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RECLAMATION PLAN OVERVIEW

Reclamation Plan Overview

The overall reclamation objective for the Mount Polley Project is to characterize the pre-mine
site and develop workable plans which will ensure that the operations area can be reclaimed
to a level of capability equal to, or better than, that which existed prior to disturbance on an

average property basis.

Ph A

The Mount Polley development schedule requires preparation of the mill site area in May
1995 and portions of the tailings impoundment area and access road in July 1995. The
remainder of construction will occur in 1996.

A permitting and approval process was developed for the Mount Polley Project which
recognizes this time frame. A phased approach (as outlined in correspondence from the Mine
Review and Permitting Branch, February 6, 1995) is being used to develop the Reclamation
Plan. This will allow the company to begin certain aspects of construction prior to receiving
a complete Reclamation and Work Systems Permit.

The phased approach includes presentation of this Interim Reclamation Plan prior to mill site
preparation and submission of a Final Reclamation Plan prior to full construction, scheduled
for 1996.

Interim_Reclamation Plan

This Interim Reclamation Plan is being submitted as a prerequisite to proceed with mill site
soil salvage and overburden removal in May 1995. Specific soils investigations of this 20 ha
area were conducted as per the requirements outlined by the Ministry of Energy, Mines and
Petroleum Resources, Reclamation Braach.

In addition to the soil survey information, other critical elements of the Interim Reclamation
Permit Application include:

0 Detailed layouts of project components;
0 Estimates of disturbed areas from mine site development;

Hallam Knight Piésold Lid.
March 31, 1995 Page x

12 of 536



RECLAMATION PLAN OVERVIEW

0 Terrain mapping;
0 Biogeoclimatic site mapping to the sub-zone and variant levels of detail;
0 Forest cover maps interpreted to reflect wildlife habitat values in the areas of

disturbance and in the project area in general,
0 Capability assessments for the following existing land use values:

- ungulate habitat mapping;

- forest cover mapping;

- forage capability mapping; and

- agriculture capability mapping (as an indicator of vegetative productivity).

General descriptions of the environmental setting, the mining program, disturbances and
reclamation prescriptions and scheduling comprise the bulk of this report.

ility A ments

The three principal land use types in the project area are forestry, wildlife habitat and
grazing. Although detailed agricultural capability has been defined for the mill site area, at
present, only general capabilities for each of these land uses have been determined for most
of the land base which will be impacted by the project. Site conditions have not yet allowed
the necessary on-site investigations.

Field studies will be conducted after snow melt to refine the capability assessments, which
will in turn be used to determine the precise end land use objectives. o

End Land Usg

Two areas of further work are required prior to developing end land use prescriptions in
more specific detail than that found in this report: refining the capability assessments as
discussed above, and discussions with present land managers (primarily Ministry of Forests)
and stakeholders of the area.

The Ministry of Forests has already established programs for managing the land base for
forestry, wildlife and grazing land uses. Further discussions with the Ministry of Forests will
be undertaken to incorporate the Mount Poliey project into existing land use planning.
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RECLAMATION PLLAN OVERVIEW

Consultation with the nearby UBC Alex Fraser Research Forest may also offer opportunities /,'
for cooperative work to implement the goals of mine reclamation.

Although prescribing specific end land uses for each disturbed area would be premature at
this stage, conceptual land use prescriptions based upon relative levels of pre-disturbance land
capability were provided for preliminary cost modelling exercises.

Reforestation of disturbed areas, which provides both wildlife and forestry values, was the
dominant prescription, while development of grazing habitat was prescribed for the mill site.
These objectives are possible for all post-mining land areas with the exception of the open pit
development.

Realistically, post closure options far the open pit are limited and will result in changes to
end land use. Flooding of the open pit will result in ereation of additional aquatic habitat and
some cliff habitat in the region. This will increase the diversity of habitat types and open
new ecological niches for colonization. From a net environmental benefit perspective, this is
regarded as potentially advantageous, as increased biodiversity with no loss of regionally
limited habitat may result.

Once the pre-mine capahility assessment is refined, detailed end land uses will be defined and
included as a key component of the Final Reclamation Plan.

Baseline Monitoring Environmental Program

A comprehensive environmental monitoring program for the Mount Polley project is presently
being developed with regulatory agencies.

Several components, including water quality, meteorology, hydrology and wildlife surveys
were initiated in March 1995, and the remaining components, including fisheries, air quality,
limnology, vegetation surveys and aguatic monitoring will be implemented in April and May,
1995. Program details and initial results will be presented in a separate document.

This program will continue through construction, operations and post-closure phases of the
project to ensure protection of the environment,

Report Format

This Interim Reclamation Plan forms the foundation for all reclamation planning for the
Mount Polley mine development. The document i$ dynamic in nature - as additional
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RECLAMATION PLAN OVERVIEW

characterization work is conducied prior to disturbance, the revised information and refined L
end land use prescriptions will supplement the present material.

In addition, during operations, the results obtained from research test plots will further refine
the end land use prescriptions.

As this document will be subject to frequent updates, it has been bound in a 3-ring binder to
facilitate replacing superseded information. All printed material will include the date on
each page, and a summary sheet for each update will list the dates of the most current version
of each section.

Mapping in this Interim Reclamation Plan consists mainly of line drawings, but additional
presentation formats (including GIS and orthophoto techniques) are being investigated for
future editions
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INTRODUCTION

SECTION 1.0 - INTRODUCTION

1.1 OVERVIEW

The Mount Polley project is a gold/copper porphyry deposit located in the Cariboo Region of
central British Columbia. The name of the project is derived from Mount Polley, a low mountain
that rises about three hundred meters above the roliing and forested terrain.

The mining method that will be emplayed is open pit mining, ultimately involving three adjoining
pits. The scheduled mining rate is 13,700 tonnes per day. At this rate, the lifespan of the mine
is expected to be 14 years.

Processing of the are will consist of crushing, grinding and froth flotation, producing a copper-gold
concentrate at the rate of approximately 150 tonnes per day. The concentrate will be shipped in
containers by truck for overseas smelting.

1.2 OWNERSHIP AND LAND TENURE

The Mount Poliey copper/gold praject is wholly owned by Imperial Metals Corporation (IMC) and
lies on Crown Lands. Mineral claims consist of 342 units representing a total surface area of
8,550 ha.

A fishing cabin stands within the [MC claim block, on the shoreline of the northeast end of
Bootjack Lake on the only parcel of private land (1.12023) on that lake. Two additional private
parcels are at the north end of Polley Lake outside the IMC claim block, One has a private
hunting/fishing cabin (L11559) which is about 7 m to 8 m in elevation above the Jake. The other
parcel (L.11560) has an abandoned caretakers cabin several metres above lake level that was
historically associated with water diversion facilities.

Land tenure for other uses (forestry, grazing, trapping, and guided outfitting) are detailed in Section
2.0.

1.3 LOCATION AND ACCESS

The Mount Polley Project is located in the Fraser Plateau physiographic region in central British
Columbia approximately 56 km northeast of Williams Lake and 8 km southwest of the town of
Likely (Figure 1.1). Topographically the area consists of north-south trending ridges of moderate
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INTRODUCTION

elevation and relief, The mine is positioned on a ridge straddling the Polley Lake / Hazeltine Creek
and the Bootjack Lake / Morehead Creek watersheds. Both of these watersheds are contained
within the Quesnel River drainage system.

Access to the mine site from 150 Mile House ts north along secondary highway No. 115 for 60 ion
to Morehead Lake and south from the Bootjack Lake turn-off for another 14 km on 2 forest service
road to the property. Polley Lake and Hazeitine Creek can be accessed by the Ditch Road which
leads south from the secondary highway No. 115 near Likely, following the contours along the
western side slopes high above Quesnel Lake to Polley Lake and Hazeltine Creek. An alternate
access route is via the Gavin Lake road further to the west.

Commercial forest harvesting has been the principal land use in the project area for many years.
As a result, logging roads are well established throughout the area and provide access to all
prominent landmarks in the vicinity of the project.

1.4 MINE INFRASTRUCTURE LAYOUT

The mine will be operated on a phased development schedule. Project infrastructure will eventually
constst of the mill site, three apen pits, waste rock and tallings storage areas, as well as the main
access, road, powerline and tailings pipeline. The layout of these infrastructure components is

shown in Figure 1.2.

Hallam Knight Piésold Lid.
March 31, 1995 Page I - 2

17 of 536



IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT
LOCATION PLAN

BG TMTTHY ‘\H"‘d'

LAKE - N 150 Mile

House 5 2481 A
wle.f%;mu f\ ‘ \,/" \\
_’,.-- Blexis Ceaek i N Enterprise }

} 5\ \ ”
\ , Eagla Cresk
Honceville Riske Cryek Springhouse }-"" Butioio /1/'
P (-" ] Creek /
P \ / % 4 Loc Lo Hache Conim J
- \ Y, té 7 Lohs /
/ J u o AlkoR Loke //
/ \ - { /
e . - \\ 00 MILE HOUSE {
)

Source: Imperial Melals Corporation

| @®HALLAM KNIGHT PIESOLD LTD.

1607 Al

Willow River \\ ur
b 5W mjmzu R
L U Shelley
ible Pierre
N  PRINCE
GEORGE
“ o
Baldy Hughes “ C/ 2384
/ ‘ &
ll \ [
I d\ 3NS5
[ 1 |
\{' - ‘ <& ‘\ ~ N, McBRIDE
-
// ¢ ,K \
1\ ;- BOWRON ™)
i S i LAKE PARK °
IR N Walla_ | )
S - ,9 \ \
T e )
Raouchie Lake Barker vilie /s’ _,\/]
g — — (
// c4RmO) 2%
|§3: ¢
; O
V4
M T P OL L E Y { Grovelie \\’3 ;I sl\.vzlgglons é
. | ] o o7m «
. i g » o
PROJ ECT \\ E;it:‘r::qr \ 3 Likety ;
\ Z [+
LOCATION —X(x \ 5
\) Y Mocefister Beover Loke / /J' Lohe y et E}
\\ \ T T TN i cie o
\ ' - \. ;
N —— \) .
\X\ l Horselly i \
WiLLIAMS { |
\

in Loke l

T‘.,A..——
\—7:‘"'--.

-
,. Maobood
Folts

FIGURE [.1

ENVIRDNMENTAL CONSULTANTS

18 of 536



ENVIRONMENTAL SETTING

2.3.2 Mount Polley Climate

During the 1989 summer exploration season Imperial Metals Corporation instalied a weather station
at Mount Polley in the general vicinity of where the mill and the central pit will be located. This
weather station recorded precipitation, minimum and maximum temperature, and relative humidity.

There are no long term recards of any of these parameters from the site or from any nearby site
with similar elevation and surrounding terrain. The Atmospheric Environment Service (AES 1981)
provides a compilation of data from weather stations that meet a set of minimum standards. Long
term data from a series of these regional weather stations was used to extrapolate certain climatic
parameters and provide estimates of what could be expected at the Iocation of the Mount Polley
weather station (Mount Polley Stage 1 Report, 1990). Regional meteorology stations are shown
in Figure 2.5.

Mean monthly temperature records from the Mount Polley weather station (1142 m) ranged from
13.7°C in July to minus 10.7°C in January. Based on regional analysis, mean annual temperature
is 2.6 + 1.4°C.

The total annual precipitation at 1,142 m is estimated to be 856 mm with a standard deviation of
119 mm. On average, S11.1 mm of that is expected as rain and 344.9 mm is expected as snow.
As an indication of the effect of elevation at this location the estimate for the surface of Bootjack
Lake (elev. 986 m) would be about 737 mm annual precipitation.

Possible 24-hour maximum rainfall and snowfall (moisture) for the Mount Polley area was estimated
from regional stations. Twenty-four hour maximum rainfall ranges from 32.3 mm at Horsefly
BCFS 0 79.9 mm at Barkervilie and maximum 24-hour snowfall ranges from 27.4 mm at Likely
to 58.5 mm at Barkerville. The maximum 24-hour precipitation event on record was 71.1 mm at
Barkerville. Short duration rainfall intensity curves (Figire 2.6) display maximum precipitation
estimates.

Regional precipitation data indicate that a relatively even distribution of precipitation can be
expected throughout the year at the site. Slightly greater precipitation may be expected in the
periods July to August and December to January, while March through May are drier months.

Snowfall at the weather station elevation of 1142 m represents approximately 40% of the annual
precipitation and could reasonably be expected during all months from October to April.

Evaporation measurements are taken only during the frost-free season (AES 1981). The network
of evaporation pans in B.C. is quite sparse. Regional average evaporation for the frost-free period
i1s 423 mm. This does not include losses by sublimation or evaporation outside the frost-free

period.
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The meteorological database will be improved through climatic monitoring using a multiparameter
automatic meteorology station, installed in March 1995.

2.3.3 Air Quality

The Mount Polley area is remote from any sources of substantial industrial air emissions, and is
also remote from any significant concentration of vehicular or residential sources of atmospheric
emissions. Seasonal polien and fugitive dust are expected to be the main airborne material.

The slightly undulating terrain around Mouat Polley suggests unobstructed atmospheric exchanges
and the absence of prolonged inversions. Major storm tracks are from the west off of the Pacific

Ocean.

There is no existing air quality baseline data for the Mount Polley areca, however, a dustfall
monitoring program is scheduled to be initiated prior to construction activities and will continue
throughout mine life.

2.4 SURFACE AND GROUNDWATER

2.4.1 Description of the Watershed

The general trend of drainage in this part of the Fraser Plateau is north and east, ulumately
discharging from the Quesnel River into the Fraser River. The origin of the Quesnel River is
located near Likely at the outlet of Quesnel Lake.

The Mount Polley Project is located near the divide of two small watersheds within this system
(Figure 2.7). The western watershed, which includes drainage from Bootjack Lake, Trio Lake and
Morehead Lake, discharges to the Quesnel River via Morehead Creek. The eastern watershed
includes Polley Lake, which discharges to the southeast via Hazeltine Creek, and the Edney Creek
drainage which enter the western arm of Quesnel Lake. Bootjack Creek is a small tributary of
Hazeltine Creek.

Drainage patterns of these small watersheds was modified for historic piacer gold mining in this
region of the Cariboo. Bootjack Creek originally discharged to Bootjack Lake, but was diverted into
Hazeltine Creek below Polley Lake.

Presently, approximately 60% of the drainage in the Mount Polley area discharges into the
Morehead Lake watershed, the remainder enters the Hazeltine Creek watershed. The diversion of
Bootjack Creek resulted in the transfer of approximately 14 km? of drainage area from the Bootjack
to the Poliey Lake system.

Hallam Knight Piésold Lid.
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Some stream flows are ephemeral and occur during and after events of prolonged precipitation and
surface infiltration.

2.4.2 Surface Water Hydrology

A comprehensive program of stream monitoring in the Mount Polley Area was initiated by Imperial
Metals Corporation in the spring of 1989. Regional hydrology stations are presented in Figure 2.8.
There are no long term stream flow or precipitation records for locations within the project drainage
system. Therefore, hydrologic assessments utilized comparison of regional data with site-specific
data. An additional approach using channel geometry and known flow characteristics to estimate
peak flows and return periods.

2.4.2.1 Mean Annual Runoff

Regional analysis was undertaken to provide an estimate of mean annual runoff. Table 2.2 presents
the measured and calculated unit runoff estimates for regional stations and for the project site.
Moffat Creek near Horsefly (08KHO19), provided similar values to site specific data measured at
the outlet of Morehead Lake. This station's long term mean annual runoff is approximately 6
I/s/km? which is at the upper end of the range predicted by regional analysis. Mean annual unit
runoff estimates based on site data was 7.5 1/s/km? for Hazeltine Creek. Monthly variation ranged
from approximately 1 I/s/km? in late summer and winter to 19 I/s/km? in May for the project area.
Hazeltine Creek is projected to have a unit area runoff of 8.23 1/s/kan’ with a high estimate of 9.87
I/s/km?(+20%) and a low estimate of 6.58 I/s/km’ (-20%).

A comprehensive hydrological monitoring program is being intiitaed in late fall 1995 to refine and
monitor site flows during construction, operations, and closure,

2.4.2.2 Extreme High and Low Flows

The predicted 200-year return mean annual flow is estimated at 12.0 ls/km’. Maximum
instantaneous flows were calculated using the rational method and were vsed for design of diversion
ditches and spiliways. The maximum instantaneous flow was estimated at 5.83 m*/s for an area

of § km? and a concentration time of 109 minutes,

Low flow estimates for a 10-year return 7-day minimum are 0.25 l/s/km? and 0.24 l/s/km?,
respectively for the two streams, Bootjack Creek at the weir and Hazeltine Creek at the weir.
Annual low flow estimates for a 1 in 10-year return period are 65% of the mean annual flow.

Hallam Knight Piésold Lid.
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2.4.3 Surface Water Quality

Streams

The watercourses draining into the Morehead Lake system include Morehead Creek (from Bootjack
Lake) and two small tributary streams 4K and 6K Creeks (Figure 2.8). Table 2.3 presents
comparative data for the three of these streams monitored for water quality in 1989, The data are
presented as mean concentrations. Additional data from late 1989 and 1990 is presented in
Appendix D. 4K and 6K Creeks exhibit elevated conductivity (89.6 to 359 umhos/cm), dissolved
solids (70 to 190 mg/L), alkalinity (40.4 to 128 mg/L CaCQy,), and total and dissolved iron {0.35
to0 1.42 mg/L, and 0.14 to 0.76 mg/L, respectively). 6K Creek displayed occasional higher than
normal turbidity (1.2 to 20.4 NTU) and elevated concentrations of total and dissolved copper (0.002
to 0.011, and 0.002 to 0.011 mg/L, respectively). Perhaps this reflects the area of high organic
soils and poor drainage in the headwaters of these two creeks.

Morehead Creek displayed seasonal variations in total phosphorus (0.008 mg/L in December to
0.041 mg/L in November), nitrate (<0.005 mg/L in August and September to 0.098 mg/L in
November), and ammonia nitrogen levels (<0.005 mg/L in March and June to 0.051 mg/L in
November). This may be related to cattle grazing and the beaver activity during low flow. Total
and dissolved aluminum (0.025 to 0.16 mg/t., and 0.008 to 0.023 mg/L, respectively) and iron
(<0.03 t0 0.49 mg/L, and <0.03 to 0.31 mg/L, respectively) were the only metals to show any
variability between sampling petiods. The watercourses draining in a southeasterly direction towards
Quesnel Lake include Bootjack Creek, Hazeltine Creek, Edney Tributary Creek and North Dump
Creek (which drains the northeast slope of Mount Polley). The results of the 1989 water quality
monitoring program for these streams is reported in Table 2.3.

Bootjack Creek displayed some fluctuations in conductivity (111 to 207 umhos/cm), dissolved solids
(74 to 180 mg/L), sulphates (3.0 to 8.5 mg/L). nitrate nitrogen (<0.005 to 0.058 mg/L), total
Kjeldahl nitrogen (0.14 to 0.36 mg/L), and total aluminium levels (0.057 to 0.75 mg/L). All other
parameters were relatively stable or near the analytical detection limit for each sampling period.
Hazeltine Creek displayed seasonal variability in conductivity (120 to 184 umhos/cm), dissolved
solids (74 to 180 mg/L), alkalinity (63 to 104 mg/L CaCO,), orthophosphate (0.005 to 0.022
mg/L), total phosphorus (0.008 to 0.039 mg/L), nitrate { <0.005 10 0.054 mg/L), nitrite (0.001 to
0.008 mg/L), and ammonia nitrogen (<0.005 to 0.019 mg/L), total and dissolved arsenic
{<0.0001 to 0.0009 mg/L, and <0.0001 to 0.0008 mg/L, respectively), capper (0.001 to 0.019
mg/L, and 0.001 to 0.004 mg/L, respectively), and iron (0.04 to 0.40 mg/L, and <0.03 t0 0.35
mg/L, respectively). In general, the concentrations of these parameters are low compared with the
federal CCME guidelines for the protection of aguatic life.

Throughout the late 1989 and 1990 sampling period, the provincial and federal water quality
guidelines for the protection of aquatic life were exceeded for a number of parameters (Appendix
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D). 4K Creek exceeded guidelines for total aluminum (1 out of 7 samples), total chromium (1 of
7 samples), total iron (alt samples), total manganese (3 of 7 samples), and total mercury (1 of 7
samples). 6K Creek exceeded guidelines for total aluminum (1 of 7), total copper (1 of 7), total
iron (2 of 7), and total manganese (2 of 7). North Dump Creek was greater than guidelines for
total and dissolved aluminum (5 of 7, and 2 of 7, respectively), total copper (4 of 7}, total iron (2
of 7), and total mercury (2 of 7). Edney Creek also contained some high metals and exceeded
guidelines for total and dissolved aluminum (6 of 7, and S of 7, respectively), total chromium (2
of 7), total copper (1 of 7), total iron (6 of 7), total mercury (1 of 7), total nickel (2 of 7), and total
silver (1 of 7). Occasional exceedences were also seen for these metals at the remaining stations
on Morehead Creek, Bootjack Creek, the bog, and Hazeltine Creek. Trio Lake and Trio Creek did
not exceed guidelines during the 1990 surveys.

