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This hydrological report should be read in conjunction with
the following Borealis Exploration Limited Roche Bay Magnetite
Project documentation:

Initial Envirommental Evaluation,

Addenda to the Initial Envirommental Evaluation,

Fermit Applications,



1. INTRODUCTION

Borealis Exploration Limited is committed te bringing into
production its magnetite properties on the Melville Peninsula.
The ore is composed of interbedded magnetite and silica. Waste,
other than the silica, can be either intrusive igneous rocks or
metavolcanics, The ore is to be mined by conventional open pit
methods. The ore will be concentrated by means of magnetic
separation.

The final milling ﬁrocess has not been determined and will
depend to a great extent on the requirements of the iron ore
market. It appears, at this time, that the preferred product
will be a high grade concentrate of over T1% iron. Should this
be the case, some wet magnetic separation of the concentrate will
be required. In addition, there are significant quantities of
precious metals in the iron formation. Borealils Expleration
Limited is currently evaluating the economic feasibility of
recovering the precious metals by means of sulphide flotation.
Should the decision be made to recover the precious metals by
means of sulphide flotation, additional applications for water
use will be made,

Borealis will impact on the hydrology of the region in two
ways. The first is by extracting water to be used for proceasing

as well as for generalized industrial and domestic purposes. The



second set of impacts on the hydrology of the region will result
from diversion of flow in order to facilitate mining and to
prevent pollution or erosion in envirommentally sensitive areas.

Based on the information to date, Borealis Exploration

Limited will require water for the following uses:

1) Transportable moisture content-—Borealis estimates that a
moisture content of approximately 3% will be required for
safe shipment of the Borealis magnetite concentrate. The
transportable moisture content is defined as the moisture
content at which the concentrate will remain stable in the

hold of a ship.

2) Mill water--Water will probably be required for some part
of the magnetic separation process. If water is required
for wet magnetic separation, additional water to ensure the
required transportable moisture content will not be

required.

3) Industrial uses--Water will be used in the day=-to-day
operation of the mill and mine equipment and there may be
some water required for wet scrubbers in a coal fired power

plant.

4) Domestic water—-Domestic water will be required to supply

a bunkhouse community with approximately 450 residents.



The deposit to be mined first is bisected by a small river,
Therefore, dams and diversion canals are required to prevent
flooding of the pit. A dam will also be constructed to form a

tailings pond and to prevent pollution of a major lake,



2. CLIMATE

The mean monthly temperature from December to March 1s
—29°C. During the summer, the average temperature is 5°c,
However, temperatures can reach as high as 16°¢C. Annual
precipitation averages about 23 cm (¢ inches). Fifty percent of
the annual precipitation falls during the months of July, August,
and September, Total snowfall averages about 12U cm. Relatively
strong and directional winds whip the snow into drifts, Due to
the relative uniformity of the prevailing winds, snow accumulates
in large drifts at any break point in the wind. For example, in
the winter of 1983, a D-4 tractor was completely covered, and
snow had drifted up to the eves on the camp bulldings. Valleys
and gullies tend to fill completely with snow thus creating a
relatively planar topographic surface.

Borealis established an automatic recording weather station
during the 1982 field season. The station operated for a period
of seven months. The data recorded by that station can be found
in Appendix A, Monthly average windspeeds average between 16
xm/hr (10 mph) to 26 km/hr (16 mph)., Peak windspeeds of 98 lkm/hr
{61 mph) can be expected to occur on a 30 year return period
(National Research Council 1965). The predominant wind

directions are: west, northwest, north, and northeast,



The climatic data presented in Table 1 is for the Hall Beach
station, Empirical observations on Roche Bay indicate that the
Roche Bay area may be warmer than the Hall Beach area, The
apparent reason for this climatic difference is that the eastern-
facing escarpment of the Canadian Shield creates a solar trap in
the Roche Bay area. As a result, the snow melts sooner and more
rapidly than in the Hall Beach area. By June 11, 1983, the Roche
Bay area was approximately 40% snow covered, while the raised
beach terrain between the mine site and Hall Beach was stillat

least 80% snow covered,



TABLE 1

CLIMATIC DATA FOR HALL BBACH

MONTH TEMPERATURE
CELCIUS

PRECIPITATION
RAIN SNOW
cn cm

DAYS WITH
PRECIP

-31.00 8.80
FEBRUARY =-32.00 8.50
MCH -29 - 50 1 2 - 30
APRIL «20.90 11.50
MAY -9.10 16.20
JUNE 0.00
JULY 5.40
AUGUST 5.60
SEPTEMBER =0.60
OCTOBER =-10.50

-27.“0

AVERAGE =-14.37

AVERAGE PRECIPITATION 22.02

A N

Prevalling winds are ocut of the north and northwest
Average windspeed is 25 km/hr

Maximum wind speed 127 km/br in October

All months other than April, Mey, June, and July have
winds in excess of 100 km/hr.




3. PHYSIOGRARHY

The area to be developed by Borealis falls within two main
physiographic regions of Canada (see Figure 1). The low-lying
peninsula which extends into Roche Bay {("the Roche Bay
Peninsula"™) is part of the interior plains and has been further
subdivided into the Foxe Basin Region. The more rugged upland

areas belong to the Canadian Shield.

3.1 SHIELD REGION

The upland areas are composed of metamorphic and igneous
rocks. The region was glaclated during the last glacial perlied
and a thin (1 m to 2 m) veneer of till was deposited., The till
is ge.nerally puff to grey in colour and silty. The till is
derived from local rocks and thus is largely composed of shield
type material. Due to the lack of vegetation, there has been
extensive surface washing of the till which has resulted in a
removal of fines leaving the ground surface littered with
boulders. Existing and abandoned streams tend to concentrate

boulders in their stream beds.
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During glaciation the land mass was depressed, and wave
action modified the landscape to an elevation of at least 110
masl. At elevations below the marine limit, the till]l has been
reworked into beaches or completely eroded. The beaches consist
of coarse pebbles and cobbles, All of the finer fraction has been
removed by wave action. The beach at the highest elevation is
generally poorly developed as beach. The terrain in the higher
l1ess developed beaches tends to be relatively flat and is capable
of supporting vegetation. An organic mat up to 10 cm thick has

formed on these areas,

3.2 FOXE BASIN REGION

The Roche Bay Peninsula extending into Roche Bay to the east
of the mine site is underlain by relatively flat-lying Paleozoic
sedimentary rocks, As the sea level dropped following
deglaciation, the upper surface of the dolomite and limestone
rocks were frost-shattered and wave-worked into beaches, A single
borehole that penetrated the beaches indicated that the beach
material was at least 3 m thick., The beaches are extensive and
due to their mode of formation tend to form closed depresaions.
Relic bedrock structures have been identified in the interbeach
areas. These structures suggest that the overburden layer in the
interbeach regions may be relatively thin. The beach tops tend to
be well drained, dry and devoid of vegetation, and the interbeach

terrain is wet and is capable of supporting vegetation,



4. DESCRIPTION OF FACILITIES

4.1 INTRODUCTION

The Borealis Exploration Limited Magnetite Project will
incorporate all of the elements of a standard mining venture,
The location of the facilities is shown in Drawing C1 (Drawings
C1 to C4 are in Appendix C). The placement of each of the
components has undergone a number of evolutionary changes as more
design data is collected. Hence, while Drawing 1 reflects the
current state of knowledge, 1t is subject to change,

The mine, mill, and other elements of the infrastructure are
briefly described in the following sections, Detailed
descriptions of these facilities can be found in other reports,

that deal with these project elements individually.

4.2 MINE

Borealis will extract the iron ore by means of traditional
open pit mining methods, The ore and waste will be fragmented by
blasting and loaded into trucks by shovel. The ore will be
trucked to a primary crusher for processing. The waste will be

disposed of in waste rock dumps.



