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Executive Summary

Figure 1 in Appendix A shows the location of the Polaris Mine at the southwest end of Little
Cornwallis Island in the Canadian High Arctic. The mine produces lead and zinc concentrates
that are shipped out during a short shipping season when bulk carriers can safely navigate the
ice infested waters.

The mine is nearing the end of its life, and is to be decommissioned and returned, as close as
possible, to a natural condition. Westmar was retained by Cominco Ltd. to examine concepts
fordecommissioning the dock and adjacent shoreline. Norman Allyn, P.Eng., Manager Coastal
Engineering at Westmar, visited the site in August 2000. In September 2000, he met with the
contractor that constructed the dock in 1980 and 1981.

The form and method of construction provided a cost-effective installation that was completed
in arelatively short time frame, given the harsh environmental conditions. The facility included
a sheet pile cell dock built from the ice in the winter, and a barge containing all of the process
equipment that was set on a prepared base and incorporated into the shoreline.

This report reviews various options to decommission the dock facilities at the Polaris Mine
operations. The report examines the main issues associated with each of three options
considered, and recommends one of the options as the preferred method of decommissioning
the dock facilities.

Prior to decommissioning, the following detailed design work will be required:
C Prepare accurate topographic and hydrographic surveys of the surrounding site.

C Incorporate the remedial excavation proposed in “Polaris Mine Decommissioning and
Reclamation Plan” by Gartner Lee Ltd.

C Finalize the excavation plane through the dock to minimize the cut and fill volumes,
within the ranges discussed in this report and based on the topographic survey and
remedial excavation, while protecting the aquatic environment by minimizing erosion
and sedimentation.

C Develop detailed procedures for the excavation process of the dock area to ensure
protection of the aquatic environment during the process.
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Determine the gradations of the natural beach and fill materials to evaluate their rates
of erosion.

Assess the need to perform a thermodynamic analysis on the natural beach and fill
materials, to determine the suitability of the proposed beach material to resist erosion
based on the beneficial effect of permafrost.

The following three options were considered for decommissioning the dock facilities:

Option 1: Cut off the sheet piles under water and reinstate a beach profile that will

minimize erosion.

Option 2: Encase the dock in rock.

Option 3: Leave the dock in place (do nothing).

Option 1 is the preferred option for the following reasons:

It has minimal impact on the aquatic environment, as there is no work on the seabed.

The flat slope will have minimal sedimentation rate due to the flat slope angle and the
action of permafrost, both of which result in reduced erosion.

It reestablishes a smooth shoreline similar to the original shoreline, and removes the
dock as a projection of the beach into Crozier Strait.

The option will comprise the following activities:

Excavate a trench on the back or east side of the dock, and cut-off the sheet piles at
an elevation of about 1 m below lowest normal tide.

Inspect for, and recover any refrigerant in the freezing pipes in the dock. Remove the
freezing pipes.

Spill contingency plans must be in place in case there is a spill of the refrigerant while
recovering it to prevent potential contamination from reaching the ocean.
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Inspect soils for any evidence of refrigerant and excavate any contaminated soils.

Remove the frozen fill in the interior of the cells by drilling, blasting and/or excavating.
The deepest practical depth is about 3 m below lowest normal tide. The sheet piles
should be left in place during excavation near the water to prevent fill from falling into
the water.

Either remove the sheet piles completely or alternatively cut them off 2 to 3 m below
the lowest normal tide at the front or west face of the dock. Taper up at the sides to
achieve a sloping seabed of about 17.5H:1V which approximates the original beach
slope below the high waterline.

Remove the rock fill adjacent to the sheet piles.

Re-grade the adjacent shoreline, and the fill on the land side of the dock to achieve the
design beach slope.

About 80,000 m® of fill will be removed from inside the cells and in the vicinity of the
dock to achieve a smooth shoreline. The near surface material that is contaminated
with concentrate dusts will be removed and disposed of in the mine (refer to Polaris
Mine Decommissioning and Reclamation Plan). Underlying clean materials that are
excavated will be utilized as fill at other areas of the site.

The steel beams remaining from the original temporary dock located near Section Line
800N, as shown in Drawing No. 00282-00-101 in Appendix D, will be removed or cut-
off at ground level (see Photograph Nos. 21 and 22 in Appendix B).

To achieve a cost-effective solution, contractors should be allowed to propose alternative
methods of performing the work so that the best use is made of available equipment.
However, no proposal will be considered that does not meet the requirements of Cominco or
fails to provide adequate protection to the aquatic environment.
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Glossary

C Dy,

C Fetch:

C Peak Wave Period, Tp:

C Return Period:

C Significant Wave Height, Hg:
C Wave Height:

C Wave Period:

C W,

The cubic dimension of the mean size rock by weight,
such that 50% of the total weight of rock is comprised of
pieces of rock smaller than the D, size of rock.

The length of open water over which wind from a
specific direction can generate waves.

The wave period of the most energetic waves in a wave
train.

The average time period between events of a given or
greater intensity.

The average height of the highest 33% of the waves in
a wave train.

The distance from trough to peak of a wave, measured
vertically.

The time for two successive wave crests to pass a given
point.