The Edney Creek tributary drains the small bog that is encompassed in the proposed tailings storage
site. This very small stream exhibited wide seasonal flucmations in conductivity (60 to 348
umhos/em), turbidity (< 1.0 to 8.2 NTU), dissolved solids (S0 to 320 mg/L), alkalinity (23.4 to
204 mg/L CaCQ,), total and dissalved aluminium (0.064 to 0.73 mg/L total), arsenic (0.0004 to
0.0012 mg/L total), copper (<0.001 to 0.006 mg/L total), and iron (0.16 to 0.82 mg/L total).
Total and dissolved mercury and total zinc also showed some variability above their detection limits
during the fall- winter fow flow periods. North Dump Creek is an intermittent stream that drains
the northeastern slope of Mount Polley from an area proposed for a waste rock dump. The flow
was sampled on three occasions in 1989 and featured occasional elevated conduetivity, turbidity,
dissolved solids, alkalinity, sulphate, phosphate, total phosphorous, nitrate nitrogen, total and
dissolved aluminium, arsenic, copper, iron and mercury. The resulis of the water guality
investigations of the tributary streams in the Mount Polley study area in 1989 have documented both
seasonal variability and consistency among the parameters measured. In general. the majority of
the nutrients, as well as the concentrations of total and dissolved metals were present at extremely
low levels.

The tributary streams displayed somewhat higher variability than was noted for the lakes. The lakes
tended to damp out fluctuations. This phenomenon is probably explained by the seasonal
fluctuations of the flow regime responding to storm events which. through erosion, create elevated
turbidity, dissolved solids, and nutrient load.

Lakes

The surface waters of the lakes in the Mount Polley Study area (Morehead, Bootjack, Polley and
Kay) were sampled on several occasions in 1989 to document seasonal trends in water quality
parameters. A summary of the mean and range of the 1989 values measured in the surface waters
from the four basins is presented in Table 2.4. All four of the lakes are significantly alkaline with
substantial reserves of calcium carbonate, total dissolved solids and conductivity and with low
turbidity and suspended solids. The fakes draining northwest (Bootjack and Morehead Lakes) differ

Hallam Knight Piésold Lid.
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somewhat with the lakes draining southeast (Kay and Polley Lakes). The southeast flowing lakes
are slightly higher in pH, much higher in conductivity, dissolved solids, alkalinity, nitrate (Polley
Lake), and lower in ammonia, suspended solids and total and dissolved iron. All other parameters
were present at low levels near the detection limits for the analyses. As with most of lakes in this
region, the lakes are low in mineral and organic content. Notable anomalies found in the lakes were
the high ammonia nitrogen concentrations in July (0.41 mg/L) and August (0.22 mg/l) in
Morehead Lake and high nitrate (0.16 mg/L) in Polley lake in July. In general, baseline lake water
quality is below the provincial and federal water quality guidelines for the protection of aquatic life.

Additional water sampling of Bootjack, Kay and Polley Lakes at various depths was done as part
of the limnological studies. The limnological studies and the extensive water guality monitoring
program during 1989 provides solid baseline data for comparison with future investigations and
monitoring results.

Water chemistry results indicate that both Polley and Kay lakes have higher alkalinity,
conductivity, dissolved solids and pH than Bootjack Lake. Total iron tends to accumulate in the
hypolimaion of all three lakes but only Kay Lake exhibits elevated dissolved iron concentrations.
Nutrients (P and N) are accumulated in the hypolimmon of Polley and Kay Lakes but not Bootjack.
Ortho-phosphate concentratians are elevated in the deep waters of Polley and Kay to Polley Lake.
Kay Lake on the other hand shows hypolimnetic accumulation of all four forms of nitrogen

measured.

Phosphorus loadings were modelled in the Stage 1 assessment using a number of methods. All
results concluded that there would be minimal if not neghgible effects from phosphorous loadings
inn surface and ground waters. From further modelling it was determined that water quality effects
from phosphorus loadings will be relatively insignificant. Bootjack Lake is projected to increase
by 4 wg/L in total phosphorus, 2 ug/U in dissolved phosphate, and 1 ug/L. in ortho-phosphate
during peak May discharges. Morehead and Polley lakes phosphorus concentrations are expected
to rise by 3 pg/L, 2 ug/L, and lug/L for the same May high flow period. These concentrations
are expected from mine water, and waste rock ronoff (Hallam Knight Piésold Ltd. 1991).
Downstream of these lakes, the concentrations will decrease more with the added dilution.

2.4.4 Groundwater Flow Regimes

Mount Polley intrusive and volcanic rocks that underlie most of the project area have generally low
hydraulic conductivities. The dominant directions of groundwater fiow in the pit is expected to be
southwestern, towards Bootjack Lake. Surficial sediments in the project area are dominantly dense
tills of low permeability. A thin soil veneer which overlies the dense till will conduct groundwater;
however, the limited thickness of the soil profile should limit the flow gquantities to very small

amounts.

Hallam Knight Piésold Lid.
March 31, 1995 Page 2 - 10

ot -

24 of 536



ENVIRONMENTAL SETTING

The pit area measured permeability of bedrock formations are less than 1 x 10° cm/s, but
occasional zones of high permeability (10* cm/s to 107 cm/s) were encountered. These high
permeability zones are often associated with zones of intensely fractured bedrock, but were also
observed in zones of relatively intact care. The geometric mean of all the permeability tests is 8.4
x 10 cm/s. The groundwater table in the pit area was measured at depths of about 30 m in higher
elevation bareholes and at about 3 to 10 m at lower elevations.

Figures 2.9 to 2.12 show the groundwater flow regimes through three different stages of the
project.

The predominant rock types encountered consisted of intrusion breccia, syenodiorite and monzonite
porphyry with occasional dyke rocks. Several fracture zones were identified and occasional clayey
or sandy zones of fault gouge were also encountered. In general, the fault gouge is expected to
provide lower permeability zones which restricts groundwater movement perpendicular to the
predominant rock structure. In general, the rock quality in the proposed open pit area is variable.
Highly fractured zanes up to 100 m in thickness were encountered in several drill holes. Also,
zanes of very weak and highly altered rock were recognized at various intervals in most drill holes.
The uniaxial compressive strength of intact rack varied from very high {>200 MPa) to very low,
(<5 MPa). Zones of increased fracturing and more intense alteration are recognized to be generally
associated with faulting and also with the contacts between the intrusive geologic units. The regional
geology and local fault zones are shown on Figure 3.2. The discontinuities in the rock mass
generally reflect the regional trend as the dominant joint set strikes about 167° and dips about 74°
to the north-east. A weaker joint set is approximately orthogonal to the main set and strikes about
030° and dips at about 18° to the north-west, The discontinuities were generally rough and often
healed with calcite and chlorite. Therefore, the primary joint set is expected to provide the
predominant influence for groundwater inflows to the open pit.

The baseline groundwater recharge rate along the west side of Polley Lake is approximately
117 m’/hr (430 [gpm). Open pit dewatering will intercept a small portion of this groundwater flow
since most of the development is located to the east of the groundwater divide. The resulting
groundwater inflows to Polley Lake will be reduced to approximately 100 m*/hr (370 Igpm). The
estimated mean annual cunoff into Polley Lake, of which groundwater forms a part, is 4.6 x 10
m?, or 525 m'/hr A change of 17 m’/hr will not therefore be of major significance. A similar
adjustment to groundwater inflows into Bootjack Lake will also occur, This could be as much as
27 mifhr (100 Igpm) in the ultimate stages of the West pit development, but because of the
restrictions on groundwater movement normal to the regional structure and transient effects, is
likely to much less than this.

After closure, the phreatic surface will rise in the depleted pits until steady state conditions are once
again established. By extrapolation of average precipitation conditions and groundwater recharge
rates, it is estimated that the pits will infill with water to the steady state condition in approximately
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50 years. The groundwater inflows ta Bootjack and Polley 1.akes will then be re-established to
approximate the baseline conditions.

Although the planned West pit base ultimately reaches an elevation of 950 m, which is
approximately 36 m below the Bootjack Lake surface. With over a half a kilometer of horizontal
separation, and a regional bedrock structure favourably aligned to minimize the probability of a
significant high permeability conduit between Bootjack Lake and the bottom of the West pit,
groundwater inflow from Bootjack Lake is considered to be remote. Pit blasting patterns will
include controlled blasting techniques which minimize fracturing and rock breakage and will not
result in the degradation of the bedrock between Bootjack Lake and the open pit.

2.4.5 Groundwater Quality

Groundwater was collected from three holes in the pit area on August 10, 1989 and November 25,
1989 and additional groundwater was collected during 1990. Resulis are inciuded in Appendix D.
It is recognized that apen pit dewatering will intercept this groundwater and will utilize it to the
maximum practical extent as mill process make-up water,

Groundwater quality from drill holes in the apen pit area has been compared to B.C. Approved and
Working Water Quality Criteria. This is an inappropriate comparison of an effluent 1o water quality
criteria applicable to the receiving environment, When untreated groundwater quality from drill
holes in the open pit is compared to the Poliution Control Objectives for the Mining, Smelting and
Related Industries of British Columbia (1979), the levels of metals, with the exceptions listed
below, are all of better quality than A-Level Objectives, The exceptions are aluminum in 1 out of
8 samples, copper in 3 out of § samples, and manganese in 3 out of 8 samples. However, aluminum
and copper on all occasions are of better quality than the maximum allowable discharge limit. These
comparisons are based on untreated groundwater. However, all mine water is 10 be treated in mine
water settling ponds and after settiing groundwater is expected to be of higher quality than reported
in the Stage 1 Report, Groundwater infiltration into the pit will be preferentially used as make-up
water to the mill.

In general, tailings seepage from the facility will partially replace existing groundwater recharge
over the area, and construction of the facility will reduce the catchment area and corresponding
surface water flows in the Edney Tributary, downstream of the facility. A worst case impact
assessment was carried out in the Stage 1 assessment. The resulting annual and monthly flows for
January and May were used together with supernatant and baseline water quality data to estimate
the resulting concentrations in Edney Tributary for aluminum, arsenic, copper and iron.
Unfortunately no baseline water quality data exists for Edney Creek at the confluence. However,
the project concentrations of the above metals in Edney Creek can be inferred from the reported
dilution ratios of 10:1 and 17:1 for January and May, respectively.
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No baseline analyses were carried out for molybdenum, and znalyses for molybdenum in the
supernatant water are not considered representative, molybdenum loadings cannot be assessed at
this time. A comparison of the inferred concentrations in Edney Creek at the confluence with Edney
Tributary with the water quality criteria published by the B.C. Ministry of Environment (Pommen,
Approved and Working Criteria, 1989) indicates that the concentrations of the metals considered
will be within fresh water quality ohjectives. It should be pointed out that the analyses are extremely
conservative, assumes upper bond scepage quantities, no dilution or adsorption in the tailings
facility or groundwater, and a continuous discharge of groundwater in January, when impacts are
significantly more severe than in May.

24.5.1 Supernatant Disposal on Mine Closure

There will be no discharge of supernatant from the tailings storage area during mine operations.
On mine closure the surface of the tailings area will be partially drained with most supernatant to
be transferred to the open pit. Tailings supernatant quality when compared to the B.C. Pollution
Contral Objectives for the Mining, Smelting and Related Industries (1979) is generally of high
quality. Most parameters examined are superior to the Level A Objectives. Aluminum, arsenic,
copper, iron and molybdenum marginally exceed Level A Objectives. The current planning is to
transfer the supernatant to the apen pit on mine closure; however, in order to provide the necessary
receiving water quality protection, this water could be released on mine closure under the foilowing
SCenarios:

a) In a controlled manner relative to available dilution in the receiving environment;
b) [a a controlled manner after suitable dilution from rain fall and snowmelt;
<) In a controlled manner after treatment with ime to reduce dissolved metals.

The approach taken will depend on the volume and quality of supernatant and applicable criteria
at the time of mine closure.

2.4.5.2 Long-term Discharge from Underdrains

During operations the water quality of the underdrainage flows will initially be similar to the
tailings supernatant, and will be collected in the collection ponds and continuously recycled to the
tailings facility. As operations continue, the quantity of flow will decrease and the water quality will
tend towards rainwater as the percent of precipitation infiltration in the underdrain flow increases.
The quality of flow in the long-term will decrease o the order of 20 m*/hr after mine closure based
on 20% infiltration of precipuation over an area of 50 ha. The long-term water quality will tend
towards pure rainfall and will potentially include the rainwater leachable metals indicated by the
Carbonic Acid waste extraction test results. This shows elevated concentrations in the extract for
arsenic (0.097 mg/L), copper (.006 mg/L) and zinc (0.008 mg/L). These concentrations do not pose
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any hazard to livestock, and when considered in conjunction with downstream flows will not result
in any significant change in downstream surface water quality.

2.5 FISHERIES AND AQUATIC RESOURCES

2.5.1 Limnology

Four lakes have figured promineatly in the considerations refating to the Mount Polley Project
development. These are Bootjack Lake, Polley Lake, Morehead Lake, and Kay Lake (aiso known
focally as Fry Pan), Morehead Lake is a man-made and relatively shallow reservoir. The other three
are all natural lakes that have had varying degrees of public access and manipulation for the purpose
of water storage and/or diversion.

Bootjack Lake is essentially a long and narrow basin with two depressions whose depths exceed
15 m and are separated by a somewhat shallower sill and narrow constriction. Polley Lake is a
long nacrow lake that is almost twice as deep and has almost twice the surface area and four times
the valume of Bootjack Lake. Polley Lake does not have multiple depressions. Shoal areas occur
at both ends of the lake but are severely restricted along the steep sides of the basin, One permanent
stream enters Polley Lake from the north draining Kay Lake. This small stream between these two
lakes flows through swamp and meadow and is heavily braided with numerous beaver dams and
minimal recognizable surface flow. The steep slopes on either side of Polley Lake are drained by
intermittent drainage channels, but no permanent streams. Polley Lake is some 64 m lower in
elevation than Bootjack Lake and has a maximum depth 35 m.

The outlet of Polley Lake forms Hazeltine Creek which flows a distance of 7,900 m to iis
confluence with Edney Creek drainage, S00 m upstream of the discharge to Quesnel Lake. Bootjack
Creek is a 2,800 m long tributary of Hazeltine Creek that flows in an easterly direction to its
confluence 450 m down stream of the Poliey Lake outlet.

Kay Lake is much smaller and has a single depression with surprising depths for such a small
surface area. Its shoreline resembles a bog with floating vegetative mats. There is no distinguishable
inlet stream and the outlet is impounded by beaver dams. Morehead Lake was created by damming
Morehead Creek and flooding the stream and surrounding meadows. It is a shallow lake with depths
usually less than 6 m (Ron Williams, personal communication). Small tributary streams flowing into
Morehead Lake include Moarehead Creek which contains the discharge from Bootjack Lake, Trio
Lake, 4K Creek and other intermittent drainages off of the hill sides. A concrete culvert and long
spillway mark the downstream discharge from Morehead Lake. The ditch on the east side of the
jake which had been used to carry lake discharge to the placer mines has subsequently been
abandoned and blocked.
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In Bootjack Lake both basins thermally stratify with the epilimnion extending down to a depth of
six meters. The two basins exhibit similar patierns of stratification with only minor indications of
differences in the hypolimnion in the vicinity of 10 m in depth. Both the June and October surveys
indicate that the lake was probably mixing throughout at those times. In mid-summer the
hypolimnion of both basins exhibits some reduction in dissolved oxygen. These patterns reflect
productive lake conditions, and probable light attenuation in maximum depths. Based on these
observations Bootjack Lake would be more nearly characterized as a mesotrophic lake that does not
encounter anoxic conditions.

In Polley Lake thermal stratification is apparent with the epilimnion extending down to a depth of
approximately 7 m. The hypalimnion extends from around 14 m to the bottom. In late fall thermal
stratification was still evident but was being eroded by decreasing temperatures in the epilimnion.
The narrow, deep and north-south orientation of Polley Lake and the steep slopes surrounding it
probably shield it from wind action mare than Bootjack Lake is shielded and results in a somewhat
different stratification pattern. The absence of oxygen depression in mid-summer in the water of
the hypolimnion followed by only modest depressions in late fall suggests that Polley Lake is
somewhat less productive than is Bootjack Lake and is closer to what is probably an early
mesotrophic characterization.

In Kay Lake strong stratification is apparent with the epilimnion extending to approximately 4 m
depth in mid-summer. By late fall erasion of stratification occurred with the epilimnion extending
to a depth of about 8 m. The small size of the Jake and the protection afforded by the surrounding
hills and forest protect the lake surface from the strong winds that erode stratification more rapidly
in larger lakes. The hypolimnion extends from a depth of approximately 8 or 9 m to the bottom.
The pattern of dissolved oxygen distribution demonstrates marked hypolimnetic depression of
oxygen in the summer. it does not, however, result in anoxic conditions, Given ihese patterns one
would expect relatively high productivity in the lake with accompanying relatively high oxygen
demand in hypolimnetic waters. This would probably still allow characterization of Kay Lake as
being mesotrophic and perhaps more toward dystrophic than either Bootjack and Poliey Lakes on
this productivity scale. The heavily organic deposits on the lake margins and the peaty soils
surrounding it support that characterization.

2.5.2 Fisheries Resources

2.5.2.1 Regicnal

Fisheries resources in the Quesnel River and Quesnel Lake system consists of diverse populations
of sport fish including anadromous chinook and coho salmon and resident kokanee, rainbow and
fake trout, Dolly Varden char, whitefish and several forage species. In addition, large populations
of Horsefly sockeye salmon annually migrate from the Fraser River to spawn in tributary streams
which drain into Quesnel Lake. Salmonoid enhancement facilities have been constructed by the
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Department of Fisheries and Oceans on the Horsefly River for sockeye and on the Quesnel River
for chinook to improve survival of upper Fraser River stocks. The lakes in the vicinity of Mount
Polley provide good recreational angling for rainbow trout which are produced naturally and
maintained without stocking although the watercourses have been previously modified for early
placer mining operations. In 1989 initial baseline fisheries studies of the lakes and streams were
conducted,

2.5.2.2 Local Fisheries

No streams flow into Bootjack Lake that would support spawning, thus the rainbow trout are
restricted to spawning downstream in Morehead Creek, which they must share with fish from both
Trio and Morehead Lakes. The storage dam and spillway located at the outlet of Morehead Lake
prohibit the return of any fish or their offspring that migrate down the spillway. In addition, an
active beaver dam also restricts movement of trout both o and from Bootjack Lake. Given this, it
would appear that fish productian in these three lakes may be limited by spawning area available.
Large numbers of juvenile trout were captured with baited Gee traps in the streams in June, August
and October. This suggests the streams may be the principal nurseries where trout rearing occurs.
Recruitment inta the lake population depends on the rearing and successful returns to the Jake of
the offspring. Because of their apparent success in coexisting with rough fish, Bootjack Lake
rainbow trout populations are being investigated as a potential source of brood stock for the
provincial fish culture program (Demers, M., personal communication), Fisheries biophysical
inventory is presented on Figure 2.13 to show the habitat characteristics and species distributions.

Rearing salmonoid populations ranged from 0,071/m® (Upper Hazeltine Creek) to 1.50/m? in
Bootjack Creek, the highest density of rearing juvenile rainbow trout in the entire study area. The
results illustrate the importance of Bootjack Creek and Hazeltine Creek for rearing of Polley Lake
rainbow traut populations. Reconnaissance along all the streams revealed numerous focations where
trout were actively spawning at that time. The greatest frequency of spawning was in the upper
reaches of Morehead Creek and Hazeltine Creek but spawning was common in all creeks.

The Edney/Hazeltine Creek system is physically divided by topography which creates water velocity
barriers in a steep gradient canyon located 1,650 m upstream of the Edney Creek confluence. This
canyon barrier isolates the rainbow trout popuiations in the headwater lakes and streams and
prevents encroachment by the mixed resident and anadromous salmonoid and forage fish populations
found in the lower reaches. In lower Hazeltine and Edney Creeks mixed populations of rainbow
trout, mountain whitefish, burbot, suckers, rearing juvenile chinooks, and adult sockeye salmon
were documented in 1989. The lower reaches of Hazeltine and Edney Creeks are low gradient
streams consisting of deep pools and riffles, large log jams and areas with excellent spawning
gravels for salmon, On the Morehead Creek system the barrier is even more dramatic. A waterfalls
exists about 1,500 m upstream of the confluence with the Quesnel River and the spiliway at the
outlet of Morehead Lake further divides the system to migrating fish. Watercourses located at
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higher elevations such as Bootjack Creek, upper Hazeltine Creek, upper Edney Creek, upper
Morehead Creek, 4K Creek and 6K Creek are also relatively low gradient streams associated with
the lake systems and are used mainly by rainbow trout populations for spawning and rearing.

