C/D 925.4 34 .
_13-Feb-97 | RMIVZBI2) 20+06 Sm D/ uf C/D 925.7 17 105
 t3-Feb-97 | R/ME/ZB-22 | 20+30 4m DIS ut C/D 927.5
7 | wMEzBas [ 2zea0 | emDiserom | 9218 B0k 106
13-Feh-97 | RME/ZB2 {22475 | 8m N of DS Shoulder | 934.0 6.3
13-£eh97 | RMEZBIS || 21450 In N of €D 9200 :
1307 | RIMEZB6 | 20410 | SmNatD/S Stouiter] 9310 | 1 so__| 02
| RIME/ZB2T 5.0 63
R/ME/ZB-28 921.5
aMar7 | Ry o s ||
13-Feh.47 0100 6.0
MEAN 390 2085.5 9.8 2.74 13600
MEDIAN 3.0 2085.0 9.7 .M 1.1E-09
MAXIMUM {%} "2 2165.0 14.2 .M 3. E09
. MINIMUM {*) 2.3 1915.0 8.4 -4 2.4E-10

COMMENTS : These are 100% limits. 7 ’

R1 Atterberg Limits (ASTM D4318) -
R2 Moisture Content (ASTM D2216) .

R3 Particle Size Distribution (ASTM D422)

R4 Laboratory Compaction (ASTM D1557)

R6 Specific Gravity (ASTM D854)

R7a Field Density by Nuclear Methods (ASTM D2922)
R7b Moisture Content by Nuclear Metheds (ASTM D3017)
Rfa Lab Air Entry Permeameter {LAEP)
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CONSULTING ENGINEERS

TABLE 6.11

MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

SUMMARY OF CONSOLIDATED-UNDRAINED TRIAXIAL TESTS

FOR STABILITY ANALYSES
J:JOB\DATA\1627\SLOPEWAAPRIL9T\TABLE. XLS 5-Jun-97
Sample No.
Triaxial Testing Stages Units |TP95-27|TP95-37| TP95-27|TP95-37
(Test 1) | (Test 2) | (Test 3) | (Test 4)
Consolidation Stage _
Final effective consolidation pressure, p’' = o3’ kPa 287 498 745 962 -
Shearing Stage
Maximum deviator stress, (6," ), kPa 1416 1268 812 1624
Undrained Shear Strength parameter, C, - (64)/2 | kPa .| 708 634 406 812
Undrained Shear Strength Ratio, C,/p' 2.47 0.84

1.27 0.54

Note

1. For the conservative assumption, Undrained Shear Strength of 0.5 was adopted in the stability analyses.
2. The consolidated-undrained triaxial tests information abstracted from Report on 1995 Geotechnical
Investigations for Mill Site and Tailings Storage Facility, (Report 1623/1)

) )
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Knight Piésold 'Ltd. TABLE 63
CONSULTING ENGINEERS MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT '
CONTROL TEST SUMMARY SHEET FOR FUTURE BORROW AREA
LAJOB\REPORT 1627\ 2-1b16-8. xIs)Dota Sheet 1RAT
Knight Pidsold Ltd. CONTROL TEST - SUMMARY SHEET SHEET : 1 of 1
CUNSULTING ENGINEERS v
. FUTURE BORROW AREA || PERIOD 13-Sep-96 10 24-Oct-06
PROIECT : MOUNT POLLEY - TAILINGS STORAGE FACILITY - STAGE Ib CONSTRUCTION PROJECT NO.: 1627
MATERIAL : GLACIAL TILL FROM FUTURE BORROW AREA (FILTER S.‘_\ND INVESTIGATION AREA EASTPF PE) N AREA :  Future Borrow Area (east of PE)
o] 2 c3 c4 c6 | s
DATE CONTROL ET . Depth Alterberg Limirs Field 76.2 38.1 25.4 19.05 | 9.525 | 4.750 | 2.380 1,191 | 05947} 0.41% [ 0.150 | 0.074 | 0.002 Standard Proctor ? 5.G. LAEP
SAMPLED SAMPLE SAMPLE () Pl LL PI me | LI 3 L5 1 075 | 0.375 | 0.87 | 0.0937 | 0.0469 | 0.0234 | 0.0165 | 0.0059 [ 0.0020 [ ewsms I Max Dry | Opt.
No. No, & % % % % 3 1112 1 4 kIH] 4 4] #é #3D #40 #100 #200 Clay Density mic cm/s
ke/m’ %
24-001-96 | C/ME(FB)(ZS,ZB)-1A_| ET-96/10/24-1 | {0.3-0,5) 147 .
- CIME(FB)/(ZS,ZB)-18 . ©.8-1.0) 15.4
- CME(FBM(ZS,ZR)-JC | - 2.0-4.0) 2 1000 § 873 | 846 | 8.9 | 757 | 01 | 671 | 63.B | §9.7 | 56.7 | 45.8 | 3ns |
y _CIME(FB)/(ZS,78)-1D o |sosaf |00 _jw00 | 948 | 913 | 880 | 813 | 767 | 718 | 677 | €37 | 612 | 505 | 422 | 50 f I
- C/ME(FBM(ZS,78)-2A | ET-96/10/24.2 | (0.7-1.0) 1.6
- CIME(FR)/(ZS,7D)-28 - (3.0-3.5) 106 | 100.0 | 1000 [ 1000 | 986 | 962 | 934 | c04 | 872 | 833 [ 803 | 675 | 550
' C/ME(FPB)(ZS,ZB)-3A | ET-96/10/24-3 | (1.0-1.5) 13.0 ——
ot C/ME(FB)/(Z5,ZR)-3D - 2.5-1.0) 9.7 1000 | 887 | 867 1 836 | 795 | 750 | 688 [ 642 | 598 [ 569 ] 463 | 381 | 30
CIME(FBY(ZS.ZB)-A | ET-96/10124-4 | (0.7-1.2) 14.9
" C/ME(FB)/(ZS,7ZR)-4B * {2.5-3.) 9.2
MEAN 12,0 100.0 9.7 0.7 88.0 83.2 78,8 74.6 70.7 66.6 63.8 52.5 43.2 4.0
MEDIAN 11,6 104.0 91.8 89.0 85.8 80.4 75.9 70.4 66.0 61.8 59.1 48,4 40.2 4,0
MAXIMUM (*) 15.4 100.0 100.0 100.0 93.6 96.2 93.4 o34 312 33.3 £0.3 67.5 55.0 5.0
MINIMUM (%) 9.2 1000 | 875 | sa6 | 819 | 757 ) 700 | 671 [ 638 ) 597 | 567 | 45.8 | 375 | 3.4 -
* These are 100% limigs. ™
C1 Auerberg Limits (ASTM D4318) ’
c2 Moisture Content (ASTM D2216)
c3 Particle Size Distribution (ASTM D422)
C4 Laboratory Compaction {ASTM D1557)
Co6 Specific Gravity (ASTM D854)
CTa Field Density by Nuclear Methods (ASTM D2922)
C7b Moisture Content by Nuclear Methods (ASTM D3017)
C8a Lab Air Entry Permeameter {LAEP)
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CONSULTING ENGINEERS