The weight of the mean size rock, such that 50% of the
total weight of the rock is comprised of pieces of rock
weighing less than the W, weight of rock.
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1 Introduction

1.1 General

Polaris Mine in the Canadian High Arctic is located at the southwest end of Little Cornwallis
Island, as shown in Figure 1 in Appendix A.

The lead and zinc ore is mined underground in permafrost, crushed and then transported by
conveyor to the process barge, where it is processed into lead and zinc dry concentrates.

The concentrate is shipped to market during a short shipping season when bulk ore carriers
can navigate to the deep sea dock through the ice infested waters. The MV Arctic, which is
capable of breaking about 1.2 m thick sheet ice, is the first vessel in, and the last vessel out.

The mine is nearing the end of its life, and is to be decommissioned by returning it as close
as possible to a natural condition. Westmar was retained by Cominco Ltd. to examine the
decommissioning of the dock and adjacent shoreline. Norman Allyn, P.Eng., Manager Coastal
Engineering at Westmar, has extensive arctic marine experience, and is the project manager
for this work. Mr. Allyn travelled to the site in August 2000, and met with the dock construction
contractor in Montreal in September 2000.

This report addresses options for decommissioning the dock.

1.2 Description of Dock and Shoreline

The mine was constructed over a two year period in 1980 and 1981. The construction
incorporated techniques that provided a fast and cost-effective installation. These included a
sheet pile cell dock built from the ice in the winter, and a barge containing all of the process
equipment that was set on a prepared base and incorporated into the shoreline. The facilities
are described as follows.

1.2.1 Sheet Pile Cell Dock

The berth for the export of the concentrate on bulk carriers was constructed using steel sheet
pile cells. Four cells, each about 26 m in diameter, were constructed by driving sheet piles
through the ice in the early winter of 1981. The four cells were tied together by three
inter-connecting arcs on the front face. The cells were filled with rock and overburden
excavated from the barge dry dock. The front face of the cells form a berth approximately 90
m long with a depth of about 13 m at low water.
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1.2.2 Process Barge

The 31 m wide by 122 m long process barge was builtin Quebec and towed to the site. A base
was prepared in the dry dock, and upon arrival of the barge in mid August 1981, the dry dock
was flooded by removing the closure berm.

The barge was floated into place on a high tide, and was ballasted down onto the prepared
base. The entrance to the dry dock was filled in to form the shoreline adjacent to the
northernmost cell of the dock. The location of the process barge is shown in Drawing
Nos. 00282-00-101 and 00282-00-103 in Appendix D.

1.3 Construction of Dock in 1981

The dock was built by Tower Arctic Ltd. A paper on the construction is attached in Appendix
E.

Tower Arctic adopted the following construction procedure:

C The ice was first flooded and thickened to 3 m.

C A slot was cut in the ice using a double bladed chainsaw device called a "ditch witch".
C A curved steel pile driving guide was placed on the ice on the outside of the cells.

C The sheet piles were driven through about 3 m of silt to allow a minimal penetration

into the underlying fractured limestone, using a vibro-hammer.

C Three small tie arcs, with a radius of 4.5 m, were installed along the front face, to
connect the four cells as shown on Drawing No. 00282-00-101 in Appendix D.

C The sheets were 24 m long, and were cut-off 4.6 m above water level, except for a
section at the back, where they were cut-off lower to allow trucks to end dump fill into
the cells.

C The ice in the interior of the cells was cut up and removed. Weak silts inside the cells

were excavated from a portion of the seabed at the front of the cells, before filling.
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C

Fill was placed inside and along the back of the cells, using excavated material from
the process barge dry dock. Mine rock was not used in the fill.

Sheets of insulating styrofoam were placed between the fill and the sheet piles, on the
front and sides of the dock where the sheets are exposed to the sun. The insulation
was approximately 100 mm thick, 3 m long and 0.6 m wide.

Work was completed in mid May 1981, when the ice started to deteriorate.

The concrete cope beam and the bollards were installed in the summer.

The intention was to install a refrigeration system to freeze the fill. However, using
thermistors, it was determined that the natural progress of the freeze front was
adequate and only part of the refrigeration system was installed. The freeze pipes are
shown on Bechtel Canada Limited Drawing No. 110-C-148, Rev. A, "Dock Freezing
Arrangement”, which contains a handwritten note "All work on this drawing is
cancelled, May12, 1981". The pipes shown have an outside diameter of 150 mm, are
set in the fill to an elevation of about -10 m Plant Datum (PD), and are sealed with a
blind flange 150 mm below the top surface of the fill. It is known that a number of the
freeze pipes were installed and that the refrigeration plant operated for a brief period
of time.

The shoreline on either side of the dock consists of fill and riprap rock slope protection, which
is "faired in" to the original shoreline to the north of the dock between Stations 1700N and
1800N and south of the dock at approximately Station 800N as shown in Drawing
No. 00282-00-101 in Appendix D.

Cross-sections of the shoreline in the vicinity of the dock are shown in Drawing
Nos. 00282-00-102 to 00282-00-106 in Appendix D.
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2

Design Criteria

The design criteria for ice coverage, wind and waves are developed in the following
subsections. Supplementary information on datums, tide elevations and currents is provided
in Appendix C.