The lower reaches of Morehead Creek, near the Quesnel River, were investigated on October 20,
1989 with baited Gee traps. The creek contained good populations of rearing chinook salmon. The
lower reaches of Hazeltine Creek and Edney Creek sampled in May, August and October 1989
always contained rearing populations of rainbow trout. Juveniie chinook salmon (greater than 1 year
old) were found there in August and October, suggesting they entered the stream from Quesnel
Lake. Lower Edney Creek provided good spawning habitat for sockeye salmon when it was
inventoried in October 1989, coinciding with record runs returning to the Horsefly River System,
Heavy spawning activity by sockeye was evident in this reach at that time.

Headwater lakes in the vicinity of Mount Polley were historically used for water storage in
connection with early placer mining. The redirection of flow from Bootjack Lake by the
construction of an earth-filled dam in about 1913 at the southern end of the lake prevented further
use of important spawning and nursery areas in Bootjack and Hazeltine Creeks by the trout
populations from Bootjack Lake. The outlet of Bootjack Lake presently consists of a large
excavated channel which redirects flow to Morehead Lake. A beaver dam at the outlet of Bootjack
Lake restricts movement of rainbow trout bath to and from the stream habitat particularly during
the summer low flow period. Nevertheless, during the fish inventory of May 31 - June 2, 1989
rainbow trout populations were observed in large numbers spawning in the vicinity of the Morehead
Creek bridge crossing when the water temperature was 14.5° C. It is not certain which lake they
came from. The spawning habitat between Morehead, Bootjack and Trio Lakes is probably used
by spawners from ail three systems.

2.5.2.3 Fish Tissue Analyses

In October 1989 nine sexually mature rainbow trout were captured vsing a 2.0 inch monofilament
gill net in Bootjack Lake. Meta! analysis was conducted of muscle and liver tissues from these fish
to establish baseline conditions prior to mining operations. Metal concentrations varied among fish.
Metals that were above the detection limits are as follows:

Tissue Liver
Copper 0.83 - 1.86 mg/kg 205 mg/kg
iron 14.7 - 33.5 mg/kg 1042 mg/kg
Manganese 0.49 - 1.31 mg/kg  4.66 mg/kg
Lead 0.05-0.30mg/kg  0.10 mg/kg
Zinc 19.9 - 27.1 mg/kg 162 mglkg
Hallum Knighr Piésold L.
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2.5.3 Sediments

Sediments were collected from Bootjack Lake and Polley Lake. Sediment samples were analyzed
in the laboratory for metal concentrations, distribution of particle size and relative concentration of
combustible (organic) fractions. Samples collected from deep water in all three lakes show
relatively high concentrations of organics and low concentrations of large particle sizes. The
sediment material in these circumstances is what would be expected in lakes exhibiting relatively
high pelagic productivity. The continual setiling of dead and dying plankton organisms to the deeper
water creates these sediments characterized by high concentration of fine particles and high
organics. These sediments would overlay any sand and gravel deposit that might have been left in
the basin at the time of lake formation during the Jast glaciation.

At the shallower stations these analyses illustrate a transition from the deep water sediments to the
shaliower shoals where sand and silt composition are predominant. Wave disturbance of the shoals
probably reduces the accumulation of organic sediments unlike in deeper parts of the lake.

Bootjack Lake sediments have generally higher concentrations of copper than Polley Lake. Deep
water sediments show greater accumulations of chromium, copper, mercury, molybdenum and
nickel (in addition, Polley Lake sediments are elevated in arsenic, lead and manganese).

2.5.4 Benthic Invertebrates

As an early step in the development of an ongoing environmental monitoring program for the
Mount Polley mining operation benthic invertebrate samples were coilected to document baseline
conditions in the lakes. Results using diversity indices are summarized below:

BOOTJACK LAKE POLLEY LAKE
DATE (1989) Aug 13 Aug 19
Sampling Stations LN B2 B3 LS B L
Depth (M) 12 7 3 11 8 20
Group 3 Organisms 4 - - - - -
Group 2 Organisms jle 7 81 12 50 7
Group 1 Organisms 9 2 2 7 - -
Total No. of Organisms (N} 329 9 83 19 90 7
Total No. of Taxa (S) 17 5 9 8 13 6
Diversity (d) 2.61 188 97 271 2.55 252
Total No. of Organisms/m? 6663 172 158 364 1723 134
Hallam Knight Pidsold Lid.
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The invertebrate populations of Bootjack Lake on August 18, 1989 consisted predominantly of
Group 2 poliution facultative organisms composed of Chironomidae species which are commenly
associated with lake bottom substrates. Pollution tolerant Group 1 organisms were found at all
sampling locations in low numbers represented by Tubificidae. Pollution sensitive Group 3
organisms were found in low numbers only at the north basin at 11.0 m depth. This location
contained the highest total number of organisms/m? (6,663), the highest number of taxa per sample
(17) and high diversity (2.61).

Benthic populations near shore (Station B2) were low in numbers (9) and diversity of species
present (1.88). In the south basin populations consisted of similar species dominated by Group 2
organisms (Chironomidae larvae) at both the shallow and deep sites. Total number of erganism/m?
was higher on the shallow depth (1583) compared to (364) and the diversity was lower (0.97
compared to 2.71).

In Polley Lake on 19 August 1989 the shallower sampling site contained a diverse population of
benthic organisms/m? (1723) dominated by Group 2 Gammaridae, Pelecypoda and several
Chironomidae species. The deeper site contained lower numbers of organisms/m? (134) represented
by only a few taxonomic groups (6). Species diversity was similar for both sites.

2.5.5 Zooplankton

Zooplankton samples were collected from the water column in the lakes to establish baseline
conditions for the monitoring program. The following data summary describes the results of the
1989 sampling program:

BOOTIACK LAKE POLLEY LAKE KAY
LAKE

Date (1989) Aug 18 Aug 18 Oct 16 Aug 19 Oct 16 Oct 17
Sampling Location LN LS LS L L L
Tow Distance {m) 7 7 10 7 15 12
Total No. of Organisms (N) 157 85 - 137 344 2851 142
Total No, of Taxa (8) 9 12 13 9 15 9
Diversity {d) 2.03 2.84 2.72 2.30 1.29 2.65
Total No. Per m’ 345.4 1,700.6 1,412.9 625.7 2,162.7 1,785.6

The zooplankton community in the August 18 - 19, 1989 survey for Bootjack and Polley Lakes
displayed wide variability in the species present, relative abundance of organisms density and
species dominance between lakes and also between basins in Bootjack Lake. The south basin of
Bootjack Lake contained the highest number of species present (12) and highest diversity (2.84) but
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no species was clearly dominant and the cladoceran, Daphnia rosea was the most abundant
zooplankton species present. In the north basin only 9 species were represented and diversity was
lower (2.03). A notifier, Kerarella quadrata and Cladoceran ocelli were dominant species. In Polley
Lake only 9 species were present with a cladoceran, Daphnia galeata mendota, and copepods,
Cryptocyclops bicolour, and Ospranticum labronectum being dominant.

The communities in the October survey again displayed considerable variety in species presence,
relative abundance of organisms, density and species dominance as well as changes since August.
The south basin of Bootjack Lake contained 13 zooplankton species with the notifers, Asplanchna
sp. and Kellicostia longispina now being dominant. Species diversity was also the highest observed
(2.72). Polley Lake now contained the highest number of species present (15) dominated by a
copepad, Cryptocyclops bicolour. The very high density of unidentifiable cladeceran nauplii
distorted the diversity index (1.29) and the total density estimates. The other two dominant species
found in the August survey were present but at low levels. Kay Lake contained 9 species in the
October survey with two copepods, Ectocyclops phaleratus and Paracyclops fimbriata poppei the
most abundant zooplankton present. Oace again high nauplii density created distortions in some
indicators.

These differences may be reflections of differences in the basins (nutrient availability, phytoplankton
productivity, physical-chemical environment, predation, etc). Only long term trends will clarify
that. The Mount Poliey samples contained several species widely distributed in B.C. including
Crypeocyclops bicolour, Daphnia pulex, D. rasea, Diacyclops bicuspidatus, Ectocyclops phaleratus,
Leptodara kindsi, and Tropocyclops prasinus, Also present in the study area were several species
that tend to be found in more saline and more alkaline environments. These included Daphnia
schoedleri, D. magna, D. similis, Moina hutchinsoni, Paracyclops fimbriatus (Pennack, 1989).

2.5.6 Phytoplankton

Phytoplankton samples were also coliected from the lakes in August and October in conjunction
with the limnology studies. The following data summary describes the results of the 1989 sampling
program:
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BOOTJACK LAKE POLLEY LAKE KAY
LAKE

Date (1989) Aug 18  Augl8 Octlé Augl9 Octlé Octl7
Sampling LN LS LS L L L
Location Sampling
Depth (M) 4 4 4 6 4 3
Total No. of Organisms (N) 264 275 140 502 402 331
Total No. of Taxa (S) 19 19 23 19 21 17
Diversity (d) 1.77 2.08 2.87 1.39 2.38 2.27
Total No. per ml 252.9 263.5 134.1 480.9 385.1 317.1

The August sampling of bath basins of Bootjack Lake contained 19 phytoplankton taxa, and a
cryptophyte species, Chroomonas acura was dominant at both sites. Polley Lake aiso contained 19
species and the highest density (480.9 per ml) and was also dominated by Chroomonas acuta.

During the October survey total taxa and diversity had increased in Bootjack and Polley Lakes. The
Kay Lake contained 17 species, a moderate species diversity (2.27) and moderate density (317.1
per mi). The dominant species continued to be Chroomonas acuta in all three lakes. In Bootjack
and Polley Lakes a blue-green algae, Aphanizomenon flos-aquae displayed a strong seasonal
response (bloom) in October but was not even present in Kay Lake.

2.6 VEGETATION

The project area is located within the Cariboo Forest Region. The biogeoclimatic zone representing
this area is the Interior Cedar Hemlock Zoae. Two subzones are recognized as the Cedar and Wet.
The mine site, including Polley and Bootjack Lakes, is in the Cedar Subzone (Lord 1984). Tree
species which are characteristic of this zone are Western red cedar (Thuja plicata), white spruce
{(Picea glauca), and Rocky Mountain Douglas fir (Pseudotsuga menziesii). Within this subzone
abundant moss layer would typically be present under a closed canopy. This interior zone is typified
by cool wet winters and warm dry summers (Figure 2.14).

The mine, mill, and waste dumps lie in the moist cool subzone of the Interior Cedar Hemlock Zone
and includes the Cedar-Moss and the Spruce - Horsetails associations. The Cedar-Moss association
includes submesic and mesic areas on 10 to 3d% slope with a north to northeast aspect. Dominant
species in this association include western red cedar, subalpine fir, falsebox, prince's pine, and red-
stemmed feathermoss. The Spruce - Horsetails association occurs at the toe slopes in hygric areas.
Dominant plant species in this association include hybrid white spruce, western red cedar, black
twinberry, red-osier dogwood, devil's club, horsetails, soft-leaved sedges, American brooklime,
and leafy mosses.
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Blue listed plant species in the area include Hudson Bay sedge {Carex helionastes), fragile sedge
(Carex membranacea), slender sedge (Carex tenera), arctic eyebright (Euphrasia arctica var.
disjuncta), Macoun's buttercup (Ramuniculus macounii var. oreganusy, and smooth cliff fern or
woodsia (Woodsia glabella) (Conservation Data Centre 1995). These species have not yet been
identified to occur on the property and a detailed survey would be required to determine if the
proposed mine affects the distribution of these plant species.

The tailings area is situated in a iower relief area south of the deposit. Two swampy areas occur
in the proposed tailings area which likely comprise a Scrub Birch-Sedge-Sphagnum association
comprising sparse spruce and species of willow, scrub birch, Laborador tea, sedges and sphagnum
moss. Drier areas are in the Spruce-Subalipine Fir-Thimbleberry association. A vegetation survey
is required to confirm this.

Vegetation was sampled for purposes of determining baseline metal levels for wildlife browse and
cattle grazing. Five sites were sampled and inciuded species of alder, bilberry, willow, clover and
grasses. Species selected reflect the existing plant communities at each site. Because the sites are
different and have different logging and revegetation histories, all the same plant species are not
present at all sites. These metal levels are presented in the Stage 1 assessment and will be used for
comparison purposes for long term monitoring.

2.7 WILDLIFE AND WILDLIFE HABITAT

2.7.1 Ecosystem Classification

The Mount Polley Project area is in the Souther Interior Mountains Ecoprovince of British
Columbia, as described by Demarchi et al. (1990). This ecoprovince occupies the southeastern
corner of British Columbia, and it includes the Rocky, Selkirk, Monashee, and Cariboo Mountains,
as well as the nearby Quesnel, Shuswap and Okanagan Highlands,

The Mount Polley Project area is within the Quesnel Highlands Ecosection of Demarchi et al.
(1990). These highlands represent a transition between the Fraser and Nechako Plateaus to the
west, and the Cariboo Mountains to the East. The Quesnel, Shuswap and Okanagan Plateaus are
all fairly highly dissected areas, where upland surfaces are relatively small. The annual
precipitation may be higher in the Quesnel Highlands than in the Shuswap Highlands to the south.

Inspection of aerial photos indicates that much of the Quesnel Highland has been glaciated, and
drumlins and glacial flutings are common features of lower elevations. There 1s no evidence of
mountain or cirque glaciation in the Mount Poliey Project area, although all of the area appears to
have been glaciated during one or more stages of Cordilleran glaciation. Both Polley Lake and
Bootjack Lake appear to be glacially overdeepened lakes, where glacier ice scoured, straightened
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and enlarged pre-existing valley structures. The shoreline of Polley Lake is particularly steep-sided
and regular, suggesting that the lake occupies a flooded U-shaped valley that was formed by the
movement of glacier ice.

2.7.2 Biogeoclimatic Zones

The Mount Polley Project area is in the Horsefly moist cool variant of the Interior Cedar Hemlock
Biogeoclimatic Zone (ICHmk3). The ICH zone occurs at lower to middle elevations (from 400
to 1500 m) in the southeastern interior of British Columbia. This zone also extends southward into
eastern Washington, Montana and Idaho. There is an outlier of the ICH zone in the Skeena and
Nass Valleys of northwestern British Columbia. The distribution of the ICHmk subzone is much
more restricted, occurring in the lower Bull and Elk River valleys, the Goiden area of the Rocky
Mountain trench, and the upper Shuswap and lower Quesnel Highlands (Ketcheson et al. 1991).

The ICH has an interior continental climate that produces cool wet winters and warm dry summers.
Next to the Engelmann spruce-subalpine fir zone, this is one of the wettest zones in the interior of
the province. Mean annual temperatures in the zone range from 2° t0 9°C. Average temperatures
are below freezing from 2-5 months of the year. Across the zone, the mean annual precipitation
is from 500 to 1200 mm, of which 25-50% falls as snow (Ketcheson et al. 1991),

The cool snowy winters and the warm dry summers are an important factor in determining the
wildlife capability of the ICHmk subzone. At Mount Polley, the snowpack is more than 1 m deep
by the end of the winter, a factor that limits the area's capability for ungulates. Animals that use
the Mount Polley area in the spring summer or fall must either be snow-adapted. or must migrate
out of the area. Aerial surveys of the Mount Poliey area in March 1995 produced no observations
of ungulates in the mine development area, but several tracks along the shoreline of both Polley and
Bootjack Lakes suggest that moose used the frozen lake surfaces as a convement north-south
migration corridor.

2.7.3 Vegetation

According to biogeoclimatic maps of the Cariboo Forest Region, the Mount Polley project area is
within the Horsefly moist cool variant of the Interior Cedar-Hemlock Biogeoclimatic Zone, the
ICHmk3. Steen (1989) has developed an initial ecosystem classification for the ICHmk3 subzone,
which under the old system of forest classification, was the ICHeZ.

The dominant trees species on upland sites include Douglas-fir, western red cedar, hybrid spruce
and subalpine fir. Lodgepole pine, trembling aspen and paper birch are also present in the early
stages of plant succession. The forests in lower valley bottoms are often dominated by spruce and
black cottonwood. Western hemlock is lacking in the ICHmk (Ketcheson et al. 1991).
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The driest sites, on steep south-facing slopes and ridge crests, belong to the ICHe2/2 and ICHe2/3
site series of Steen (1989). They are dominated by open to closed forests of Douglas-fir and
western red cedar. Common shrub species in the understorey are saskatoon, soopolallie, and
common herbs include pussytoes, wild strawberry, white-flowered hawkweed and rough-leaved
ricegrass. Juniper haircap moss and lichens dominate the forest floor on very dry sites, while
rough-leaved ricegrass, wavy-leaved moss and dog's-tongue lichen are characteristic species of
slightly moister sites. In open forests with a well-developed understorey of saskatoon and grasses,
drier sites may offer cover and forage for mule deer in summer. A few of the shrub and herb
species are berry-producing, which may be an important factor for bears and for birds such as cedar
waxwing, bohemian waxwing, American robin and other thrushes.

"Zonal® sites are those of average maisture and nutrient conditions, on moderate to gentle slopes.
As described by Steen (1989), the zonal site series in the Mount Polley Project area are the
ICHe2/1 and ICHe2/4. These sites are on gentle slopes, from 0 t0 49%, generally on till blankets,
which are sometimes mantled with colluvial veneers where slopes are fro 35 to 50°. The dominant
trees on these sites are western red cedar and subalpine fir, with an understorey of falsebox, black
huckleberry, bunchberry, round-leaved violet, and foamflower. The herb and shrub layers are
relatively poorly developed, and the forest floor tends to be carpeted with feather mosses, especially
red-stemmed feathe rmoss. The shrub and herb layer is particularly poorly developed on north and
northeast-facing slopes. and the understorey tends to be carpeted with feathermosses. Such sites
would be particularly poor ungulate habitat, offering little in the way of forage for Mule Deer,
Moose or Caribou. Falsebox may be a forage species in these habitats.

Lower toe slopes tend to have a richer herb and shrub understorey, which Steen (1989) has
described as the ICHe2/6 and ICHe2/7. As moisture and nutrient levels increase, sites become
increasingly dominated by hybrid white spruce and subalpine fir in the tree canopy. The shrub
layer is much better developed than on zonal sites, and is dominated by devil's club (up to 40% in
some places), thimbleberry, black twinberry, black gooseberry and red-osier dogwood. The shrub
layer is also much lusher, and is dominated by species such as oak fern, fringed aster, wild
sarsapariila, lady fern and sweet-cicely. Leafy mosses and ragged mosses become increasingly
important in the moss layer. Mature and older forests in this association tend to be dominated by
species that are of relatively low palatability to ungulates, the main exception being red-osier.
However, many of the dominant shrub species are good berry-producers, a feature that may be
important to bears and certain songbirds.

Wet sites are found at the toes of long slopes, in riparian habitats and in topographic depressions,
and they correspond to the ICHe2/8 and ICHe2/9 site series of Steen (1989). Forests that develop
on moraines and fluvial terraces are often dominated by hybrid spruce and western red cedar, with
an understorey of red-osier, black twinberry, devil's club, horsetails, sofi-leaved sedge, American
brooklime and various mosses. These areas may be important foraging areas for bears, and
wintering areas for moose and mule deer. Horsetail, sedges and red-osier are particularly important
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forage species. Very wet areas with organic soils are dominated by shrublands and sedge fens:
scrub birch, labrador-tea, pink spiraea, sedges and sphagnum mosses are the dominant plants.
Where willows are a significant camponent of the vegetation, these shrub carrs may be important
wintering areas for moose; however, where scrub birch, Labrador-tea and spiraea are the oniy
important shrub species, the value for ungulates is likely to be low.

The Mount Polley Project area was subject to extensive clearcut logging in the 1970's, and forest
regeneration has had varying degrees of success in the past 25 years. [t could be speculated that
clearcut logging has actually have improved the area’s habitat capability as summer habitat for
moose and mule deer, by removing the tree canopy and allowing more light on the herb and shrub
understoreys. However, a more complete evaluation of this speculation must await field evaluation.