MOUNT POLLEY MINING CORPORATION

TABLE 6.9

MOUNT POLLEY PROJECT

RECORD TEST SUMMARY SHEET FOR ZONE S

JAOBAREPOIRTL 62T 2-TRLE-Y. X LE|Dus Sheet wnam?
Knight Pidsold Ltd. RECORD TEST - SUMMARY SHEET SHEET : 1 of |
CUNSHLTING ENGINEERS N
CONSILTING ENUINERRS . MAIN EMBANKMENT ZONE S RECORD SAMPLES PERIOD : 22-Aug-96 22-Aug-Y6 10 14-Oct-Y6
PROJECT : MOUNT POLLEY - TAILINGS STORAGE FACILITY - STAGE Ib CONSTRUCTION PROJECT NO.: 1627
MATERIAL : Glacial Till Zone § Record Tests AREA:  Main Embankment - Zone §
LOCATION Ri . R2 R? * R R4 Ré k&
DATE SAMPLE Chainage Orfset Elevatinn Atterbecg Limits Field RTa R7h . 76.2 381 25.4 19.05 | 9.525 | 4.7495 | 2.37998| 1.19126] 0.5944 | 0.4191 | 01490 | 0.0737 | 0.002 Standard Proetor 5.G. LAEP
SAMPLED Nu. . {m) (my fm} L LL Pl mhe Lt Dry Nat. % 3 £.5 1 0.75 0.375 | 0.187 § 0.0937 | 0.0469 | 0.0234 | 0.0165 | 0.0050 | 00029 | sw=um | Max Dry Qapt.
% % % % % Density | m.c. Max i 1L b2 1 34 8 4 # #6 10 A0 | #4100 | £200 | Clay Density mie cmis
kpim® | % | Density kygim’ %
12-Aup-96 | RIMEZS-1 | 21+84 13m N of G 916.0 154 | 281 | 127 ff 144 | oos | 1959 [ 140 [ 958 ([100.0 [teo0 | 980 [ 931 | 893 | 853 | 814 | 782 [ 750 | 728 | 637 | 553 [ 17.0 | 20450 10.5 2.74 24E-09
2-Aup96 ] RIMEZS-2 | 19+30 10w N of €L 915.0 158 § 278 | 120 || 160 | 002 [ 1928 | 13.1 | 964 ]f 1000 |top.o | 984 | 057 | 925 | 890 | 866 | 836 | 806 ) 786 f 70.0 | 622 | 18.0 | 20000 1.2 2,74
2-Aup-96 | R/ME/ZS-3 | 20+50 |20m S U/S Shoukler]  913.9 150 | 27.0 [ 120 0124 | 022 [| 1954 | 125 [ 977 [ 100.0 | 100.0 | 963 | 949 [ 922 | 894 | 860 | 84.0 | 808 | 787 | 692 | 60.8 | 160 [ 2000.0 110 2.74 7.9E-10
25-Aup-96 § RIMEIZS-4 20450 |20m S UJS Shauld Ot4.5 13.9 26,1 12,2 15.1 .10 2034 12.6 100.4 || 100.0 | 100.0 | 974 93.5 8R4 84.2 79.0 5.5 721 70.1 61.3 53.0 16.0 2025.0 11.2 278 9.8E-10
M-Aup-06 | RIMEZS-S || 20490 |20m § U/S Shonlder) 9153 150 | 273 | 122 {135 | 013 [l zed7 [ 197 | 1008 it 1600 ] 1000 [ 966 | v64 | 933 | 806 | 845 | 0.7 | ¥7.2 | 4.9 [ 65 | 56.2 [ 160 f 20100 106 2.7 1.4E-10
27-Aug-96 | R/ME/ZS-6 20400 {20m § U/S Shoulder]  9]5.0: 14.2 LN 10.3 124 -0.13 1937 12.2 96.9 [ 100.0 | 100,0 | 96.8 9.6 89.8 85.5 81.7 18.0 .5 72.1 62.7 §4.1 12.0 2050,0 11.] 2.713 4.7E-08
13-5ep-06 | RIMEZS-T || 21400 10m N of CIL 916.5 139 [ 246 | 107 || 117 | 020l 2000 [ 1.0 | 999 [ 1000 | 964 | 930 | 902 | &4 | 788 [ 756 | 725 | 690 | 667 [ 573 | 404 [ 11.3 i 2093.0 9.9 2.7 4.8E-10
26:Sep-96 | RIME/ZS-B (| 21400 | Sm S UZS Shoulder | 917.0 147 | 268 [ 121 1 118 | 024 f 1973 | 123 [ o714 [[100.0 | 033 | 92.2 | 901 | £5.5 | 823 | 794 | 67 | 736 | 713 | 62,1 | sS4 | 12.0 | 2025.0 1t.1 2.5
30-5ep-96 | R/ME/ZS-9 20450 | S of U/S Shoulder | 917.3 15.2 21.4 8.2 10.8 .54 § 2041 12,2 01,7 || 100,00 | 94,1 90.5 89.3 85.9 204 7.5 3.9 70.1 £7.3 56,4 48.4 9.7 2000.0 10.1 3IE-09
03-0c1-96 | RIME/ZS-10 || 20490 [ 1om N LD 419.0 14.3 2.6 B.3 1.2 0.37 bk 2000 13.3 95.9 || 100.0 | 89.5 3.3 85.7 80.8 6.7 2.1 8.6 65,6 63.4 544 46.4 15.0 2065.0 0.8
12-0c1-96 | R/ME/ZS-11 || 2048G- [13m 8 WS Shoulder] 9196 15.1 28.2 190.1 12.0 0.3t 2079 12,0 101.4 || 100.0 | 97.5 96.6 5.1 0.2 34.5 814 8.4 75.3 7.9 | 634 55.0 105 2050.0 10.0 6,3E-10
13-0ct-96 | R/ME/ZS-12 || 19+00 Diteh erossing 9116 146 | 24.1 9.5 123 | 024 | 2115 ¢ 168 | 1024 [ 1000 [ 949 | 936 [ 96 | 869 | 824 | 780 | 745 | 708 [ 684 | sA0 [ 473 [ 117 f 20650 10.1
16-0ct-96 | R/ME/ZS-13 )1 21+50 | 6 & LS Shoylder | 920,9 14.5 24.8 10.3 1.4 030 | 2101 110 101.6 || 109.0 | 98.7 9.3 90,7 26,1 30,9 779 74.4 70.3 8.5 50.0 515 12.1 2068.0 10.0 29609
18-0c-96 | RIMEIZS-14 18+75 [i%m 8 WS Shoulder] 917.6 14.9 249 10,0 12.4 40.25 || 2053 123 00.7 (| 100.0 | 95.6 9.6 2.3 £8.2 81.4 79.5 0.2 e 70,5 6l.2 532 13.2 2060.0 0.6 12608
19-0ct-06 | RIME/ZS-1S 18+50 Sm N ot CIL 9185 14.7 249 10.2 12.2 0.25 || 2018 12.§ 97.0 || t00.0 | 98.7 96.8 919 33.9 84.5 80.1 76.6 3.1 70.6 60.46 §52.4 12.1 2077.0 2.7
03-Dee96 | RIME/ZS-16 {| 19400 | Sm S USS Shoulder| 9210 15.3 24.3 9.0 10.3 .56 | 2060 10.4 988 || 100.0 | 95.4 94.5 9.9 82.4 84,3 0.7 7.6 4.3 2.0 | 62,6 553 9.0 2092.0 191
04-Dec96 | RIME/ZS-17 18-++25 [ Gm S UJS Sheulder| 9020 15.7 215 1.8 10.1 0.72 || 2090 10.4 988 | 100.0 | 97.1 92.1 %0.0 86,2 32,7 79.4 76.3 730 | 0.7 60.8 52.9 7.5 2115.0 9.2
05-Dec96 | RIME/ZS-18 17410 | 6m S UJ/S Shoulder| 9215 15.9 210 5.1 8.2 =151 2144 10.0 9.7 || t00.0 ) 933 920 £9.5 218 78.7 4.9 .5 68.0 65,6 55,7 50.2 5.5 2150.0 8.7 O.3E-10
03-Dee-96 | RAME/ZS-19 [| 21420 |200m 8 UJS Shoutder|  923.0 154 | 244 { 9.0 11,9 [ 039 | 2082 { 1.3 | o7 (1000 | 870 | 823 | 804 | 772 | 728 | 04 | 674 | 644 | 624 [ 540 | 4806 [ 9.0 | 2145.0 9.1
10-Nec-06 | RIMEIZS-20 | 23+50 | 1OM § LIS Shoulder] ~ 925.5 143 | 210 | 67 100 | -0.64 | 2090 | 100 | 97.6 [ 1000 { 1000 | 945 | 9.7 | 860 | 809 | 753 [ 7o | 688 | 667 | 578 | 513 | 85 | 21200 2.6
11-Dee96 | RiMEZS-21 || 23400 [ S N D/S Shoulder|  927.0 149 | 20 [ 7. 10.0 | 068 § 2141 [ 8.1 | 1020 [l 1000 Jroo0 | 993 [ o717 | 033 | 878 | 818 | 0 | M4 | 717 | o458 | 545 § 90 | 2080.0 19.1
21-Feh-07 | RIMEZS22 [ 18+25 CiL 0260 155 | 20 | 95 10.7 | 029 {l 2150 | 7.8 | 103.4 {1000 | 1000 | 980 | 964 | 000 | 260 | 818 | 774 | 722 | 687 | S6.) ) 459 | 80 | 20800 9.9 Y
21-Feh-97 | RIMEZS-23 || 19475 8m N of C/D 925.0 s | 225 | 19 1.8 | 035 ) 2000 [ 84 | 1005 (1000 | 9790 | 930 ! ®o3 | w285 | 772 | 7.5 | 671 | 630 | 604 | 494 | 399 | 2.0 || 2080.0 10.1
22-Feh-0? | RIME/ZS-24 [ 19400 5m N of.CID 91,5 s {28 | na 88 | -0.24 ll 2070 [ 123 | 974 [1000 | 966 | 923 § o9 | g36 | 733 | 719 | 672 [ 638 | 603 f 512 | 424 ] 79 | 21250 9.7
35-Feh-97 | RIME/ZS.25 [ 19450 Tm N of CID 929.0 143 {245 {103 [ 104 [ 037 2140 | 102 | 095 1000 [ro00 | 937 | 901 | 838 | 761 } 700 | 652 | o607 | 57.8 | 465 | 376 | 88 [ 21500 8.8 2,8E-10
26-Fch-01 | R/MEZS-26 | 20405 | 4m § U/S Shaulder | 927.5 110 2080 | 107 1000 | 000 | 986 | o710 | 926 | 867 | 97 | 743 | 694 | 66.2 | 546 | 454 ] 4.0
05-Mar-97 | WMEZS-27 | 25485 | I N DS Shoukder|  933.0 196 | 270 | 74 156_1 054 (| 1870 [ 143 | 979 [[1000 | 1000 | 966 | 960 | 930 | 908 | 892 | m2s [ w48 | 828 ] 732 | 652 | 7.0 1910.0 14.3 3.4B-08
09-Mur-97 | RiMEZS-28 || 22400 6m N of C/D 926.5 63 | 262 | 99 128 | -03s |[ 2050 [ 10.8 | 967 | 1000 [ 975 | 947 | 000 § B24 | 761 | 732 | 699 [ 662 | 638 | 528 | 425 | 100 [ 21200 9.t
09-Mar-9? | RIMEZS-29 | 21418 D% Shoulier 2320 152 | Ny | 63 106 | o1 [l 2000 | 110 | s60 [[t000 | 926 | 886 | 845 | 803 ) 755 [ M | 679 | 639 | 609 | 481 | 407 | 6.7 2145.0 1.0
13-Mar-97 | RMERZS-0 | 22450 | Sm & /S Shoutler | 9310 137 | 246 | 1we || 113 | o2zl 200 | 120 | 953 1000 § 940 | 9s9 | w07 | w24 [ 766 | 720 | 679 ] 638 Fevw [ agt | 374 | 82 2140.0 9.4
14-Mar-97 | R/ME/ZS-31 | 24400 | 8m S UZS Shoutder [ 9280 NP | 183 NE I 11.0 NP i 2000 | o8 | 103.5 11000 | 963 | 953 ¥ 942 | 916 | 900 | 885 | 873 [ 857 ! a44 | 750 | s83 [ 70 | 20000 2.4
14-Mur-97 | RIME/ZS-32 | 24+50 4 m UiS of CL 9320 16.9 20.5 3.6 9.8 -1.97 3 2140 9.3 100.5 |1 1000 | 4.0 9.4 39.8 3.6 776 75.2 7.5 69.5 | 67.2 55.5 45.0 £.0 2i30.0 0.4
17-Mar-97 [ R/ME/ZS-33 || 25475 U/S sh. 934.0 15.5 217 6.2 9.9 .90 ;| 2100 0.7 100.0 jl 100.0 | 97.0 95.7 94.7 3.9 82.7 79.5 76.2 .8 70,2 58,8 48.6 10.0 2100,0 3.8
MEAN 145 | 239 | 9.0 1.7 | -0.43 J[2055.8 ] 113 [ 990 JJ100.0 [ 969 | 942 | 918 | 269 [ 824 | 784 | 750 | 70.5 | 60,1 | 591 | 505 | 106 | 20758 10.1 274 7.5E-09
MEDIAN 149 | 244 | 97 116 | 0.30 [20700 [ 11.3 [ 986 [[100o.0 | 075 [ o45 | ot7 | 862 [ 527 [ 704 | 755 [ 721 | 687 | 58.8 | 503 | 100 || 20800 9.9 2,74 9.86.10
MAXIMUM (*) 19.6 28.1 12,7 16.0 0.10 (28500 | (4.3 103.5 || (00.0 | 1600 | 99.3 97.7 93.3 90.8 89.2 87.5 85.7 B4.4 5.9 65.2 18.0 2150.0 14.3 2.75 4.7E-08
MINIMUM. (*} 0.0 17.0 0.0 3.2 <1.97 | 18700 ) 7.8 95.3 100.0 | B7.9 2.3 £0.4 1.2 2.8 70.0 65,2 £80.7 571.8 46.5 314 4.0 1910.0 8.7 .72 14E-10Q
COMMENTS : These are 100% limits.
RI Atterberg Limits (ASTM D4318) R6  Specific Gravity {ASTM D854)
R2 Moisture Content (ASTM D2216) R7a  Field Density by Nuclear Methods (ASTM D2922)
R3 Particle Size Distribution (ASTM D422) R7b  Moisture Content by Nuclear Methods (ASTM D3017)
R4 Laboratory Compaction {ASTM D1557) R8a  Lab Air Entry Permeameter (LAEP)
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COMNSULTING ENGINEERS
TABLE 6.7
MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT
CONTROL TEST SUMMARY SHEET FOR ALTERNATE BORROW AREA
JAUOBMREPORTVIG62 | 24b16-7.xlstData Sheet 18100097
Knight Piésold Ltd. CONTROL TEST - SUMMARY SHEET ) SHEET 3 |_aof 1
CONSULTING ENGINEERS . " ALTERNATE BORROW AREA PERIOD : 13-Sep-96 1ol &-Oct-06
PROIECT : MOUNT POLLEY - TAILINGS STORAGE FACILITY - STAGE th CONSTRUCTION - PROJECT NO.: 1627
MATERIAL : GLACIAL TILL FROM ALTERNATE BORROW AREA (MEAR TOPSOIL STOCKPILE) AREA:  Alternate Borrow Area
Ct c2 [or] Cd Cé Cha
DATE CONTROL ET Depth Atterberg Limits Field 63,5 38.1 25.4 19.05 | 9.525 | 4,750 | 2380 | 1.191 | ¢.594 | 0.419 | 0.150 | 0,074 | 0.002 || Standard Proctor " 5.G. LAEP
SAMPLED SAMPLE SAMPLE (m) PL LL Pl mle ur 25 ] 1 0.5 0,375 | 0.187 | 0.0937 | 0.0469 | 0.0234 | 0,0165 | 0.0059 | 0.0029 | ssem } hiay Dry Cpt.
No. No, % % % % % 3 112 1 3/4 318 I ¥B K16 #30 #40 | #100 | #200 | Clay || Density mic cmfs
. ke/m’ %
1350096 | CIMEMABYZS.Z-1A | BTosmonsa | @azn | 1y | 208 | 62 | so | 0o | o2 | wes | s | ens | sor § ;e | sos [ an6 | s | aas | w0 | om3opo2s | p | Mk
CIME(AB)(ZS,7B)-IB " (3,6-3.9) 12,1 100.0 | 863 316 78.7 7.9 67.3 64.8 62,1 59.2 57.2 | 489 1 419 | 80 7
13-Sep-96 | C/ME(AR)/(ZS,ZB)-2A | ET96/09/13-4 |_{0.3-0.6) 12.8 100.0 | 94.5 93.6 924 88.1 #4.3 0.1 75.1 708 | 679 | 567 | 481 | 9.0 | 20250 | 102 e
C/ME(AB)/(ZS,ZB)-2B b (2.0-3.0) | 14.8 25.4 10.6 1.2 0,34 [ 100.0 | %4.3 90.7 89,2 84.1 78.5 3.1 69.3 66,1 64.1 56.4 | 49.5 | 13.0 2083.0 105 e
C/IME{ABY/{(ZS,7B)-2C - (2.53.1) 13.0
C/ME(AB)/(ZS,ZR)-2D - {3.64.1) 12.1 o
CIME(ABY(ZS,ZB)-2E " {5.0-5.3) 109 . .
13-5ep-96 | C/ME(ABM(ZS,ZB)-3A | ET96/09/13-5  {1.0-2,0) 1 1000 | 968 | %45 | 91.3 84.0 8.3 72,9 | 63.8 64.7 | 62.0 | SL.6 | 433 15_ Lam oy
16-8ep-96 | C/ME(ABM(ZS,ZB)-4A | ET96/09/16-1 | (0.0-0.7) 17.0
C/ME(AR)/(ZS,ZB)-4B v {1.0-2.0) 10.3
CIME(ABY/(ZS,ZB)-4C " (2.0-3.0 : 10.5 1000 | 98.7 95.5 93.9 20.6 85.2 80.9 TLO 73.1 0.5 | 59.8 | 501 6.0 200,80 10.5 2.73.
C/ME(ABY(ZS,ZB)-4D ! (4.0-5,0) 10.1
16-5ep-96 | C/ME(AB)/{(ZS,ZB)-5A | ET96/09/16-2 | (2.0-3.0) [ 14.8 243 9.5 ll.d 0,40 (| 100.0 { 97.2 9.2 89.6 818 713 72.0 67.% 64,1 61.7 | 53.3 | 464 1.5 2083.0 0.5 273 ) AN
C/ME(ABY/{(ZS,ZB)-58 (3.3-3.6) 10.4 -
156-8ep-96 | C/ME(AB)/(Z5,ZR)-6A | ET96/0%/16-3 | (0.5-1.5} . 11.8 1000 | 99.0 98.0 96.1 9.1 88,5 81.9 £0.0 764 | 1.1 646 | 564 8.0 2000.0 1.4 274
. C/ME(AB)/(ZS,ZB)-6B " (2.2-2.7) 11,4 .
CIME(AB)/(ZS,ZB)-6C - 4.4-4.7) 10,2 |
 16-8cp-96 | C/ME(ABM(ZS,ZR)-7A | ETS96/09/16-4 | (3.5-4.5) _ 9.3. 100.0_| 95.4 9.1 91.6 { 859 | 811 | 7712 73.0 | 685 | 655 527 | 423 [ 7.5 j 21680 | 83 | 27 f
CIME(AB)/(28,28)-7D " (4.5-5.0) 12.6
i 19-Sep-96 | CIME(ABNZS,ZB)-8A | ET96/09719-1 | (0.3-1.00 .9
C/ME(AB)/(ZS,7B)-8D " {1.0-2,0) 9.9 »
CIME(ABY(ZS,ZD)-8C * (2.5-3.0) 10.7
_19-8ep-96 | C/ME(AB)A(ZS,ZR)-9A | ET96/09/19-2 {1.0-2,0) 1.6
CIME(AB)/(2S,Z8)-98 " (3.0-4.0) 12.5 =
CI/ME(AB)/(ZS,ZB)-9C * (4.5-4.9) 12.1 ]
CIME(AB)/(ZS,ZR)-9D : (6.0-6,3) 10.5 ~
| 19-5ep-96 | CIME(ABYAZS,ZB)-10A | ET96/09/19-3 | (0.2-0.5) 14.8
CIME(AMNZS,Z1)-10D ” 0.5-1,1) 13.4 B
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TABLE 6.7

MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

CONTROL TEST SUMMARY SHEET FOR ALTERNATE BORROW AREA

(LU

Kuight Piésold Ltd. CONTROL TEST - SUMMARY SHEET SIIEET : | of |
CONKULTING ENUINEERS
' ALTERNATE BORROW AREA PERIOD : 13-Sep-96 tal 8- 0ct-96
PROJECT : MOUNT POLLEY - TAILINGS STORAGE FACILITY - STAGE Ib CONSTRUCTION PROJECT NO.: 1627
MATERIAL : GLACIAL TILL FROM ALTERNATE BORROW AREA (NEAR TOPSOIL STOCKPILE) AREA:  Alternate Borrow Area
Ct C2 3 Cc4 [ Cha
DATE CONTROL ET Depth Atterberg Limits Field 635 | 3Bt | 254 | 19.05 | 9.525 | 4.750 | 2380 | 1490 | 0594 | 0419 | 0.150 | 0.074 | 0.002 | Sandard Proctor ™ $.G. LAEP
CIME(AB)/(ZS,ZB)-10C Q024 | 154 | 236 8.2 13.2 | 027 (| 1000 | 959 | 046 | 932 { 888 | 84t | 787 | 71 | 697 | 669 | 515 | 407 | 63 [ 2025.0 113 2.75
C/ME(AB)/(ZS,Z8)-10D (3.4-3.6) 9.9 )
19-5ep-96 | CIME(AB)/(ZS,ZB)-11A | ET96/09/19-4 | (0.1-0.4) 12.2
CIME(ADY/(ZS,7B)-11B - (0.4-0.85) 14.5 _
C/ME(ABM(ZS,ZB)-11C ‘ (0.85-2.0) 10.8
C/ME(ABM(ZS,ZB)-11D - (2.0-3.0) 10.0
CIME(ABY/(ZS,ZB)-11E_ . (.57 9.3 _ I
CIME(AB/(ZS,Z)-11F . (4.0-4.2) 1.2 o _
CIME(AB)/(ZS,78)-11G * G054 95 | o o T o X
_13:0ct-96 | C/ME(ABM(ZS,7B)-12 {_ Hand Dug | (0.0-0.4) | 17.2 | 258 86 [ t6.9 | -0.03 | 1000 | 97.9 | 894 | 866 | 79.5 | 5.1 | 0.6 [ 662 f 618 | 592 | S04 | 438 | 10.0 | 1970.0 | 124 -
13-0ct-96 { C/ME(ABY{(ZS,ZI)-13 Hand Dug | (0.0-0.3) || 16.4 | 21,6 5.2 13.9 | 048 ) 100.0 | 965 | 936 ) o090 | 847 | 794 | 758 | 714 o670 | 646 | 56D | 480 | 7.0 1975.0 12.0
MEAN| 15.6 | 236 8.1 11.7 | 040 || 993 | 946 | 509 | 83.4 | 826 | 77.8 | 733 | 694 | 655 | 630 | 535 | 456 [ 7.7 [ 20443 10.7 2.73
MEDIAN|[ 15.1 [ 24.0 8.4 11.4 {037 11000 [ 962 | 036 | oLl | 844 | 790 [ 745 | 704 | 66.6 | 644 | 547 | 472 | 7.5 [ 2025.0 10.5 2,73
MAXIMUM (|| 17,2 25.8 10.6 17.0 -0.03 100.0 [ 99.0 98.0 96.1 92.1 83.5 83.9 80,0 76.4 74.1 64.6 56.4 3.0 2168.0 12.4 2.75.
MINIMUM (0 || 14.7 | 209 5.2 89 | -094 | 912 | 828 | 125 ] 675 | 591 53.9 | s0.5 | 476 | 443 [ 425 | 40 | 273 | 2.5 1970.0 3.3 2.72
(*) These are 100% limits.
Cl Atterberg Limits (ASTM D4318) \-
c2 Moisture Content (ASTM D2216)
C3 Particle Size Distribution (ASTM D422)
C4 Laboratory Compaction (ASTM D1557)
Cé6 Specific Gravity (ASTM D854) *
C7a Field Density by Nuclear Methads (ASTM D2922)
C7b Moisture Content by Nuclear Methods (ASTM D3017)
Cla Lab Air Entry Permeameter (LAEP)
o ) "
- ,- S
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Knight Piésold -Ltd. MOUNT POLLEY MINING CORPORATION
N
CONSULTING ENGINEERS MOUNT POLLEY PROJECT
CONTROL TEST SUMMARY SHEET FOR ORIGINAL BORROW AREA
FAJOP\REPORT\1627T\2-TOL6-6.XLS sttom?
Knigle Pidsold Lid. CONTROL TEST - SUMMARY SHEET SIIEET : 1 of 2
CONSULTIRG ENGINEERS
. ORIGINAL BORROW AREA PERIOD : 236/ 10571096
PROJECT : MOUNT POLLEY - TAILINGS STORAGE FACILITY - STAGE Ib CONSTRUCTION FROJECT NO.: 1627
MATERIAL : GLACIAL TILL « FROM QRIGINAL BORROW AREA (0D) AREA: Original Borrow Area
o1 C2 . C3 C6 Cc8
DATE SAMBLE Lecation Depth Alterbery Limits Field 762 | 8.t | 254 | 19.05 | 9.525 | 4.7498 | 237008 [ 1.19126 ] 0.59426] 0.4191 J 0.14086 ] 0.07366] 0.002 | stanvurd Procr™ | S.G. ff LAEP
SAMPLED Mo, ) L LL Pl mi L1 3 1.5 1 0.75 | 0375 | 087 | ¢.0037 | 0.0469 | 0.0234 [ 0.0065 | 0.0059 | 0.0029 | wen [ Max Dry| Ope.
% % % % % 3 1172 1 34 kY "M 8 #6 #30 #40 #100 #200 Clay || Density mic s
keefm? %
- CiME/zs-29 | oB:EToemens-lo | esaz - - - 14.4 - - - - - . - - - - - - - - - - - -
. CIME/ZS-30A || OB : ET-06/08/15-11 || 1030 || 162 | 222 | 6.0 102 | <100 1000 | 975 | 963 | 934 | 879 | 27 | 786 [ 704 | 659 [ 627 | 496 | 400 8.0 | 2090.0 9.5 173 -
- CIME/Z5-30B . 4.0-6.0 - - - 10.9 - - - - - - - - - - - - - - - - - -
- CimMEzs A | on:ETos08ns-12 | 0520 | 136 | 200 | 6.5 127 | 014 | 1000 | 1000 | 991 | 975 | 954 | 9.6 | 864 | 810 | 748 | 69.6 | 515 | 406 8.0 [ 2015.0 11.0 2.75 -
. CIMEfZS-MB - 4.0-6.0 - - - 10.9 - - - - - - - - . . . . . . . . N B
16-Aug-96 | C/ME/ZS-32A | OB : ET-96/08/16:1 0.1-0.6 - - - 14.7 - - - 1 - - - - . - . - - - - - - -
- CIMEZS-121 - 1525 [ 133 | 244 | 151 13.0 [ 002 | v00.0 1000 | 1000 | tooo | 914 | 869 | 818 | 776 i 7.6 | 7.0 | 609 | s52.9 | 110 | 20050 10.9 7 -
- C/ME/ZS-32C - 4.0-5.8 - - - 0,8 - - . - - - - - - - - - - - - - . -
- CIMEFZS-33A || OB : ET-06/08/162 || 0.6-1.5 - - . 14.0 - - - - - - - - - - - - - - - - - -
. CIME/ZS-33B " 1,52.0 . . - 9.1 B . . - - B B . . . . . . - . . - B
. CIME/ZS-33D - 4.5-6.0 - - - 138 - - - - - - . - - . . . - . . - - -
23Sep-06 | CIME/ZS-34A ET96/09/23-1 (0-0.25) - - - 12,0 - . - - - . - - - - - - - - - - - -
. CIME/ZS-348 . (0.25-0.55) || - - - 15.2 - - - . - - - - - - - - - - - - - -
. CIME/ZS-34C . {0,55-2.0 - - - 10.6 - - - - - - . - - - - - - - - - - -
. CIME/ZS-34E * (4.8-5.1) - - - 12.7 - - - - - - - - . - - - - - - - - -
. CIME/ZS-34F - (5.5-5.7) - - : 13.0 - - - . - - - - - - - - - - - - - -
. CIME/ZS-35A ET06/09/23-2 (0-0.6) - - - 1.9 - - - . . - - - - - - - - - - - - -
. CIME/ZS-358 - (0.62.0) - - - 9.3 - - . - - - - - - - - - - - - - - -
- C/ME/ZS-35C . 6.0 - - - 2.6 1000 { 933 [ 925 [ o13 | ase | 798 | 77 | 707 | 670 | 644 | S48 | 464 1.5 2.92 -
. CIMEfZ8-35D . .5) - - - 10.4 - - - - - - - - - - - - - - - - - -
24-8ep-96 | CIME/ZS-36A ETU6/09/24-1 {0-0.25) - - - 10.6 - - - - - - - - - . . - . - - - - -
- C/MEJZS-36D - (0.25-0.6) - - - 14.9 - - - - - - - - . - - - - - - - A
- CIME/ZS-36C . (0.6-2.0) - - - 106 | - - - - - - . - . - - - - - - - - -
. CIMEIZS-36D - (.1 - - - 13.0 1000 [ 1000 | 956 | 903 [ 020 | 760 | 7.t | 676 ] 646 | 626 [ 540 | 465 2.0 2,75
. CIME/ZS-36E - (4.5) - - - 10.4 - - - - - - - - - - - - - - - - - -
. C/ME/ZS-36F - 60 {1 - - - [ 1w - . - - - - - - - - - - - - - - - . -
. CIME/ZS-36G - (6.9 - . - 9.5 - - - - - - |- - - |- - - - - - -1 - -
. CIMEZS-3TA ET96/00/24-2 | (0:0.4) - - - 12,6 - - - - - - - - - - - - - - - - - e
- C/ME/ZS-378 " (0.4-1.0) - - - 1i.8 . - - - - - - - - . - - - - - - - .
. CIME/ZS-37C : (1.0:2.5 - - - 1.7 000 | 954 | 939 | o8 | 847 | 784 | 739 | 696 | 657 | 630 | 524 | 437 | 110 2.12
. CIME/ZS-38A ET96/09/24-3 0.3-1.1) - - - 14,3 - - - - - - - - - - - - - - - - - -
- CIME/ZS-388 " (1.1-2.0) - - - 10.2 1000 | 97.6 | 944 | 911 | 852 | 785 | 2.0 | 6.6 | 63.6 | 610 | 508 [ 400 | 7.0 - - 2,75 -
- CIME/ZS-38C - a.n - - - 87 |- - ) - . - - - - - S - - - -
. CIME/ZS-38D " (5.0-5.8) - - - 11.6 . - - - - - - - - . - - - e -
- CIME/ZS-38E - (6.5) - - - 10.4 - - - - - . . - - - - - - - - - - -
. CIME/ZS-39A ET96/09/24-4 5L - - - 125 | - - - - - - - - - - - - - - - - - =
- CIMEIZS-398 - (1,1-2.5) - - - 0.8 - - - - - - - - - - - - - - - - - -
. CIMEFZS-40A ET06/00/24-8 0..5-1.2) - . . 13,5 - - - - - - - - - - - - - - - - - -
- C/ME/ZS-401 - (1:2-2.5) - - - 10.4 - - - - - - - - - - - - - - - - - -
. C/ME/ZS-41A ET96/09/24-6 (0-0.6) - - - 12.5 - - - - - - - - - - - - - - - - - -
- CME/2S-410 - (0.6-2.0) - - - 11,2 . - - - - - - - - - - - - - - - - -

Page 2 of 3
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TAL 6

MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

CONTROL TEST SUMMARY SHEET FOR ORIGINAL BORROW AREA

5199

Knight Pidsold Ltd, CONTROL TEST - SUMMARY SHEET SHEET : b oef 2
LONSULTING ENGINEERS
. ORIGINAL BORROW AREA PERIOD : 23/6/to 5/10/96
PROJECT MOUNT POLLEY - TAILINGS STORAGE FACILITY - STAGE 1o CONSTRUCTION PROJECT NO.: 1627
MATERIAL : GLACIAL TILL - FROM QRIGINAL BORROW AREA (OB) AREA: Originel Borrow Area
cl c2 [ C3 C6 [
DATE SAMPLE Laseation Depth Alu_:rhcré Limits Field 4.2 38.1 5.4 19.05 0.525 | 4.74938 | 2.37998 | 1.19126| 0.59436] 0.4191 | 0.14986 | 0.07366 | 0.002 Standord Proctor '™ 5.G. LAEP
SAMPLED Nu, {m} PL Ll Pl mie L1 3 ‘1.5 1 0,75 0.375 0,187 [ 0,037 | 0.0469 | 0,0234 { 0.0165 | 0,0059 | 0,0029 ud Max Dry Opt, ’
% % % % % k] 1112 1 4 38 W4 #8 16 #30 #40 #100 #200 Clay Density mfe emis
kyp/m’ %
- CIMEZS-4IC " {2.5) - - - %4 - - - - - - - - - - - - - - - - - .
- CIME/ZS-424 [ ET96/09247 | (05-1.2) - |- az2a - - .- - - - - B B B -
: LCmMeZsam " 22 ff . ) - - L R - - LA R DR
" (2.5) - - - - i - - . - .
oB 13,9 22,5 3.6 14.4 08.4 83.6 80.8 7.6 73.6 70.8
ME/Z, on 13.0 | 202 | 63 12.4 970 | 940 | o6 | 867 | Bl4 | 7.0 | TS | 692 | 664
_15-Aug-96 | C/ME/Z5-26A || OR : ET-96/08/157 || 2.0-3.5 - - v | 158 00 (1600 ( 988 f 973 | 962 | #48 | #3.7 | 924 | 913 LI S
I6-Aug-96 C/ME/ZS-33C * J.4-4.5 - - - M5 6.0 100.9 0h.e 94,1 97.5 6.7 95.5 93,7 92.3 - -
MEAN 16.0 24.6 8.6 12,7 -0.36 [ 1000 99.2 92.8 95.4 9.3 87.0 834 8.5 14,1 TE.5 59.8 50.4 10.5 2005.2 11.6 2.73 3.5E-09
MEDIAN 16.5 24.4 2.9 12.5 .00 §00.0 100,0 08.6 96.7 92.5 88.6 85.0 £1.5 77.1 74.3 62.1 52.9 0.5 2002.5 1.1 21.73 1.8E-09
MAXIMUM (*} 18.2 30.1 14.8 10.4 0.31 100.0 100.0 100.0 100.0 97.9 95.6 93.3 90.7 83.0 26.0 71.2 09.2 18.0 2095.0 13.9 2.75 1.4E-08
MINIMUM {*) 13.3 18.5 1.3 6.1 -L.79 [ 100.0 0.3 B8.8 84.0 T3.1 66,1 0.2 54.6 5l.2 41.9 28,3 13.8 3.0 1920.0 0.5 2.70 5.0E-10
Bold and talivized no suitsbte for Gl material, Not Used for Mean, Median, Maximum, Minlmum calcalations,
{" These are 100% limils.
Cl Atterberg Limits (ASTM D4318)
c2 Moisture Content (ASTM D2216)
c3 Particle Size Distribution {ASTM D422}
C4 Laboratory Compaction (ASTM D1557) ) -
(&) Specific Gravity (ASTM DB3d)
C7a Field Density by Nuclear Methods {ASTM [¥2922) \\
CTb Moisture Coptent by Nuclear Methods (ASTM D3017) .
Cha Lab Ajr Empy Permeameter {LAEP)
.
JEEEN Page 3 of 3 )
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MOUNT POLLEY MINING CORPORATION

(\

TABLE 6.5

MOUNT POLLEY PROJECT

SUMMARY OF LABORATORY TESTS
EFFECTIVE STRENGTH PARAMETERS, COMPACTION AND PERMEABILITY TEST RESULTS

Apt 18 '97 8:00 am.