Borealis intends on shipping 7.3 million tonnes of
concentrate per yéar. The average grade of the deposit is
estimated to be 25%, although grades in excess of 30% have been
measured, The mill is capable of recovering 90% of the magnetic
iron during the production of a 71.2§ Fe concentrate. Therefore,
the total ore mined each year will be in the order of 23 million
tonnes. The waste-to-ore ratio is estimated to be 0.4 ang, as
such, the waste removal will amount to 9 million tonnes per year.

The ultimate pit will be in the order of 200 meters deep.
The final depth will be reached some 20 years from present, and

prevailing economics will dictate the final geometry of the pit,

4.3 MILL

The mill will probably use both wet and dry magnetic
separation during the benefication of the ore. The concentrate
will be shipped via conveyor to the tip of the Roche Bay
Peninsula, where it will be stored prior to shipment. Testing
has shown that for a 71% Fe product, dry magnetic separation is
practical to -4 mesh. At this point approximately 35% of the
waste material has been removed, The waste fraction will be
conveyed to the sands disposal area located to the east of the
mill. The -4 mesh material will be ground and wet concentrated.
The waste from this stage of the beneficiation will be
transported via pipeline to one of two tailings ponds. The two

tailings ponds, Mill Lake and C Lake, have been designated (see



Prawings C1 and €2). Mill Lake, a lake to the northeast of the
mill, will be used during the first years of operation, while C
Lake, impounded behind the Waste Rock Dam, will be used during

the remaining years.

4.4 INFRASTRUCTURE

By "infrastructure® is meant those project elements that are
not directly involved in the mining and milling operations but
are required to support those operations. Included in the list
are: the townsite, airport, roads, general purpose docks, and
power plant,

Approximately 450 men will be employed on site to mine and
mill the ore. Accommodations will be provided in a bunkhouse
community. These men will require a stable source of potable
water., The location of the supply and required volumes are
described in a subsequent section (5.8). Additional water may be
regquired if wet scrubbing is used to control power plant
emizsions. However, the amount required for that purpose cannot
be determined until final design of the therﬁal power plant has

been completed,

10



5. GROUND WATER AND SURFACE WATER

5.1 GROUND WATER

Since the ground is permanently frozen there is no
ground water as is ordinarily understood by that term. Melville
Peninsula is an area of deep permafrost. The company has made no
measurements of the depth of the permafrost but other studies
have estimated the depth of permafrost from 300 m to 500 m The
active layer varies from about 20 cm to 92 cm depending on

surface characteristics.

5.2 RUNOFF OBSERVATIONS FOR 1983

Little or no runoff was noted before the end of the first
week in June. While the Roche Bay area was approximately 60%
free of snow, the melt water had apparently not reached the major
water courses, Melt waters were either infiltrating and
saturating the ground, or were being retained in the remaining
snow banks. By June 10, all the major rivers were flowing.
However, portions of the river channels were cut through snow
banks and in some cases were controlled by the position of the
snow bank, For example, snow banks inhibited the full recharge

of Irqalugarjuit Lake at the west end of the peninsula by

11



directing the flow scuthward and ultimately to the sea on the
south side of the peninsula, The melt waters that did reach the
lake originated from that portion of the drainage basin
downstream of the snow bank and the water appeared to flow over
the ice, thus limiting recharge to the lake. By June 10, open
water was present along the shore, The lake was not completely
clear _of ice until the middle of July.

The type of lake ice that remained during the first week of
July is generally referred to as candlestick ice. The principal
erystallographic axis of the ice crystals is vertical and the ice
breaks along vertical planes. The floating remainder is usually
removed from the surface of the lake by a wind that is strong
enough to force the fragmented ice up onto the shore,

With the decrease in showmelt came a corresponding decrease
in stream flow. DPue to the general lack of precipitation, the
basze fllow in the rivers is a function of the melting of residual
snow banks., It is estimated that stream flows decreased by about
90% during the summer for major streams and rivers, while smaller
drainage courses dried up completely., No stream gauging was made
due to the number of boulders in the stream and river beds, It
was anticipated that staff gauges would be installed and
monitored. However, due to the boulder concentrations in the
stream beds, it was impossible to locate a suitable length of
stream to gauge. Weirs may be a possible method of determining
stream flows. Installation of a weir may be difficult, however,
due to the nature of the stream beds and therefore diversion

channels with weirs may be required.

12



5.3 DRAINAGE BASINS AND WATER QUALITY

5.3.1 Drainage Basins

The mine facilities will affect four main drainage basins.
The location of the basins is shown on Drawing C2, For
identification purposes, each basin has been identified according
to the main mine facility falling within that basin, For
example, the C Deposit is found within the C Basin, The size of
the main basins are given in Table 2,

The four basins have been identified as follows:

Basin Name Principal Mine Facility
1. The C Basin nC® Deposit
2. The 5 Basin Sands Disposal Area
3. The M Basin Mill Site
4, The A Basin Adler Deposit

The C Basin covers an area of 87 km2

and drains entirely
through the C River, a river which flows through the center of
the C Deposit and then over a 20 m waterfall into Roche Bay.
Largely because mining is now scheduled to begin on the C
Deposit, much of the hydrological impacts of the project will be
localized in this basin,

The S Basin, (the basin in which the Sands Disposal Area is
located) is relatively small (about 22 kmz). The S Basin empties

by a number of small streams directly into Roche Bay.

13



A Basin C Basin M Basin S Basin
m® % ke % kmé % km® 3
A1 1.03 1.8 CiL. 11.05 12.6 M1 2.76 12.4 S1  0.38 1.7
A2 0.80 1.4 C1U 19.15 21.9 M2 2.13 9.6 s2  3.36 15.2
A3 0.3 0.8 €2 6.1 7.0 M3 1.51 6.8 S3 0.36 1.6
AL 2.28 4,3 €3 1.6 1.8 M 0.96 4.3 S 1.23 5.6
A5 0.56 1.0 ¢ 4.4 5.0 M 1.23 5.5 S5 6.79 30.8
8 062 1.1 focs 66 7.5 | M 096 8.3 | s6 1.38 6.3
A7 0.45 0.8 6 2.5 2.9 M? 3.0 13.9 ST 0.11 0.5
A9  5.17 T.4 C8  0.64 0.7 S9 0.37 16.8
A10 2.23 4.1 €9  0.65 0.7 510 2.04 9.3
A11 9.25 16.4 C10 0.26 0.3 S11 0.02 0.1
A12 1.11 2.0 C11  0.31 0.4 S12 1.08 3.9
813 5.95 10.6 | c12 1.35 1.5 313 0.3% 1.5
A1% 3.8% 6.8 €13 2.3 2.7 S18 1,58 6.5
A15 6.92 11.3 C14 6,92 7.9
A16 0.15 0.3 €15 0.8% 1.0
A7 0.13 0.2 C16 2.9 3.3
A18 6.33 11.2 C17 1.3 1.5
A19 0.87 1.5 C18 0.73 0.8
220 3.73 6.6 C19 0.28 0.3
A21 0.71 1.3 C20 0.18 0.2
A23 1.03 1.8
Total  56.33 87.54 I 22,22 22.05
Notes

* =Drainage Basin Areas Calculated by Plgnimeter
~Naste Rock Dam Drainrage Area 51.36 km
-FSL for Waste Rock Dam 180 masl
=New OQutflow for C Basin via CT Sub Basin and into
Ajaqutalik River System of the M2 Sub Basin
~Mill Lake Dam Reverses Outflow into Sub Basin S5
=Potential Diversion From A River into Irgalugarjuit Lake




The M Basin is named for the mill location. The water from
the M Basin collects in the Irgalugarjult Lake and empties by
means of a short river into Roche Bay. Irgalugarjuit Lake is a
aource of fish for Hall Beach residents. The M Basin is
therefore environmentally sensitive and measures are belng
designed to divert any pollutants from entering this system.