2.7.4 Preliminary Wildlife Habitat Classification for the
Mount Polley Project Area

According to Mr. Marcel Demers', no formal system of wildlife habitat classification has been
developed for the Cariboo Forest Region or the Horsefly Forest District. There is no wildlife
habitat mapping for the Horsefly Forest District in general, or for the Mount Polley Project area

in particular.

Table 2.5 is a preliminary wildlife habitat classification for the project area, which has been
proposed for the purposes of this project. Itis based partly on the classification given by Ketcheson
et. al. (1991) for the Interior Cedar-Hemlock Zone, of Banner et al. (1993) for the Prince Rupert
Forest District and of the Wildlife Branch (1994) for the Omineca Sub-Region of the Prince George
Region. Hallam Knight Piésold Ltd. has interpreted the distribution of these habitats in the Mount
Polley Project area, with the aid of recent colour aerial photographs of the project area, at 1:16,000
scale. The distribution of these habitats is shown on Figure 2.15.

With an elevation range of 920 (Polley Lake) to 1260 m (the summit of Mount Polley), ali of the
Mount Polley Project area is considered to be within the Interior Cedar - Hemlock Zone. There
are no alpine and subalpine habitats in the Mount Polley Project area, although the summit of
Mount Polley is close to the lower elevation limits of the Engelmann Spruce - Subalpine fir zone.
There are no large avalanche tracks, talus slopes or other mountain features that would be
considered significant wildlife habitats nor do any cliffs or canyons occur in the project area. There
is no arable agriculture in the project area. Man-made habitats include logging clearcuts, the
mining camp at Mount Polley, and a network of roads for logging and mineral exploration.

! Wildlife Branch, Ministry of Enviconment Lands and Parks, Williams Lake, pers. comm.
to Dan Royea, Hallam Knight Piésold Ltd.
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Prior to European contact, the primeval vegetation of the project area was probably a continuous
closed forest, dominated by western redcedar and subalpine fir on zonal sites, by Douglas-fir and
lodgepole pine on drier sites, and by western red cedar, hybrid spruce and black cottonwood on
jower sites. Much of the proposed mine development area was clearcut in the 1970's, and is now
covered by open, young seral forests.

2.74.1 Clearcuts, Burns and Young Seral Forests in the ICH Zone

Depending on the type and amount of shrub and herb regeneration that has taken place, clearcuts
and young seral forests probably good forage and cover for mule deer and moose, particularly in
the spring, summer and early fall. Much of the mine development area is covered by a radiating
pattern of young trees and clearings, which are likely to provide a good mix of cover and forage
for mule deer. According to Ketcheson et al. (1991), ruffed grouse, downy woodpecker, black-
backed woodpecker, three-toed woodpecker, olive-sided flycatcher, western bluebird and
Townsend's solitaire are representative species of young seral forests in the Interior Cedar-Hemiock
Zone in general. These species are expected to occur in Mount Polley Project area, but their
occurrence has not yet been confirmed.

2.74.2 Mid-Seral Forests in ¢the [CH Zone

Mid-seral stands in the ICH may have many of the same species as mature and older stands,
discussed beiow. The number of individuals and the diversity of species may increase somewhat
a mid-seral stands mature, and as the complexity and structural diversity of the habitat increases.
However, species that prefer open woodlands, herb-dominated habitats or shrub-dominated habitats
(e.g. Townsend's solitaice, mountain bluebird, deer mouse) are likely to decrease.

2.74.3 Mature and Old Growth Forests in the ICH Zone

According to Ketcheson et al. (1991), moose, mule deer, black bear, wolverine, marten, southern
red-backed vole, various owls, pileated woodpecker, Steller's jay, gray jay, varied thrush, golden-
crowned kinglet, Townsend's warbler, bohemian waxwing, red crossbill, winter wren and mountain
chickadee are representative species of mature and old growth forests in the Interior Cedar-Hemlock
Zone in general. These species may also occur in Mount Polley Project area, but their presence
has not been confirmed.

2.7.4.4 Forests on South-facing Slopes

The distribution of open forests on south-facing slopes in the project area is shown on Map 4.
These slopes may be significant for moose and mule deer in the late winter, spring and summer.
Due to favourable insolation, these slopes are likely to have a lighter snow cover than average
during the winter. These slopes are likely to be snow-free earlier in the season, and to green up
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earlier, than most other habitats. Even with a favourable insoltation regime, south-facing slopes
in the project area are likely to be 100 deeply covered with snow to be suitable for mule deer in the
winter. However, in spring, these slopes may be important for mule deer, due to rapid snowmelt
and early green-up. For the same reasons, they may also be important for bears emerging from
winter hibernation. Ketcheson et al. (1991) list several other species that they consider to be
closely associated with south-facing siopes (e.g. yellow-bellied marmot, rubber boa, elk), but it is
doubtful that these species occur in the Mount Polley area.

2.7.4.58 Non-forested Rock Cliffs and Talus

Rocky cliff and talus habitats do not occur in the Mount Polley Project area.

2.7.4.6 Riparian Forest Habitat Complex

There are no riparian forest habitats in the Mount Polley Project area, such as would be associated
with rivers or large creeks with channel widths greater than 5 m. The project area does not contain

any landscape features that are typically associated with large sireams, and which may be significant
to wildlife, such as:

< alluvial fans - alluvial terraces . braided channels
- oXbOws - meander scrolls - backwaters
- floodplains © canyons - gallery forests

Ketcheson et al. (1993) provide a long list of species that they believe to be associated with riparian
meadows, wetlands and floodplains in the ICH zone. Many of these species, particularly the
reptiles, are likely to be found ouly in the lower reaches of the Kootenay and Columbia Rivers, at
places such as the Creston Marshes.

2.74.7 Riparian Habitats near Small Streams

There are two riparian areas associated with smail streams in the Mount Polley Project area, on
Hazeltine Creek and Bootjack Creek. Both of these are small creeks, with channels less than 5 m
wide. Bootjack Creek is entrenched in a ravine for much of its length, with two small wetlands
near its inlet and one near its outlet. The riparian zone of Hazeltine Creek is somewhat more
conspicuous on aerial photographs than that of Bootjack Creek. Hazeltine Creek has an area of
shrub carr and sedge meadow near its mouth in Polley Lake, and smaller areas of shrub carr in its
upper reaches. There are no lakes or backwaters associated with either creek. Both creeks are
fish-bearing. Beaver, muskrat, mink, bufflehead, spotted sandpiper, spotted frog, wood frog and
western toad are the main wildlife species that are likely to be found in the riparian zones of smali
creeks such as these. Depending on the associated vegetation, these creeks may provide above-
average habitat for black bears, moose and mule deer.
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2.74.8 Shrub Carr / Sedge Fen Habitat Complex

Small examples of this complex are found near the outlet of Bootjack Lake, and about 500 m
downstream from the outlet, and along Hazeltine Creek, The largest shrub carr and fen complex
in the project area is at the south end of Polley Lake. No large ponds are associated with this
complex. Inspection of airphotos indicates there are a few widenings of Hazeltine Creek, which
may be due to beaver damming. At the south end of Polley Lake, fen and shrub carr grade into
a swamp forest.

Airphoto interpretation indicates that these shrub carrs are unlikely to be good waterfowl habitat,
because of the limited amount of pond or marsh development. In other parts of the BC interior,
sedge fen and shrub carrs are good to very good moose habitat, particularly where willows are an
important component of the vegetation. A few moose tracks were seen in these habitats during
aerial surveys of the mine area in March 1995, but no moose were seen. For the present analysis,
riparian habitats along Bootjack and Hazeltine Creeks can be considered Class 3 or Class 4 winter
range, and Class 3 summer range for moose. Due to heavy winter snow accumulations, these
habitats should be considered Class § or Class 6 winter range for deer.

2.7.49 Marsh / Shallow Open Water Habitat Complex

If a marsh is defined as a permanently flooded wetland dominated by 1all emergent piants such as
cattails, bulrushes, or reeds, then there are no marshes in the Mount Polley Project area. If a
shallow open water habitat is defined as one which is dominated by lush beds of submergent plants
such as yellow pond lily, hornwort, milfoil or pondweeds, then there are no shallow water habitats
in the Mount Polley Project area.

2.7.4.10 Small and Medium-sized Lakes { < 1000 ha)

Bootjack Lake and Polley Lakes belong to this category. Both lakes support a good to very good
sports fishery based on rainbow trout. The presence of fish could provide habitat for some species
of fish-eating wildlife, such as common loon, common merganser, belted kingfisher, mink and river
otter. The presence of these species has not been documented for the mine area, however. In other
paris of British Columbia, the main watecfowl species on small, deep lakes such as these is
Barrow's Goldeneye.

The Canada Land Inventory assigned a rating of 6-JZ to both Bootjack and Polley Lakes, This
rating implies severe limitations to waterfowl production. The major limitations are excessively
deep waters and a limited area of marsh edge development,
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2.7.4.11 Large Lakes and Reservoirs ( > 1000 ha)

If large lakes are defined as those with an area greater than 1000 ha then there are no large lakes
in the Mount Polley Project area.

2.7.4.12 Urban Areas

The Wildlife Branch (1994) defines urban areas as man-made habitats, such as residential,
commercial and industrial areas. Agricultural lands are considered a distinct habitat type. There
are no urban areas in the Mount Polley Project area. However, a small exploration camp has
operated there in the past, and a mill, offices and other infrastructure related to the development
of the Mount Polley mine are proposed for the area. Isolated camps such as these sometimes create
a habitats for wildlife that would not otherwise be available. Isolated mining camps often host small
breeding papulations of barn swallows and cliff swallows, that nest in the eaves of buildings. Deer
mice are a common resident in camp buildings. Gray jays and commen ravens frequently become
tame, and learn to beg scraps. Solid waste management to prevent black bears from becoming
habituated to humans is an important consideration.

Urban areas are used by a variety of native wildlife species, such as common raven, deer mouse
and gray jay. Mooase, fox, black bear and coyote may occasionally enter this habitat. The main
wildlife concern associated with urban areas is the need for a system of garbage disposal that
minimizes bear prablems.

2.7.4.13 Transportation / Transmission Corridor

Transportation and transmission corridors are linear facilities that are dedicated o carrying people,
goods, and services from one point to another. Tree growth is removed and suppressed along these
corridors, and the vegetation is kept in an early stage of plant succession (Wildlife Branch 1994).
There are no major road or powerline carridors in the project area. However, there is a large
network of logging and skid roads throughout the area, an a further network of roads to reach
exploration drilling sites. Roads such as these typically occupy a small proportion of the land area,
but they may be significant to wildlife in the following ways.

Early stages of forest succession often include plants that are palatable to wildlife, such as witlows,
prickly rose, fireweed and eldecberry. Commercial seed mixes are sometimes sown to stabilize
roadsides and ditches, and they often contain plants that are palatable to wildlife, such as Kentucky
bluegrass, red fescue, timothy and red clover. Consequently, moose, deer, grizzly bear and black
bear sometimes forage along transportation and transmission corridors. Where winter snows are
deep, moose, coyotes and wolves sometimes travel along plowed roads and rail lines, and may be
killed in collisions with vehicles. Forest road networks make the back-country more accessible to
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outdoor recreationists, to the point that unregulated hunting and wildlife harassment become a
concern for wildlife managers.

2.7.4.14 Agricultural Areas

There are no agricultural areas in the Mount Polley Project area. Due to deep snows, steep slopes
and thin soils, the project area has no capability for arable agriculture. Livestock grazing is
practiced on forest tands in the Mount Polley Project area during the summer,

2.7.5 Rare, Threatened and Endangered Species

The provincial Red List includes species that are considered to be endangered or threatened in
British Columbia (Harper 1993). The British Columbia Conservation Data Centre (CDC) matintains
a tracking list of the locations of records of rare plants and animals in British Columbia. The CDC
has supplied Hallam Knight Piésold Ltd. with a tracking list of rare and threatened wildlife in the
Horsefly Forest District (Sharon Hartwell, CDC, letter to Jenifer Hill).

The CDC indicates that the Prairie Falcon (Falco mexicanus) has been recorded in the Horsefly
Forest district, but no particulars of this record have been made available at the present time, The
Prairie Falcon is considered endangered in British Columbia, where its primary range is in the
Okanagan and Thompson Vaileys, in the Ponderosa Pine - Bunchgrass Biogeoclimatic Zone. Its
range in Canada includes the southern portions of Alberta and Saskatchewan. The Mount Polley
Project area is unlikely to provide breeding habitat for this species, and it is likely that this falcon
record is for a non-hreeding vagrant.

The provincial Blue List includes species or subspecies that are considered "vulnerable” or
"sensitive, " but are not threatened in British Columbia (Harper 1993). the CDC has also supplied
Hallam Knight Piésold Ltd. with a tracking list of rare and threatened wildlife in the Horsefly
Forest District (Sharon Hartwell, CDC, letter to Jenifer Hill). The Blue-listed species in the
Horsefly Forest District include great biue heron, short-eared owl, american bittern, sandhill crane,
bald eagle, wolverine, fisher, woodland caribou and grizzly bear. None of these species have been
recorded from the project area.

The great blue heron is associated with large lakes, rivers, and the sea coast, in shailow waters
where it can hunt for its principal prey, fish. The short-eared owl is a characteristic bird of open
country, and it breeds on prairies, aspen parklands and the arctic tundra. In winter its habitat is
prairies, coastal marshes, and agricultural areas. It is unlikely to find suitable habitat in the Mount
Polley Project area. The American bittern is a bird of marshes, particularly those dominated by
cattails or bulrushes. there is no suitable habitat for this species in the project area. The sandhill
crane breeds on large muskegs, marshes and on the arctic tundra; the project area is unlikely to
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have suitable breeding habitat for this species. It is conceivable that Polley Lake or Bootjack Lake
may have bald eagles, either as transients or as summer residents, but their occurrence at these
lakes has not been documented.

The fisher is characteristically associated with lowland riparian spruce-cottonwood forests, and is
reputed 1o be an important predator of porcupine. It is conceivable that caribou, wolverine and
grizzly bear may have occurred in the project area in historic times, but there is no record of their
occurrence in the project area in the Wildlife Log for Mount Polley.

2.8 LAND USE AND CAPABILITY

2.8.1 Forest Resources

The project lies in the Interior Cedar - Hemlock biogeoclimatic zone. With very few exceptions,
the land in the praject area is Crown owned. Predominant land use activity on these lands,
including the Mount Polley praject area, has been commercial forest harvesting. Supervision of this
activity has been the responsibility of the Ministry of Forests. They have provided up-to-date
Forest Cover Maps which include the Mount Polley project area. Figure 2.16 was produced from
these maps.

Forest harvesting through clearcut technigues has occurred over significant portions of the Mount
Poltey project area and its surroundings. Many of these cut blocks have been re-planted for
commercial timber species, although in same cases. select blocks were re-planted for a combination
of silviculture and cattle grazing uses. Cut blocks planted for cattle grazing generally occur to the
south of Polley Lake.

The following describes the farest cover types presently occurring at the proposed mine site and
tailings area. Table 2.6 summarizes the percent forest coverage of each mine component which will

be affected by mining and Table 2.7 summarizes the percentage logged of each component area.

Forest capability varies greatly over the project area due to varying stages of regeneration from

previous logging activity, mine exploration activity, and scattered marshy areas. Overall forest

capability is medium to good class timber in the north and west waste dumps and the north pit.

Low capability is predominant in the location of the south waste dump, west pit, central pit and mill 7=

site. The tailings area overall has poor forest capability with scattered stands of good to medium
class,

The proposed west waste dump is dominated by Douglas fir, with lesser densities of lodgepole pine
and spruce in the 101 to 120 year age class. Approximately 15% of this was logged in 1975 but
was not replanted.

Hailam Knighr Piésold Lid.
March 31, 1995 Page 2 - 31

45 of 536



ENVIRONMENTAL SETTING

Adjacent to this, approximately 50% of the north waste dump was logged as part of the same 1975
cutblock. The unlogged portion comprises mainly Douglas fir, lodgepole pine, spruce, and some
western red cedar,

Approximately 65% of the south waste dump was logged in the 1970s with only 5% planted in
1978. The naturally regenerating forest consists mainly of red cedar with subdominant subalpine
fir and some Douglas fir and spruce. The trees in the unlogged areas range anywhere from 101
to 250 years with a large range of heights (10.5 to 37.4 m) and range of crown closure (0 to 65%).

In the proposed open pit areas, the north pit had approximately 25% logged in 1975 that is naturally
regenerating with spruce and subalpine fir. The remaining unlogged portion varies considerably
with dominant species of lodgepole pine, spruce, and Douglas fir. The younger forest (101 to 120
years) is dominated by lodgepole pine and Douglas fir ranging from 10.5 to 28.4 m in height and
the older forest (141 to 250 years) dominated by spruce ranging 28.5 to 37.4 m in height.

Approximately 60% of the forest in the west pit was logged in 1972 and is regenerating with red
cedar, subalpine fir, and some spruce. The remaining unlogged portion is in the 121 to 140 year
age range and is dominated by lodgepole pine and Douglas fir.

Similar to the west pit, approximately 60% of the central pit falls in the same cutblock as the 1972
cut in the west pit area. The tree age classes in the unlogged portion is 101 to 120 years dominated
by lodgepole pine and Douglas fir.

The entire mill site was logged in 1972 and was not replanted. Regeneration comprises red cedar,
subalpine fir, and some spruce ranging in height from 0 10 10.4 m,

The majority (75%) of the tailings area was logged from 1970 to 1983 and replanted from 1975 o
1986 with spruce. The unlogged portions of the proposed tailings area consist of approximately
9% marsh, 10% spruce forest ranging from 141 to 250 years, and 10% western red cedar forest
of 251+ years.

Reforestation to commercial forest standards is prevalent throughout the area. The forest cover map
provides information about native species composition and time periods of harvesting and
reforestation. As the young replanted coniferous trees are growing, vegetation currently
predominating on the cut blocks differs with the age of the disturbance, topography, soil type,
drainage and a number of other factors. Many of the cut blocks are heavily represented by
deciduous shrubs and trees including willows, alder, raspberries, aspen and cottonwood. Many
perennial and annual herbaceous species also occur including fireweed, sedges, grasses and clover.
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2.8.2 Range Management

Areas disturbed by logging have created opportunity for cattle grazing under a permit system
administered by the Ministry of Forests. In some cases whole cut blocks have been revegetated with
a combination of forage species for cattle as well as commercial timber species. Road sides,
abandoned roads and tracks, and log landing areas have typically been planted with species suitable
for cattle grazing. The seclected species include several domestic grasses and legumes, as well as
clover.

Specific seed mixtures have been selected for specific site characteristics and range management
strategies. These programs have resulted in the creation of summer grazing areas on Crown owned
lands by regional ranchers. The ranches are located in the Beaver Valley and Big Lake areas, to
the south and east of the praject. Table 2.8 lists the individual ranchers who have grazing permits
in the Mount Palley project area and describes their general grazing locations, herd size and
applicable season.

None of the [and in the project area is included in the Agricultural Land Reserve (ALR). Areas
represented by ALR lands are south of the project near the Gavin Lake road and north of the
project near Hydraulic, (Agricultural Land Commission, personal communication). One rancher,
[s.22 | grazes 105 cattle in the area west of Morehead and Bootjack Lakes, but north of
Mount Polley. He advised Imperial Metals Corporation that he normally puts the cattle in this area
around the first of August and they stay until early October. !522 |grazes his herd of
105 cattle in the project area from May 16 to Oct. 15. Two other ranchers, |s.22 |
graze their herds in the summer south of Bootjack and Polley Lakes in the vicinity of

the Gavin Lake Road. Several cut blocks in the vicinity of Bootjack Creek are used for grazing and
either have been revegetated or are in a transitional stage from 1970s logging (Figure 2.17).

ingle while grazing. grazes approximately 250 head of cattle and
5.22 approximately 75. Both canchers turn their cattie out in these areas in late spring
(May 16 and May 10, respectively) and they return in mid October. They identified a spring used
by their cattle near the Gavin Lake Road south of Polley Lake (shown in Figure 2.18) and asked
to have it preserved for cattle watering. Contact with each of these ranchers was established in 1988
by Imperial Metals Corporation to verify their grazing activities, and to discuss potential points of
contact and mechanisms for avaiding conflicts between the mine and grazing. It was also confirmed
that the most productive and successfully revegetated grazing areas are located south of Polley Lake
and outside of the project area (personal communication, Lyle Resh).

2.8.3 Livestock

Plant tissue metals were analyzed to determine if low Cu/Mo ratios in local vegetation were present,
which could have significance for grazing livestock or wildlife in the Mount Polley area. From this
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assessment, the concentration of bath metals in plant tissue and the Cu/Mo ratios were observed
to be extremely variable. The variability is not consistent with site geochemistry, location of the
ore body or plant species. It appears therefore that the low ratios occasionally observed are
aberrations for which no appreciable concern is warranted.