EFFECTIVE STRENGTH COMPACTION PERMEABILITY
Test Pit PARAMETERS Natural Optimum | Maximum Permeameter Soil
Sample Location Friction Angle, " Cohesion, Moisture | Moisture Dry . Falling Description

&' ¢ Content Content Density Head Test

(degrees) (kPa) (%) (%) {ke/m®) {cm/sec)
TP95-7 Mill Site.. - - 10.9 8.4 2192 - Silty SAND, some gravel and clay
TP95-18 Tailings/Reclaim Pipeline Route - - 13.8 10.1 2130 - GRAVEL and SAND, some silt, trace clay
TP95-27 Perimeter Embankment Foundation 35 0 11.1 8.0 2200 410" SAND and SILT, some gravel and clay
TPY5-31 East Ridge Borrow Area - - 11.0 7.6 2200 6 x 107 Silty, sandy GRAVEL, trace clay
TP95-35 South Basin - - - - - 7 x 107 Sandy SILT, some clay, trace gravel
TP95-37 South Basin 35 0 - - - - SAND and SILT, some gravel and clay
TPO5-38 Main Embankment Foundation T - - - - 3x 107 SILT, some clay, trace sand and gravel
TP95-39 Main Embankment Foundation 33 0 - - - 2 x 108 SILT and fine SAND, some clay

TPB-13,14,16 |Embankment & Pond Foundations - - 25.1 13.3 1935 2x10° Clayey SILT, some sand, trace gravel
Notes; 1. Triaxial tests results from samples TP95-27 and 37 were combined to determine average strength pearameters for the glacial ll material.

2. Compaction tests performed as per ASTM D1557 Modified Proctor tests.
3. Permeability tests carried out on samples compacted with standard proctor energy and at natural moisture content.

4. Sample TPB-13,14,16 was selected for laboratory testwork in 1989 and has been reported for comparison.
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MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

CONTROL TEST SUMMARY SHEET FOR ORIGINAL BORROW AREA

JAIOBREPORT\I 62T\ 2-TBL6-6.XLS s
Knighr Piésold Ltd, CONTROL TEST - SUMMARY SHEET SHEET : 1 of 2
CUNSULTING ENGINEERN
. ORIGINAL BORROW AREA PERIOD : 23/6/ to_5/10196
PROJECT : MOUNT POLLEY - TAILINGS STORAGE FACILITY - STAGE Ib CONSTRUCTION PROJECT NO.: 1627
MATERIAL : GLACIAL TILL - FROM ORIGINAL BORROW AREA (OB) AREA: OCriginal Borrow Area
Cl C2 . ca [ CR
DATE SAMPLE Lncation Depth Atterberg Limirs Field 76.2 .38.l 25.4 19.05 | 9.525 | 4.7498 | 2.37998 | 1.19126 [ 0.59436] 0.4191 { 0.14986 | 0,07366 | 0.002 || Swndard Proctor'” 8.G. LAEP
SAMPLED Nu, (m) PL LL Pl e u 3 1.5 1 075 | 0.375 | 0.187 | 0.0937 | 0.0460 | 0.0234 | 0.0165 | 0.0050 | 0.6020 | eswm || Max Dry ] Opt.
% % % % % 3 12 1 34 anm #4 ¥ 116 #30 #wap | moo | w00 | Clay || pensiy | me em/s
kEJ’m1 %
23-1un-96 C/ME/ZS- | OB : Test Pit - 144 | 283 | 139 0.6 [ 1000 { t00.0 | 1000 ] 1000 | 978 | o044 | 914 | 877 | 69.0 | s44 [ 283 | 138 3.7 - - - 3.9E-09
23-Jun-96 CIME(ZS-2 OB : Test Pit - 164 | 3.0 | 6.6 0.12 | 1000 { 1000 [ 1000 | 988 | 957 ] 910 | 884 | 53 | 820 [ 796 | 687 [ sB9 2.0 - - 2,75 [ 67609
23-Jun-96 C/ME/ZS-3 OB : Test Pit - 167 | 228 | 52 0.45 - - s . . . - - - - - . . - . - .
23-Jun-96 CAMEFS-4 OB : Test Pit - 165 | 236 | 1.1 -0.48 1000 | 100.0 [ 1000 | 100.0 | 93.9 ] 893 | 863 | 8.7 | 784 | 755 | 624 [ 517 80 - - 273 -
23-Jun-96 CIMEIZ5-$ OB - Test Pit - 182 | n6 | 34 253 (1000 | 1000 [ 081 | 953 | 917 | 88.0 | 849 | €20 | 784 | 759 | 65.5 | 56.5 13.0 - - 2.74 || t.3E-09
23-Jun-96 C/ME/Z8-6 OB 1 Test Pit - 175 | 188 | 1.3 2,00 1000 | 1000 [ 1000 | o080 | 045 | o010 | 867 | 840 | 813 [ 795 | 6.7 | S0 6.0 - - 2.75 -
_23-Jun-9% CIME/Z5-7 OR : Test Pit - 169 | 30.1 | 13.2 0.07 [ 1000 { too.o | 1000 | 1000 | o7.8 1 o4t | %04 | £7.0 | 816 | 814 | 7L4 | 622 17.0 - - e | 2.5609
17-1ul-06 C/ME/ZS-8 OB : TestPlt - 17.1 | 280 | 1008 0.05 | 1000 { w000 | o8 | 960 | 91.6 ] #8.6 | 857 f £1.8 | 767 | 734 | 619 | 531 13.0 | 19200 13.9 2.74 | S0E-10
17-Jul-96 C/ME/Z5-9 OB : Test Fit - 15.6 | 257 | 9. 0.3t [ 100.0 j t00.0 | 980 | 967 | 938 { 0.6 | 850 | Bl | 770 | 743 | 636 | 552 12.0_j 1935.0 13.1 2.72 i S.7E-10
17-Jul-06 |  C/ME/Z5-10 OB : Test Pit - 158 | 264 | 106 o1 [ 1000 { oo [ 965 | 056 | 925 { so6 | 87.8 | 5.0 | 812 | 783 | 662 [ 571 17,0 [ 19400 13.4 2.7 || L8E-09
2-Aug-96 |  CIME/ZS-1I OB : Test Pit - 158 | 264 | 10.6 001 | woo {woo | 1000 { 988 | 976 | 9a8 | 928 | s89 | 836 | sea | ssa | S8l 10.0 - - 2.70 || 16609
9-Aug96 | CIME/ZS-12 QB : Test Pit . . . - . . . . . . . . - . . . . . . . . -
9-Aug-96 | €/ME/ZS-13 OB : Test Fit - - - - - . - - . - . . . - - - . . . . - .
_9-Aup-96 | CIME/ZS-14 OB : Test Pit - 175 | 284 | 119 014 ) 1000 [ 1000 [ 086 | 974 [ 958 | 927 | 896 | 869 [ 836 [ st4 | 722 | 642 18.0 - - 272 -
9-Aug-96 | C/ME/ZS-15 OB : Test Pit - 178 | 273 | 95 0.87 [ 10000 § roo.0 1000 | 986 | 97.6 | 956 | 933 | 907 { 380 | 860 | 772 | 69.2 18,0 - - 2.73 .
9-Aug-96 | C/ME/ZS-1$ ©N : Test Pit - - - - - - - - - - - - - - - - - - - - - - =
9-Aug-96 | CIME/ZS-1T OB : Test Pit . . - - . B . . . . . - - - . - . . - . . .
12-Aug-96 |  C/MEIZS-18 OB : Test Pit - 170 [ 185 | 14 279 [ 1000 ] 976 [ 960 | o940 | o7 | 852 | 799 | 755 | 712 | 687 | 586 | 503 7.0 - - 2.7ty || 4.1E:09
12-Aig-96 | C/ME/ZS-19 OB : Test Bit - 144 | 292 | 14.8 -0.03 | 1000 | too.o | 989 | o917 | B35 | #6.3 | 831 | 804 | 71| 7. 66.1 | sB2 13.0 [ 19806 [ 128 2,73 || 1.4E-08
_10-Aug96 | C/MEZS20 (| OB : ET-96/08/10-1 - - - - - #1000 oo | 1006 | 979 | 948 | 918 [ 887 | 857 ) 82.8 | 808 | 7.6 | 632 | 150 - - - -
_10-Aup-96 | C/MEZS21 OB : ET-96/08/10-2 - - - - - - - . - - - - - - - - - - - - -
15-Avg06 | CMEZS-224 (| OB : ET-96/08/15:1 0,515 - - . . . . . . - . . . . . - . - . . .. .
. CIMEIZ5-22D - 2.5-3.0 - - - - 5 - . . . . - . - . . . - - . N
. C/ME/ZS23A | OB : ET-96/08/15-2 0.5-1.5 149 | 281 | 132 0.10 [ 100 | 1000 | 1000 | 978 | 933 | e8¢ | 847 [ 815 | 786 [ 767 | 674 | s05 [ 150 | 19900 | 123 275 | -
- CIME/ZS:238 - 2.5-3.5 - - - - 100.0 | 1000 | 1000 | 956 | ot.6 | 872 | 843 | 815 | 781 [ 755 | 632 | 537 - - - - .
- C/MEIZS24_}| OB :ET-96/08/154 | 0515 - - - - - - [ - - - - - - . - - - - - :
- C/ME/ZS-25 OD : ET-06/08/15-5 4,0-6.0 - - - - {000 | 1000 | 985 | B7.8 179 | 732 | 597 | 535 1 - - - b
- CIME/ZS-268 * 5.7-1.3 - - - - 1000 97.4 88.8 84.0 31.2 419 | 36.7 283 - - - - -
I | CiMEZS2TA | OB : ET-96/08/15-8 - - - el - " - ST IR I R - o LA
e C/ME/ZS-218 W 100.0 975 | 4.8 A | M8 | 62 .
T | GMEZSC - - 100.0 1000 [ 7.1 _ 612 | 617 | 413 e
- C/ME/ZS-27D . 4,0-6,0 - - - - 100.0 919 [ 96 626 | 582 | 460 -
" CIME(ZS-27E N _ 6070 I - - : e hd - : - - | -
- CIME/ZS-28A || OB : ET-96/08/15-9 1.0-3.0 170 | 244 | 7.4 0,70 || 100.0 989 | 97.6 BO.6 | 7B.5 | 68.6 | .
- C/ME/ZS-23B - 1.0-5.0 - 100.0 1000 [ o0 781 | 153 | 647 -
/ . Page{,-' "3 [
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TABLE 6.3

MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

STAGED EMBANKMENT FILL QUANTITIES

2{-Nov-97  12:50 1

1) All quantities listed above are neat line + 10% contingency.

2) No allowance has been added for cut to fill shrinkage

3) Coarse Bearing Layer material type dependent on tailings beach development; to be determined prior to construction.

FTNOPADATAV0162-AMISC\EMBVOL.XLS
FILL QUANTITY BY STAGE (m’)
Stage| 1b 2 3 4 5 6 7 8

EL(m)] 934 937 940 946 951 956 961 965 TOTAL
ZONE AND MATERIAL Year] 1996/97 1998 1999 2000 2002 2004 2006 2008 (m?)
CBL: free-draining random fill [ - 59,800 7,800 - - 13,000 | 14,700 | 15,400 | 110,700
Chimney Drain: clean sand and gravel 122,000 | 14,900 - - - - - - 36,900
Toe Drain: clean sand and gravel 2,300 21,000 18,200 - 9,000 - 9,500 - 60,000
S: Glacial Till, core zone 386.300 | 60,200 | 75,800 | 202,800 | 180,700 | 168,800 | 173,400 | 152,500 | 1,400,500
B: Glacial Till, downstream shell 242,000 | 42,700 | 40,700 - - 25,300 | 28,900 | 23,800 | 403,400 | .
C: Random Fill, downstream shell - 412200 | 98,000 | 844,700 | 216,300 | 160,900 | 1,403,700 | 213,600 | 3,349,400 |
[CS: Cyclone Sand, upstream shell - - - 208,600 | 155,900 | 169,800 | 164,700 | 129,900 | 828,900
TOTALS 652.600 | 610,800 | 240,500 | 1,256,1001 561,900 | 537,800 [ 1,794,900} 535,200 | 6,189,800
Notes:

~,

Y,
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MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT

SUMMARY OF LABORATORY TESTS
INDEX TEST RESULTS

JOB\REPORTV 62 2-TBLS-4, X1.5[Table 3,1 - . Apr [8 "97 B:00 am

Test Pit Specific Natural Atterberg Limits Grain Size Distribution
Sample Location Gravity Moisture (%) +# #4 - #200 4200 - 0.002mm | -0.002mm Soil Description
No. Content (%)| LL | PL | PI LI % Gravel % Sand % Silt %Clay

TP95-1 Mill Site - 10.4 2t 13 8 0.3 2t 45 27 6 Silty, gravelly SAND, trace clay

TP95-7 Mill Site 2,78 10.9 24 14 11 { 0.2 16 39 35 i0 Silty SAND, some gravel and clay
TP95-10 Boaotiack Lake Road - 12.6 25 17 9 D4 - 38 36 19 7 GRAVEL and SAND, some silt, trace clay
TPO5-18 Tailings/Reclaim Pipeline Route - 13.8 27 13 14 | 0.0 38 36 i9 7 GRAVEL and SAND, some silt, trace clay
TP95-20 Polley Lake - 14.5 26 13 13 { 0.1 10 39 25 26 Silty, clayey SAND, trace to some gravel
TP95-25 Polley Lake - 17.1 24 12 13 | 04 15 ki) 33 15 SAND and SILT, some gravel and clay
TP95-27 Perimeter Embankment Foundation 273 1.1 22 14 9 {03 19 37 33 11 SAND and SILT, some gravel and clay
TP95-31 East Ridge Borrow Area - 11.0 22 14 8 {04 41 27 25 7 Sitty, sandy GRAVEL, trace clay
TP95-35 South Basin 2.78 -16.5 21 14 7 0.4 2 22 65 11 Sandy SILT, some clay, trace gravel
TP95-37 South Basin . - 18.8 27 16 11 |02 14 40 35 11 SAND and SILT, some gravel and clay
TP95-38 Main Embankment Foundation 2.79 28.4 33 19 4 | 0.7 3 6 73 18 SILT, some clay, trace sand and gravel |
TPY5-39 Main Embankment Foundation 2,76 28.5 - - - - 0 40 46 14 SILT and fine SAND, some clay

‘ N,
TPB-1 - |Main Embankment Foundation - 13.7 29 19 10 | 0.5 3 14 67 16 SILT, some clay and sand, trace gravel
TPB-13,14,16 jEmbankment & Pond Foundations 2.76 25.1 30 16 14 | 0.6 1 17 61 21 Clayey SILT, some sand, trace gravel
Naote: * 1. Samples TPB-1 and TPB-13,14,16 were selected for laboratory testwork in 1989 and have been reported for comparison,




()

Knight Piésold Ltd.