The A Basin contains the Adler and B deposits. the A Basin
empties into Roche Bay through a river which we have identified
as the A River., We do not anticipate any major impacts on this
basin unless it proves advisable to divert some of the water from
the A Basin into the Irgalugarjuit Lake to maintain water levels

in that lake.

5.3.2 Mater Quality

The Northwest Territorial Water Board has taken several lake
and stream water samples over the past two years. The company
has not, as yet, received a map indicating where all these
samples were taken, When Borealis has received the additional
data, the company will undertake its own sampling program in
order to establish co-ordinated base-=line values for future water
quality monitoring.

The analysis produced from Northwest Territorial Water Board
samples indicate that the regional water has an average FPh of
approximately 7.2, and is fairly free of harmful contaminants.
This indicates that most of the lake water originates from snow

melt.
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5.4 MINE SITE

5.4.1 Introduction

The mine site falls within the C Basin., The drainage
pattern and density of that basin is typical of a glaciated
shield terrain (see Drawings C1 and C2). The area is dotted
with many small lakes and the overall drainage pattern is
controlled by faults and shears in the bedrock,

The orebody lies within a drainage basin that is
approximately 87 kmz. Since the orebody is centrally located
within the basin, only the upper 51 km® will contribute flow that
will have to be diverted away from the mine, The volume of water
that must be controlled can only be estimated at this time, For
the purpose of calculation, it is assumed that evaporation will
not result in a significant water loss and that all of the
precipitation that falls on the basin will eventually reach the
main water course and ultimately flow by the mine. Therefore,
given that the basin is 51 km® and the precipitation is 22 cm,
then the average flow in the C River at the mine site is
11,200,000 m3/yr‘. A1l of the flow will occur between June and
September. During the initial phases of mining, the river will

not affect the mining operation.

5.4.2 Stream Control and Dam Design

When the pit bottom reaches the same elevation as the stream
bed, provisions to deal with the stream flow will be required. A

10 m high ¢liff 200 m to the east of the proposed pit creates a

15



+

water fall. Minor blasting could lower the base of the channel
by 10 m and extend the mining period where no major streanm
control would be required.

The diversion channel can consist of a tunnel or an open
ditch designed to handle the peak flows. Tunnelling in hard rock
is expensive and can be complicated by the permafrost,
Therefore, a diversion channel is proposed., A dam is to be
constructed across the existing channel. The location of the dam
and the diversion channel are shown on Drawings C1 and C2. Water
will be channelled from the C Basin and into the Ajaqutalik River
systemn,

A dam in continuous permafrost terrain can take one of three
forms (Johnston, 1981). The three forms are shown in Flgure 2,
and indicate that a truly impervious dam is possible in
permafrost regions, Fulwinder {1973) states that dams of low
head (<8 m) can be constructed by natural freezing of the fill,
For dams higher than 8 m artificial freezing may be required.
Natural dams of this sort are found on some lakes on Roche Bay
Peninsula. These small lakes and ponds owe their existence to a
frozen core within the raised beach shores. Therefore,
construction of an impervious ice core dam is technically
possible, The C Deposit Lake that would form behind the Waste
Rock Dam would ultimately supply the mill and the mine with water
and serve as a tailings pond,

The preliminary design of the Waste Rock Dam can be found in
Appendix B. A longitudinal profile was surveyed during the 1983

field season {(see Drawing C3). The survey and topographic maps,

16
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indicate that it is possible to construct a 19 m high dam without
extensive dike construction. The height of the dam will be a
function of the relative cost of construction of additional dikes
and the cost of a deeper diversion channel, While cost estimates
have not as yet been preduced, it is expected that the cost of
excavating a 1 km diversion channel will exceed the cost of
construction of dikes. Materials for the dam and dikes will come
from the mine wastes or from local till sources., As shown in
Appendix B, the depth of frost penetration for the year is
approximately 4 m, Therefore, a permafrost core dam could be
constructed in annual 1ifts of 4 m. The scheduling of the
construction activities will be part of the final design of the
structure.

The exact height of the dam will be established during the
final design, Assuming that the design full stream level (FSL) is
180 m the lake impounded behind the dam will cover approximately 5
km?. The average depth of the lake is 15 m for a volumetiric water
retention of 55,000,000 3.

Construction of the dam would be concurrent with development
of the mine, Four meters of mine waste would be placed during each
of the First five years of operation. The waste would be placed
only during the summer months and allowed to freeze during the
following winter. Since overtopping of the dam will likely occur
during the first year of construction, riprap will be placed at a
spillway to prevent erosion of the dam. In years 2 to 5 the height
of the dam should contain all of each year's flow. The diverslon

canal must be completed at the same time as the dam.

17



The construction of the Waste Rock Dam should have little
negative impact on wildlife in the area. Owing to the very steep
waterfall on C River (the outlet of the C Drainage Basin), any
fish in those lakes are land-locked, With the fish unable to
migrate into the ocean or into other drainage systems in the
region, the building of the dam should have no adverse effect on
the regional char population. The increased size of the lake
should enhance the loecal fish population and ultimately provide
the area with excellent aport fishing, The area is not noted for
large concentrations of other wildlife forms (see the I.E.E, and
Addenda to the I.E.E,) and therefore the establishment of the
Waste Rock Dam should have little other significant negative
impact on wildlife,

The C Lake diversion canal should trap sediment originating
from the mining activities, hence there should be no adverse

impacts, on the Ajagqutalik River System,

5.4.3 Bit Hater

Since the ground is permanently frozen, no ground water
discharge into the pit is expected with the exception of very
minor amounts from the active layer.

Nixon and McRoberts (1973) have shown that the rate of thaw
penetration is directly proportional to the constant times root
time. The constant is approximately 1.2 m/yr. Based on a 25 year
mining l1ife for the C Deposit, a thaw penetration of about 6 m can
be expected, Thus, only those lakes that are in very close

proximity to the pit must be drained.

18



In-pit pumps will be required to remove precipiitation and
melt water. It is not anticipated that the mine-pit will extend
below the permafrost. Therefore regicnal ground water discharge
into the pit should not be a factor, Thus, the amount of water to
be discharged into the local water course depends largely on the
size of the pit and the amount of snow that is left in the pit
during the spring thaw. Since the snow is known to drift, the pit
may act as a snow trap and there could be more water pumped from
the pit than would be calculated from annual snow fall, There
will be a discharge point for the pit water into the C River above

the dam,

5.5 MILL SITE

5.5.1 Introduction

The mill 1s to be situated on a bedrock knoll to the
northeast of the mine. The mill is located in the far southwest
of the M Basin in a sub basin which has been labelled the M2 Sub
Basin (see Drawing C2). Water from the M2 Sub Basi;l will be
diverted from the M Basin into the S5 Sub Basin in part so as not
to pollute Irgalugarjuit Lake. The M2 Sub Basin contributes
approximately 10% of the flow into Irqalugarjuit Lake. Should
this 10% prove significant, water will be diverted from the &

River into Irgalugarjuit Lake to compensate for any loss.

19



Local drainage improvements will be required to adequately
develop the site. These improvements will consist of ditching and
culverting to divert surface runoff away from the facilities, All
water will be diverted to the northeast into the Mill Lake (see
Drawing C2) and subsequently out of the M2 Basin.

The mi1ll will produce two sorts of waste products; wet and
dry. About 40% of the tallings will be dry and relatively coarse.
The remainder of the tailings will be relatively fine and in a
slurry. The wet segment will be disposed of in tailings ponds.

The tailings ponds are described separately in the next section

5.5.2 Iailiogs Ponds

There will be two tallings ponds. The first will be in use
only until the Waste Rock Dam is completed after which time the C
Lake will serve both as a source of process water and as a long
term tailings pond.