2.8.4 Hunting, Guiding and Trapping

Because the area around Mount Polley has had a substantial history of logging, the road
development has been extensive. As a result vehicle access is relatively easy to most areas around
both sides of Bootjack and Polley Lakes. Furthermore, these accesses connect with major
north-south and east-west forestry roads making looped circuits for hunter access relatively simple.
Hunting throughout the region is a common recreational activity and the habitats for moose and deer
are common enough to attract local as well as more distant hunters. B.C. resident hunters, alone
and in groups, have been frequently seen on the roads during hunting season by the exploration and
monitoring staff. Qut-of-pravince hunters are obliged to use guide/outfitiers to assist them in
hunting. The boundary between territories of two such guides runs through Mount Poiley (Figure
2.18). The Mount Polley project area does not, however, form a major part of either of these
guiding territories, nor does it represent the most attractive habitats for moose, which is the species
most commonly sought by these hunters. Moose habitats elsewhere in the gniding areas typically
would receive maximum attention by resident and non- resident hunters,

Both of the guide/outfitters in question have been contacted, by Imperial Metals Corporation. They
are aware of the project and confirm that the project area would form only a minor element in their
annual hunting and guiding activity. Both recognized that no shooting areas around the mine would
be necessary for safety and agreed they could make adjustments. Black bear have been harvested
in the past from Mount Polley, particularly in early spring as they emerge from hibernation. Grouse
and rabbits are often killed along the road sides and elsewhere by passing hunters who usually are
seeking deer and moose. Waterfowl hunters find this a very unsatisfying area for hunting because
of the very low population numbers and the small and widely spaced habitat types. Other areas in
the Cariboo are better suited, maore productive and are more widely used.

Several species of fur bearers including beaver, marten, fisher, fox, mink, muskrat, squirrel,
weasel, ynx, otter and coyote have historically been trapped from the rapline encompassing the
study area. Figure 2.19 illustrates the trapline areas registered in the vicinity of the Mount Polley
project. The Mount Polley project is in one corner of the trapping area registered to Trapper
Numbered 502T056.

2.8.5 Recreation

Recreational activities in the study area are primarily centred around lake fishing, hunting and
camping. The natural populations of rainbow trout in the lakes attract local residents and more
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distant visitors. B.C. Fisheries and Wildlife personnel in Williams Lake supplied the following
information about recreational fishing activity on Polley and Bootjack Lakes. An August 1982 creel
census yielded the following results:

Catch Rate Fish per

per Hour Angler Day
Poliey Lake 1.9 8.4
Bootjack Lake 0.94 6.6

Estimated angler days (from aerial surveys May - October).

1987 1938 1989 Mean
Polley Lake 4,392 3,461 2,629 3,494
Bootjack Lake 3432 3,109 2,510 3,017
Total 7,824 6,570 5,139 6,511

Based on the above and considering those Cariboo lakes which are not stocked with fish from
hatcheries, a ranking system of fish productivity and heavy fishing pressure would place Polley
Lake in the top three and Bootjack Lake among the top ten (M. Lirette, personal communication).

The Forest Service maintains campgrounds that are equipped with beat launch ramps, campsites.
toilets and picnic tables on both Bootjack and Poliey Lakes. Observations by the exploration and
monitoring crews indicate these facilities are used steadily throughout the camping season, ofien by
fishermen with car top or trailored boats or canoes. Hunters often use the campsites as well.
Because no fees are callected for the use of these campsites, no accurale records exist of there rate
of utilization or seasonal patterns. Hiking, nature swdy, cross country skiing, snowmobiling and
automobile touring might be expected as minor components in the recreational use of the area,
particularly on the network of logging roads and tracks.

A fishing cabin stands on the shoreline of the northeast end of Bootjack Lake on the only parce!
of private land (L12023) on that lake. Two private parcels are at the north end of Poliey Lake. One
has a private hunting/fishing cabin (L115359) which is about 7 m to 8 m in elevation above the lake.
The other parcel {L.11560) has an abandoned caretakers cabin several metres above lake level that
was historically associated with water diversion facilities.

Southwest of Bootjack Lake, about 15 km, the University of British Columbia operates the Alex
Fraser Research Forest, for purposes of cesearch, education and demonstration. Associated with that
facility the Canadian Forestry Association operates special summer camps for outdoor learning and
adventure particularly for youth. Occasional use is made of some parts of the Mount Polley project
area by groups from this camp.
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The Morehead Lake Resort on the Likely Road at the north end of Morehead Lake is the closest
rental accommodation to the praject site. Hunters, fishermen and travellers occasionally stay in the
cabins and enter the project area. Parcels of private land with cabins and homes can be found near
Morehead Lake, along the Likely Road and in the vicinity of the community of Hydraulic.
Occasionally people from these residences also enter some parts of the project area for recreation

PUTPOSES,
2.8.6 Native Use and Land Claims

There are no reserves in the Mount Polley project area or nearby. However, the chiefs of the
Cariboo Tribal Council have asserted that the area falis within the aboriginal land claims of the
Soda Creek Indian Nation, and the Shuswap Nation.

2.8.7 Heritage Resources

An overview assessment of the heritage resources of the Mount Polley project area was conducted
by Points West Heritage Consulting Ltd. The full report of that assessment has been filed with the
Archaeology and Outdoor Recreation Branch in Victoria. A summary from the report is reproduced
below.

The majority of the development area is typified by low heritage resource potential. Several isolated
areas were assessed as having low-moderate potential. All have experienced some disturbance and
involve narcow corridors. Two locations have moderate herilage resource potential. One (Area A)
is an area adjacent to Bootjack Lake which was one of three proposed location of tailings and
reclamation ponds and the other involves a narrow corridor of development (transmission line). The
former area appears to be undisturbed; the latier had been disturbed.

As no tailings pond development is proposed for the areas adjacent to Bootjack Lake and the new
location is not typified by moderate or greater potential, it is recommended that no further heritage
resource investigation is required in advance of development, The potential for intact heritage
resources within such narrow and disturbed corridors is not sufficient on its own to justify detailed
field investigation. :
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Table 2.2
IMPERIAL METALS CORPORATION

MOUNT POLLEY PROJECT
Unit Runoff Estimates

MofTat Bazeltine

Unit runoff [1] (i/s/km?®) 20.79 31.21

Adjustment for lake level 0.00 -2.94

Prorated Mean Annual Runoff [2] 6.05 8.23

(I/s/km?)

Low estimate MAR [3] (I/s/km?% 4.84 6.58

High estimate MAR [3] (l/s/km?) 1.26 9.87
Notes:

{4 For period of record, 13 April to 18 June 1991,
2] Based on Mean Annual Unit Runoff for Moffat Creek of 6.05 ¥/s/kin’
[3] Based on a range of +20%

{.. . VH1221\reclamatirunof(.tbl)

Morehead

53.38
-19.09
9.98

7.98
11.97

Bootjack

23.44
0.00
6.82

5.46
8.1
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Table 2.3

Imperial Metals Corporation
Mt Polley Project

1999 Surface Water Quality Means

4KCreek 6K Creek Morchesd Creekk  Edney Creek North Dump Creck Hagehine Creek  Bootjack Creel
H 777 1.51 7.7 761 737 7.48 7.53
ilpcm@aivny 202.26 138.41 20.87 160.68 127.07 150.83 158.00]
Turbidity NTU 2.24 6.00 un 3.80 270 1.52 1.68
Suspended Solids 4.64 23.1% 829 6.50 43 .77 4.84
Dieolved Solids 136.04 116.00 37.06 140.000 110,00 110.63 117.44
Alkalinity
las (CaCO3) 99.76 71.26 3733 §7.8 59.50 83.85 £0.84
iSulphate <L.0 k.30 1.93 266 733 1.48 LY
Chloride .66 0.68 0.66 1.12 0.80 0.85 0.82
\O-Phosphate 0.0048 04162 0.0056 0.0072 00036 0.012 0.004
[T-Phaspharous G031 0.0225 .017 0.02% GO3E 0.023 0.028
[Nilrate 0.0065 0.0075% .02 Q.0148 0.025 0.032 0.827
Nitrite 0.084 0.0013 0.0015 0.001 0.002 0.0046 0.0012
Ammonia 0.0052 9.0182 0.021 0.0062 <0.00% 0.0086 0.005
ITot. Kjeldahl 0123 ¢.3g 329 0.387 G4z 4] 0.263
TOTAL METALS
A Tprranivm neis 39967 QORR 0.297 n.z2 0Ny 0.29}
Arsenic 0.00452 0.00046 0.00027 0.0005 0.6 00044 G.00026
oppet 0.601 0.006 0.00%6 0.003K 0.017 0.005 6.0028
Iron 0.684 0.53 0243 0.466 .14 0.265 0.16
Lead <M1 0.1 0.00] 0.001 0.001 <0.001 3.0012
Mercury 0.000054 0.000054 0.000087 0.00008 0.00010 <0.00005 0.000064,
[Zinc <0.00% ¢.0066 0.008% 0.0063 0.0063 0.005 0.005
DISSOLVED METALS
Alurninium 0.014 0.0332 0.0l 0180 0.142 0.044 1.6487
Arsenic 000048 0.0004 0.00026 0.00046 4.00027 G.00035 0.68026
iCopper 0.0012 Q.0056 0.0039 00034 007 0.002 0.6022
Jiron 0,468 0302 0.109 0318 0.12 0.195 0.13
Lead <0.001 c.o0l1 .00 0.0H 0.001 <(}.0H}1] <00
Mercury <0.00005 0.000054 04.0M063 0.00G058 0.00010 0000035 0.00003 '
[Zinc <0.005 0.606 0.005 0.008 <0.005 <0.008 <0.00§,
|

'ER.suh.s expressed as milligrums per litre except for pH, Condudtivity (umbos/cm). and Turbidity (NTU}

(.. H122l'reclamatablesitab? 4 wk4)
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Table 2.4

Imperial Mctals Corporation
Mt Poliey Project
1989 Lake Water Quality
Moorhead Lake Bootjack Lake Kay Lake Polley Lak
H 7.31 7.06 7.97 7.65
Conductivity 88.88 74.35 124,00 121.50
Turbidity NTU 6.72 1.40 1.35 1.13
Suspended Solids 11.26 14.65 3.00 2.90
Dissolved Solids 68.72 52.78 110.00 86.53
Adkalinity
las (CaCO3) 46.12 37.8 67.15 62.83
Sulphate 1.18 1.92 <].0 2.93
Chloride 0.74 0.68 <0.5 0.68
lO-Phosphate 0.0042 0.0043 0.006 0.005
T-Phosphorous 0.024 0.0167 0.027 0.019
Nitrate <0.005 <0.005 0.005 0.045]
[Nitrite 0.0018 <0.001 0.001 0.001|
Armumonua Q.157 0.012 0032 0.012|
Tot. Kjeldshl 0.36 0.24 0.31 0.37|
TOTAI METALS
Aluminium 0.075 0.07 0.092 0.068}
Arsenic 0.00026 0.00023 0.00015 0.00018|
Copper 0.0032 0.0035 0.0035 0.002 |
[ron 0.174 0.07 0.06 <0.03|
ad <0001 <0.001 <0.001 <0001
ercury Q.000084 <0.00005 <0.00005 <11.00005
Zinc 0.0052 <0.005 <0.005 0.005
IDISSOLVED METALS
Aluminium 0012 0.0085 0.027 0.014
Arsenic 0.00024 0.00023 0.00015 0.00013
Copper 0.0026 0.0033 06.001 0.002
fron 0.074 0.038 0.04 <01.073
<0.001 <).001 <0.001 <0.001
ercury 0.000072 <0.00005 <0.00005 <0.00004
Zinc 0.005 <0.005 <0.005 <0.00§

Rsults expressed as milligrams per litre except for pH, Conductivity (umhos/cm), and Turbidity (NTU)

(.\H1221\reclamatitablestab2-5.wk4)
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Table 2.5 Preliminary wildlife habitat classification for the Mount Polley Project area.
This classification was developed by Hallam Knight Piésold Ltd., with reference to
Ketcheson et al. (1991), Banner et al. (1993) and Wildlife Branch (1994).

Habitat Type Presence in
Mount Polley Area

1 Alpine Habitats No

2 Habitats of the Engelmann Spruce - Subalpine Fir Zone
2.1 Engeimann Spruce - Subalpine Fir Forest

2.2.1 Young stands (0-40 years) No
2.2.2 Mid-seral stands (40-120 years) No
2.2.3 Mature and Old Growth (120 years+) No
2.2 Avalanche Track No
3 Forest Habitats of the Interiar Cedar-Hemlock (ICH) Zone
3.1 Clearcuts and burns(0-20 years+) Yes
3.2 Young stands (2040 years) Yes
3.3 Mid-seral stands (40-120Q years) Yes
3.4 Mature and Old Growth Stands (120 years+) Yes
3.5 Doulgas-Fir - Lodgepole Pine Forest (South Siopes) Yes
3.6 Rocky cliffs and talus No
4 Wetland and Aquatic Habitats
4.1 Riparian Forest Complex No
4.2 Riparian Habitats near Small Streams Yes
4.3 Shrub Carr / Sedge Fen Habitat Compiex Yes
4.4 Marsh / Shallow Open Water Habitat Complex No
4.5 Small and Medium-sized Lakes { < 1000 ha) Yes
4.6 Large Lakes and Reservoirs ( > 1000 ha) No
5 Man-Made (Anthropogenic) Habitats
5.1 Urban Areas No
5.2 Transportation / Transmission Corridor Yes
5.3 Agriculural Areas No
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Table 2.7

Imperial Metals Corporation
Mt. Polley Project

Forest Status and Areas

Mine Area Percent Percent
Component (ha) Unlogged Logged
West Waste Dump 11.3 85 % 15%
North Waste Dump 56.8 50% 50%
South Waste Dump 51.7 35% 65%
North Pit 14.7 5% 25%
West Pit 29.9 40% 60%
Central Pit 254 5% 65%
Overburden Stockpile 2.8 0% 100%
Mill Site 27.9 0% 100%
Tailings Facility 238.2 0% 70%

{h1221\reclamat\forestZ .unt)
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Table 2.8

Imperial Metals Corporation
Mt. Polley Project

Ranchers in the Mount Polley Area

Rancher Number of Cattle Grazing Period
$.22 105 May 16 - Oct, 15
250 May 16 - Oct. 15
75 May 10 - Oct, 15
105 May 10 - Oct. 31

Source: L. Resh, Ministry of Forests, Cariboo Forest Region, Unpublished data.
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Mar. 30, 71995
A HALLAM KNIGHT PIESCLD LTD.

ENVIROMNMENTAL CONSULTANTS

H122 ;‘\RECLAMNT\N
LEGEND
UNIT # TERRAIN AGRICULTURAL
SYMBOL CAPABILITY
1 CviMy T (30
" Rka

2 Ma 6T (30
3 Mv//Cv 6T 3O

Rak
4 Mvh . (630

Rj
5 Ob O7TW (3C)
6 Mbv 4 39

Rj
7 Mj/Mb & (30)

Rju

8 Obv Q7TW (3Q)

LG
Terrain Symbols Agricultural Capability
C - colluvial 7 - Soils have no capability
M - morainal for arable culture or
LS - placio-lacustrine permanent pasture.
R - Bedrock 6 - Soils are capable only of
O - organic producing perennial forage
k - moderately steep crops, and improvement
a - apron practices are not feasible,
v - veneer 4 - Soils have severe limitations
b - blanket that restrict crop range or
J - gentle slope require special conservation.
u - undulating O - organic soils
/ - component to the lefi T - adverse topography

is more extensive. P - stoniness
/1 - component to the left W - gxcess water
is considerably more (3C) - limnitations of climate to
extensive. agricultural production.
IMPERIAL METALS CORPORATION
MARCH 1895 SOILS MAF
(W. Blashill)
FIGURE 2.4
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CAD FRE \PRGIECT 1821\ FBZ Aol acodks Tef

IMPERIAL METALS CORPORATION
MI. POLLEY PROJECT

BASELINE MINE SITE HYDROGEQOLOGY

BOOTJACK [AKE
£l 956 m?

Y

KNIGHT AND PIESOLD LTD.

surface

Groundwater flow
direction (typ.) .

NOTE;

Groundwater flow regime is also
cantrolled by jointed rock mass

with prominent near vertical fracture
zones trending approximately NW—SE

GROUNDWATER
g@%ﬁg@g_ Ti ;;54 DISCHARGE ARFEA .
/ GROUNDWATER RECHARGE AREA \
| S —— et - i - -
WEST EAST
Precipitation
MI. POLLEY E1. 1262 m
Infiltration \
tvapotranspiration
S \ !
“§ Surface runoff e
8 ﬂﬂﬂﬂﬂﬂ <
ke Access road / N
S
S
Existing gmundwaz‘er/ t

POLLEY [AKE
£ 923 m*~"
S
=
FIGURE 2.10
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CAD FRE \PRAJCT\ 1EZI\FRY Pt acale Im}

GROUNDWATER IMPERIAL METALS CORPORATION
DISCHARGE AREA M7, POLLEY PROJECT
MINE SITE HYDROGEOLOGY DURING OPERATIONS
TEMPORARY GROUNDWATER
CROUNDWATER GROUNDWATER DISCHARGE AReA
RECHARGE AREA RECHARGE AREA . GROUNDWATER RECHARGE AREA
WEST | -
Preciprtation 4 - .
Approximate North MI. POLLEY £1. 1262 m
Approximate Central pit projection / , .
pit projection (off (off section) Infitration
section) -—- Evapotranspiration
West pit ultimate I
limits T f
S \ \ !
B —_ - — T"- 7 T
E \ f‘f / I \
§ > l Y / - ™ S
vy Access rood ““‘\‘_X/‘\ r 7 % ™ A\ N — Surface runoff g
y e
| o N g
BN /\ NN .
I I . ~— Groundwaler surface — - N
- o \ ™~ ~ I
< T~ Groundwater flow TR A I
VY S “a direction (Yp.) /\ e :‘“mﬁhk I
~— BOOTJACK LAKE s o= .
£l 986 m? NOJTE: S =7
N Groundwaler flow regime /s also '\ -
: controlled by jointed rock mass POLLEY [AKE
. e with prominent near vertical fracture #
= P zones trending approximately NW—SE . £ 925 m !
KNIGHT AND PIESCLD LTD. FIGURE 2.1
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CAD FLE \PROKTT, I6ZI\FB4 Aol goake Tt

IMPERIAL METALS CORFPORATION

MI. POLLEY PROJLCT
LONG TERM SITE HYDROGEOLOGY AFTER CLOSURE

GROUNDWATER
CROUNDWATER DISCHARGE AREA
i DISCHARGE AREA CROUNDWATER RECHARCE AREA | \
| g — o ————————— - : et e e S i i}

WEST N

\ EAST

MI. POLLEY £l 1262 m
/ Infiltration

Evapoltranspiration

Lvaporation ; |

TII

Evaporation

Access road — Surface runoff

Evaporation

= West pit ultimate
limits (approximate) \

Groundwater flo w/l\

direction (p.) -

BOOTJACK [AKE

£l 986 m* / NOTE:
Groundwater flow regime is also
- coetes by joried ek e pousey ne
= e sl zonef trending g;,g;oxf'naz‘e/y NW—-SE £l 927 m: /
e =
KNIGHT AND PIESOLD LTD. - FIGURE 2.12
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OAZ FLE: \PROMET O MIZET\SG\BS Pt =S

R12Z1.68 |
IMPERIAL METALS CORPORATION
FOREST COVE?‘; Z%LL END SHEET F OF 3 STOCHTES ceass e
£Gi - LMITS
FOREST LANO CODE APPLIES TO No. of tress/hectare, d.b.h. Limits
FOREST LAND (FORESTED, :
( 4 EXAMPLE OF A FOREST COVER LABEL 0 | ot immoture | NA
Species Composition
o ; f aoff mature 2726/ ha, 27.5 em + dbh
Species are fisted in their order of predominance. Orz ~ Siviculture "P;”"”go / 7 /!
Major species are listed First followed by minor Number and Sym 2 all moture <76/ha, 27.5 cm + d.b.h.
species in brackels. 66 = Polygon Number
fs - ?5.4 dCal‘eg?-’)’ ) ~ |3 2311/ha, 175 cm + dbh and 2508 of
Specigs Symbols: Q12 e A - Qz‘;%biol elemen % | ...} mature, with _stems 7.5 cm + dbh ore 2125 cm dbh.
F  — Douglas fir Pl — lodgepole pine 86Es/1A  SB(PI) ~ Species composition § fﬂadfﬂ%!sp ECIeT | <37 1Vha, 17.8 cm + d.b.h or .
£ ~ Waslern red cedar Py = Yellow pine SE/Pf g ~ Age <lass code 8| g 2311 /ha, 17.5 cm + db.h and <50% of
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MINING PROGRAM

SECTION 3.0 - MINING PROGRAM

3.1 GEOLOGY AND MINEABLE RESERVES
3.1.1 Regional Geology

The Mount Polley deposit occurs in an alkalic intrusive complex within the Quesnel Belt (formerly
Quesnel Trough) which is an allochthonous terrane of predominantly Upper Triassic-Lower
Jurassic, mafic to intermediate volcanic rocks that lie along the eastern margin of the Intermontane
Belt (Figure 3.1). The northwesterly trending Quesnel Belt, which includes rocks of the Quesnel
River, Nicola, Takla, Stuhini and Rossland Groups (Panteleyev, 1987), is 35 km wide. The
Quesnel terrane is a fault-bounded region flanked to the east by Precambrian to Palaeozoic rocks
of the Barkerville and Slide Mountain Terranes (Struik, 1986) and to the west by rocks of the
Cache Creek terrane.