2.1 Ice Coverage

Ice coverage is important in determining the open water to the south of Polaris, in McDougall
Sound and Barrow Strait, for calculating waves that can be generated in this area under the
action of winds from the south.

Information on ice coverage was obtained from the following references:

C Annual Arctic Ice Atlas, Canadian Ice Service, Environmental Canada, 2000.

C Ice Thickness Climatology, 1961 - 1990 Normals, Ice Centre, Ice Climatology Services,
Ottawa, Ontario, 1992.

C Canadian Sea Ice Atlas from Microwave Remotely Sensed Imagery: July 1987 to
June 1990, E. LeDrew, D. Barber, T. Agnew and D. Dunlop, 1992.

C Ice Atlas, Canadian Arctic Waterways, W.E Markham, 1981.
C Supplement to Ice Atlas, Canadian Arctic Waterways, W.E. Markham, 1984.

From these references, the following is noted:

C The average ice thickness at the end of the ice growth period in May/June is about
2.0m.

C The average date on which melting degree days start to accumulate is about mid June.
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The average date on which break up of the ice occurs is mid August. Figure 2 in
Appendix A from the Ice Atlas, Canadian Arctic Waterways shows that by August 20th,
the ice cover at Polaris has reduced to 8/10 or 80% ice coverage of the sea surface
in a median year.

The break up date is variable, and full open water does not occur in the average year.
Figures 3 and 4 in Appendix A from the Ice Atlas, Canadian Arctic Waterways, show
that in the ice season with maximum ice, coverage is still 7/10 or 70% ice coverage of
the sea surface at the end of August, and 10/10 or full ice coverage of the sea surface
as early as September 10th.

The average date of the beginning of the accumulation of freezing degree days is
September 1st.

The average date of the start of freeze up is mid September. Figures 5 and 6 in
Appendix A from the Ice Atlas, Canadian Arctic Waterways show that on
September 17th, the cover is 2/10 or 20% ice coverage of the sea surface at Polaris
in an average ice season, but increases to 9/10 or 90% ice coverage of the sea
surface by September 24th.

The freeze up date is variable, and can occur as late as early October. Figure 7 in
Appendix A from the Ice Atlas, Canadian Arctic Waterways shows open water at
Polaris on October 8th.

The Ice Atlas by Markham is for 15 years of data, and indicates that in most years, the open
water season is less than one month. From observations, the area does not completely clear
of ice, with ice remaining in bays and along the coastline. It is considered that about once in
15 years the ice will clear to the extent that significant fetches for the generation of waves will
occur, similar to the open water shown in Figure 8 in Appendix A.

2.2

Wind

Wind data for Resolute was obtained from the Meteorological Service of Canada, Environment
Canada, Toronto, Ontario. The wind data provided the monthly maximum wind speeds for the
period of 1953 to 2000, of which there were 38 years of good data.
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A Gumbel analysis of the data was performed to determine the extreme wind speed in the
month of September, when open water could occur.

The design return period of 200 years was selected in consultation with Mr. Bruce
Donald, P.Eng. of Cominco Ltd. For a 1 in 15 year probability of achieving open water, the
corresponding return period for wind is 13 years, to achieve a combined return period of
200 years.

For a return period of 13 years, the September wind speed is calculated as 23 m/s. This
compares with the wind data provided in the National Building Code of Canada (NBCC) for
Resolute, which gives the 1 in 10 year wind speed for all months as 28 m/s. The reason that
the 13 year return period wind speed for September is lower than the 10 year return period
wind speed is as follows:

C The 13 year return period wind speed is for the month of September only, and so is for
a return period of 13 months at the time of year represented by the September wind
data.

C The 10 year return period wind speed is for all twelve months of the year, and so is for

a return period of 120 months.

The 1 in 200 year return period design hourly average wind speed, predicted for September
is about 30 m/s. This compares with the wind data provided in the NBCC for Resolute, which
gives the 1 in 100 year wind speed for all months as 34 m/s. The comparisons with the NBCC
indicate that the predicted wind speeds for September are of an appropriate magnitude.

2.3 Waves

Wind-generated wave heights and periods are a function of wind speed, wind duration and
fetch.

Fetch, represented by open water, is determined by ice coverage. It is assumed that the wind
speed is independent of ice coverage, and so a joint probability study of wind speeds and ice
coverage was carried out to predict the 200 year return period wave height. The combination
of return periods on open water wind speed considered are shown in Table 1 on the following

page.
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TABLE 1: Combined Wind and Fetch for Design Return Period Event of 200 Years

Design : .
9 Return Period Return Period :
Return : Maximum Hourly
; for Ice Fetch for Maximum :
Period for . Average Wind Speed
Coverage Wind Speed
Waves
200 year 15 year 100 km 13 year 23 m/s

Deep water design waves were predicted using the wave hindcasting technique in the US
Army Corp of Engineers “Shore Protection Manual” (1984). The predicted design wave that
will occur once in 200 years, including the effects of ice cover, shoaling and refraction is as
follows:

H .

5"

C Tp:

3m
9 sec

Where H; is significant wave height and T, is the peak wave period.