In the design of the milling process, it was considered
prudent to maximize the dry portion of the circuit. Previous
grinding tests by Eriez Magnetics have shown that regardless of
the initial feed grade, the grade at -4 mesh, after first stage
dry magnetic separation, is approximately 40% Fe. From
geological data, it would appear that the average grade before
comminution will be 25%. The final concentrate is projected to
have a grade of over 71% Fe. To produce 7.3 million tonnes of
concentrate, a;.mr'ox:i.mat.e111r 23.0 million tonnes of iron ore are to
be mined each year, Of the total ore treated 13,700,000 tonnes

may be wet concentrated and produce 6.4 million tonnes of
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tailings. Assuming a density of the tailings of 1500 kg/m3 then
the tailings will have a volume of 4,200,000 m3. The tailings
will consolidate under their own welght and should eventually
reach a density of 2000 kg/m3. Therefore, the annual production
of tailings will be in the order of 3,200,000 m.

Mill Lake has been designated as a tailings pbnd, for use
until the Waste Rock Dam is completed., The lake currently drains
to the north and ultimately into the Irqualugarjuit Lake. The
Irkalugarjuit Lake is environmentally sensitive and should be
protected from pollutants, It is therefofa proposed that a dam
be constructed across the north end of Mill Lake., Surveyed lake
levels indicate that raising the lake by 5.3 m will result in a
reversal of flow. Design data for the dam can be found in
Appendix B.

No bathymetry of the lake has been carried out. However,
based on a visual examination of the topography surrounding the
lake and the addition of 5.3 m of water as a result of the dam,
an average depth of 30 m has been assumed for the lake. The lake
has a surface area of 490,000 e, Storage available for tailings
is estimated to be 15,000,000 m3, or sufficient volume to last 5
years., By the end of the 5 year period, the Waste Rock Dam will
be completed and the C Lake will become the tailings pond.

The water flowing out of the M2 Sub Basin Tailings Pond
(Mill Lake) will pass through two small lakes in the S5 Sub
Basin. These two lakes will help to trap sediment and clean the
water prior to its ultimate discharge into the sea. It is

anticipated that the formation of a tailings pond will not
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adversely affect the aquatic life in the ocean as Mill Lake
contains only land=-locked fish.

Once the Mill Lake is full of tailings, the Waste Rock Dam
will have been constructed and tailings from the mill will be
pumped to C Lake. C lake is large enough to accmmodate tailings
for 20 years,

Leach testing has been performed on material from the
surface and the indications to date (see Addenda to the I,E,E.)
are that there is no significant acid leaching from those

tailings.

5.5.3 Sands Disposal

The dry silica sand that forms the waste mineral in the ore
will be disposed of to the southeast of the mill, A conveyor
will transport the sands to the disposal area. The S Basin is a
small basin and only the 5.5 kw2 of the S Basin is affected by
the sands disposal. Therefore, the impact of the sands disposal
on the regional drainage system will be minimal.

Initially, precipitation will infiltrate the sands. With
time, permafrost conditions will be established within the sands
and any porewater will remain frozen throughout the year, The
sands should therefore become a low permeable mass and thus

leaching of the minor soluble component will be inhibited.
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5.6 CONVEYOR AND ROAD ROUTES

The main conveyor routes and the service road for the
conveyor will have an impact on the drainage of areas which it
crosses. These impacts will be minimized by the building of
culverts and drainage channels. The conveyor will originate in
Sub Basin M2, traverse a portion of Sub Basin M3, and then cross
into the 8 Basin. With the exception of Sub Basin M3, all flow
will be directed away from recharge into the Irgqalugarjuit Lake,
Therefore, the conveyor route will not impact on the
environmentally sensitive areas.

The total'length of the conveyor will be approximately 12
km. Of the 12 km, approximately half will traverse shield
terrain, while the other half will traverse raised beach terrain
Field work carried out along the conveyor route indicates that
the shield terrain is underlain by up to 2 m of silty glacial
t111, During breakup, the till becomes soft and saturated. The
poor bearing capacity of the till can be largely attributed to
the lack of a distinct drainage system and saturated conditions,
Since the ground is frozen at depth, no surface waters
infiltrate, Therefore, all the melt water flows overland until a
drainage channel is encountered.

The conveyor will be constructed on a gravel berm which will
serve as an access road and a foundation for the conveyor. The
road embankment will be approximately .3 m to .6 m high. In

certain locations, the road will form a drainage divide and
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provisions must be incorporated into the design to prevent
erosion. It is expected that ditching and culverts will be
required to control the flow. All culverts and ditches will be
designed to prevent erosion and icing.

The portion of the conveyor to be constructed on the raised
beaches will present few difficulties. The form and nature of
the beaches has resulted in a poorly developed drainage system
Since the terraln is essentially flat, there will be little if
any disruption of the natural drainage system, Where minor
creeks must be traversed, culverts or bridges will be used, Some
filling of the interbeach areas will be required so as to provide

an adequate foundation for the road and conveyor.
5.7 OTHER FACILITIES

Under the classification "other facilities™ fall the
airport, connecting roads, camp, town site, and docks. Since all
of these facilities will be constructed on the raised beaches,
there will be little or no impact on the natural drainage system

5.8 DOMESTIC WATER AND INDUSTRIAL WATER
The water for the town site and construction camp will be

obtained from the Irgalugarjuit Lake. The daily requirements for

domestic water are estimated to be 50 gallons per day per man.
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Given a 500 man operating work force, approximately 25,000
gallons per day are required. The lake appears to be quite deep
and since it does not freeze to the bottom during the winter,
domestic water will be available year-round. The inlet structure
will have to be deeper than the ice thickness (2 m to 2.5 m).
Should the amount of water used exceed recharge to the
Irqalugarjuit Lake, additional water can be diverted from the A
River.

Sewage will be disposed of in an isolated lake on the Roche
Bay Peninsula. One lake has been identified az a potential
lagoon. The lake does have an active outlet which drains through
a poorly defined creek directly into the Bay. FEmbankments will be
constructed where the raised beaches do not adequately contain the
lake. In this manner, it will be possible to completely contain
the waste. Since the lake has no aquatiec 1life, there will be no
adverse envirommental impact. The sewage from the town and the

construction camp will be either trucked or pumped to the lagoon
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6. CONCLUSIONS

Borealis Exploration Limited is currently developing the
Borealis Roche Bay Hagnetite Project in the eastern arctic.
Existing data on the hydrology of the Roche Bay area indicates
that the mine will have little adverse impact con the local and
regional drainage system. Indications to date are that water
quality in the area should not be adversely affected by the
operation of the mine, and that where alteration of the flow will
ocecur, standard engineering techniques can be used to ensure that
both water quality and quantity are preserved.

The company will monitor both water quality and flow as the
project progresses and will continue to make every effort to
minimize the environmental impacts of the Borealis Roche Bay

Magnetite Project.
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APPENDIX A

HIND DATA



SECOND WIND INC.
7 DAVIS SEUARE
SOMERVILLE, MASE. Bz2144
(&17)-776—8520

WIND DATA PRINT-0UT

SITING DATA FOR: Borealis Expioration Inc.
SITING LOCATION: Roche Bay

SITING DEVICE MODEL: AL-:000

SOFTWARE SERIAL NUMBER: o8 SOFTWARE VERSION:
SITING START DATE: 7/25/19B2 AT 23:03

SITING END DATE: EARLY TERMINATIDN

DAYLIGHT SAVINGS TIME CORRECTION IMVOKED? YES
TIME CONSTANT: 1784 '

NUMBER OF COMPLETE DR PARTIAL MONTHS OF DRTA: 7



SITING DATA FOR: Borealis Exeploration Inc.
SITING LOCATION: Roche Bay

DATA FOR MONTH 7/1882 FOR SENSOR A

PEAK WIND SPEED OF: 3IZ3.0 MPH ON DRY 27 RT 16:03
LONGEST ENERGY LULL OF S HOURS ENDING DN DAY 28 AT 18315

VELOCITY DISTRIBUTIDNS FDR THIS MONTH: (HOUWURS)

RANGE: (MPH) :04-D6: Pe-08:08-18: 10-12: 12-16816-16 16-181 18-28228-22: 22-24: 2426 26281 28-30: T-32:32-342 4-36: 36-38: 1) 38

TOTAL: t 18 4: T3 11 17 A 27 2 43 Tv 2: 8: €: 9: @: 8: B

S 08 DB/DT: P4t T 1ty 17 Mt 2B 2 fA: T: 2: Bs B: @g: B8: B8: B:
MEDIUM DA/DY: r é: @: 3: @: 9: B: P: B: B8 B: O: OB: P: B: G: P:
FRST DA/DT: : @4: @: @: @: @: B: B: @: ¥: P: @ @: P> @z @: P:

Note:!: 235" represents an overfiow.