The intrusive complex hasting the Mount Poiley deposit is one of severat alkalic complexes in the
Cordillera that lie within the belts up to several hundred kilometres long. All alkalic plutons and
associated porphyry deposits occur within the Intermontane Zone and coincide with the outcrop area
of the Upper Triassic Nicola-Takla-Stuhini volcanic assemblages. The isotopic age of these deposits
falls in the 175 to 198 Ma range, with Mount Polley dated at 185 + 7 Ma. (Christopher and
Douglas, 1976, Hodgsan et al., 1976).

Alkaline-suite porphyry deposits, of which Mount Polley is an example, are recognized as a
separate deposit type, distinct from the caic-alkaline porphyry deposits (Barr et al., 1976). Other
significant deposits include Copper Mountain, Afton, Mount Milligan, Lorraine, Gnat Lake and
Galore Creek.

In comparison to calc-alkaline deposits, alkaline deposits lack appreciable amounts of molybdenite
and are usually richer in gold and silver.

3.1.2 Property Geology

The Mount Polley infrusive complex is located between Bootjack Lake on the west side and Polley
Lake on the east side (Figure 3.2). The intrusion js a tilted laccolith approximately 6 km long and
up to 2 to 3 km thick at the centre (Hodgson et al., 1976). Six lithologically distinct phases are
recognized, of which five comprise one or more stacked lenses concordant with the northeast-
dipping host strata, and the sixth, the Cu-Au-bearing breccia which is partly concordant and partly
discordant.
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MINING PROGRAM

The principal lithological phases of the intrusive complex recognized are mafic pseudoleucite
syenite, pseudoleucite syenite, syenodiorite, monzonite porphyry (M1) and intrusive breccia.

Several younger rocks intrude the complex. There are two stages of monzonite porphyry dykes
known as M2 and M3, respectively. M2 dykes occur adjacent to intrusion breccia and this unit is
similar to the main mass of monzonite porphyry. M3 dykes are common in the upper portion of
the laccolith and as fragments in the Mount Polley breccia. Pyroxenite gabbro has been
encountered in several holes east of Bootjack Lake and its surface area has been interpreted mainly
from the ground magnetic surveys. These intrusions are considered to be coeval with augite
porphyry dykes, the youngest intrusives in the Iaccolith, that cut all phases east of Bootjack Lake
with the exception of the pyraxenite gabbro lens.

The volcanic rocks are coeval with the alkalic complex and are represented by augite trachyte
basalts and lesser analcite trachyte basalts and abundant pyroclastics. Pyroclastic deposits in the
immediate area adjacent to the mineralized zones are mainly feldspathic crystal and tapilli tuffs,
Polymictic volcanic breccia that represents a lahar deposit is systematically distributed on both east
and west side of the complex.

3.1.3 Gold - Copper Mineralization

The Mount Polley porphyry-copper-gold deposit is hosted by intrusive and crackle breccia in
monzonite porphyry or in crackle breccia in lapilli crystal tff. Work by Imperial Metals
Corporation has outlined two principal zones of significant Cu-Au mineralization known as the
Central and West Zone.

A third breccia, known as the Mount Polley breccia, is barren and is considered to be younger than
the Cu-Au-bearing breccias. These breccia zones are separated by a major north-south striking
fault. Figures 3.3 and 3.4 are north-south geological cross sections through the Central and West
Zone along 3195N and 3865N.

Magnetite, chalcopyrite, minor pyrite, trace bornite and native gold are the primary ore minerals
in the deposit. Supergene minerals include malachite, amorphous chrysocolla, native copper,
cuprite, digenite and covellite,

Magnetite and chalcopyrite occur as disseminations and in fractures and drusy cavities. In the
southern section of the Central Zone there are small skarn-like concentrations of massive magnetite
with blebs or stringers of chalcopyrite hosted by intrusive breccia or tuff that form high-grade
sections of the deposit when chalcopyrite is abundant,

The Central Zone is a fabular sill-like body of mineralized intrusion breccia with a northerly strike
and a moderately eastward dip. The zone measures 1,100 m along strike and is 200 m to 450 m
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MINING PROGRAM

in width. The West Zone forms the core of a westerly-plunging pipe of mineralized intrusion
breccia measuring 450 m in diameter and extending to a drilled depth of 275 m. A pyrite "halo”
measuring 4,500 m by 1,000 m is located to the east of the pits and lies outside and structurally
above the two main mineralized breccia zones,

The laccolith displays a complex history of rock alteration in which a wide variety of hydrothermal
minerals formed at different periods during its intrusive and post-intrusive history, The most
intense alteration developed contemporaneously with mineralization in three coaxial zones: a central
zone of potash feldspar-biotite-diopside; intermediate garnet-epidote zone; and a peripheral epidote
zone. Alteration effects, not directly related to mineralization, include pervasive moderately intense
sericitic and argillic deuteric alteration of feldspars and syenodiorite, monzonite porphyry and post-
mineral monzaonite porphyry dykes, and intense argillic alteration of feldspars and shear zones.

Structurally, four main episodes of deformation are recognized at the Mount Polley deposit. The
first was the intrusion of the high-level laccalith with formation of the intrusive breccia. The next
and most impartant stage was the formation of crackle breccia by phreatic activity which resuited
in shattering and fine comminution of the intrusion breccia and adiacent rock units within the
complex. Au-Cu mineralization was deposited during this stage. Post-mineralization events include
block faulting which tilted the strata near the close of the Upper Triassic volcanism and vplift and
erosion during the Tertiary and Quaternary periods. Although several parts of the deposit, in
particular the upper portions of the Central Zone, are strongly oxidized as a result of weathering
during this erosional period, the very limited amount of supergene copper mineralization formed
reflects the very low pyrite content of the deposit.

3.1.4 Ore Reserves

The Mount Polley ultimate pit mineable reserves, using 0.39% copper equivalent cutoff, are
estimated at:

Probable: 48,771,000 tonnes at 0.383% Cu and 0,556 g Au/tonne
Possible: 2,631,000 tonnes at 0.322% Cu and 0.461 g Au/tonne
Total Mineable: 51,402,000 tonnes at 0.380% Cu and 0.551 g Au/tonne

In addition 26,192,000 tons of low grade material grading 0.218% Cu and 0.242 g Au/tonne will
be stockpiled for possible processing when mineable reserves are exhausted,

An inverse distance cubed method with 20 m x 20 m x 10 m blocks utilizing geostatistical method
to assess continuity of grade and the search distance was used in estimating ore reserve. Due to
the presence of a high grade area at the south end of the Central Zone a 25 m search distance was
used in this part of the deposit, whereas a 50 m search distance was applied to the reminder of the
deposit.
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The ratio of oxide copper and total copper for the above reserve is 27% and the waste to ore ratio
is 1.76:1.

Due to various levels of oxidation in the ore body, copper and to a lesser degree gold recovery are
affected. Based on metallurgical testwork, the average recoveries are estimated at 76.6 % for
copper and 79.8 % for gold for the first 10 years of the mine life. Higher tonnage of oxide copper
ore in the first year results in copper recavery of 57.9 %, but the losses are offset by higher than
average copper and gold grades in this area.

A single acid leach test on +48 mesh tailings fraction was performed to evaluate dump leaching
of coarse waste material. The test demonstrated that acid leaching is not economically viable due
to high acid consumption, which amounted to over 27 kg of acid per kg of copper leached.

Low magnetite concentrate grades achieved by preliminary wet magnetic separation tests and the
need for regrinding the concentrate make it unlikely that magnetite recovery from the Mount Polley
ore wilt be economic. Further testing of tailings would be required to fully evaluate the economics
and, if feasible, design the equipment suitable far commercial magnetita production.

3.2 MINE PLAN
3.2.1 General Description

Mount Polley open pit process plant and waste rock disposal sites will be situated on the ridge of
land which rises to an elevation of 1,220 m above sea level between Bootjack and Polley Lake.
The ultimate open pit will consist of three interconnected pits, namely the Central, North and West
Pit (Figure 3.5). The Central and North Pits will extend approximately 1,100 m in a north-south
direction and the Central and West Pits approximately 1,110 m mn an east-west direction. The total
area of the open pits at the conclusion of operations will be approximately 60 ha.

The final pit outline contains approximately 48.8 million tonnes of ore and 85.9 million tonnes of
waste including 26.2 million tons of low grade material for a total excavation of 134.7 million
tonnes. Ore will be hauled to the primary crusher situated to the south of the West Pit. Feed to
the mill will be 13,700 tonnes per day, 5,000,000 tonnes per year for a projected mine life of 9.8
years, followed by a possible 4.2 years' production from the low grade stockpile, based on known
resreves.

3.2.2 Open Pit

The mining method proposed for Mount Polley is a conventional open pit truck shovel operation.
The mining wili commence in the Central Pit Stage 1 and progress through Central Pit Stage 2,
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North Pit and West Pit. Overburden will be stockpiled for reclamation purposes. Ore will be
hauled to the primary crusher by mechanical drive haulage trucks. Some rehandling and biending
of high oxide ore is expected to be required to meet mill specifications.

A geotechnical investigation program was completed to determine design constraints for the
proposed open pit, waste dumps and tailing storage facility. Geotechnical testwork for the open
pit consisted of field mapping, test pit excavations, diamond drilling and permeability testing. The
results of this geotechnical investigation provided criteria for the design of the open pit wall slopes.
The mine will be developed in 10 m benches with two benches combined at the final wall with
8.5 m berms every second bench. This results in a 52° overall wali slope between ramps. Ramps
will be 17.5 m wide with a maximum grade of 10%.

The open pit area is covered with a veneer of colluvium, glacial till and forest litter with bedrock
exposed in same areas but generalty at a depth of 1.5 m - 7.6 m. The predominant rock types are
intrusive breccia, syenodiorite and monzonite porphyry with occasional dyke rocks. In general the
rock quality of the proposed pit walls is variable. Highly fractured zones and weak highly aitered
rocks were recognized in dril] holes. Zanes of fracturing and intence alteration are generally
associated with faulting and contacts between intrusive geological units, Discontinuities were
generally rough and often healed with calcite or chiorite. Some smooth, polished slick-sided joints
were also identified. Rock strength is moderate to high, and stability will be controlled by the
geologic structures.

For final pit wall bench design it is proposed that controlled blasting be used to develop a relatively
steep bench face (70° to 75°) which could be scaled with the truck loading equipment.

The open pit was designed by using the MINTEC MEDSYSTEM DIPPER mine design software.
A series of pits were examined and an ultimate pit selected,

3.2.3 Pit Operation

The open pit will be developed using conventional open pit mining technigues and equipment. The
mining equipment fleet will consist of the following units:

Drills l- 300 mum diesel rotary blasthole
l- 150 mm tank drill
Loaders 1- 9.2 m’ diesel powered hydraulic shovel
1-  10.7 m? front end loader
Haulage Trucks 5- 90 tonne capacity haulage trucks
Bulidozers-Tracked 2- Cat. D-9 size
Utility Loader 1-  Cat, 936 ITC
Hallam Knight Piésold Lid.
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Road Grader 1- Cat. 14G

Service Equipment 1- Lube & fuel truck
1- Shuttle bus
4 - Supervisors pick-up
1- Ambulance
1- Blasters truck
i- Water truck
i- Sand truck

The production rate during the first S years of the mine life will average approximately 25,000 t/d.
This rate will increase in year 6, as West Pit stripping commences, and peak in year 10 at
50,000 t/d.

Ore will be toaded by electric shovel or rubber tire loader into 90 tonne capacity mechanical drive
trucks and hauled to the primary crusher or to stockpiles as necessitated by mill blending
requirements. Waste will be loaded and hauled to appropriate waste dumps.

Roads have been designed for a maximum 10% uphill loaded haul. Roads will be 17.5 m in width,
crowned for proper drainage and will incorporate suitable ditches and berms.

The open pits will be cleared, grubbed, stripped and the overburden stockpiled. Additional
materials from proposed dump areas will also be stripped and stockpiled to ensure that the
completed dump surfaces can be covered with 0.15 m of overburden in the reclamation process,

3.2.4 Pit Dewatering

The inflow of water from groundwater and precipitation is estimated to be in the order of 43 m’/hr.
This water will be directed to a sump in the bottom of the pit and dumped either to a surface water
sediment pond or to the tailings dump box in the mill. Surface runoff from the mine area, roads
and waste domps will be collected in surface ditches which flow o settlement ponds, and then
directed for mill process use.

The quality monitoring of pit and surface runoff water will emphasize three primary concerns:
suspended solids, dissolved and suspended metal concentrations and elevated nitrogen compounds
from nitrate explosive residues. Extensive testing as part of the geotechnical investigation
demonstrated that acid mine drainage will not be a factor in pit water or elsewhere on the project
(see Section 3.3).
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3.2.5 Mining Sequence
The mining sequence will be Central Pit Stage 1, Central Pit Stage 2, North Pit and West Pit.

The Central Pit Stage 1 was selected for mining early in the project life because of the higher metal
values associated with this area. This pit is also notable for the high oxidation of ore on the upper
benches. This highly oxidized material also carries high copper equivalent grades. A development
strategy has been adopted to minimize the metallurgical risk associated with this oxidized material.

Approximately 2.36 million tonnes of axide ore containing greater than 75% oxidized copper will
be stockpiled during the preproduction period and the first and second years. This ore grade
material will be brought to the mill during years 3, 4, 5, 6, 7 and 8.

Once the preproduction period is compieted, the pits are mined with overlap to smooth the strip
ratio and resultant equipment and manpower requirements. The production rate in years-1 through
4 will average 9.1 million tonnes per year. The schedule calls for simultaneous mining of up to
three pits during this period to balance the overall strip ratio in the long term mine plan. In year§,
West Pit development accelerates to 17.8 million tonnes annually. This production increase resuits
in additional equipment requirements.

The phasing of the various pits is shown below:

YEAR OF MINE LIFE

i 2 3 4 5 66 7 8 9% 10 11 12 13 14

Central 1 o e e e o ok ok ok e o

Central 2 AdkkokAdddedkhkk

North e s sk e v ok e ok o ok e o

West 122123712

Low Grade StocKkpile dhkkkhhhhhhhhkhkbdkdkhidhk

3.3 WASTE ROCK DISPOSAL
3.3.1 Waste Rock Storage Areas

The operations will result in the production of approximately 86 million tonnes of waste rock over
the life of the mine. The location of the waste rock storage areas, which are shown in Figure 3.5,
have been selected on the basis of haul distance, haul profile (within the constraints of slope
stability), environmental and economic considerations.
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Areas designated for waste rock storage will be logged, grubbed and cleared prior to mining.
Topsoil and overburden required for reclamation will be removed and stockpiled separately in a
designated location for recovery at the end of mining.

Waste rock disposal sites will be constructed by end dumping, recontoured to an ultimate slope of
2:1 (26.5%, covered with a layer of overburden/topsoil and revegetated. Individual dumps wili not
exceed 50 m in height, The top surface of the stockpiles will be reconfigured with topographic
highs and lows (ridges and depressions) to blend in with the surrounding topography and create
habitat diversity, while at the same time, draining toward the open pits. The final surfaces will then
be covered with a layer of overburden/topsoil and revegetated.

Low grade ore and waste will be segregated with low grade ore placed in a location that it can be
easily recovered, with minimal dilution and at the shortest possible haul distance 10 the crusher.
Waste from the Central Pit will initially provide material for road construction. Oxidized waste will
be placed toward the south of the waste rock site such that it can be readily reclaimed during
years-3 through 8. Un-oxidized waste from deeper parts of the Central Pit will be hauled out to
the lowsr scutheast dumg.

Waste from the North Pit benches 1190 through 1220 will be hauled to the northwest waste dump.
Waste from the 1170 and 1180 benches will go to the northeast dump and waste material from
below 1180 to the north dump.

Waste from the West Pit will be hauled to the southwest dump and may be hauled to backfill the
Central Pit. Some acceleration of the Central Pit mining schedule or staging of the West Pit may
optimize haulage costs.

3.3.2 Waste Characterization Program
33.2.1 Whole Rock and Multi-Element Composition

The orebody contains three main rock types: intrusion breccia, syenodiorite and monzonite
porphyry, containing 60 to 90 percent feldspar minerals inciuding plagioclase and orthoclase and
10 to 25 percent pyroxene and amphibole. Whole rock and multi-element chemical analyses of each
of these major rock types is shown in Table 3.1 and Table 3.2.

One of the favourable features of the Mount Polley orebody is the abundance and widespread
occurrence of acid consuming carbonate minerals; calcite (CaCO,) and minor dolomite (Ca, Mg
Fe(CO,),). The carbonate minerals which were formed during the regional metamorphism and by
intense hydrothermal alteration which generated the copper-gold mineralization through the
following reactions:

Hallam Knight Piésold L.
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The alteration of plagioclase feldspar by addition of water containing carbon dioxide
formed an assemblage consisting of epidote, albite and calcite.

The hydrolysis of albite generated an assemblage consisting of sericite, ankerite-
dolomite and quartz.

Progressive breakdown of hydrous ferromagnesian minerals (pyroxene and
amphibole) resuited in an alteration assemblage consisting of chiorite, calcite,
magnetite and quartz.

The carbonate minerals occur in the form of clusters and grains distributed throughout the ore and
wasie lithologies and in form of the vein gangue mineralg in association with chalcopyrite and

pyrite.

The low sulphate generation rates obtained in the humidity cell tests are the results of several
favourable factors, including:

low suiphide content of the ore and waste

partial oxidation of primary sulphides

favourable morphology of pyrite

absence of rapidly oxidizing sulphide species

widespread formation of acid consuming carbonate minerals
close association of carbonates and sulphides

3.3.22 Mineralogy, Pyrite and Carbonate Speciation

Petrographic examinations of the Mount Polley ore and waste have been carried out over the last
25 years and more recently by Harris Exploration Services of Vancouver, revealing a variety of
sulphide minerals at low concentration. These studies supplement the observations made by drill
site geologists during systematic core logging.

In order of their abundance in the orebody, sulphide minerals comprise chalcopyrite (CuFeS,),
pyrite (FeS,) and traces of bornite (CusFeS)).

Due to oxidation of primary sulphides, chalcopyrite is often replaced by secondary copper minerals
chalcocite (Cu,S), covellite (CuS) and digenite {CuS). Other oxidation products include malachite
(Cu,CO,(OH),) and chrysocolla (CuSiO,.2H0). The oxidation of the orebody replaced an average
of 27% chalcopyrite with secondary copper minerals. The degree of oxidation of the orebody
varies and in the Central and West pits it is much more pronounced than in the North pit.
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Chalcopyrite occurs as irregular magnetite-chalcopyrite-calcite veinlets 1 to 4 mm thick, scattered
grains 0.01 to 1 mm associated with magnetite, or in drusy cavities with magnetite and calcite.

Pyrite within the orebody is notably rare and in most mineralized rock samples found in trace
amounts only. It has been cbserved as 0.1 to 2 mm disseminated euhedral grains peripheral to the
chalcopyrite-magnetite-calcite veinlets or occasionally as coarse grained pyrite-calcite fracture
fillings. The oxidation of pyrite in the orebody produced iron oxide minerals limonite
(H Fe,0,(H,0),) and hematite (Fe,0;).

The only other sulphur bearing mineral identified in the orebody is gypsum (CaS0,.2H,0), which
occurs as thin veinlets 1 to 2 mm thick seen in the highly oxidized sections.

The total average sulphide mineral content within the pit limits is estimated at less than 1%, of
which more than one half represents copper sulphides. This low concentration of sulphides and
pyrite in particular, provides a timited source of sulphur for acid generation. The coarse grained,
euhedral morphology of pyrite and absence of dusty or framboidal species suggests its low rate of
oxidation to he expected.