2.4 Rock Quality

Testing of three potential riprap materials, namely Limestone and Dolomite rock from the Little
Red Dog Quarry (LRDQ), and Mine Rock, was performed by Levelton Engineering Ltd. and
detailed results are attached in Appendix F. The results are summarized in Table 2 on the
following page, and indicate that only the Limestone rock from the Little Red Dog Quarry is
suitable for use as riprap for slope protection for the following reasons:

C The Limestone rock meets the specified results for all seven tests.
C The Dolomite rock does not meet the specified Freeze-Thaw result.
C The Mine rock does not meet the specified results for LA Abrasion, Magnesium

Sulphate Soundness, Petrographic Examination or Freeze-Thaw.
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TABLE 2: Rock Quality Test Results

Sample
Test Requirement
Limestone | Dolomite | Mine Rock

LA Abrasion, 500 revolutions Not more than 30% 171 % 17.3% 44.8%
(ASTM C535) loss.
Durability Index No index less than 35. 92 82 71
(ASTM D3744)
Bulk Specific Gravity Not less than 2.65. 2.74 2.63 3.76
(saturated surface dry,
ASTM C127)
Absorption (ASTM C127) Not more than 2%. 0.985% 1.56% 1.72%
Magnesium Sulphate Not more than 15% 1% 0.6% 31.6%
Soundness, 5 cycles loss.
(ASTM C88)
Petrographic Examination Absence of weakness Excellent Good Poor

or materials that could

result in significant

stone alteration and

reduction in durability.
Freeze-Thaw (CIRIA Special Not more than 0.5% 0.03% 5.2% 0.7%
Publication 83, A2.4) weight loss.

2.5

Slope Protection and Natural Beach Materials

2.5.1 Riprap Rock Size

The size of riprap rock was calculated using the Hudson Formula in the US Army Corps of
Engineers "Shore Protection Manual”, 1984. For the 200 year return period design wave
(Hs =3 m), nominal rock sizes required for protection of the shore at varying slopes are listed
in Table 3 on the following page.
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TABLE 3: Riprap Rock Size for 1 in 200 Year Design Event for Varying Slope

Slope Nominal Rock Size D, (mm) Rock Mass W, (kg)
2H:1V 1,200 4,580
3H:1V 1,000 2,650
4H:1V 920 2,070
5H:1V 850 1,630
Note: 1. D, is the cubic dimension of the mean size of rock, by weight.
2. W,, is the weight of the mean size of rock.

A mean rock size of 300 mm has been produced from LRDQ and used for slope protection,
as can be seen in Photograph Nos. 11 and 14. It is possible to increase the size of rock
produced from LRDQ by the following means:

C Increase the drill spacing and adjust the blast pattern and the amount and type of
explosives in the drill holes.

C Use a grizzly to separate out the fraction of smaller rock.

LRDQ is generally highly fractured, as can be seen in Photograph No. 1 in Appendix B. The
joint spacing in the quarry will limit the mean size to the range of 400 mm to 500 mm. This size
of rock was achieved just south of the dock at Station 1300 N, as shown in Photograph No.
13.

It is apparent that the mean size of rock required, even for a slope as flat as 5H:1V, cannot
be produced in any quantity on Little Cornwallis Island.

2.5.2 Effect of Permafrost on Stability of Riprap and Natural Beaches
The surface of the permafrost at the beach is subjected to freeze/thaw cycles as follows:
C During the winter months, the beaches will become completely frozen.

C During the short open water season, the surface layer of the permafrost will thaw, but
this will be less in the tidal zone than in the interior of the island due to the cooling
effect of the sea water, which is near the freezing point of sea water.
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The freeze/thaw cycles will have a different effect on the larger riprap material than on a
natural beach comprised of sands and gravels, as follows:

C The riprap rock has large voids that will thaw at break-up, as observed with the riprap
at the site during the site visit by Mr. Norman Allyn on August 17 to19, 2000.

C The natural beach consists of a wide gradation of sand and gravel material. The voids
between the larger fraction of gravel are filled with the finer fraction of the sands and
gravels, and so will not thaw to as great an extent as a riprap slope.

The limited thawing of the natural beach material is the reason why the slopes made from the
finer naturally occurring sands and gravels resist erosion and are stable under wave attack,
even when set at a steep angle. Examples of this can be seen in Photograph Nos. 23 and 24
in Appendix B.

The presence of permafrost allows naturally occurring sands and gravels to resist erosion
much better than beaches in southern climates. This effect, combined with the short open
water season, is likely the main reason that islands in the arctic have stable sand and gravel
beaches that resist erosion under seemingly hostile environmental conditions.
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3

Concepts for Decommissioning Shoreline and Dock

The dock will remain in service during the decommissioning of the mine to load vessels with
material leaving the site. It will be one of the last structures to be decommissioned.

Several concepts were addressed and the following three options were reviewed in detail.

3.1

Option 1 - Remove Dock to 2to 3 m Below Low
Tide Leaving a Beach With a Low Slope

3.1.1 Overview

This option involves excavating the dock fill material from inside the cells and then
removing/cutting off the sheet piles. The cross-section of Option 1 is shown in Drawing
No. 00282-00-103 in Appendix D. The remnants of the dock would be underwater where it will
not present a hazard to small local vessel traffic.