TABLE 6.1

CONSULTING ENGINEERR1 UNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

DESIGN BASIS AND OPERATING CRITERIA

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 anaIySIS

6.5 Hydrometeorology

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

Evaporation.

Alir 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).

7.6 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.

Assotiation Asspciation

of Consulting des Ingénieurs-
Engineers Consails

of Canada du Canada

Page50f 5
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TABLE 6.2

MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT

CONSEQUENCE CLASSIFICATION OF DAMS

JUORMREPQRTAI627[2-TBLE-2. X1 S)dam-lass

18/04/97 7:58

Potential Incremental

Consequence| - Consequences of Failure
Category Loss of Life Economic, Social, Environmental
Very High [Large increase expected &l Excessive increase in social, economic

and/or environmental losses.

High Some increase expected ] 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] Incremental to the impacts which would occur under the same natural
conditions (flood, earthquake event) but without failure of the dam.
The type of consequernces (e.g. loss of life, or economic losses) with
the highest rating determines which category is assigned io the structure.
fb] 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 2 Very High Consequence dam (PMF and MCE)
should result in an annual probability of failure of less than 1/100,000.
Agsociation Association
of Consulting des Ingénisurs-
Engineers Conseils
of Canada du Canada

-
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TABLE 6.1

CONSULTING ENGINEERMQUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

DESIGN BASIS AND OPERATING CRITERIA

+ Butt fusion welded HDPE with 30” DRI15.5, 22" DR17 and 24"
DR15.5.

Spigots

Movable dlscharge section placed on tallmos embankment crest.

Flow Rate

Design throughput 900 tonnes/hr dry solids.

Slurry solids content 35%.

Design flow 19.6 cfs (0.55m3/s). Increases to 23.8¢fs (0.67m’/s) at
30% solids content with addition of 4.2¢fs storm water runoff..

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

Spill Containment:
- Mili site to Bootjack Creek

- Bootjack Creek Crossing

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

- Bootjack Creek to TSF Pipeline laid in pipe containment channel.
4.2 Reclaim Water System
Function Primary source of water for milling process. (Pump and Barege System
Designed by Others.)
Reclaim Barge e Prefabricated pump station on barge in excavated channel in TSF.

e Local and remote control from Millsite.

Reclaim Pipeline

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

Reclaim Booster Pump Station

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

Spill Containment

» Seeltem 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.

Seepage Recycle Pumps

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

5.0 MAKE-UP WATER SUPPLY

5.1 General

Function

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

5.2 Millsite Sump

Catchment Area

Approx. 20 ha direct catchment, plus pit dewatering.

Design Storm

1.5 % 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.
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DESIGN BASIS AND OPERATING CRITERIA
Normal Operating Level 1102.7m
Maximum Operating Level 1106.2 m
Flow Control Structures See Dwg. 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 10574 m
Flow Control Structures See Dwg. No. 1625.232 for layout details. :
~ Discharge Pipe 250mm HDPE DR 21 to Reclaim sump or T2 dropbox
Flow Monitoring None.
5.4 Polley Lake Pump Station Report and Drawings soon to be issued,
Max. Volume to be extracted 1,000,000 m” annually
Period for water extraction Freshet
Max. Intake Velocity 0.11 m/s
Intake Screen Opening 0.1 inch (No. 8 Mesh wire cloth)
Spill Containment at Pump Collection into a Holding Basin .
Discharge Pipe 22 Y% inch ID, 350 ft of 19 % inch ID and 5200 ft of 17 % inch ID pipe. \J
Max. Flow 5,500 UUS GPM
Flow Monitoring Flows in Hazeltine Creek, water level on Polley Lake, pumping hours times
measured flow rate.
Security and Access Signs for buried or submerged components, buoys attached to intake in
Polley Lake.
6.0 INSTRUMENTATION AND MONITORING
6.1 General
Function To quantify environmental conditions and performance characteristics of
the TSF to ensure compliance with design objectives.
6.2 Geotechnical Instrumentation and
Monitoring
Piezometers e Measure pore pressures in drains, foundations, fill materials and
tailings.
¢  Vibrating wire piezometers.
* Installed by qualified technical personnel.
» Three instrumentation planes for Main Embankment and one for
Perimeter Embankment.
Survey Monitments *  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.
e Streamflow monitoring.
. ,-_‘\\
)
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ITEM [ DESIGN CRITERIA -
1.0 GENERAL DESIGN CRITERIA
Scope Generally applicable to all components and structures.
Regulations MEI
MELP (Water Management Branch)
Codes and Standards NBC and related codes
CAN/CSA
HSRC (Health, Safety and Reclamation Code for Mines in B.C.)
ASTM
ACI
ANSI
Design Life 14 Years
Operational Criteria:
General NBC where relevant
Rainfall/Precipitation: Section 2.1 (Ref. No. 1625/1) and (Ref. No. 1624/1)
Seismic:
DEBE {operations) M=6.5, Amax.=0.037 g
MDE (closure) M=6.5, Amax.=0.065¢g

2.0 TAILINGS BASIN

Site Selection

Section 4.0, (Ref. No. 1625/1) and (Ref. No. 1621/1)

Capacity and filling characteristics.
Hydrology and downstream water usage.
Hydrogeology and groundwater regime.
Aesthetics and visual impact.
Foundation conditions.

Construction requirement.

Closure and reclamation requirements.
Capital and operating costs.

Geological and Geotechnical Conditions

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

Basin Liner

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.
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DESIGN BASIS AND OPERATING CRITERIA
3.0 TAILINGS EMBANKMENT
Function | * Storage of tailings and process water for design life.
»  Provide storage for 24 hour PMP storm.
*  Provision for routing PMF at closure.
Embankment Crest Width 8 m starter dam and 8 m final dam.
Embankment Height (Max): Starter 15 m (Crest E1. 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 runup on 2.5 million m’
' operational storage pond.
Closure Sufficient to provide routing of PMF plus wave run-up.
Storage Capacity -84.5 million tonnes.
Tailinigs Density: Year | 1.1 t/m’
Year 2 1.2 tm’
Year 3-13 1.3 vm’
Tailings Specific Gravity 2.78
Borrow Material Properties Section 6.3.3, 1995 Site Investigation Report (Ref No 1623/1), and (Ref No
_ 1625/1). . S
Construction Diversion Not required. —
Emergency Spillway Flows:  Operations Not required.
Closure Design flow for routing PMF event.
Filling Rate Figure 6.1 and 6.2, Figure 6.3 (Ref. No. 1625/1).
Fill Material Properties Drg. No, 1625.212 '
Compaction Requirements Drg. No. 1625.211
Geotechnical Data Sections 6.3, 6.4 and 6.5, 1995 Site Investigation Report (Ref. No. 1623/1),
and Section 5.1 (Ref. No. 1625/1).
Stability Analysis Section 6.8 and (Ref. No. 1625/1).
Seepage Analysis Section 6.9 and (Ref. No. 1625/1).
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 Section 2.3, and (Ref. No. 1625/1).
Spillway Discharge Capacity Not required during operations.
Settlement Section 6.6 and (Ref. No. 1625/1).
Surface Erosion Protection Revegetation with grasses on final embankment slope.
4.0 PIPEWORKS '
4.1 Tallings Delivery and Discharge Section 8.0 and (Ref. No. 1625/1).
Pipework
Function Transport tailings slurry and mill site and waste dump runoff to Tailings
Storage Facility (TSF).
Tailings Pipeline ¢ Free draining, gravity flow pipeline.
\__/]
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SUMMARY OF RECENT GEOLOGICAL INVESTIGATIONS

TABLE 5.1

MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT
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Identification
Label Field Name Date Location Description Type of Investigation
2H 5H 23-Nov-96 | Original Borrow Area Criginal Borrow Exploration Tranch
BHSH BHSH 13-Jan-97 |Original Borrow Area Criginzal Borrow Drillhole
il 51 24-Nov-88 |Original Borrow Area Original Borrow Exploration Trench
BHSI BHS5I1 13-Jan-87 |Original Borrow Area Original Barrow Drilthole
6E 6E 22-Nov-96  {Qriginal Borrow Area Criginal Borrow Exploration Trench
6F BF 22-Nov-86 | Criginal Borrow Area Qriginal Borrow Exploration Trench
605G BG 23-Nov-96 | Original Borrow Area Original Borrow Exploration Trench
B8G-A B8G-A Original Borrow Area Qriginal Borrow Exploration Trench
BH&6G BHEG 5-Jan-97 | Original Bormow Area Original Borrow Drilthole
6H BH 23-Nov-96 {Original Borrow Area Original Borrow Exploration Trench
6l 6l 24-Nov-86 |Original Bomow Area Original Borrow Exploration Trench
. Bl-A Bl-A Original Borrow Area Qriginal Borrow Exploration Trench
BHSEI BH&1 5-Jan-87 {Original Borrow Area Original Borrow Drillhole
7E 7E 24-Nov-86 {0Original Borrow Area Original Borrow Exploration Trench
7F 7F 23-Nov-96 {Original Borrow Area Original Borrow Exploration Trench
7G 7G 23-Nov-96 |Original Borrow Area Qriginal Borrow Exploration Trench
BH7G BH7G 5-Jan-97 |Original Borrow Area Original Barrow Drillhole
BH7.5G BH7.5G 4-Jan-97  {Original Borrow Area Qriginal Borrow Drillhole
© 7H 7H 23-Nov-86  {Original Borrow Area Original Borrow Exploration Trench
7H-A 7H-A Original Borrow Area Qriginal Borrow Exploration Trench
BH7H BH7H 5-Jan-97  |Original Borrow Area Original Borrow Drillhole
BH7.5H BH7.5H 4-Jan-97  |Original Borrow Aréa Original Borrow Drilthole
7l 7l 24-Nov-86  |Original Borrow Area Qriginal Borrow Exploration Trench
BH7I BH7) 4-Jan-97  |Original Borrow Area Original Borrow Drilthole
7J-A TJ-A Original Borrow Area Qriginal Borrow Exploration Trench
e 8E 8E 24-Nov-98 |Original Borrow Area Original Borrow Exploration Trench
'\_/ I 8F 8F 24-Nov-95 |Onginal Borrow Area QOriginal Borrow Exploration Trench
BHSF BHSF 4-Jan-97 |Original Borrow Area Qriginal Borrow Drilthole
8G 8G 24-Nov-95 |Original Borrow Area Original Borrow Exploration Trench
BHEG BH8G 3-Jan-97 |Original Borrow Area Qriginat Borrow Dritlhols
8H 8H 24-Nov-96 |Original Borrow Area Original Borrow Exploration Trench
BHEH BHBH 3-Jan-97  |Original Borrow Area Originai Borrow Drillhole
8! 8l 24-Nov-98 |Original Borrow Area Originai Borrow Exploration Trench
BHBI BHaI 3-Jan-97 |Original Borrow Area Qriginal Borrgw Drillhole
8E 9E 24-Nav-96 |Original Borrow Area Qriginal Borrow Exploration Trench
9F oF 24-Nov-96 |Original Borrow Area Original Borrow Exploration Trench
aG 9G 24-Nov-85 |Original Borrow Area Original Borrow Exploration Trerich
aH oH 24-Nov-96 |Original Borrow Area Qriginal Borrow Exploration Trench
9l 9l 24-Nov-96 |QOriginal Borrow Area Original Borrow Exploration Trench
BH10F BH10F 11-Jan-97 |Original Borrow Area Criginal Borrow Drillhole
TPi0G TP10G 17-Jan-97 |Original Borow Area Qriginal Borrow Exploration Trench
BH10H BH10H 10-Jan-97 {Original Borrow Area Qriginal Borrow BErillhole
TP10I TP10! 17-Jan-97 |Original Borrow Area Original Borrow Exploration Trench
TP11F TP11F 15-Jan-87 |Original Borrow Area Original Borrow Exploration Trench
TP11G TP11G 17-Jan-97 . |Original Barrow Area Original Borrow Exploration Trench
TP11H TP11H 18-Jan-97 |Original Borrow Area Original Borrow Exploration Trench
TP11l TP11) 17-Jan-97 |Original Borrow Area Qriginal Borrow Exploration Trench
TP12F TP12F 15-Jan-87 |Criginal Borrow Area Original Borrow Exploration Trench
- TP12G TP12G 16-Jan-97 |Criginal Borrow Area Qriginal Borrow Exploration Trench
BH12H BH12H 5-Jan-97 |Original Borrow Area Original Borrow Drillhole
TP12H TP12H 1/181997 | Criginal Borow Area Qriginal Borrow Exploration Trench
BH12.5H BH12.5H g-Jan-97 |Original Borrow Area Oxiginal Borrow Drillhole
TP121 TP12 1¢-Jan-97 JOriginal Borrow Area Qriginal Borrow Exploration Trench
BH13F BH13F 13-Jan-97 |Original Borrow Area Originai Borrow Drillhole
TP13G TP13G 16-J2n-97 |Original Borrow Area Original Borrow Exploration Trench
BH13H BH13H 6-Jan-97  |Original Borrow Area Original Borrow Drilthole
. TP13! TP13l 19-Jan-97 |Criginal Borrow Area Original Borrow Exploration Trench
{ ST IP4F TP14F 15-Jan-97 |Criginal Borrow Area Original Borrow Exploration Trench
M TP14G TP14G 16-Jan-97 |Original Berrow Area Qriginal Borrow Exploration Trench
BH14H BH14H ¢-Jan-97 |Original Barrow Area Qriginal Borrow Drilthole
TP14l j — TP14l 22-Jan-97 |Qriginal Borrow Area Qriginal Borrow Exploration Trench
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TP15F TP15F 15-Jan-87 |Original Borrow Area Criginal Borrow Exploration Trench
TP15G TP15G 16-Jan-97 |Osiginal Borrow Area Original Borrow Exploration Trench
BH15H BH15H 8-Jan-97 |Original Borrow Area Qriginal Borrow Driflhole