3.3.2.3 Pyrite Halo

A pyritic alteration halo, located outside and structurally above the orebody, sirikes in a
northwesterly direction and dips to the north-east with the enclosing intrusive complex, as shown
on Figure 3.6. The halo was recognized in the early phases of exploration of the deposit and
roughly delineated by induced polarization surveys and drilling. The halo represents disseminations
and veinlets of pyrite at various depths from sucface with an estimated pyrite content above 3%.
Near the surface the halo is oxidized and replaced by iron oxides.

The pyrite haio lies under the proposed eastern and northern waste dumps, where no rock
excavations are pianned.

3.3.2.4 Static Acid-Base Accounting Test Program

Since the waste rock stockpiles will be used for stockpiling waste, low grade ore and high oxide
ore, a comprehensive program of acid-base accounting and humidity cell testing has been
undertaken in an effort to determine the potential for the stockpiles to generate acid.

Acid-base accounting tests were performed in two phases. The Phase I program included 2 broad
assessment of various lithologies in the orebody in an effort lo identify any rock type with a higher
acid forming potential. A total of 30 composite samples from 23 holes covering the three proposed
open pits 10 a depth of 183 m (Figure 3.7) were collected and tested at Envirochem Services Ltd.
of North Vancouver, B.C. The composites were randomly selected at 1 m intervals from NQ drill
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core over each lithologic interval and analyzed for total sulphur, neutralizing potential (NP) and
total acid generating potential (AP calculated on the basis of total sulphur).

The results of this phase indicated that no particular lithology with high acid forming potential is
present in the orebody. The acid forming potential of ore, low grade material and waste was
established to be a function of sulphur content which is directly related to the pyrite and to a lesser
degree chalcopyrite content of the host lithology. The Phase I results are plotted on Figure 3.8
using a conversion factor of 31.25 kg CaCO, per 1% S, and assuming a standard pyrite oxidation.
The Phase I samples are classified as fallows:

No, of
Samples Hole # Location
Acid Forming 2 MP-134 North Pit
Potentially Acid Forming 3 MP-76, MP-100, MP-135 Central,
Wast,
North Pit
Non-Acid Forming 25 MP-31, MP-39, MP-42, MP-69 (Central,
MP-80, MP-107, MP-110 West,
MP-113, MP-115, MP-116 North Pit
MP-117, MP-118, MP-123,
MP-128, MP-135, MP-139,
MP-141, MP-142, MP-133
Total _
30

Phase II testing consisted of systematic sampling within the ultimate pit Jimits in an effort to
evaluate the entire host rock volume. A total of 64 samples were randomly taken at 30 m intervals
from 12 boreholes and submitted to Coastech Research, of North Vancouver, B.C. for acid-base
accounting tests using the same procedure as in Phase I. The resuits are plotted on Figure 3.9.
The samples were classified as follows:
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No, of |
Samples Hole # Location
Potentially Acid Forming 2 MP-150 West Pit
Non-Acid Forming 62 MP-124, MP-126, MP-140 Central,
MP-150, MP-106, MP-108 North,
MP-121, MP-122, MP-68 West Pit
MP-102, MP-103, MP-105
Total —
64

The average net neutralization potentia! of the 64 samples was 24.4 kg CaCO,/t. No samples with
negative neutralization potential values were identified by the Phase II testing. The total sulphur
content ranged from 0.01% to 2.93%, with an average value of 0.13%.

In arder to derive a weighted net neutralization potential for the waste rock stockpiles, the suite of
94 acid-base accounting tests were tabulated according to rock type; intrusion breccia, syenodiorite
and monzonite porphyry (Tables 3.3, 3.4 and 3.5, respectively). Average paste pH, total sulphur
(%), acid generating potentiat (AP), neutralization potential (NP) and net neutralization potential
(NNP) were then calculated for each sample. Results are summarized as follows:

Rock Paste Total S AP NP NNP
Type pH (%)
Intrusion 8.76 0.24 7.54 28.66 21.12
Breccia
Syenodiorite 8.68 0.14 4.42 30.19 25.78
Monzonite 3.69 0.03 1.08 24.44 23.36
Porphyry

On the basis of average NP and AP values, the NP/AP ratio for intrusion breccia averaged 3.8:1
(range 0.4:1 to 68.3:1), NP/AP ratio for syenodiorite averaged 6.8:1 (range 0.7:1 and 87.7:1) and
the NP/AP ratio for monzonite porphyry average 22.6:1 (range 5.6:1 to 81.6:1). However,
because of differences among sample size, the weighted NP/AP ratio for intrusion breccia,
syenodiorite and monzonite porphyry were 8.9:1, 45.1:1 and 44.9:1, respectively.
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On the basis that the waste rock would comprise approximately 72% intrusion breccia, 14%
syenodiorite and 12% monzonite porphyry, the weighted NP/AP ratio for the waste rock stockpiles,
would be in the order of 18:1.

An acid-base accounting test on a composite sample of tailings from pilot-scale metallurgical testing
gave the following results:

Percent sulphur - 0.02
Paste pH - 8.22
Acid generating potential - 0.63 (kg CaCQ,/t)
Neutralization potential - 24.6 (kg CaCO/1)
Net neutralization potential - 24.0 (kg CaCO/)
NP/AP Ratio - 39:1

3.3.2.5 Kinetic Humidity Cell Test Program

Three humidity cell tests were carried out on the ore and waste samples and one on the tailings.
The following is a list of individual samples with general location used to produce a composite
sample for humidity cell testing:

Compasite Samples Location
Cod 64 samples from Central Pit, North Pit, West Pit

Phase Il Testing

C3 MP-150 300400 West Pit
MP-150 400-500
MP-150 500-600

The samples were subjected to alternating cycles of dry air, moist air and leaching over a period
of 13 weeks. Results, which are presented in Tables 3.6 10 3.9 indicate that the waste will be non-
acid generating. pH values remained in the range of 7.47 to 8.97 throughout the test period, while
acidity and sulphate generation rates declined. Except for calcium and magnesium, metal levels in
leachate were below detection levels using ICP methodology. In overall terms these data indicated
no potential for acid generation from the samples and no significant leachability of metals from the
host rock.

Humidity ceil testwork on failings provided the results similar 1o those obtained from the ore and
waste samples.

3326 Internal Pyritic Waste
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Detailed core logging and subsequent acid-base accounting tests indicated that there is a area of
pyritic material with net acid generating potential located near the north end of the North Pit, as
shown on Figure 3.10. This material, which comprises slightly oxidized rock, does not, however,
extend into the pit walls. Based on the acid-base accounting data, it is expected that minor pockets
of acid generating material will be exposed during mining.

In order to test the neutralization potential of the waste rock from the North Pit, a composite sample
was prepared by crushing and biending equal weights of seven samples from the North Pit with two
samples representing the pyritic ore, sample 2105-CMP89, as reported below.

Composite ~ Samples Location
2105-CMP89 MP-133 North Pit
MP-134A
MP-134B
MP-135
MP-136
MP-1394
MP-1398

As with the previous studies the North Zone composite was subjected to alternating cycles of dry
air, moist air and leaching over a period of 10 weeks. Results, which are presented in Tables 3.6
and 3.8 indicate that the waste will be non-acid generating, As in the previous testing pH values
remained in the range of 7.92 to 8.97 throughout the test period, while acidity and sulphate
generation rates declined, albeit not to the same extent. Similarly, except for calcium, magnesium,
manganese, molybdenum and zinc, metal levels in leachate were below detection Jevels using ICP
methodology. The slightly higher sulphate generation rates and metals in this test compared to the
results observed in samples C64 and C3 were believed to be the result of the included pyritic
material.

The identification, handting and disposal of pyritic waste is described in Section 3.3.3.2, below.
3.3.2.7 Pit Wall Rock

Acid-base accounting tests of core from holes drilled along the pit perimeter in which an elevated
pyrite content was observed by drill site geologists were inciuded in the above static testwork in
order to evaluate the acid generating potential of the pit walls. On the basis of test results obtained,
there is no indication that any acid mine drainage from pit walls will occur. Any locally derived
acid on a micro scale is expected to be buffered by calcite readily available in wall rock, providing
environmental protection not only during mine life but also after the mine closure. The neutralizing
ability of carbonate rich wall rock tithologies is not in doubt and sampling performed is considered
statistically representative.
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3.3.3 Waste Rock Handling Program

3.3.3.1 Segregation of Waste

As noted above, waste characterization studies have identified only one source of pyritic material
within the Mount Polley deposit. It occurs as a lens of ore located in the extreme end of the north
pit and will be processed in the mill. Since the high sulphur content is associated with ore, it is
unlikely that potential acid generating materials will be encountered in waste material.

However, it is possible that small pockets of pyritic material may be encountered during mining of
the deposit. If these materials are ore grade material they will be processed in the mill. If they
are low grade ore they wili be delivered to the low grade stockpile located within the southeast
dumps near the mill for future processing, If the material is designated as waste it will be subject
to special handling and selectively placed within any one of the waste rock dumps, as described in
Section 3.3.3.3 below.

3.3.3.2 Identification of Potentially Acid Generating Material

During mining, the "low level* ARD monitoring program shall be under the direction of the mine
geologist. The field based program will involve visual inspection of waste muck piles for evidence
of sulphide minerals. Changes in rock type or lithology through the mining sequence will be
identified.

In the normal course of events, cuttings from every blast hole will be assayed for copper and gold.
The material within each biast will be categorized as ore, low grade ore or waste. At month end,
the waste blast hole cuttings will be composited by blast and submitted for acid-base accounting.
As a matter of record, these values will be matched to tonnage moved from individual blasts to the
waste rock disposal sites. This procedure will determine the future direction of the ARD program
and confirm the observations of the mine geologist.

Any material suspected or confirmed as having an NP/AP ratio of less than 1.5:1 or identified as
being potentially acid generating material, will be flagged with ribbons in the pit and subjected to
special handling.

Instructions will be given to the equipment operators (haul truck operators) to distribute the material
in layers across the face of the active dumps. Haulage units will be routed to various dumping
locations such that a build-up of the target material in any one area is avoided.

The disposal process will be the responsibility of the mine supervision. Designated areas within
the waste rock dumps will be selected in accordance with the waste disposal plans to ensure that
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any potentially acid generating material is placed on top of acid consuming material and ultimately
covered with a layer of acid consuming material.

3.3.3.3 Sepregation of Low Grade Ore

Low grade ore will be stockpiled in the southeast dump on top of waste rock within easy recovery
distance of the mill. The low grade ore placed on top of the waste rock will be kept separate from
the waste using survey and assay data to main@in an inventory map of position, grade and quantity
of material within the stockpile. This information is needed in order to minimize dilution during
the recovery process.

3.4 METALLURGY AND PROCESS PLANT

Crushing and grinding in the process plant will liberate the valuable minerals from the gangue
material in the ore. This will be followed by flotation of the valuable minerals into a concentrate,
which will be subsequently thickened and dewatered for delivery to smelers.

The Maunt Potley process plant is designed to treat 5,000,000 tonnes of copper-gold ore each year
at 600 t/hr.

3.4.1 Ore Characteristics

The description of the Mount Polley ore mineralogy is given in Section 3.1.3. Due to oxidation
processes within the orebody, approximately 27% of the primary sulphides, mainly chalcopyrite,
have been replaced by digenite, covellite, cuprite, native copper, malachite, azurite and amorphous
chrysocolla.

3.4.2 Metallurgy

Metallurgical bench and pilot plant testing by Coastech Research Inc. in Vancouver and Hazen
Research Inc. in Golden, Colorado, was carried out in order to establish metallurgical parameters
for the fuli scale operation.

Work at Coastech Research Inc. has primarily involved flotation and resulted in a two step process
in order to recover both sulphide and oxide copper. Sulphides are floated first using conventional
collector and frother combinations. This is followed by conditioning with sodium sulphide to
sulphidize oxide copper minerals assisting them to float in a subsequent oxide flotation circuit.
Suiphide concentrates are reground to improve liberation from gangue materials before cleaning.
A separate cleaning circuit is provided for oxide minerais.
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Work at Hazen Research Inc. has been done to establish grinding work indices in order to calculate
power requirements for grinding the ore.

3.4.3 Process Description

The process is shown on the flowsheets presented in Figures 3,11 through 3.14.

3.4.3.1 Primary, Secondary, Tertiary Crushing and Ore Handling

Ore is crushed through three stages to produce a 16mm product for the grinding circuit, and stored

in a 15,000 tonne stockpile. Sized rock for the pebble mill is removed from the secondary crusher
feed and stored in 2 2000 tonne surge pile.

3.4.3.2 Grinding

Rod mills receive crusher product from storage and reduce it 1o ball mill feed size at a rate of about
600 tonnes pie hour. Product from the ball mills is reduced to pebble mill fead size and reduced
there to flotation feed, sized at 68% - 200 mesh. Pumps and hydrocyclone classify pulp to process
the ore efficiently to the required product size.

3433 Flotation

A combination of column and mechanicai celis combine 1o recover rougher and scavenger
concentrates for regrinding and subsequent cleaning to produce high grade concentrates. Because
of the variable nature of the ore (head grades and degree of oxidation) the circuit has been designed
with flexibility to permit accommodation of this variability.

3434 Concentrate Dewatering

Combined concentrates from the sulphide and oxide flotations are thickened and stored in a stock
tank that provides surge between thickening and fiitering.

Two pressure filters reduce the moisture content of the final concentrate to 8% for shipment.

A conveyor deposits filtered concentrate in a storage area accessible to a front end loader and the
truck loading area.
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3.4.4 Concentrate Handling and Transport

344.1 Introduction

Each year approximately 60,000 tonnes, (66,000 tons) of copper/goid concentrate will be
transported to Vancouver and foaded aboard ships for delivery to an off-shore smelter.

Front end loaders will fill 20 tonne containers which will be trucked to Williams Lake and
transferred there to railroad cars. This closed container handling system will eliminate the losses
that are attendant on the transshipment from truck to load out shed to railcar.

On arrival at Vancouver Wharves the containers will be emptied into a storage shed and the
concentrate accumulated to quantities suitable for ocean shipment.

B.C. Rail, which is already involved in container traffic, will provide this intermodal service.
3.4.5 Mili Reagenis

Some Mount Polley reagents will be received in drums while others will arrive in bulk form as
water solutions, or ocganic liquids. Mixing and storage tanks, heated when necessary, will provide

up to 48 hour supplies of reagent ready for feeding by metering pumps.

One spare system will be provided for trials of experimental reagents, and a ventilation system will
ensure that build up of noxious fumes does not occur in the area.

The following is a list of reagents used and their expected gquantities:

tonnes/vear
Potassium amyl xanthate 60 g/tonne 150
Aero 3302 S g/tonne 25
Aero 208 20 g/tonne 100
MIBC 10 g/tonne 50
Sodium hydrosulphide 400 g/tonne 1800
Flocculant 0.17 g/tonne 0.85

3451 Instrumentation and Control Philosophy
It is planned that the entire processing operation, with the exception of the crushing plant, will be

controlled through a central programmabie controller. This PLC and its principal auxiliary
components will be located in a control room in the concentrator building and will communicate
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with remote 1/0 stations at the fresh water pumphouse, the water head tanks, the reclaim water
pump barge and the reclaim water boaster pumphouse by way of an overhead data highway cable.

An on-stream analyzer (OSA) will provide for assays on 12 streams instead of 5, to provide up-to-
date information on the changing ore and operating results. This will provide sufficient information
to allow the flotation operators to control recovery and concenirate grades. The use of an OSA will
minimize the requirements for assaying personnel who would otherwise be required to provide these
control assays. The OSA package includes the X-ray analyzer (including X-ray tube and
spectrometer) and computer hardware and software for data collection and analysis. The computer
is powerful enough to be used for control of reagent dosages or other process variables if necessary
in a future control scheme. The streams from the OSA can be used for shift composite samples for
metatlurgical accounting purposes.

3.5 TAILINGS DISPOSAL
3.5.1 General

The principal objectives for the design of the tailings impoundment are to ensure complete
protection of the regional groundwater and surface water flows both during operations and in the
long-term and to achieve effective reclamation at mine closure. Further details may be found in
"Tailings Storage Facility Design Report 1625/1" (Knight Piésold Ltd. 1995),

The principal requurements of the design are as follows:

@ Permanent, secure and total confinement of all solid waste materials within an engineered
disposal facility.

(i) Control, collection and removal of free draining liquids from the tailings during operations
for recycling as process water to the maximum practical extent.

(i)  The inclusion of monitoring features for all aspects of the facility to ensure performance
goals are achieved.

{iv)  Staged development of the facility to distribute capital expenditure over the life of the
project.

The design basis and criteria for the tailings storage facility, including the embankments, surface
water diversion system and tailings and reclaim pipework systems are based in part on the review
comments by the Ministry of Energy, Mines and Petroleum Resources (MEMPR) and on the
appropriate and conservative design parameters from hazard classification, seismic data,
hydrological studies and geotechnical site investigations.
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A LOW hazard classification or consequence category has been assessed for the tailings
impoundment. This implies that the consequences of failure consist of a low economic loss and low
environmental impact. Seismic design parameters relevant to this category have been used for
design of the facility during operations. A Design Basis Earthquake (DBE) corresponding to the 1
in 475 year return period event has been adopted, and corresponds to the National Building Code
of Canada standard.

For closure and post-closure conditions a conservative HIGH consequence category has been
selected for design. Specifically, the embankment has been designed to accommodate a2 maximum
design earthquake (MDE) corresponding to 50% of the maximum credible earthquake (MCE) and
has been designed to accommodate the Probable Maximum Flood (PMF) event.

3.5.2 Design Features

The tailings storage facility incorporates the following features which are illustrated on Figure 3.15
for initial construction and on Figure 3.16 for the final arrangement:

A low permeability liner comprised of existing glacial till over much of the tailings basin
and a constructed glacial till liner immediately upstream of the main tailings embankment,

A partial underdrain extends under the constructed basin liner and conveyance pipework will
transfer seepage to a recycle pond below the Main Embanlanent,

A groundwater recovery well system for monitoring the seepage quality and recovery as
necessary.

A zoned Main Embankment will be constructed from low permeability glacial till material
excavated from within the tailings basin. The Main Embankment incorporates drainage
provisions to ensure embankment stability and minimize seepage losses. Drainage water and
seepage will be collected in a seepage collection pond and returned to the mill process.

Perimeter and South Embankments will also be constructed as required by the rising tailings
level. The perimeter embankment also incorporates drainage provisions which will transfer
seepage to a separate recycle pond for return to the mill process.

All embankments will be incrementally expanded during operations in order to provide the
requisite storage capacity for tailings solids and process water with additional freeboard for
the PMP and wave run-up.

Tailings delivery pipework will be installed from the mill site to the Main Embankment.
Tailings will flow by gravity for the entire life of the tailings storage facility, Pipework will
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include multiple spigot offtakes to allow control of tailings beach development and the
location of the supernatant pond. Emergency discharge points will be located to ensure total
containment of tailings materials within the impoundment.

A reclaim barge channel will be excavated and a barge, pump and pipework will be installed
to transport supernatant water back to the mill for recycle.

Diversion ditches will be installed to divert the required surface runoff into the tailings
storage faciiity to supplement the process water requirements. The diversions will have flow
control structures to ensure that excess water from storm events is directed out of the
facility as required to maintain a process water balance.

3.5.3 Tailings Storage Capacity

The tailings facility has been designed to contain 68.6 million tonnes of tailings solids at an
average dry density of 1.28 t/m* (1.1 t/m® for Year t, 1.2 t/m® for Year 2 and 1.3 t/m® for Years
3 through 14). Additiona! storage capacity has been incorporated into the design by including
2 million m?® of storage for process (reclaim) water on top of the tailings surface.

3.5.4 Reclaim Water Storage Capacity

The design of the tailings storage facility includes for the provision of about 2 million m? of storage
for reclaim water on top of the tailings surface. This water will be required as a source of make-up
water prior to mill start-up and during the cold winter months when surface runoff directed into the
impoundment is at a minimum,

The volume of the process water pond will be managed on the basis of operating experience. The
design of the overall water management system allows for selective diversion into the impoundment
of surface runoff from the mill site, waste dumps and from an undisturbed catchment area adjacent
to the tailings facility. Additional water will only be abstracted from Polley Lake (at a maximum
volume of 300,000 m’/yr) if a process water shortfall is encountered and available surface runoff
volume is not sufficient to maintain milling operations.