WIND RDSE DATA: (HOURS)
RANGE: (MPH): @&6-12
NORTH:
NORERAST:
EAST:
SOUERST:
SOUTH:
SOUWEST:
WEST =
NORWEST :

iz-18g 18-24 ¥y z4

fury
&0
pary

~SS98~SS

WeErS8r~=~80
HONSE -
ANEESHEMNN

N =
—

DIURNAL DATR: (MPH)
TIME: (D:CLOCX) P O0-E2 ¢ @200 : @405 : @683 : B5-10 ¢ 10-12 : 12-14 ¢ 14-16 1 16~18 ¢ 18-20 1 2822 : 22-24 ¢
AVERAGE ! ? 15,1250 15,1250 12.625¢ 12,250t 14,373¢ 15,508 16 758: 15.625: 16.790¢ 16.625: 15.125: 15.808:
STANDARD DEVIATION: ¢ 3.8 t 3,5 ¢ 55 ¢ 65 ¢+ 5@ ¢ 35 : 30 ¢ 50 ¢ 3.8 @ 48 : 3.5 : 2§ @

MONTHLY AVERAGE WINDSPEED: 15, 87 MPH

Second Wind Inc.

7 Davis Sauare

Somervilie Massachusetts AZ2144
(E17) 77E-2520
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SITING DATA FOR: Borealis Exploration Inc.
SITING LOCATION: Reache Bay

DARTA FOR MONTH 8/1982 FOR SENSOR A

PEAK WIND SPEED OF: 31.5 MPH ON DAY 1z AT 02:@9
LONGEST ENERGY LULL OF 15 HOURS ENDING ON DAY 29 AT @9:07

.VELDCITY DISTRIBUTIONS FDR THIS MONTH: (HDURS)

ToTaL: B SB: 987 9B: 92 Bl Bl 4B: B/ 13 S5 t: @: @A: @: @P: @: B:
.08 DB/DT: P83 9y Wy 2 8B Bl M@ J: {3 S: i+ @: @ B: @: @:
MEDI(M DA/IT: i 8: @: @: @8: B: PB: O: @: B: B: B: @: B: B: O: @:
FRST DA/DT: T 1 13 1ty B¢ @: #: @: Pr 8: H: B: @ P: B: @: @:

" Note: '20535' represents an over+low.

WIND ROSE DATA: (HOURS)

RANGE: (MPH): B6-12 : 12-18 : 1B-24 t ))24 @
NORTH: t 82 : 4B @ 5 3 o
NDRERST: 24 7 e : O
EAST: : 34 o 10 o @
SDUEAST: t 24 3 4 @ o
SOUTH: : & : @ : @ B
SOUWEST: : 7 5 : @ o :
WEST: : 3B : 9% : B4 1t 5 3

¥ 7@t B9 : 19 ¢ 1 3

NORREST:

DIURNAL DATA: (MPH)
TIME: (D:0LOCK) T o0-Q2 + @2-B4 : @496 : @503 : @8-10 ¢ (@12 ¢ 12-14 ¢ {4-16 ¢ 16-1B 7 18-20 @ 28-22 & 22-24 @
AVEPAGE: {10,625 19,750: 18.625: 10.008: 10,759 11,5083 12,125: 11,590: 11.373 11,375: 10.000: 10, 800:
STANDARD DEVIATION: ¢ 5.3 : 5.5 ¢ 5@ 3 55 ¢ S8 : &8 ? 45 ¢ 4@ : 5@ : 5.0 : 45 : 5@ :

MONTHLY AVERAGE WINDSPEED: 1@. 89 MPH

S8econd Wind Inc.

7 Davis Sauare

Somervilie Massachusetts X144
{(E17) 7768520
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SITING DATA FOR: Borealis Exploration Inc.
SITING LOCATION:? Rache Ray

DATA FOR MONTH 8/1982 FDR SENSOR A

PEAK WIND SPEED OF: 31.5 MPH ON DAY 12z AT 02:09
LONGEST ENERGY LULL OF 15 HOURS ENDING ON DAY 28 AT @9:07

‘VELOCITY DISTRIBUTIONS FOR THIS MONTH: (HDURS)
RANGE: (MPH) 1@0-B62R5-08:B8-18:18-12:12-14:14~16:16~18% 18-20128-22422-241 26252 26~28: 28- 303 J-32: 32-34: 34- 35 1 56~38¢ )

TOTAL: Ti4@: 9B : 98 92+ 92: B1: Bl: &B: X3 13: 5: 1: @: @t B: P: @

SN DR/DTs P88 97 97 R 83 BI: : B 13: 5 i: @: @: @8: @r P

MEDTUM DA/DT ¢ i B3 @: B: @: @: P #: @8: §: B: 8: @8: @A: B: Q@: B:

FRET D@/D1: T 1 1: ft: @: @0: #: @A: B @: B8 H: B B B: P B:
: Note? '255" represents an overtlow.

WIND ROSE DATA: (HOURS)

RANGE: (MPH): B&8—12 : 12-18 @ 18-24 : ))24
NORTH = : gz @ 46 S5 B
NORERST: i 24 ¢ 7 s a 1 a
EAST: : I4 s 10 ¢ n : B :
SDUERST: H 24 3 4 a a :
S0UTH: H] & ¢ a = a b =
SOUWEST : : 7T S B @ 7, S |
WEST: H 8 : 94 s S4 1 0 5 3

: 78 @ e9 19 = t

NORWEST :

DIURNAL DATA: (MPH)
TIME: {0:CLOCK) 10802 : @2-B4 : @4-06 : 0508 : B8-1D & 18-12 5 12-18 : 14-16 ¢ 16-18 3 1B-20 @ 28-22 ¢ 22-24 !
AVERAGE : : 18,625: 10.73@: 18,625 10.00: 10.750: 11.500: 12,125 {1,580: 11.3751 11.375: 19,008: {0, 800:
STANDARD DEVIATION: ¢ 5.5 3 5.9 ¢ S8 ¢ 55 ¢ 58 ¢ 48 = 45 ¢ A0 : 5.8 ¢ S0 : 45 : 3.8 :

MONTHLY AVERAGE WINDSPEED: 1@.89 MPH

Second Wind Inc.

7 Davis Bauare

Somerville Massachusetts NZ144
(617) 776-8520D



SITING DATA FDR: Borealis Exploration Inc.