The following work would be performed to complete Option 1:

Excavate a trench on the east or back side of the dock, and cut-off the sheet piles at
an elevation of about 1 m below lowest normal tide.

Inspect for, and recover any refrigerant in the freezing pipes in the dock. Remove the
freezing pipes.

Inspect for and excavate any soils contaminated by refrigerant. This work will be done
“in the dry”.

Spill contingency plans must be in place in case there is a spill of the refrigerant while
recovering it to prevent potential contamination from reaching the ocean.

Remove the frozen fill in the interior of the cells by drilling, blasting and/or excavating.
The deepest practical depth is about 3 m below lowest normal tide. The sheet piles
should be left in place during excavation near the water to prevent fill from falling into
the sea.
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Either remove the sheet piles completely or alternatively cut them off 2 to 3 m below
the lowest normal tide at the front or west face of the dock. Taper up at the sides to
achieve a sloping seabed of about 17.5H:1V, which approximates the original beach
slope below the high water line.

Remove the soil adjacent to the sheet piles.

Re-grade the adjacent shoreline, and the fill on the land side of the dock to achieve the
design beach slope.

About 80,000 m® of fill will be removed from inside the cells and in the vicinity of the
dock to achieve a smooth shoreline. The near surface material that is contaminated
with concentrate dusts will be removed and disposed of in the mine (refer to Polaris
Mine Decommissioning and Reclamation Plan). Underlying clean materials that are
excavated will be utilized as fill at other areas of the site.

The steel beams remaining from the original temporary dock located near Section
Line 800 N, as shown in Drawing No. 00282-00-101 in Appendix D, will be removed
or cut-off at ground level (see Photograph Nos. 21 and 22 in Appendix B).

To achieve a cost-effective solution, contractors should be allowed to propose alternative
methods of performing the work so that the best use is made of available equipment.
However, no proposal will be considered that does not meet the requirements of Cominco or
fails to provide adequate protection to the aquatic environment.

3.1.2

Effect on the Shoreline

The condition of the shoreline was documented at 100 m intervals during the site visit by
Mr. Allyn in August 2000. Photographs in Appendix B provide a visual condition record, and
the cross-sections on the drawings in Appendix D show the original, existing and proposed

shorelines. Table 4 on the following page summarizes the information provided in Appendices
B and D.
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TABLE 4: Details of Option 1 at 100 m Intervals Along the Shoreline

Station Existing Shoreline and Dock Shoreline After Decommissioning

1800 N | Natural beach gravel with a mean grain | The natural beach will remain unchanged.
size of about 10 mm.

1700 N | The north end of the fill, with some The bank will be trimmed landward from the
pieces of rock up to 300 mm cubic size. | mean water mark along a slope of about

17.5H:1V to high water, and then faired into
the existing ground line over a total distance
of about 25 m. Erosion and sedimentation is
controlled by the flat slope and permafrost.

1600 N | Near the north end of the fill. The fillis | The bank will be trimmed landward from the
not covered by riprap at this location, mean water mark along a slope of about
and has some pieces of rock up to 17.5H:1V to high water, and then faired into
300 mm cubic size. the existing ground line over a total distance

of about 45 m. Erosion and sedimentation is
controlled by the flat slope and permafrost.

1500 N | The bank to the north of this location is | The bank will be trimmed landward from the
not covered with riprap, while the bank | mean water mark along a slope of about
between this location and the dock is 17.5H:1V to high water, and then faired into
covered with riprap with a mean size of | the existing ground line over a total distance
about 300 mm cubic dimension. of about 25 m. Erosion and sedimentation is

controlled by the flat slope and permafrost.

1400 N | This section passes through the sheet A plane sloping upward at 17.5H:1V from
pile cell dock and the Process Barge. about 2 m below low water at the front of the

dock, intersects the surface of the fill about
60 m west of the Process Barge. Erosion
and sedimentation is controlled by the flat
slope and permafrost.

1300 N | The bank at this location is covered The bank will be trimmed landward from the
with what is likely the largest possible mean water mark along a slope of about
size of riprap from Little Red Dog 17.5H:1V, and faired to the existing ground
Quarry and observed on the shoreline, line over a total distance of about 75 m.
with a mean size of 400 mm to 500 Erosion and sedimentation is controlled by
mm. the flat slope and permafrost.

1200 N | The bank between this location and the | The bank will be trimmed landward from the
dock has been armoured with riprap in mean water mark along a slope of about
the last two years, while the shoreline 17.5H:1V to the existing ground line over a
south of this location has not and the distance of about 35 m. Erosion and
gravel fill is generally unprotected from | sedimentation is controlled by the flat slope
wave attack and is eroding. and permafrost.
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Station Existing Shoreline and Dock Shoreline After Decommissioning

1100 N | The bank is exposed to wave action as | The bank will be trimmed landward from the
much of the riprap has slipped down mean water mark along a slope of about
the bank. 17.5H:1V to the existing ground line over a

distance of about 35 m. Erosion and
sedimentation is controlled by the flat slope
and permafrost.