3.5.5 Staged Development

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

The initial embankment (Stage Ia) will be constructed to El. 927 metres to provide adequate storage
for 1 full year of surface runoff, including the 1996 freshet, which is required for mil start-up.
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Stage la construction will be limited to the Main Embankment. Stage Ib is 3 downstream raise and
will be constructed to El. 931 metres, either as part of the 1995 work or as a separate construction
program in 1996. Stage Ib will provide adequate storage for approximately 1 year of production.
This sequence will allow for uncertainties in the actual start-up date and ensures that adequate
freeboard will be maintained throughout the construction program in the following year.

On-going requirements for embankment construction are shown on Figure 3.17 and on Figure 3.18.
The Stage Ic embankment raise will provide incremental storage capacity for approximately 1 year
of production. The ongoing embankment raises will require fill to be piaced on competent tailings
beaches. A coarse bearing layer of waste rock or alluvium may be required for the initial staged
expansions on the tailings beach. On-going expansions may include coarser tailings sand which can
be produced by selective cycloning at the tailings impoundment.

Tailings deposition will be managed to prevent wind erosion and dust problems by wetting the
tailings surface as required.

3.6 WATER MANAGEMENT PLAN

Imperial Metals Corporation (IMC) are prepared to limit the requirements for fresh make-up water
to the minimum volume required for potable water (24.9 m*/hr) and 1o utilize alternative sources
for the supply of additional make-up water required in the milling process.

A fundamental consideration for the supply of process water to the milling circuit is that an
adequate volume of water must be available during the cold winter months when precipitation
accumulates as snow and surface runoff is at a minimum. Also, a sufficient volume of water is
required for mill start-up, The previous water balances, conducted in 1991, indicated that a volume
of about 1.26 million m’ of make-up water would be required during the first year of operation.
The make-up water requirements were also projected {0 decrease during on-going operations as the
mine development expanded and additional surface runoff was utilized in the process. These
previous analyses illustrated that a certain volume of water in storage would be required prior to
start-up and to aliow milling to continue through the winter months.

In the revised water management plan, IMC recognize that the tailings impoundment can be utitized
as a water reservoir both prior to start-up and during operations, thus eliminating the need for the
Polley Lake dam. However, in order to provide sufficient water for mill start-up and for winter
operations, particularly during the initial years of mine development, it is necessary to construct
the tailings impoundment at least one year prior to mill start-up in order to capture enough surface
runoff water.
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Knight Piésoid Lid. have conducted a comprebensive series of water balances to evaluate the
volumes of surface runoff water that are available throughout the life of the mine and have
conducted extensive sensitivity analyses wherein over 1000 different combinations of wet and dry
precipitation conditions have been evaluated. These water balances, described in Report on Project
Water Management (Knight Piésold Ref. No. 1624/1, February 6, 1995), indicate that the
requirement for the Poliey Lake dam can be eliminated by:

» Selectively diverting approximately 1.5 million m® of surface runoff into the tailings
impoundment prior to start-up.

+ Providing a minimum volume of about 1.5 million m*® of water in storage on the tailings surface
during on-going operations in order to provide sufficient process water during the cold winter
months when surface runoff is minimal.

» Allowing for contingency water extraction of about 300,000 m’ annually from Polley Lake or
Hazeltine Creek during peak flow months. This contingency water supply would only be

The revised water management strategy, wherein a much smaller reservoir of make-up water is
maintained on the tailings surface as compared to the previously proposed Polley Lake live storage,
represents a greater risk for the mine operators during periods of extended drought. However, this
risk i3 minimized by including the contingency extraction provision of 300,000 m’/yr. The
likelihood that this volume of water would be required is very low (estimated to be less than 5%).
It is proposed that this 300,000 m* volume will be extracted at a maximum rate of about
150,000 m*/maonth during the peak flow periad at spring freshet so that the impact on the fisheries
resource will be minimal.

The surface area of Polley Lake is about 3.75 million m?, and removal of 150,000 m’ of water will
only result in a 4 cm reduction in the lake level, Since the average annual fluctuation in the lake
level is expected to be about 50 cm, and since the contingency make-up water would only be
removed when the lake level is elevated during spring freshet, a lake drawdown of 4 cm will be
ingignificant.

This water management plan is designed to ensure no surface discharge from the tailings storage
facitity, nor from the open pits. Make-up water will be obtained from surface runoff from the mill
site first, the waste dumps second, and finally catchment area B. Any contingency make-up water
will be obtained from extensions to catchment area B and then from Polley Lake during freshet via
a permanent pumphouse (maximum 300,000 m*/yr). Catchment area A, Bootjack Creek will not
be used in the water management plan.
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Potable water will be obtained from Polley Lake. Imperial Metals Corporation is presently
investigating groundwater sources that may replace the Polley Lake potable water supply.

3.7 ANCILLARY FACILITIES AND SERVICES

The ancillary facilities are located for easy off-site access and arranged to separate the traffic
patterns of light vehicles and delivery trucks from the mine hanl tnuicks. Two parking lots, designed
to accommodate hauilage trucks and cars are located at the plant site.

3.7.1 Plant Location and Layout

The proposed plant site, located at 5 822 500 UTM north, 592 600 UTM east was chosen in
conjunction with the suitable topography and proximity to the open pit. The site is situated on a
gentle south facing slope at an elevation of 1,110 m above sea level. The process plant will be
founded on the bedrock, estimated to be at a depth between 1.5 m and 5.2 m from the surface.

3.7.2 Administrative Offices

An administration building made up of portable trailer units, located on the south side of the plant
site will accommodate office personnel.

3.7.3 Maintenance Shops, Warehouse, Analytical Services

The maintenance shops, assay office and sample preparation, warehouse, and mine and mil! offices,
and mens and womens dry are housed in a three storey, 27 foot section of the mill building, Jocated
between the grinding and flotation-dewatering sections.

Analytical facilities include wet assay laboratory, balance room and instrument room, the latter
housing an atomic absorption machine. A fume collection system exhausts the assay room hoods
independently of the remainder of the building. The wet assay laboratory is provided with a
perchloric fume hood.

3.7.4 Power Supply and Distribution

The project power requirement, estimated at 25 MW will be supplied by B.C. Hydro by an
overhead transmission line tapped at the 69 KV line (Circuit 601.30) in the vicinity of McLeese
Lake, north of Williams Lake. This line, which originates at Soda Creek Substation, presently
suppiies Gibraltar Mine.
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The total length of the line is 54 km. From McLeese Lake to Beaver lake (approximately 34 km)
the line will be located adjacent to the road within the 30 m road casement. At Beaver Lake the
line wiil intersect the paved road to the community of Likely, At approximately 38 km, the
proposed line will cross the road to Likely and follow the Gavin Lake Forest Service access road.
From Gavin Lake the line will leave the Forest Service Road and follow a more direct route to the
mine site. [Extensive logging activity in this last portion of the route and the related road
construction offset any advantage of following the road.

3.7.5 Fuel Storage & Handling

Diesel fuel will be delivered to the site in tanker trucks by one of the major fuel suppliers. 1t will
be delivered to and stored in bulk storage tanks on the property in the plant area, west of the fine
ore stockpile. The tanks will be sized to provide storage for two weeks' requirements. The tanks
will be provided with an adequate berm in accordance with fuel storage regulations. A diesel and
gasoline dispensing station will be located nearby.

1.7.6 Water Supply

Water is required for mineral processing, fire protection and potable purposes. To supply these
needs process water will be stored in the tails impoundment and pumped to the site for distribution,
Ground water wells and Polley Lake will supply potable and fresh water.

Both environmental and economic considerations require that water usage be minimized, thus to the
greatest extent possible the tailings slurry water will be reclaimed and reused. There will be no
excess tailings water to be disposed off,

With provision for sedimentation, the pit drainage, rock dump drainage and plant site drainage will
be of acceptable quality for discharge to the environment. This water will normally be used as
process water in the mill, or released if it is of acceptable quality.

3.7.6.1 Process Water

Process water requirements for slurrying tailings to the disposal area are 1,039 m’/hr. This is the
average rate, based on 5,000,000 tonnes of are throughput per year at a steady rate over 365
days per year, with the slurry 35 percent solids by volume.

3.7.6.2 Fire Protection

Fire protection requirements are 330 m’/hr, applied in one hour. This water is required only at
start-up and after a fire, and is not included in the water balance. The volume is very small
compared o other usages.

Hallam Knight Piésold Lid.
March 31, 1995 Page 3 - 25

106 of 536



MINING PROGRAM

3.7.6.3 Potable Water Requirements

Based on a staff of 161, and 200 i/person/day for showering and other domestic uses the average
flow requirements is 1.4 m*/hr, and it will be obtained from Polley Lake or ground water wells.

3.7.6.4 Potable Water Distribution

The potable/fire water head tank will store a volume, in the upper part of the tank, sufficient to
supply the average potable water requirements for two hours. The potable water will be delivered
to the mill via a potable water line, and any excess wili be used to supplement reclaim water.

The required fire water storage will be reserved in the lower part of the tank. In the event of fire,
it wili be delivered to the mill via a dedicated fire water pipeline.

3.7.6.6 Sanitary Sewage

Sewage from the plant and service buildings will flow by gravity to a septic tank at the lower end
of the site. The effluent will be pumped into the tailings line. The effluent will be thoroughly
mixed, diluted, and oxidized in the tailings line and tailings disposal area.

3.7.6.7 Reclaim Water

Reclaim water will be pumped from the tailings disposal area o the reclaim water head tank,
adjacent to the mill building.

Four 250 H.P. vertical turbine pumps mounted in a barge floating in the tailings pond will pump
up to 6000 U.S. gal/min. to an intermediate pump station equipped with four identical pumps to
send the reclaim water the rest of the way to the reclaim tank.

3.7.7 Roads

3.7.17.1 Access Roads

The main access to the site will be via the 14 km forestry access road from Road No. 114, the
Likely Road, north of the site.

In accord with B.C. Ministry of Energy, Mines and Petroleum Resources (MEMPR) standard for
resource roads, the proposed road width is 9 m, The existing road, bridges and culverts will
require improvement to a 40 t load limit, with gravel surface, and to reduce sharp curves and dips.
This road design will be updated in a road report to be completed in early April.
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3.7.7.2 On-Site Roads

The plant site grading will have suitable fill and subgrade specifications and gravel surfacing.

An access road parallel to the tailing disposal and reclaim water lines will also be constructed,
3173 Fuel Storage and Dispensing

The location for the proposed 150,000 L. diesel siorage tanks, spill containment area, and
filling/dispensing access, is shown in Figure 3.15. The yard arrangement shown provides sufficient
access for large vehicles.

Propane will be used for heating buildings and in certain equipment in the mill. There is sufficient
space on or adjacent to the site for tocation of propane tanks. Underground piping will be required
between the tanks and the buildings.

3774 Conecentrate Transport

Mill concentrate will be transported using apprapnate closed container B-train haulage trucks and
mave the concentrate fram the mine to appropriate ports or direct haulage to smelters.

3.7.8 Refuse Disposal
Industrial and municipal refuse generated by the proposed operations will be disposed of separately.

Industrial waste from the mine, mill and maintenance facilities such as broken rods, drill bits, and
shop scrape metal will be coilected separately by the surface crews and buried within the waste rock
stockpile. This refuse will be levelled by bulidozer in layers not exceeding 1 m, compacted and
covered with a minimum 2 m of waste rock.

Municipal refuse such as domestic and office garbage including putrescible wastes will be collected
in covered metal containers located at strategic locations around the operations. This material will

be burned in a forced fire incinerator and the ash disposed of in a landfili rench and covered by
waste rock and till, or picked up for delivery to an approved landfill on the site or in the region.

3.7.9 Sewage Disposal

The tailings disposal area will receive ail aqueous effluent including sewage and washdown water,

A septic tank will be used for primary sewage treatment. A gravity sewer collection system of
pipes wiil convey sewage effluent from the mill, repair shop, warehouse, laboratory, dry and
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administration building to the buried septic tank located at the low point of the plant site. The solid
waste in the septic tank will be retained and treated while the liquid portion wiil overflow into the
pump chamber to be discharged to the tailings impoundment.

Grease and sediment from the water used in the dry will be collected in a grease trap before
entering the gravity line and disposed of in trenches and backflled immediately. A waste oil
intercepter may also be installed in the truck washdown bay.

Portabie washrooms, which will be cleaned out regularly, will be used at the mine.

3.7.10 Chemical Waste Dispaosal

The milling operation wiil not produce any chemical wastes. Any reagents spilled accidentally wiil
be collected and returned to the mill circuit.

Chemical wastes from the assay laboratory will be collected regularly and placed in an industrial
chemical repository and returned to a contract chemical reduction service for disposal. Acid and
alkaline laboratory wastes will be neutralized, diluted to acceptable levels and disposed of 1o the
tailings disposal site.

Waste oil from the maintenance shop will be collected in a tank and returned to an 0il refining
depot or be used for refuse incineration.

A spiil contingency plan for chemical waste including ore concentrate will be developed prior to
operation start-up,
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Table 3.1

MOUNT POLLEY PROIECT - WHOLE ROCK. ANALYSES
OF PRINCIPAL LITHOLOGICAL UNITS
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Tabie 3.3

MCUNT POLLEY PROJECT
ACID BASE ACCOUNTING TESTS - INTRUSION BRECCIA

{ Where AF ia zero, the Total Sulfur is assumed as 0.01%)

Sample  PastapH Total S % AP NP NNP  NF/AP Fromfset  To feet
MP-100 8.14 0.64 200 34 134 1.7 20 469
MP-102 8.80 0.04 1.3 10.1 a9 31 10 100
MP-102 8.80 0.06 1.8 18.8 16.2 10.8 100 200
MP-102 8.80 0.05 1.8 51 05 18.1 200 300
MP-102 8.80 013 4.1 2’8 227 X 00 400
MP-102 9.00 0.21 86 25,2 18.8 38 400 500
MP-102 8.90 0.18 5.0 458 40.6 8.1 500 600
MP-103 8.80 0.05 16 253 237 182 300 400
MP-103 9.00 0.04 1.3 15.0 138 120 400 500
MP-103 8770 0.34 108 231 125 22 500 858
MP-105 9.20 0.08 25 19.4 149 7.8 10 100
MP-105 .00 0.03 0.9 204 x5 314 100 200
MP-105 9.140 0.03 0.9 2.0 19.1 213 300 400
MP-105 9.20 0.08 25 26.2 2.7 1.7 400 500
MP-108 8.90 .08 1.9 243 24 13.0 18 100
MP-108 a.90 0.04 13 238 2.4 188 200 300
MP-108 8.90 0.07 22 242 20 111 300 400
MP-108 8.20 oo 0.3 110 10.7 B2 10 100
MP-108 8.70 0.04 1.3 235 23 188 300 400
MP-113 B.15 0.17 53 48.8 435 9.2 525 800
MP-121 8.70 0.07 22 9.4 7.2 43 10 100
MP-121 9.10 0.12 38 151 114 4.0 100 200
MP-121 9.30 0.14 4.4 15.5 1141 as 200 K 1]
MP-121 9.20 0.06 18 201 142 107 300 400
MP-121 9.30 013 4.1 158 1.7 38 400 500
MP-121 9.a0 a1t 34 19.1 15.7 56 500 600
MP-122 8.50 0.42 13.1 3.0 249 29 100 200
MP-122 B.70 0.21 66 418 B3 6.4 200 00
MP-122 8.70 Q.16 80 46.0 41 .0 9.2 300 400
MP-122 880 012 a8 48 4 447 12.8 400 500
MP-124 92.30 0.02 ae 427 421 68.3 100 200
MP-124 a8.70 0.1Q R 9.4 6.3 30 200 300
MP-124 910 Q.18 56 151 95 27 300 400
MP-124 820 Q.08 1.9 180 14.1 B.S 400 500
MP-126 8.50 Q.30 9.4 255 16.1 27 10 100
MP-126 8.20 0.26 81 52.4 44.3 G4 200 300
MP-128 8.40 0.17 53 280 27 53 300 400
MP-126 8.60 014 4.4 158 11.4 36 400 500
MP-126 8.20 0.05 1§ 74.5 7295 47.7 500
MP-128C 8.02 0.1 3.4 W& 7.2 a9 450 800
MP-134A 8.14 293 91.8 k6 550 0.4 10 a4
MP-136 819 1.00 313 386 74 1.2 10 800
MP-1398 8.59 0.13 4.1 503 45.2 12.4 165 220
MP-142 8.z 0.23 7.2 n7 265 47 119 488
MP-150 8.80 0.08 19 19.6 7.7 10.5 10 100
MP-150 8.70 0.08 1.9 2.4 75 157 100 200
MP-150 8.80 0.84 263 84.2 58.0 32 200 300
MP-1580 - 8.80 0.67 208 291 82 1.4 300 4
MP-150 8.90 0.34 108 263 15.7 25 400 506G
MP-150 8.80 0.47 147 %9 1.2 1.8 500 600
MP-388 9.09 0.01 0.3 15 1.2 %8 78 203
MP-88 8.25 0.55 17.2 249 7.7 1.4 10 400
Totat 455.389 12.54 391.88 149020 1098.33 S577.48

Average 878 024 7.54 28.68 2112 38

Number of Agregated Samples 52

Total Samplad Langth 5853 Feet

Waeightsd Averags NP/AP Ratio 89

Interval  NF/AP*Int

100
100
100
100
100
124
390

790
27
1075
1608
604
384
912
1619
1200
209
698
336
2133
t168
1102
1888
1106
3188
1880
852

1424

176

6853.00 ©1086.26

131.79

117474
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Sample Paste pi Total S %
MP-105 8.10 0.08
MP-105 9.30 0.08
MP-106 8.80 0.02
MP-108 8.30 003
MP-107 B.44 0.01
MP-108 8.00 0.04
MP-108 9.10 013
MP-115 8.34 0.68
MP-116 B.64 0.07
MP-117 871 0.01
MP-118 433 0.01
MP-122 8.00 0.04
MP-123 70 453 ]
MP-124 5.20 0.02
MP-126 8.60 o.M
MP-128A 8.3 0.a7
MP-133 861 0.0
MP-1348 8.05 1.53
MP-135 B35 Q.02
MP-136A 8.51 Q.08
MP-140 8.90 0.06
MP-140 a.a0 Q.14
MP-1418 7.75 0.32
MP-31 4.3 0.01
MP-394A, 4483 0.01
MP-58 an 0.20
MP-G8 8.80 0.16
MP-G8 9.10 0.14
MP-68 9.10 0.08
MP-g8 B8.56 o0
MP-80 818 Q.05
Total 26893 438
Average 8.68 014
Number of Agregated Samples
Total Sampled Length

Average NF/AFP Ratio

ACID BASE ACCOUNTING TESTS - SYENCDIORITE

AP

136.88
4,47

A

451

Table 3.4

MOUNT POLLEY PROJECT

NP
na
42.7
16.4

o,y

T 2

NNP
20.4 11.8
36.9 182
5.8 26.2
4331 471
21 877
203 17.2
234 8.2
27 22
w7 13.2
21 746
»8 88.7
2 P
15.0 450
288 487
128 2.3
2.4 10.8
n7? 704
-13.2 0.7
335 54.6
838 s
250 14.3
89 54
24.2 34
168 843
19.3 827
25 62
2886 83
156 46
249 1.0
18.8 8.7
288 2.1
799.13 B50.42
2578 &8

a

TR My

NP/AP From feet

28885888

8

¥3Es8aREBLAEREE |

SB¥EERREES

g8

g8EE

NP/AP*Int

1188
1518
2824
4715
50241
1720
823
588
2854
20203
33647
2262
8813
4205
232
1726
27
a4
2roa7
3688
1261
S44
144
8048
16587
557
632
457
1006
24835
7436

83600 265392.67

185 .87

B561.05
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Sample Paste pH Total S %

Table 3.5

ACID BASE ACCOUNTING TESTS - MCNZONITE PORPHYRY

MP-103 8.90 0.01
MP-103 B.90 om
MP-103 8.80 001
MP-1086 8.30 0.05
MP-108 8.70 0.04
MP-108 8.70 002
MP-110 8 0.01
MP-128R 878 0.05
MP-141A 8.43 0.18
MP-38C 2.11 0.01
MP-42 7.62 0.01
Total 85.57 0.38
Average 8.64 0.03
Number of Agregated Samplos
Total Sampled Langth

Averaga NP/AP Ratio

NP/AF  From fest

MOUNT POLLEY PROJECT
AP NP NNP
03 17.2 185
0.3 25 22
03 248 45
16 6.8 7.2
13 16.5 153
o4 n2 328
03 24 2
18 218 202
50 58.2 54.2
a3 p-R] 2.2
03 168 168
11.88 26880 258453
1.08 24.44 2338
11
1806 foet
449

100
200
500
100
200

10
250

2
108

14

To foet

RE8EBEERS

g
e

138
288

1808.00
164 18

1320
58312
20787
2790
3576
11281
15467

81165.76
7378.7%
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