SITING L.OCATION:

Roche Bay

DATRA FOR MONTH £/1982 FOR SENSOR A

PEAK WIND SPEED OF:
LONGEST ENERGY LULL OF

'VELOCITY DISTRIBUTIONS FDR THIS MONTH:
RANGE: (MPH) :B8-26:85-00:05-18:10-12: 12-14114-15516-18: 18-20: 28221 22-24: 24-25: 26-28: 28-T0

31.3 MPH DN DAY 1z AT 0z:89
15 HOURS ENDING ON DAY 29 AT @S:07

(HDURS)

3B-32:32-34: 35-F5 136382 11 38:

TOTAL: 11t 99 98: 9B 92: Bt 61! #@: B 13 53 1: @: @: @F: @: $: s
S.0d DR/DT: P B9 97 97 92 B0 Bl 4@t B {3J: S5: 1: @: P B: @: B:
MEDIUM DB/DT: : @: Bb: £: B: @: 9: @: 0: &: P: B: @#: B: ¥: @: @°:
FAST DB/DT: P01 1 1s B: @: &: @: 23 #: ¢ B: 8: B: ¥: @: ¥:
- Note: '235° represents an overf!ow.
WIND ROSE DATA: (HOURS)
RANGE: (MPH): @6-12 ¢ 12-18 : 18-28 : ))24 ¢
MORTH: : 82 45 ¢ 3 B
NORERGT : : 24 3 7 n 0 @
EAST: : 34 i ¢ e A =
EDUERST: : 24 @ 4 3 a : n
B0UTH: H £ : @ = B = a
SOUWEST 2 : 7 9 g : a :
WEST: : I8 94 S4 9
NORWEST 3 78 B9 19 i ¢z
DIURNAL DATA: (MPH)

TIME: (O:CLO0K)
AYERAGE :
STANDARD DEVIATION:

MONTHLY AVERAGE WINDSPEED:

D002 1 B2-0% : @406 : 698 ! 8518 : 1812 2 12-14 7 14-16 3 16-18 ¢ 18-28 : 28-22 ¢ 22-24 :
P 18,625 10.750: 10,625: 10.80@: 18.730: 11,508 12.123: 11,580: 11.375t 11.375: 108.000: 1@, 000:
$ 39 ¢ 55 % 5B S5 ¢ 50 40 ¢ A5 @ 40 : 5.0 : 50 @ A4S : 3.0 ¢

1¢. 89 MPH

Second Wind Inc.

7 Davis Sauare

Bomerville Massachusetts N2144
(BE17) 77&~-8520
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SITING DATA FDR: Boresalis Explaration Inc.
SITING LOCATION: Roche Eay

DRTA FOR MONTH 8/1982 FOR SENSOR A

PEAK WIND SPEED OF: <1.5 MPH ON DAY 12z AT 02:09

LONGEST ENERGY LULL OF 15 HDURS ENDING ON DAY 29 AT @9:07

-VELDCITY DISTRIBUTIONS FOR THIS MONTH: (HDURS)

RANGE: (MPH) :82-86:06-38:00-10:10-12:12-14: 18~162 16~ 182 18-20328-22322-26224- 263 26~285 28302 3p-32:32-34: 14-36 1 36-382 )1 38:
TOTAL: 1148 90 93: 99: 92 B1: Bl : AB: 2B 137 5: t: @: @: @: @: @: B:
S.W DB/DT: P B9 97: 97 92y BB : Bi: 4B: B 13: S 1: @8: @4: 8: @: @:
MEDIUM DA/DT: ¢ @: @: B: @: @: @0: @: @: €: @: @: @: OD: B: D: @:
FRST DB/DT: ¢ 1: ts ti1 @: @: @: @: @: 6: @: B: @: @B: B: D: @:

- Note: "253° represents an overflow

WIND ROSE DATAR! (HOURS)

RANGE: (MPH): OB~12 ¢ 12-18 : 18-24 : )24 @
NORTH: H 8z 46 ¢ S r I |
NCREAST: ' 24 @ 7 a @ =
EAST! : 34 @ i = g p
SOUEAST: : 24 3 4 g n
SDOUTH: ' & ¢ a B @ a
SOUWEST * : T 5 s a 9 =
WEST: : I8 : 94 54 @ 5

: 78 E9 = 19 = i @

NORWEST?:

DIURNAL DATA: (MPH)
TIME: {O:CLOCK) P 0002 : @2-06 : B4-06 ¢ B6-98 2 BE-1B ! 1B-12 = §2-14  14-16 1 16-1B ¢ 15-28 5 28-22 : 22-24 :
RVERAGE : ? 18.623: 18.750: 18,623 10.80: 18.730: 1L.50@: 12, 125: 11.990: 11.375: 11.375: 18.000: 10, 002:
STANDARD DEVIATHN: ¢ 5.5 ¢ 5.5 ¢ 50 3 55 : 5@ ¢ 4@ ® 45 : 48 : S50 : 50 1 45 : 58 @

MONTHLY AVERAGE WINDSPEED: 1@.89 MPH

Second Wind Inc.

7 Davis Sauare

Somervilie Massachusetts AZ144
{(617) 776-E5:0
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SITING DATA FOR! Borealis Exploration Inc.
SITING LOCATION: Roche Bay

DATA FOR MONTH £/1982 FOR SENSOR A

PEARK WIND SPEED OF: 31.5 MPH ON DAY 1z AT 02109
LONGEST ENERGY LULL OF 1S5 HOURS ENDING ON DAY 29 AT @9:Q7

.VELDCITY DISTRIBUTIONS FDR THIS MDNTH: (HOURS)
RRNGE:  (MPH) :08-B62B5-08:08-18:19-12:12-14:14-15116-18: 16-20:28-22:22- 262 24~ 26 1 26~282 28-30: W-32:32-34: 461 6

i H

TOTAL: t14: 9@: 98 S8 92 B : Bl &B: B2 13: 5: 1: @: P: A: @: @:

S8 DA/DT: v 89 97 97 92: BA: Bl: 4@: BJ: 13: S5: 1: @: Q@: ®: @: p:

MEDIUM DA/OT: i @: @8: p: @: Bd: B: @P: B: @: B: P @ B B: @: =

FRGT DA/DT: t 1 1 11 B: @: @0: @: @: €: @: B: B: B: B: @: P
- Note?! 255’ remresents an overt|ow.

WIND ROSE DATA: (HOURS)

RANGE: (MPH): @B6~12 & 12-18 : 18-24 : Y¥y24 @
NORTH: 3 82 : a6 3 5 s D :
NOREAST: H 24 @ 7 a ¢ =
EAST: : 34 = 1@ @ [, B n
SDUERST: : 24 ¢ 4 ¢ B a
SOUTH: t E : g B e :
SOUWEST: : 7 1 S @ A n s
WEST: : 38 Q4 854 3 5

: 7a @ E9 19 : 1 :

NORWEST:

DIURNAL DATA: (MPH)
TIME: {0:0LOCK) TOR-I2 ; @2-0% : @495 : QE-DB ! @8-10 ¢ 18-12 T 12-14 ¢ 14-16 ¢ 16-18 1 1620 2 20-22 ¢ 22-24 ¢
AVERAGE: 18,625 10, 758¢ 10.625: 10.900: 10,758 115083 12, 129: 11,5900 11.375¢ 11.375: 4. 000: 10.000:
STANDARD DEVIATION: : 35 ¢ 5,5 ¢ &@ ¢ 55 ¢ S0 ¢ A8 @ 45 ¢ 4B : S0 : 50 : 45 : 58 :

MONTHLY AVERAGE WINDSPEED: 1@.89 MPH

Second Wind Inc.

7 Davis Savare

Somarville¢ Massachusetts AZl4a4
(E17) 776-B520
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SITING DATA FOR: Borealis Exploration Inc.
SITING LOCATION: Roche Bay

DATA FOR MONTH S/1882 FOR SENSOR A

PERK WIND SPEED OF: 4@.5 MPH ON DAY 13 AT 11:59
LONGEST ENERGY LULL OF 28 HOURS ENDING ON DAY $ AT @9:57

VELOCITY DISTRIBUTIDNS FOR THIS MONTH: (HOURS)
RANGE: (MPH) M Be08:08-10:18-12:12-14:18~15: 16~ 18¢ 18-20: 28224 22-244 20-26 1 26-28: 28-J0: T-32:32-34: 34~ 1 36-382 13 388

TOTAL: t1427 33 T3: 65 P@: B7: 74 R+ [ oWy o2t 1S5 93 4 2: @: B3 @1
S.08 DB/DT: P 323 S5 BAr BBt BB T4 S1y B X: 2 15F 9 435 23 @: B
NI DA/DT: ¢ @ @8: @: @: B8: P: @S @9: G: B: B: 02: @: €: @: P:
ST DA/DT: : @: @: B: @: @0*: #: @: @: ¥ 9 B: @: B: ¥: @: g
Note:  "2553' represents an over+siow,
WIND ROSE DATA: (MHOURS)