TP15l TP15! 22-Jan-97 | Original Borrow Area Qriginal Borrow Exploration Trench
BH16F BH16F 12-Jan-87 |Original Borrow Area Original Borrow Drillhole

TP16G TP16G 18-Jan-87 |Original Borrow Area Qriginal Borrow Exploration Trench
BH16H BH16H 8-Jan-97  {Original Borrow Area Original Borrow Drillhole

TP161 TP16l 18-J2n-97 |Original Borrow Area Qriginal Borrow Exploration Trench
95- 1 TPISME-1 15-May-95 |Main Embankment (Previous Investigations) Foundation Exploration Trench

95- 2 TPS5ME-2 15-May-95  [Main Embankment (Previous Investigations) Foundation Expiaration Trench

95- 3 TP9SME-3 15-May-85 |Main Embankment (Previous Investigations) Foundation Exploration Trench

95- 4 TPOSME-4 3-0ct-95 |Main Embankment (Previous Investigations) Foundation Exploration Trench

95- 5 TPY5ME-5 3-Qct-95  |Main Embankment {Previous Investigations) Foundation Exploration Trench

95- 6 TPO5ME-6 3-0ct-95  |Main Embankment {Previgus Investigations) Foundation Exploration Trench

95- 7 TP9SME-7 3-0ct-25  |Main Embankment (Previous Investigations) Foundation Exploration Trench

95- 8 TPISME-8 3-Qct-85  jMain Embankment {Previcus Investigations) Foundation Exploration Trench

95- 9 TP95ME-9 4-0ct-95  |Main Embankment (Previcus Investigations) Foundaticn Exploration Trench

95- 10 TPOSME-{0 4-Oct-95  |Main Embankment {Previous |nvestigations) Foundation Exploration Trench

95- 11 TPISME-11 4-0ct-95  |Main Embankment (Previous Investigations) Foundation Exploration Trench

95- 12 TPISME-12 4-0ct-95  |Main Embankment (Previous Investigations) Foundation Exploration Trench

95- 13 TP9SME-13 4-Qct-95  Main Embankment {Previous Investigations) Foundation Exploration Trench

95 14 TP9SME-14 4-0ct-95  |Main Embankment (Previous Investigations) Foundation Explaration Trench
85- 15 TP9SME-15 4-0ct-95 |Main Embankment (Previous Investigations) Foundation Expleration Trench

95- 16 TP9SME-16 4-0c¢t-95  [Main Embankment (Previous Investigations) Foundation Expleration Trench
95- 17 TPY5ME-17 4-0ct-95  [Main Embankment (Previous Investigations) Foundation Exploration Trench
95- 18 TPS5ME-18 4-QOct-95  |Main Embankment (Previous Investigalions) Foundation Exploration Trench

95- 19 TP9SME-19 A4-0ct-95  |Main Embankment (Previous Investigations) Foundation Exploration Trench

85- 20 TPS5SME-20 4-0Oct-95  |Main Embankment (Previous Investigations) Foundation Exploration Trench

95- 21 TPS5ME-21 4-0ct-95  |Main Embankment (Previous Investigations) Foundation Exploration Trench
95- 22 TPSSME-22 4-Qct-95  |Main Embankment (Previous Investigations) Foundation Exploration Trench
95- 23 TP95ME-23 4-0c¢t-95  |Main Embankment (Previous Investigations) Foundation Exploration Trench

95- 24 TPSSME-24 4-0ct-95  |Main Embankment (Previous Investigations) Foundation Exploration Trench

95- 25 TPSSME-25 5-0Oct-95  |Main Embankment {Previous Investigations) Foundation Exploration Trench
95- 26 TPI5SME-26 5-0Oct-95 |Main Embankment {Previous Investigations) Foundation Exploration Trench

95- 27 TPO5ME-27 5-Oct-95  {Main Embankment {Previous Investigations) Foundation Exploration Trench

95- 28 TPOSME-28 5-Oct-95  |Main Embankment (Previous lnvestigations} Foundaticn Exploration Trench

95- 28 TPI5ME-29 5-0ct-95  |Main Embankment (Previaus Investigations) Foundation Exploration Trench
95- 30 TPISME-30 5-0ct-95  |Main Embankment (Previous Investigations) Foundation Exploration Trench

95- 31 TPOSME-31 5-0ct-95 |Main Embankment (Previous Investigations) Foundation Exploration Trench
95- 32 TPI5ME-32 5-0ct-95  |Main Embankment (Previcus Investigations) Foundation Exploration Trench

95- 33 TP95ME-33 5-QOct-95  [Main Embankment {Previcus Investigations) Foundation Exploration Trench

95- 34 TP9SME-34 5-0ct-95  iMain Embankment (Previous Investigations) Foundation Exploration Trench

95- 35 S19 5-0ct-85  |Main Embankment SCP (Previous Investigations) SCP {Pond} Exploration Trench
g5- 36 520 5-0Oct-85  iMain Embankment SCP (Previous Investigations) SCP (Pond) Exploration Trench
95- 37 S20.5 5-0c¢t-85  |Main Embankment SCP (Pravious Invastigations) SCP (Pond) Exploration Trench
95- 38 S21 21-8ep-95  |Main Embankment SCP (Previous Investigations) SCP {Pond) Exploration Trench
95- 39 521.2 5-Oct-85 |Main Embankment SCP (Previous investigations) SCP (Pond) Exploration Trench
95- 40 822 21-8ep-95 |Main Embankment SCP (Previous Investigations) SCP (Pond) Exploration Trench

Note : 1995 Previous Investigatoins are included because they have been used in the confirmation of the geological and geotechnical conditions.
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96- 26 ET-96/G9/03-1 3-Sep-96  |Upper Basin Liner UBL Exploration Trench
95- 27 ET-96/09/03-2 3-Sep-96 ' {Upper Basin Liner UBL Exploration Trench
96- 28 ET-96/09/03-3 3-Sep-06  |Upper Basin Liner UBL Exploration Trench
§96- 29 ET-96/08/14-1 14-Aug-96 [Lower Basin Liner LBL Exploration Trenci
96- 30 ET-96/08/14-2 14-Aug-96 |Lower Basin Liner LBL Exploration Trench
96- 31 ET-96/08/14-3 t4-Aug-98 |Lower Basin Liner LBL Exploration Trench
96- 32 ET-96/08/14-4 14-Aug-96 |Lower Basin Liner LBL Exploration Trench
- 98- 33 ET-86/08/14-5 14-Aug-96 |Lower Basin Liner | BL Exploration Trench
96- 34 ET-86/08/14-6 14-Aug-96 |Lower Basin Liner LBL Exploration Trench
g6- 35 ET-96/08/14-7 14-Aug-96 {Lower Basin Liner LBL Exploration Trench
98- 386 ET-96/08/14-8 14-Aug-96 |Lower Basin Liner LBL Exploration Trench
96- 37 ET-96/08/14-9 14-Aug-96 |Lower Basin Liner LEL Exploration Trench
956- 38 ET-86/08/14-10 14-Aug-96 |Lower Basin Liner LBL Exploration Trench -
96- 39 ET-96/08/14-11 14-Aug-96 |Lower Basin Liner LBL Exploration Trench
98- 40 ET-96/08/14-12 14-Aug-96 |Lower Basin Liner LBL Explaration Trench
96- 41 ET-96/08/14-13 14-Aug-96 jLower Basin Liner LBL Exploration Trench
96- 42 ET-96/08/14-14 14-Aug-96 |Lower Basin Liner LBL Exploration Trench
98- 43 ET-96/09/13-1 13-Sep-86 |Alternate Borrow Area Alternate Borow Exploration Trench
96- 44 ET-96/09/13-2 13-Sep-96 |Alternate Borrow Area Alternate Borraw Exploration Trench
96- 45 ET-96/09/13-3 13-Sep-86 [Alternate Borrow Area Alternate Barrow Exploration Trench
96- 46 ET-96/09/13-4 13-Sep-96 |Alternate Borrow Area ‘Alternate Borrow Exploration Trench
96- 47 ET-96/0913-5 13-Sep-88 |Alternate Borrow Area Alternate Borrow Exploration Trench
96- 43 ET-96/0%/16-1 16-Sep-96 |Altemate Borrow Area Alternate. Borrow Exploration Trench
96- 49 ET-96/09/16-2 16-Sep-96 |Alemate Borrow Area Alternate Borrow Exploration Trench
96- 50 ET-96/09/16-3 16-Sep-96 |Alternate Borrow Area Alternate Borrow Exploration Trench
96- 51 ET-26/09/16-4 16-Sep-96 lAlternate Borrow Area Altemate Borrow Exploration Trench
96- 52 ET-96/08/19-1 19-Sep-96 |Alternate Borrow Area Alternate Borrow Exploration Trench
96- 53 ET-86/09/19-2 19-Sep-86 |Alternate Borrow Area Alternate Borrow Exploration Trench
96- 54 ET-96/09/19-3 10-Sep-96  |Alternate Borrow Area Alternate Borrow Exploration Trench
86- 55 ET-96/09/19-4 19-Sep-96 |Alternate Borrow Area Alternate Borrow Expleration Trench
ET-96/08/31-1
96- 56 ET-96/08/31-2 31-Aug-96  |Filter Sand Investigations (East of P, E.} Filter Sand Exploration Trench
96- 57 ET-96/08/31-3 31-Aug-96 |Filter Sand Investigations (East of P.E.) Filter S2nd Exploration Trench
96- 58 ET-96/08/314 31-Aug-56 iFilter Sand lnvestigations (Eastof P. E } Filter Sand Exploration Trench
96- 58 ET-96/09/01-1 1-Sep-96 |Filter Sand Investigations (East of P. E.) Filter Sand Exploration Trench
96- 60 ET-96/09/01-2 1-Sep-06  |Filter Sand Investigations (East of P.E.} Filter Sand Exploration Trench
96- 61 ET-96/09/01-3 1-Sep-96  |Filter Sand tnvestigations (East of P. E) Filter Sand Exploration Trench
96- 62 ET-96/09/02-1 2-Sep-96 |Filter Sand Investigations (East of P.E.) Filter Sand Exploration Trench
96- 63 ET-96/09/02-2 2-Sep-96 . |Filter Sand Investigations (East of P. E.) Filter Sand Exploration Trench
96- 64 ET-96/09/02-3 2-Sep-96  |Filter Sand Investigations (East of P.E.) Filter Sand Exploration Trench
96- 65 ET-96/09/02-4 2.8ep-96  |Filter Sand Investigations (East of P. E.) Filter Sand Exploration Trench
96- 68 ET-96/09/02-5 2-Sep-96  |Filter Sand Investigations {East of P. E} Filter Sand Exploration Trench
96- 87 ET-96/09/02-6 2-Sep-96 _|Filter Sand Investigations (East of P.E) Filter Sand Exploration Trench
96- 68 ET-96/09/02-7 2-5ep-96 |Filter Sand Investigations (East of P. E.) Filter Sand.Exploration Trench
96- 69 ET-96/09/02-8 2-8ep-96 |Filler Sand Investigations (East of P. E.) Filter Sand Explaration Trench
96- 70 ETg6-1 11-Jul-06  |West end of Reclaim Barge Channel Foundation Exploration Trench
96- 71 ET86-2 11-Jul-g6  |West end of Reclaim Barge Channel Foundation Exploration Trench
96- 72 ETS96-3 11-Jul-96  |West end of Reclaim Barge Channel Foundation Exploration Trench
96- 73 ET96-4 11-Jul-g6  |West end of Reclaim Barge Channe! Foundation Exploration Trench
95- 74 ET96-5 11-Jul-86 |West end of Reclaim Barge Channel Foundation Exploration Trench
96- 75 ET96-6 11-Jul-96  [West end of Reclaim Barge Channel Foundation Exploration Trench
96- 78 ET96-7 11-Jul-96  |[West end of Reclaim Barge Channel Foundation Exploration Tranch
o8- 77 ET98-8 11-Jul-98  [West end of Reclaim Barge Channel Foundation Exploration Trench
96- 78 ET96-9 11-Ju-98 |West end of Reclaim Barge Channel Foundation Expleratian Trench
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96- 79 ET96-10 12-Jul-86  |West end of Reclaim Barge Channel Foundation Exploration Trench .
96- 80 ET96-11 12-Jul-96  (West end of Reclaim Barge Channel Foundation Exploration Trench
96- 81 ET96-12 12-Jul-96  |West end of Reclaim Barge Channel Foundation Exploration Trench
96~ 82 ET96-13 12-Jul-96  |West end of Reclaim Barge Channel Foundation Exploration Trench
96- 83 ET96-15 12-Jul-96  |West end of Reclaim Barge Channel Foundation Expleration Trench
96- 84 ET-96/08/23-1 23-Sep-96  |Original Borrow Area Original Borrow Exploration Trench
96- 85 ET-96/09/23-2 23-Sep-96 |Original Borrow Area Original Barrow Exploration Trench
96- 86 ET-96/09/24-1 24-Sep-96 | Original Borrow Area Qriginal Borrow Exploration Trench
896- 87 ET-96/09/24-2 24-Sep-96 |Original Borrow Area Original Borraw Explaration Trench
96- 88 ET-96/09/24-3 24-Sep-96 | Original Borrow Area Qriginal Borrow Exploration Trench
96- 89 ET-96/09/24-4 24-Sep-96  |Original Borrow Area Criginal Borrow Exploration Trench
96- 90 ET-96/09/24-5 24-Sep-96  |Original Borrow Area Qriginal Borrow Exploration Trench
96- 91 ET-96/09/24-6 24-Sep-96  |Original Borrow Area Original Borrow Exploration Trench
96- 92 ET-96/09/24-7 24-Sep-96 | Griginal Borrow Area Original Borrow Exploration Trench
86~ 93 ET-86/08/10-1 8-Oct-96  |Original Borrow Area Original Borrow Exploration Trench
96- 94 ET-86/08/10-2 8-Oct-96  [Original Borrow Area QOriginal Borrow Exploration Trench
96- 85 ET-96/08/15-1 15-Aug-96 |Original Borrow Area Criginal Borrow Exploration Trench
96- 96 ET-96/08/15-2 15-Aug-96 | Original Borrow Area Original Borraw Exploration Trench
96- 97 ET-95/08/15-3 15-Aug-86  |Original Borrow Area Original Borrow Exploration Trench
96- 98 ET-96/08/15-4 19-Aug-96 | Qriginal Borrow Area Original Barrow Exploration Trench
96- 99 ET-96/08/15-5 15-Aug-96 | Original Borrow Area Criginal Borrow Explorafion Trench
95- 100 ET-96/08/15-6 15-Aug-96 | Original Borrow Area QOriginal Borrow Exploration Trench
- 98- 101 ET-06/08/15-7 15-Aug-96 [Original Borrow Area Original Borrow Exploration Trench
96- 102 ET-06/08/15-8 15-Aug-96. |Original Borrow Area Original Borrow Exploration Trench
96- 103 ET-96/08/15-9 15-Aug-96  |Original Borrow Area Original Borrow Exploration Trench
96- 104 ET-96/08/15-10 15-Aug-86 |Original Borrow Area Original Borrow Exploration Trench
96- 105 ET-96/08/15-11 15-Aug-96  |Original Borrow Area Original Borrow Exploration Trench
96- 106 ET-96/08/15-12 15-Aug-96 | Criginal Borrow Area Qriginal Borrow Exploration Trench
96- 107 ET-96/08/16-1 16-Aug-96 | Original Borrow Area Qhiginal Borrow Exploration Trench
96- 108 ET-96/08/16-2 16-Aug-96 |Original Borrow Area Oxiginal Borrow Exploration Trench
96- 109 ET-96/10/29-1 29-Oct-96  |Main Embankment {D/S of Final Toe) Foundation Exploration Trench
96- 110 ET-96/10/29-2 29-Oct-96 . |Main Embankment (D/S of Final Toe) Foundation Exploration Trench
96- 111 ET-86/10/24-1 24-0ct-98 _ {Filter Sand Investigations (East of P. E.) Filter Sand Exploration Trench
96- 112 ET-96/10/24-2 24-0ct-96 _|Filter Sand Investigations (East of P. E.) Filter Sand Exploration Trench
96- 113 ET-96/10/24-3 24-Oct-96 _ |Filter Sand Investigations (East of P. E.) Filter Sand Exploration Trench
96- 114 ET-96/10/24-4 24-0ct-86  |Filter Sand Investigations (East of P, E.) Filter Sand Exploration Trench
96- 115 ET-96/10/24-5 24-Oct-98 | Filter Sand Investigations {East of P. E.) Filter Sand Explaration Trench
96~ 116 TP-96/08/16-Barge1| 16-Aug-96 |Reclaim Barge Channel Foundation Exploration Trench
96- 117 TP-96/08/16-Barge2| 16-Aug-96 |Reclaim Barge Channel Foundation Exploration Trench
96- 118 TP-96/08/16-Barge3| 16-Aug-96 |Reclaim Barge Channel Foundation Exploration Trench
96- 119 TP-98/08/16-Barge4| 29-Oct-96 [Reclaim Barge Channel Foundation Exploration Trench
TP3H TP3H 19-Jan-97 !Original Borrow Area Original Borrow Exploration Trench
4E 4E 22-Nov-86 |Original Borrow Area Original Borrow Exploration Trench
4F 4F 22-Nov-856 | Original Borrow Area Qriginal Borrow Exploration Trench
4G 4G 22-Nov-96 | Qriginal Borrow Area Original Borrow Explaration Trench
TP4G TP4G 18-Jan-97 |Original Borrow Area Original Borrow Exploration Trench.
4H 4H 23-Nov-96 | Criginal Borrow Area Original Bomow Exploration Trench
4] 4i 24-Nav-96 | Original Borrow Area Original Barrow Exploration Trench
5E 5E _23-Now-96 |Original Borrow Area Criginal Barrow Exploration Trench
5F §F ¢ 23-Nov-86 |Original Borrow Area Original Barrow Exploration Trench
BHSF BHSF 13-dan-97 |Original Borrow Area Original Borrow Drillhole
5G 5G 23-Nov-36 | Original Barrow Area Original Borrow Exploration Trench
BHGS BHGS5 13-Jan-97" |Original Borrow Area Original Borrow Drilthole
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TABLE 2.4