1000 N | Similar to Station 1100 N, the bank is The bank will be trimmed landward from the
exposed to wave action as much of the | mean water mark along a slope of about
riprap has slipped down the bank. 17.5H:1V to high water, and then faired into

the existing ground line over a total distance
of about 30 m. Erosion and sedimentation is
controlled by the flat slope and permafrost.
900 N | This location is at the north end of the The bank will be trimmed landward from the
Temporary Dock, which was installed in | mean water mark along a slope of about
1980/81 to offload equipment at the 17.5H:1V to high water, and then faired into
site before the sheet pile cell dock was | the existing ground line over a total distance
operational. of about 30 m. Erosion and sedimentation is
controlled by the flat slope and permafrost.
800 N | This location is at the south end of the This section will have some minor trimming
temporary dock. There is riprap to fair in the shoreline. Erosion and
immediately to the north of this sedimentation is controlled by the flat slope
location, and natural beach to the south | and permafrost.
of this location.
700 N | Natural beach gravel with a mean grain | There is no excavation required at this
size of about 10 mm, similar to Station | location.
1800 N.
Note: 1. The survey data provided to Westmar by Cominco Ltd. comprises widely spaced spot

elevations, and so the cross-sections developed can only be considered as preliminary.
Detailed topographic and hydrographic surveys are required to finalize the cross-
sections and volumes for detailed design, tendering and construction.

The benefits of Option 1 are as follows:

C There is minimal impact on the aquatic environment, as there is no work on the
seabed.
C The recontoured beach will be erosion resistant through the combination of a flat slope

and the action of permafrost on the foreshore area of the beach, both of which result
in reduced erosion.
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A smooth shoreline is reestablished, similar to the original shoreline.

The steel sheet pile cell dock is removed as a projection of the beach into Crozier
Strait.

The disadvantages of Option 1 are as follows:

3.2

Precautions to minimize sedimentation during the decomissioning is required.

Work methods require removal of the freeze pipes to be completed prior to the area
being flooded to eliminate the potential release of contaminants into the ocean.

The dock structure left in place some distance below the waterline will eventually erode
over an extended period of time, but due to the gradual nature of the process, will not
degrade the aquatic environment.

The forces of nature will re-shape and erode the beach, but this is anticipated to take
place over a sufficiently long period of time to not cause sedimentation that would
degrade the aquatic environment. The rate of erosion should not be significantly
different from the original beach.

Option 2 - Encase the Dock in Rock

The option encases the dock in rock and extends the existing shoreline 95 m to the southwest,
as shown in Figure 9 in Appendix A.

This option presents the following issues:

An area of about 50,000 sg. m of the seabed will be covered by rock, which has a
significant impact on the existing aquatic environment.

In the order of 450,000 cu. m of rock would be required.

The size of rock required to withstand ice action and waves in the 1 in 200 year return
period design storm is larger than the size of rock available in Little Red Dog Quarry.
Larger rock is available from the mine, but it is of poor quality and will not stand up to
the freeze/thaw cycles, as discussed in Section 2.6. Importing rock would be
prohibitively expensive, and is not considered practical. This option would only be
erosion resistant if 850 mm, durable rock were used for the slope of 5H:1V in the wave
zone.
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The benefits of Option 2 are as follows:
C The dock could be uncovered at some future date and reused.

C Deterioration of the dock by ice and wave action is prevented.

3.3 Option 3 - Leave the Dock in Place

The dock and some land based facilities could be donated to the Government of Canada or
Nunavut, as a northern base for the icebreaker fleet or for research activities. At this time, the
Government has not responded to this offer. However, the Government is in the process of
divesting marine facilities, and probably would not accept responsibility to maintain the facility
for the long term.

Wave action is focussed on the slope of the fill adjacent to the ends of the dock. This is due
to waves reflecting off the vertical face of the cells, and combining with the waves impinging
directly on the slope from deep water. As a result, the rip rap on the slope at these locations
would require continued maintenance to prevent loss of land behind and adjacent to the dock,
and this is confirmed by the historical requirement to frequently re-armour these slopes.
Left without maintenance, the land surrounding the dock would gradually erode, and in
combination with corrosion of the steel, would eventually result in the failure of the dock
structure.

The benefits of Option 3 are as follows:

C This method is the low cost solution to decommissioning the dock.

C The dock would remain available for use by others in the short term.

The disadvantages of Option 3 are as follows:

C The dock would require maintenance or would degrade over time.

C The land adjacent to the dock would require maintenance or would be eroded by wave
action over time.

Without a commitment of long term care and maintenance of the dock, this is not a viable
option.
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4

The Impact on the Aquatic Environment

The three options that were considered have the following impacts on the aquatic
environment:

Option 1: Remove Dock 2 to 3 m Below Low Tide and Regrade Beach to a Low Slope:
C The construction of Option 1 will have very little impact on the aquatic

environment, as it should be possible to perform the work without
spilling any significant volumes of fill onto the seabed.

C Removal of the dock eliminates concerns of long term deterioration of
the dock.
C Decommissioning the dock will be sequenced so the majority of the

work is done on dry land.