RANGE: (MPH): @6-12 : 12-18 : 18-24 : )24 ¢

NORTH: : 13 T | ig9 : 13 =

NOREAST: H 2 14 = 4 1 B

EAST : 9 : 20 = & A

SOUEAST: : 11 S 1 D :

SOUTH: : 22 13 ¢ 4 3 8 :

SOUWEST 3 H 26 @ 11 = 2 1

WEST : : 44 68 29 = 14 =

NORWEST: : 45 77 ¢ a7 1t 2z

DIURNAL DATA: (MPH)
TIME: (D:0L0CK) T OR-22 ¢ @2-D4 : B4-06 : B6-0B : 88-10 ¢ 10-12 3 12-14 : 14-16 : 16-18 ¢ 18-28 1 2872 : 22-24 !
AVERAGE S t 11,708 12.125: 11,875 11.675: 12,22 13 730: 14,258 14,250: 14,000 13.258: 12,500 11.975:
STRNDARD DEVIATION: @ 5.5 5 6.5 : 65 ! 65 ¢ 65 ¢ 7.0 * 6.0 : 62 ¢ 65 ¢ 65 3 6.5 : 6.5 @

MONTHLY AVERAGE WINDSPEED: 12.81 MPH

Second Wind Inc.

7 Davis Sauvare

Somervilie Massachusetts NZ144
(617 776-BS20
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SITING DATAR FOR: Borea!is Exploration Inc.
SITING LOCATIDON: Roche Bay

DATA FOR MONTH 1©0/1982 FOR SENSOR A

PEAK WIND SPEED 0OF: 48.@ MPH ON DAY 22 AT @1:11
LONGEST ENERGY LULL OF 41 HOURS ENDING ON DAY =28 AT 21:00

VELOCITY DISTRIBUTIONS FOR THIS MONTH: (HDURS)
RANGE: (MPH) 108062 06-08:08-10:18-12212-14 1 14~16: 16-182 16-20:28-2222-26.1 2426 : 2628 28-38: 3-32132-343 4-T65::36-381 )} 38t

TOTAL: P45 B4 §7: #Bs 52: 53: 59: 9 53¢ 42 |/ B/ 2: 15: 93 F: 2: 13
S.0d D8/DT: ¢t 331 57+ 48 51 958 592 59 S%: &2 B B: A: 5t 9: 51 2:
¥EDILM DA/DT: ! @3 @: P: @3 B: 9: @8: @: ®: A: Q@: B: P: B:°'@: B:
ST DB/DT: t @ B: @: 9: 0: B: B: @: @#: : Bt @ @: @: @: B:

- Note: *255° represents an overf!ow.

WIND ROSE DATA: (HOURS)

RANGE: (MPH): BBE—12 : 12-18 : 18-24 ¢t )24 1
NORTH: : 29 : I8 : 15 s I |
NORERST: : 16 11 i1 : @
ERST: : ] S | 36 i1 a
SOUERST: : 18 @ 14 4 @ Q :
SOUTH: : 13 ¢ 7 2 g
SOUWEST : : 13 ¢ 4 1 g
WEST: : 28 1 4% 79 g4 @
NORWEST 3 : 12 15 = I5 ¢ 31 =

DIURNRL DATA: (MPH)
TIME: (O:OLOCK) P03 : B2-04 : D406 ¢ BE-BS ¢ 08-10 : {B-12 3 12-14 1 $4-16 3 15-18 5 1020 : 28-22 : 22-2% ¢
AVERRGE: P 15,258 13.125: 14,5000 14.375: 14,000 13.79: 13,750 18.258: 14.625¢ 14.500: 18, 375 14,375:
STAMDRRD DEVIRTION: : 8.2 ¢ 8.8 ¢ 7.5 ¢ 7.5 ¢ 7.5 ¢ 8@ : B5 ¢ 8.0 ¢ 85 : %5 : 4@ : 25 :

MONTHLY AVERAGE WINDSPEED: 14,41 MPH

Second Wind Inc.

7 Davis Square

Somervillae Massachusetts N2144
(B17) 776-85z20
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SITING DATA FOR: Borealis Exeloration Inc.

SITING LOCATION:

Roche Bavy

DATA FOR MONTH 1171982 FOR SENSOR A

PEAK WIND SPEED OF:

6@.35 MPH ON DAY 2@ AT 04:30

LONGEST ENERGY LULL OF 92 HOURS ENDING ON DRY 4 AT 20:43

VELOCITY DISTRIBUTIONS FOR THIS MONTH: (HDURS)

RANGE: (MPH) :88-86:06-08:88~1 B 18~12:112-14 1 14-15316-182 18-201 28272 22-203 24-26 2 26283 28-: B-32:32-34: -6 1 F-381 )
TOTAL: P32 7 Wy A A ¥ W/ 2 BB VW S A 6 123
S0 DR/DT2 PN A T ¥ /W okt B T B W W B At 163 123
tEDIM DB/DT: ¢ @: @: B3 @: Q@: @#: @: @: @#: @B: @: F: P: B: @: B
FRST D@/DT: i @ B: B: @: B: #: @A @ B: @: B: @: P: @: @B: @P:
. Note: 253" represents an overflow,
WIND ROSE DATA: (HJURS)
RANGE: (MPH): BE-12 : 12-18B : 18-24 : )24 =
NORTH: : & H 135 : 15 : 30 :
NOREAST: H a : 2 B : @4 :
EAST: : 1 1 = 1 = B ¢
SOUEAST: : X g : a : B
SOUTH: : 4 : 2 @ 1 2
SOUWEST: : 13 3 i4 = 13 @ S
WEST: : 24 3 41 = e ¢ 12
NORWEST: H 22 1 20 27 1 5L s
DIURNAL DATA: (MPH)

TIME! (0:QLOCK)
AVERAGE:

:0-22 3 32-04 : 0405 : @698 ¢ 8-1B : 10-12 2 12-16 ¥ 14~16 ¢ 16-18 : 18-20 ¢ 28-22 : 22-24 ¢
¢ 16,1250 16,1257 16.738: 16.875¢ 16,125¢ 15 375: 15.125- 18,875 15.080: 14.625: 135,238 13, 200:
STANDRAD DEVIRTION: ¢ 12,5 : 13.0 : 13.0 : 13,0 3125 ¢ 125 120 ¢ 11.8 : 11,8 ¢ 11,5 3 1.5 : 120 :

MONTHLY AVERAGE WINDSPEED: 15.63 MPH

Second Wing Inc.
7 Davis Savare

Somerville Massachusetts U144
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SITING DATA FOR: Borealis Exploration Inc.
SITING LOCATION: Roche Bay

DATR FOR MONTH 1Z/1982 FOR SENSOR A

PEAK WIND SPEED OF: 97.@ MPH ON DRY 4 AT 19:56
LONGEST ENERGY LULL OF 37 HOURS ENDING ON DAY 24 AT 11:20

VELOCITY DISTRIBUTIONS FOR THIS MDNTH: (HOURS)
RANGE:  (MPH) :R8-B6: 06-08:08-1 B: 10-12112~14314~163 16183 18- 201 28-22: 22-24: 2826 £ 26~28: 28~ -32:32-34: -3 1 36-381 )} 38:

TOTAL: $1% : Bb: T3: 62: 66 % HB: &3: 31 X B B: 2 6 12: B: E: £ 18:
2.0 Da/DT: P66 53: f2: B6: 3B 43 31: B: ®: B 2: b: 12: B: i B
DM DA/IT: i @+ B @: @: @: B: @P: @: @: B: d: P: @: B: Q93 @
FRST DB/DT: ¢ @: #: Bp: @: B: §: @B: P: Q3 @: B: Q9: B: PB: P: @B:

: Nete: 255 represents an overf|ow.