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 -~ MCEFPE 1710,000™
High | 50% to 100% MCE"I 171000 to 1/10,000™
Low - 17100 to 1/1000M

? 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.

9MDE firm ground accelerations and velocities can be taken as 50% to 100% of MCE values.

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

If a Low Consequence structure cannot withstand the minimum criteria, the level of upgradma
may be determined by economic risk analysis, with consideration of environmental and social
impacts.
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SUMMARY OF RECENT GEOLOGICAL INVESTIGATIONS

TABLE 5.1

MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT:

JAUOB\DATAM62TMISCUNVSUM.XLS 6/5/97 1540
Identification ’ )
Label Field Name Date Location Description Type of Investigation .
96- A1 95- A1 21-Jul-96  |Main Embankment Foundation Auger/SPT Drilihole
© 96- B1 96~ B1 21-Jul-96  {Main Embankment Foundation Auger/SPT Drillhole
96- C1 96- Ct 21-Jul-96  {Mzain Embankment Foundation Auger/SPT Drillhole
CPT 96-1 CPT §6-1 27-Jul-96  tMain Embankment Foundation CPT {Cone) Drillhole
CPT 9§6-2 CPT 26-2 27-Jut-96  [Main Embankment Foundation CPT {Cone) Drillhole
CPT 86-3 CPT 96-3 27-Jui-96  [Main Embankment Foundation CPT {Cone) Drillhcle
CPT 96-4 CPT 96-4 28-0114-96 |Main Embankment Foundation CPT (Cone) Drillhole
CPT 98-5 CPT 96-5 28-Jui-96  |Main Embankment Foundation CPT (Cone) Drillnole
PRW 86-1 PRW 96-1 28-Jul-86  |Main Embankment Foundation Auger Pressure Relief Well
PRW 96-2 PRW 98-2 27-Jul-96  |Main Embankment Foundation Auger Pressure Relief Well
PRW 86-3 PRW £5-3 27-Jul-86  |Main Embankment Foundation Auger Pressure Relief Well
PRW 96-4 PRW 96-4 27-Jul-86  |Main Embankment Foundation Auger Pressure Relief Well
PRT-1 PRT-1 10-Aug-96 |Main Embankment Foundation Pressure Relief Trench
PRT-2 PRT-2 13-Aug-96  |Main Embankment Foundation Pressure Relief Trench
PRT-3 PRT-3 24-Sep-96 |Main Embankment Foundation Pressure Relief Trench
PRT-4 PRT-4 28-8ep-96 |Main Embankment Foundation Pressure Relief Trench
GW96-1A GWes-1A 28-Nov-96  |Perimeter Embankment (D/S of Seepage Collection Pond) Groundwater Monitoring Well Drilihole
GW96-1B GWSs-1B 29-Nov-96 |Perimeter Embankment (D/S of Seepage Collection Pond) Groundwater Monitoring Well Drilihole
GWAIE-2A GWE6-2A 10-Nov-96  |East of Perimeler Embankment Groundwater Monitaring Well Drillhole
GW96-2B GWas-28 10-Nov-96  |East of Perimeter Embankment Groundwater Monitaring Well Drillhole
GWBIE-3A GW3I6-3A 4-Nov-96  |Main Embankment (D/S of Seepage Collection Pond) Groundwater Monitoring Well Drillhole
GW3I5-38 (GWI5-38 4-Nov-96  |Main Embankment (D/S of Seepage Collection Pond) Groundwater Monitoring Well Drillhole
GWIB-4A GWI6-4A 18-Nov-96 IRight Abutment of Final Main Embankment Groundwater Monitering Well Drillhole
GWA96-4B GWe5-4B 18-Nov-96  |Right Abutment of Final Main Embankment Groundwater Monitoring Well Brillhole
GWI5-5A GWOS-5A 21-Nov-96 |Northwest side of Tailings Storage Facility Groundwater Monitoring Well Drillhole
GW96-5B GWS6-58 21-Nov-86  |Northwest side of Taillings Starage Facility Groundwater Monitoring Well Drillhale
GWI5-9 GW96-9 21-Nov-86  |Main Embankment (D/S of Final Toe} Groundwater Monitoring Well Drilthole
98- 1 ET-96/08/19-1 19-Aug-96 |Upper Basin Liner UBL Exploration Trench
98- 2 ET-96/08/19-2 18-Aug-96 |Upper Basin Liner UBL Exploration Trench
96- 3 ET-96/08/19-3 19-Aug-96 |Upper Basin Liner UBL Exploration Trench
98- 4 ET-96/08/19-4 19-Aug-96 |Upper Basin Liner UBL Exploration Trench
96- 5 ET-06/08/19-5 19-Aug-96  |Upper Basin Liner UBL Exploration Trench
96- 6 ET-96/08/19-6 19-Aug-86 |Upper Basin Liner UBL Exploration Trench
96- 7 ET-96/08/19-7 19-Aug-96 |Upper Basin Liner UBL Exploration Trench
G6- 8 ET-96/08/18-8 19-Aug-96  |Upper Basin Liner UBL Exploration Trench
86- 9 ET-96/08/19-9 19-Aug-96 |Upper Basin Liner UBL Exploration Tranch
56- 10 ET-96/08/18-10 19-Aug-96 |Upper Basin Liner UBL Explaration Trench
88+ 11 ET-96/08/20-1 20-Aug-96 |Upper Basin Liner UBL Exploration Trench
86- 12 ET-86/08/20-2 20-Aug-96 |Upper Basin Liner UBL Exploration Trench
98- 13 ET-96/08/20-3 20-Aug-96 |Upper Basin Liner UBL Exploration Trench
96- 14 ET-96/08/20-4 20-Aug-96 |Upper Basin Liner UBL Explaration Trench
96- 15 ET-86/08/20-5 20-Aug-96 |Upper Basin Liner UBL Exploration Trench
96- 16 ET-96/08/27-1 27-Aug-96 jUpper Basin Liner UBL Exploration Trench
96- 17 ET-S6/08/27-2 27-Aug-86 jUpper Basin Liner UBL Exploration Trench
96- 18 ET-96/08/27-3 27-Aug-96  [Upper Basin Liner UBL Exploration Trench
98- 19 ET-96/08/28-1 28-Aug-96 |Upper Basin Liner UBL Exploration Trench
86- 20 ET-96/08/28-2 28-Aug-96 jUpper Basin Liner UBL Exploration Trench
98- 21 . ET-96/08/28-3 28-Aug-96 |Upper Basin Liner UBL Exploration Trench
96- 22 ET7-96/08/28-4 28-Aug-96 |Upper Basin Liner UUBL Exploration Trench
96- 23 ET-96/08/28-5 28-Aug-86 |Upper Basin Liner UBL Exploration Trench
96- 24 ET-96/08/28-6 28-Aug-36 |Upper Basin Liner UBL Exploration Trench
96- 25 ET-96/08/28-7 28-Aug-96 |[Upper Basin Liner UBL Exploration Trench
Aissociaiicmlj gssof:iatjoq
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MOUNT POLLEY MINING CORPORATION

TAILINGS GRADATION LIMITS
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GEOMETRY AND MATERIAL PARAMETERS

.
\ . : o~ ] 7
N\ foe droin ~. ~a

T ——

1627.67 ]

Unit wt e’ C,, C'
MATERIAL TYPE (kN> ) (degrees) &Pa)
7'ar'ﬁngs: ' , _ :
Parflb//g Consolidated 78 — 10-55
Fully Consolidafed 79 J0 7]
Residual (Post Lf'guefacf/bng Strength 18 - 10
Zone A | 22 35 0
Zone B 22 35 [
Zone ¢ 27 35 o
Zone CS 9 J2 (7]
Zone S 27 35 0
Chf'mneg Drain 20 I35 0
Foundation:
Loose to Medium Dense Ty €77 20 ~ 85
Loose to Medium Dense Ty @ 20 28 0
Dense to very Dense 7y 27 26 0
£mbankment £ Moterial 27 J5 - g
G‘/ac:b/acusfnheéG‘Iacioﬁuw'a/ Sediments 20 33 o
NOTE ‘
() Short~term condition of the Stage B Embonkment foundation soi.
t2) Long~ierm consolidaled condition of the Final Embonkment foundetion soil
\\\\ | Toe drain conveyonce