C Removal of refrigerants will be done to protect the environment. If there
is any evidence of refrigerants contaminating the soils, they will be
excavated and disposed of in an approved manner.

C Gradual erosion of the shoreline is a natural occurrence. Developing a
shoreline with a beach that provides a smooth shoreline and a slope
similar to the surrounding natural features will ensure that erosion rates
will proceed at a rate similar to the naturally occurring beaches.

Option 2: Encase the Dock in Rock:

C The additional rock will cover a large area of the seabed and will have
a significant impact on the aquatic environment.

C A large volume of rock is required for this option.

C As the riprap on the island does not meet the design requirements of
size or durability for long term life expectancy, this option will ultimately
result in the dock being exposed to the effects of the ocean unless rock
is brought in from off the island, which would be prohibitively expensive.
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Option 3: Leave the Dock in Place:

C In the short term Option 3 will have very little impact on the seabed and
the aquatic environment.

C In the long term, without maintenance, the land around the dock will
deteriorate and fall onto the seabed. It is anticipated that this will occur
slowly and will not have a significant effect on the aquatic environment.

C Finally, without maintenance the steel cells will corrode and lose
support from the surrounding fill and gradually collapse. It is anticipated
that this will occur slowly and will not have a significant effect on the
aquatic environment.

C The dock facility would not remain functional in the long term without
ongoing maintenance.
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5 The Effect of Global Warming

Global warming will cause longer periods of open water and higher water levels resulting from
the melting of glacial ice. The increase in the period of open water may result in increased
wave action at the site, depending on the strength, duration and direction of the winds.

The specific effects of global warming on the options considered are as follows:

C Larger rock sizes are required for any riprap options in order to maintain stability under
the action of higher waves. This will further detract from options that utilize riprap as
there are no quarries on the Island that could produce the required quantity of suitable
rock.

C The increased water level will affect the height of the beach on the island. However,
the beach has changed over time due to the rebound of the land from the last ice age,
and it is not anticipated that it will have any effect on the present beach process.

From these considerations, it is not expected that global warming will have any significant
impact on the preferred option presented herein, or on the conclusions of this report.
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6 Recommendations

In developing the options, consideration was given to the prevailing ice, wind, waves, tides and
currents, water elevations, and the availability of rock of sufficient quality and size. It is
recommended that Option 1 for detailed design for decommissioning the dock, for the
following reasons:

C Provides minimal impact on the aquatic environment.

C Removes all above water improvements, and provides adequate water depth for any
small craft operating in the area.

C Restores the beach to a more natural slope at the waterline.

C Provides a smooth shoreline parallel to the original shoreline.
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Figure 1: Site location (from Chart 7950, Canadian Hydrographic
Service, 1985, depths in metres, Scale 1:500,000).
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A few patches of open water are present.

10/10 - Consolidated or fast ice.
No open water exists and the floes are frozen together.

The presence or absence of icebergs is
not indicated on any of these charts.

Figure 2: Median amount of all ice on August 20th, when break up of the ice occurs. The ice cover at Polaris is 8/10.
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Figure 3: Maximum reported ice conditions on August 27th, when 7/10 ice cover is present at Polaris.

Page 3
(00282tmw/2001-03-14)



COMINCO LTD.APPENDIX A
Decommissioning of Shoreline and Dock at Polaris Mine
Little Cornwallis Island, Nunavut

T T R G S BN N NN SN Y R
= September 10 - Maximum Reported I LEGEND g
0 T ' MAXIMUM OR MINIMUM REPORTED :
>< < \3/ XS ICE CONDITIONS
/ # s e -

Open Water.

1/10 -5/10 pack ice.
The area is navigable by most I

6/10 - 9/10 pack ice. The area
is navigable with varying difficulty.