WIND ROSE DATA: (HOURS)

RANGE: (MPH): BE-~12 : 12-18 & 18~24 : )Y)}24 :
NORTH: : 28 ¢ 14 1 @
NOREAST @ H a : a a : g =
EAST: : 0 B : e a :
SOUERST: : 5 ¢ & ¢ y a :
S0OUTH: : 9 : & : I 1
SOUWEST = : 14 ¢ 11 = S : z s
WEST ¢ : 91 H 189 = B4 i ia7 =
NORWEST: : 32 : 22 9 1 4 ¢

DIURNAL DATAR: (MPH) :
TIME: (0:0L006) 20002 3 0204 ; Q406 ¢ @6-9B ¢ @8-10 ¢ 10-12 & 12-14 ¢ $A-15 ¢ 1618 & 18-28 : 28-22 1 22-24 ¢
AVERAGE 12750 12,750 12.125: 13,375 12.508¢ 13125 13375 13,675 13.375¢ 13.000: 13,500: 13.125:
STANDARD DEVIATION: ¢ 8.8 @ 9.5 :18.0 3 95 ¢ 85 : 9@ : 908 5 95 ¢ 95 ¢ 95 :18.8 : 9.5 :

MONTHLY AVERAGE WINDSPEED: 13,87 MPH

S2cond Wind Inc.

? Davis Sauare

Somerville Massachusetts U2144
(B17) 776-B5z20
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SITING DATA FOR: Boreaiis Expioration Inc.
SITING LOCATION: Roche Bay

DATA FOR MONTH 1/198% FOR SENSOR A

PEAK WIND SPEED OF: 61.5 MPH ON DAY 23 AT 15:@85.
LONGEST ENERGY LULL OF 47 HOURS ENDING ON DAY 1B AT 18:58

VELOCITY DISTRIBUTIONS FOR THIS MONTH: (HOURS)
FRNGE: (MPH) :00-06:06-U8:08-18:18-12: [2-14214~16 16-185 18-29:28-22822- 243 0426 1 26~28¢ 28~ 30: 30-32:32-34: 4-T6,: S5-38: 1) 38:

TOTAL: 3231 Bt 671 W M6 46 A3 3B B s 18 133 11 1 : 1% M2 {1 1 B¢

S.08 DA/DT: P60 BBY 57! 46 45 A 36t B 18T 13 i1: f1: 11z 113 i: i

MEDIIM DB/DT2 i @: @: 0: B: 8: @: @: @3 #: @: d: @: O: B: @$: @

FRST D8/DT: : 8: @: B8: @: B: #: #: @ 0: B P: Q@3 P: B: @: @3
Note: "235' represents an-over<low. '

WIND ROSE DATA: (HOURS)

RBNGE: (MPH): @8-12 : 12—-18 : 18-24 : ))24 :
NORTH: : 8 iz & 1 @ :
NORERST : H 7 @ 13 = T e B :
EAST# H B 8 : A : a :
SOUEAST: H 15 = 5 13 6 1t 4 ¢
SOUTH: ] 3 s a : B B
SOUWEST # H iz 7 a4 i 2
WEST: H b " 70 & = 88 @
NORWEST : 59 ¢ 29 5 9

DIURNAL DATR: (MPH)
TIME: (D:0LD0K) P Ae-@2 ¢ @2-04 : D4-06 : D6-83 : 8818 : 18~12 3 $2-18 3 14-16 : 16-1B & 18-20 : 28-22 ! 22-2% ¢
AVERAGE : 313,208 13,50 12875t 12.625¢ 12,625 12.0001 12,504 13.375: 13.625: 13.299: 12.758: 12,625
STRNDARD DEVIATION: : 18.5 3 18.@ : 18.5 : 18,8 : 18,5 @ IM@ 3110 * 11,5 : 6.5 : {B.5 ¢ 1.8 : 188 @

MONTHLY AVERAGE WINDSPEED: 1Z2.92 MPH

Second Wind Inc.

7 Davis Sauare

Somerville Massachusetts B2144
(617 7768520
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Appendix B

LESIGN OF DAMS

INTRODUCTION

Two dams are required for water control and tailings
containment., The location of the dams and their anticipated
purpose have been described in the main body of the text., 1In
this appendix an overview of the design is presented.

It must be stressed that these plans are essentially
tentative, Additional field work will be required to finalize
the design. However, sufficient data does exist to show that the

construction of dams on permafrost is technically feasible,

WASTE RQCK DAM

Foundation Conditions

The Waste Rock Dam will be founded on vertically dipping
meta sedimentary and meta vocanic rocks, The bedrock is overlain
by 1 m to 2 m of sandy =silty till. A 0.2 m thick layer of
organles is found on top of the till. Since the surface of the
till has been reworked due to overland flow, the ground surface
is littered with boulders.

The till is similar to the tills identified along the
proposed conveyor route. Therefore, the till will likely be

saturated and soft during the spring thaw. The thawed wet tills

35



therefore represent a weak strata which could cause slope
stability problems. It is recommended that all of the till be
removed from beneath the dam prior to construction. If the till
is allowed to dry, it could be used for construction of the dam

core,

Resign

The center line profile of the dam is shown in Figure B1,
The design FSL 13\180 masl. A typical cross section of the dam
is shown in Drawling C3. The majority of the dam would be
constructed with waste rock from the mine. The till would be
used as a core and sand from the peninsula area would be used as
a graded filter, The dam is to be constructed in 1ifts of 4 m,
saturated and allowed to freeze completely each year, Monitoring
of the freezing front is required and should the l1ift not freeze
during the winter, artificial freezing will be required. The dam
will be constructed over a periocd of five years and will serve as
a tallings pond after the Mill Lake tailings pond is filled to

capacity.
MILL LAKE

Foundation Conditions

The entire Mill Lake Dam will be constructed on intact
granitic rock. The thin till veneer and boulder concentration in
the stream bed will be removed prior to construction of the dam,

The till will be used as core material after it has dried out.
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Desien
The longitudinal prefile for the dam is shown in Figure B2, |

The design F3L 1s 193 masl., A crosa section profile ias shown in
Drawing Cli, The dam is similar in design and construction to the
Waste Rock Dam except that 1ts requirement for impermeability is
less than that required for the Waste Rock Dam, The primary
purpose of the Mill Lake Dam 1s to prevent significant amounts of
mill water from reaching the M Basin, The dam should freeze
during construction and become relatively impermeable. The minor
amount of water that may seep through the dam ia not considered
to be an envirommental risk. As the tailings pond is filled with

tailings, the volume of water lost through the dam will diminish,
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Depth of Frost Penetration

Ref: Yong & Warkington
Stephan Model

Freezing Index 9965.3°F/days
Freezing Period 273 days
Mean Annual Temperatura 6.1°F
X = {48 K, F Ky, = Frozen Thermal Conductivity
'__"f“"' 5 = Freezing Index = 9965 days
L = Latent Heat
X = Depth of Frost Penetration

Assunme

Water content (w) 18.5%, at 100% saturation
Dry Bulk Densjity 110 peof
Sandy Soil
Kp = 2.3 Btu/hr/Lt/°F

E = 1.43% wﬂf = 2918.2

X =z 19,3 teet = 5.9 m

Rerggren Model

X = 88 FK Ke = Frozen Thermal Conductivity
;\ -t Kﬁ = Unfrozen Thermal Conductivity

Kq = (K J/2 = (2.3 + 1.35)/2 = 1.83

¢ = i, W 71005 = 3905

Co = ry (0.17 + w/200) = 28.88

Co = + Cp)/2 = 33.97

ue P/LT-OQ2

ot = 0 71

Az 0.74

X e 12.8 ft = 3.9 m

The Stephan equation over estimates the depth of frost
Penetration by 1gnoring the volumetric heat of the soll ma=ss.
The Berggren model is a more accurate representation and will be
used for the dam design. All parameters will be verified prior
to the final design.
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