CONSULTING ENGINEERS

Future

foundation drains

condition gssumed

pipe trench

be required

S‘\Pare Fressure of 1.5 m agbove hydrostotic
in the foundation soils
\—-ﬁ

Embankment fiy material
Note: subexcavation may
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°Q& EMBANKMENT._STABILITY ANALYSES
e 3 STATIC STABUITY DURING OPERATIONS
= vl .
& & N
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_.i
~
0
|‘ . /—C‘resf £ 965
Phrealic surface 7
\ £
gs0 )
\\ Potential Shp Surfoce
Ffactor of Saofely = 1.4
~
=r & NS ?e
=L P 2
"""--..,_b\ N\~ - —li
E o K \ o Zone C
z Portiatly A%
= consolidated 2. A <
% sl Tailings _\, AW
Jd L
</
gzl Zone S \ Zone B _
Zone ~{ ¥
TS
910} R = e T ey ‘"“D’?\
TN pore FPressure of 1.5 m above hydrostatic
goo L condition assumed in the foundation so;?.s:\'s
s
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C
A
"
o
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§'_g_§ > EMBANKMENT STABILITY ANALYSES
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208,
o
s 0
A0 W
29N
nr—
_l
O
970
F Crest £l 965
Phreatic ‘surfoce .5 —/_
\
960 |-
\\
Ne Potential Slp Surfoce
5ol N S5\ Zone Foctor of Sofety = 1.6
= S
& siof- = 7\ 2 Criticol Potential Shp Surface
§ &\ Consolidated . 5&- ~J’ Factor of Safety = 1.5
§ Tailings
o 93l \y \ﬁg‘ e Zone C
Zone S \ .f
220 \ :t Zone B
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§ MOUNT POLLEY MINING CORPORATION
8@ MOUNT POLLEY PROJECT
r{’:_’ '-;E' EMBANKMENT STABILITY SENSITIVITY ANALYSIS
._‘
2 -
Sm  1.6- .
m o
50 !
z :
nm O 1
a 1.5 .
ar-
_.'
O o '
1.4 ' —_
i
i ——
13 . . Typical Failure Surface for Final Embankment —_—
& —9— Final Embankment
L
E —®—Stage Ib Embankment
T 1.2 ]
§ .
& .
L1 '
MINIMUM FACTOR OF SAFETY = 1.1
: .
1.0 5 *
{
. —g—|_Pore Pressure 1.5 m above \+ \
0.9 l ground assumed in analyses _—
]
N : I I Typical Failure Surface for Stage Ib Embankment
Q s ' | ! ! ! !
& I 2 3 4 5 6 7 8 9 _
83 Excess Hydrostatic Head in Embankment Foundation{metres H,0 above ground level)
O .
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MOUNT POLLFY MINING _CORPORATION
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J

Z MOUNT POLLFY PROJECT
SR X EMEANKMENT STABILITY ANy YSES
€N PSEUDOSTATIC S TABILITY DURING OPERATIONS
Su - -
O m O
mn
29 x .
Ao :8
8~ N
inr=
._i
&
270 {* /— Crest £, 965
Phreatic surfoce L5
?
950 N \ 7 ‘
\ s
N Polfential Slp Surface
\\.\ ' cs Seismic Coefficient, (k=0.04 ¢)
9301 \_:g,\\ = N Z?Sge factor of Sofety = 1.3
N
e ~— - - - v -
& se0l DEAN
. -
g Partiolly -
S ozl consolidates hS
Taflings \-
920
910 S~ =~
900 -
-E'-;' NOTE: Seisrmje Coefficient of
c a04 ¢ corresponds fo the
-0 Design Bosis £ arthquake
m
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‘ MOUNT POLLEY MINING CORPORATION
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950 -
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MOUNT POLLEY PROJECT

EMBANKMENT STABILITY ANAL YSES
PSEUDOSTATIC STABHITY POST-CL OSURE
\ Phrealic surfoce Potential Shp Surface
~ Seismic Coeffecient, (k=0.065 q/
~~ ~ factor of Safety = 1.3
Y __g'_\
“\\\
ST~ Critical Potential Shp Surfoce
Seismic Coeffecient, (k=0.065 g/
Factor of Safety = 1.2 . -
& Consolidoted \
TGIZ'}?QS\ .
R

NOTE: Seismic Coefficient of
0.065 g corresponds to the
Maximum Design Larthquake
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EMBANKMENT STABILITY ANALYSES
TAILINGS RESIDUAL _STRENGTH (POST—LIQUEFACTION) |
/—C‘resf £ 965
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\
\\\ Polential Shp Surface
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CAD FIRENTE2AFIC\BZ 1:500 Plol 1=0.5

ELEVATION (m)

MOUNT POLLEY MINING CORPORATION
MOUNT POLLEY PROJECT

UPSTREAM EMBANKMENT STABILITY ANALYSES

Potential Slp Surfoce
Min. Factor of Sofely,
Static (Post-closure tailings condition) = 2.4

g7p -  Consolidated tailings (typ.)

Fhrealic surfoce assumed
in stability analyses

960f  —mm——mmmm e D
850 -
-~
940 | &
' Fartially Consolidated
Tailings \
G930 -

Phreatic surface assumed
920 |- in Stage b Embankment
stabilily analyses

— Stage Vil (2008): £1. 965

~ Potential Slip” Surface
Min. Factor of Safely,
Static (residual foilings condition) = 2.0

1627,82

910} . N7 -
Stage b, Potential Slip Surface
Woter assumed impounded to £ 925,00

g0 L Min, Ffactor of Safety,
Stalic = 1.5
Pseudostatic (k=0.04 g) = 1.3 ;

May 16, 7997 .
KNIGHT PIESOLD LTD. ' : FIGURE 6.14
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CAD FILE; \16Z7\PC\BB Scole 13500 Plol 1a0.5

MOUNT POLLEY MINING CORPORATION

MOUNT POLLEY PROJECT

1627.8B8

#
EMBANKMENT SEEPAGE ANALYSES
) SUMMARY OF MATERIAL PARAMETERS
FOUNDATION FILL EMEBANKMENT FILL | .
ZONE ZONE DEPTH HYDRAULIC CONDUCTIVITY ZONE ZONE HYDRAULIC CONDUCTIITY
NUMBER (m) CONDUCTIVITY (em/s) RATIO NUMBER _ CONDUCTMTY (em/s) RATIO
14 loose lo Medium Dense Till 0 - 06 ! x 1077 7 7 Tailings £l >946 m 7 x 107° 7
14 loose to Medium Dense Till 0.6 — 1.2 7 x 1077 7 Z Tailings E1. 934—946 m 5x 10°° 7
5 Dense fo Very Dense Tilf 1.2 — 2.2 7 x 10°° 7 J . Toilings El. <934 m 7 x 10°° 7
16 Silt, Send 22 - 102 1 x 107¢ 7 4 Coarse Tailings 5x 107° 0.2
16 Silt 102 — 12,7 7 x 1077 7 5 Zone A — Glacial Till 7 x 10°° 7
17 Basal Till . >12.7 7 x 107 7 - 6 Vertical Filter Drain 7 x 107* 7
7 Zone S — low Permeability Glaocial Till 7 x 1077 0.7
8 Zone B — Glacial Till 7 x 107 o1
C 7 965
e rest £l 96 9 | Clay Liner 7 x 10°° 7
7.5 10 Chimney Drain 7 x 1072 7
’/ 77 Zone C — Random Fill 7 x 1075 7
12 Zone €5 — Cyclone Sond 7 x 107° 7
@ 13 Low Permeability Glacial Till 7 x 1077 7
!-f / |
- .
NI
May 16, 1997 @
KNIGHT PIESOLD LTD. " FIGURE 6.15 |

CONSULTING ENGINEERS
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MOUNT POLLEY MINING COFPO/?A T7ON
MOUNT POLLEY PROJECT

SITE. WATER MANAGEMENT SCHEMATIC
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CAD FILE: \1627\FIg
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— x \ R
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ake ——— T T
5 . : — Polley
—-- i voster - —_—
= N Pumpstation o g e e g s ——— . / Southeagst Loke
12 DropboxN Y Ymam = k ‘ @/‘Seaﬁ?nenf FPond s
N, Southwest Sediment ==
\5\-\' Pond Pjpeline
®
N N\

Ra Polley [ ke L P

,:f/ ‘ & Pipeline T ‘

(',l;.:_ fforﬁhgs FPipeline Ooéboé T.\-“" -
...'.' . : _‘.-‘".

“"-"-.:.-;‘-‘\. Creek .= Contingency woter supply
- \ '
PR -

—_—
—
e— e

—
-~-..,..__._-~

=

Apr. 29, 1997

x>

KNIGHT PIESOLD LTD.

CONSULTING ENGINEERS
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Tailings Discharge (typ. /
Groundwater
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° (o) Do,
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=== __ 7o Likely
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Main Embankment
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1627.86

MOUNT POLLEY MINING CORPORATION

| MOUNT POLLEY PROJECT
SCHEMATIC OVERVIEW QF WATER BALANCE COMPONENTS

Sl e L N
B - o

YEAR 1
&

Polley Laoke

5 .

Loke *

&@Mﬂ

FIGURE 7.2

CATCHMENT AREAS IN WATER BALANCE FOR YEAR 1

9
<
53M9N2 & ;oo
NN j N GG IN
W 455645 zmﬁﬁﬂ.
O]
<
m ~am w8 | §le|N®
<
S ;
M g
o
o QL
o r =
g 3388 8 s
m..d wwaa g8 W
(a8 3 .8y
SRS Reiflandl p
18l e SS5=ER S |8
V55328 23T % (T
S 8 5% 5 92 2e8T
gvnnumm.w,ooe.mnu&un
%rBUUDDﬂDU/mm
-~ a ]
S £ MA.OP

June 4, 1997
KNIGHT PIESOLD LTD.
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June 4, 1997
KNIGHT PIESOLD LTD.

CONSULTING FNGINFFRS .

MOUNT POLLEY M CORPORATION
MOUNT POLLEY PROJECT

SCHEMATIC OVERVIEW OF WATER

BALANCE. COMPONENTS

YEAR 13

IN WATER BALANCE FOR YEAR 13
Calchment Arec Area No. Area (ha)
Tailings Facility :

Taiings Pond 7 or.c
Beach 2 1220
Unprepared greq 3 0.0
Upstream undiverted greg 4 60.9
Downstream oreg G 479
Downstream areq gh 15.2
Waste Dump =) 134.0
Ml Site & 58.9
Area north of i Site 7 24.3
Open Pit g 64.7

1627.85




SUTINIONI ONILINSNOD
‘atl aios3id LHOINM

¥4 34NOIld

Seepage
Collection Pond

"
Seepage

70080 |n
70,080 Jw

TAILINGS FACILITY

OTE

1. All flows in m* /year.
2. All results are for average precipitation conditions.

: ’ .. '/._.\‘
"‘\/; \_’/A
POLLEY MI RPORAT
MOUNT POLLEY PROQJECT
1 Y
HEMATIC ILLUSTRATI F TER BAL -YEAR1 &1
Average Year Precipitation ' Precipitation Evaporation
Precipitation
Water from Open Pit
. 71,280 [z T Milt Site Catchment Area
262,036 29\ - Runoff North of Mili Site
Correspondings tw Line Number oo Warer Balence Tables 188,646 [n 43,847 |n
See Table 7.1 hem Ne, 29, Typ. 188,646 (1 47,145
OPEN_ PIT
Fresh Water input to Mill
289,711 |26
289,711 |1
Ground Water from Open Pit MILL
188,105 |
Year I, m/ 188,105 [ Water in Ore
Year 13, Typ—"" 263,784 o
263,784 |z
Maximum Annual Annual Dust Control
Cuqt_rp_u_[ggi_v_q_]?g_f_icit Deficit 150,000 |24 Water Pumped
1842423 s 340,700 |as 150,000 [ from Polley Lake
908,403 1 267094 s Recovered Water 1,000,000 |7
) 10,835,206 |6 0 .
11,248,946 |1s
Downstream Area TSF Direet Precipitation N
Runoff Runoff on Pond Evaporation Tailing Slurry Water from .
379,344 s 584,464 |3+s 367,278 |2 375,832 [is+19 { 12,071,280 | Waste Dump Undiverted Runoff
379,344 |sa 848,967 [3+4 761,040 {2 840,247 |ir+10 | 12,071,280 |: 339,137 |s 110,532 |s
649,048 s 110,532 |s
v i
Retained =
3,570,917 it
2,661,838 |17
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KNIGHT PIESOLD LTD. (225/]) 23 MO . FIGURE 9.1
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LEGEND
A Piezometer working

N Piezometer not working

32X Initial pressure after installation

A7-PE2-03*  Denotes piezomelers wilth pore pressures

still dissipoting aofter fill placement.
' Scale

0 5 0

NOTE: Readings token May 13, 1997
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g 19895 Honitoring Wells consist of [ 10mm Pve well pipe LECEND ¥ MPES-237 Decommizsioned CHRE-34 Good
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NOTES

2. As—built information from Mount Polley Mining Corporstion.

1. Milsite loyout os per CSFM Engineering.

J. Tepegrophy has not been updaled from 1997 Fiyover.
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ORIGINAL SETTING OUr POINTS
Description Point Northing £asling
5! & 818 522590 594 258.688
. S2 | 5 818 392402 5894 765.778
Setting 53 | & 818 365375 534 995245
Of/l’ 54 5 B8 238539 585 240.350
Line S5 | 5 818 §66.983 5895 208.858
(s.oL) S6 | 5 817 304035 | 595 955897
S7 | 5 819 932926 595 020.357
58 | 5 820 025632 594 375061
S{r.g'qp:hg SI13| 5 818 233372 585 392,851
Limils Si4 1 5 818 696416 585 997.943
515 | 5 818 828350 596 066.684
Main Ernbkmnt, 519 | 5 818 451.203 585 790.230
Seepage 520 | 5 818 391.047 595 692,013
Collection 521 | 5 818 317351 595 752,085
Fond 8522 | 5 818 387678 |. 555 845,530
Reclaim S23 | 5 818 743870 585 479103
Borge C5 | 5 815 856.84) 585 365834
Channel 8¢ | 5 818 879.675 595 408.055
£C 5 818 903862 585 375,481
F5 | 5 818 899.065 595 397.857
S2¢ | 5 819 0071726 594 B40. 708
cr | 5 818 550264 | 595 840,492
BC | & 818 ¢47.016 595 949.303
£ 5 818 430386 595 930.655
FIl {5 818 437,022 585 940.674
(%4 5 818 243 100 585 432.097
BC 5 818 1235222 595 522.260
£C 5 818 112295 595 505514
P2 | 5 818 117199 585 514,252
Booljock — €3 | 5 818 096998 | 585 273949
Mootebead 8C | 5 818 009.797 | 595 322594
Connector EC | 5 818 002473 | 595 241 322
Relocation PIF | 5 817 987.827 | 595 283 782
o 5 818 228.844 594 248367
ec 5 818 333078 59¢ 283514
&C 5 818 307478 594 171,445
Fl4 | 8§ 818 354,995 594 220.025
LECEND
ct ~ Curve No. 1 {bp.)
ac — Bzgin Curve
£ - fnd Curve
Fir — Poinl of Intersection

for Curve No. 1

NOTES
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seepage collection ponds ond pipeworks.

2 As=built informalion

Mining Corporation.

provided by Mount Falley

. Topography hos not been updaled for 1997
Flyover.

+. Pipeline alignments lo be updoled bossd on
as—buill survay.
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