10/10 consolidated or fast ice. The area can
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Figure 4: Maximum reported ice conditions on September 10th, when 10/10 ice coverage is present at Polaris.
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Figure 5: Median amount of all ice on September 17th, when freeze up starts. The ice cover is 2/10 at Polaris.
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Figure 6: Median amount of all ice on September 24th. The ice cover is 9/10 at Polaris.
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Figure 7: Minimum reported ice conditions on October 8th, when there is open water at Polaris.
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Minimum reported ice conditions on September 10th, when maximum open water is present.
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Figure 9: Cross-section through dock at Station 1400 N
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showing Option 2, to encase dock in rock (Scale 1:1,000).
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Photograph No. 1: Quarry face in Little Red Dog Quarry (August 17, 2000).
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Photograph No. 2: View of shoreline to north of dock, from north end of dock (August 17, 2000).
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Photograph No. 3: View of area between dock and process barge (August 18, 2000).
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Photograph No. 4: View of shoreline to south of dock, from the
deck of the vessel “Federal Baffin” (August 17, 2000).
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Photograph No. 5: View of shoreline looking north at Station 1800 N. The beach is natural at this location,
and is comprised of gravel with a mean size of about 10 mm (August 19, 2000).
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Photograph No. 6: View of shoreline looking north at Station 1700 N. The fill, which is tapering out at this
station, is about a 300 mm minus material. (August 19, 2000).
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Photograph No. 7: View of shoreline looking south at Station 1700 N. (August 19, 2000).
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Photograph No. 8: View of shoreline looking north at Station 1600 N. The fill is about a 300 mm
minus material, with a mean size of 25 mm. (August 19, 2000).
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Photograph No. 9: View of shoreline looking south at Station 1600 N. (August 19, 2000).
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Photograph No. 10: View of shoreline looking north at Station 1500 N. The shoreline to the north
of 1500 N is fill comprised of material with about 300 mm minus material. (August 19, 2000).
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Photograph No. 11: View of shoreline looking south at Station 1500 N. The shoreline is covered
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with rip rap to the south of Station 1500 N, with a mean size of about 300 mm (August 19, 2000).
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Photograph No. 12: View of shoreline looking north at Station 1300 N.
New riprap has been placed in this area in the last 2 years. (August 19, 2000).
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Photograph No. 13: View of shoreline looking south at Station 1300 N. This area has the largest
size rock produced from the Little Red Dog Quarry and used as riprap, with a mean size in the range
of about 400 mm to 500 mm. (August 19, 2000).
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Photograph No. 14: View of shoreline looking north at Station 1200 N. New riprap has been placed
between here and the dock in the last 2 years, and has a mean size of about 300 mm. (August 19, 2000).
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Photograph No. 15: View of shoreline looking south at Station 1200 N. It has been more than
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two years since riprap has been placed south of Station 1200 N. (August 19, 2000).
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Photograph No. 16: View of shoreline looking north at Station 1100 N. (August 19, 2000).
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Photograph No. 17: View of shoreline looking south at Station 1100 N. The riprap is failing and
the bank behind the riprap is eroding. Some larger pieces of mine rock are in the order of 900 mm
cube size, and are deteriorating rapidly due to freeze/thaw cycles. (August 19, 2000).
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Photograph No. 18: View of shoreline looking north at Station 1000 N. Most of the riprap
has slipped down the slope at this location. (August 19, 2000).
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Photograph No. 19: View of shoreline looking south at Station 1000 N. (August 19, 2000).
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Photograph No. 20: View of shoreline looking north at Station 900 N. (August 19, 2000).
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Photograph No. 21: View of shoreline looking south at Station 900 N. Note the H-Piles
at the berth face of the temporary dock. (August 19, 2000).
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Photograph No. 22: View of shoreline looking north at Station 800 N. This is the southern extent
of the riprap and is immediately south of the H-Piles at the temporary dock. (August 19, 2000).
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Photograph No. 23: View of shoreline looking south at Station 800 N.
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Photograph No. 24: View of shoreline looking north at Station 700 N. The beach is comprised of natural
material at this location, with some regrading of thg (’;c())% )of the bank to form a flat storage area. (August 19,
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Photograph No. 25: View of shoreline looking south at Station 700 N. (August 19, 2000).

Page 25
(00282rja/2001-03-14)



COMINCO LTD.
Decommissioning of Dock Facilities at Polaris Mine
Little Cornwallis Island, Nunavut

APPENDIX C

Datums, Tide Elevations and Currents

Westmar



COMINCO LTD. APPENDIX C
Decommissioning of Dock Facilities at Polaris Mine
Little Cornwallis Island, Nunavut

DATUMS, TIDE ELEVATIONS AND CURRENTS

Datums

General

A datum is a horizontal plane from which elevations are measured, positive up. Datums for the site
include:

C Chart Datum (CD), which is defined as the lowest normal tide.
C Plant Datum (PD), which is approximately 2.3 m above CD.
C Mine Datum (MD), the datum used for surveying in the underground mine. This datum is

1,000 m below the PD in order to maintain positive values of elevation in the mine. MD is
approximately 997.7 m below CD.

The datum used in the drawings prepared by Westmar is the present PD.

Establishing the Datum

Elevations to CD of three benchmarks at Polaris Mine were provided to Westmar by the Canadian
Hydrographic Service. Based on this information and the measurements by Cominco Surveyors of
elevations to PD taken on the same three benchmarks, it was determined that PD is 2.3 m above CD.
It appears that PD has changed since 1981. The top of the fill at the dock was shown as 4.57 m in

the design drawings and was recently measured as 3.2 m to the current PD. The present PD is
therefore about 1.37 m above the original PD.

Tide Elevations

Tide elevations to Chart Datum at Polaris Mine, are provided in the Canadian Tide and Current Tables
(2000). The tide elevations to Chart, Plant and Mine Datums are given in Table 1 on the following

page.

Page 1
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COMINCO LTD. APPENDIX C
Decommissioning of Dock Facilities at Polaris Mine
Little Cornwallis Island, Nunavut

TABLE 1: Tide Elevations to Chart, Plant and Mine Datums

Tide Tide Elevations to | Tide Elevations to | Tide Elevations to
Chart Datum (CD) | Plant Datum (PD)* | Mine Datum (MD)?
Higher High Water, Large Tide (HHWL) 1.7m -0.6 m 999.4 m
Mean Water Level (MWL) 09m -14m 998.6 m
Lower Low Water, Large Tide (LLWL) 0.0m -2.3m 997.7m
Note: 1. PD is 2.3 m above CD.
2. MD is 1,000 m below PD to maintain positive values for all elevations in the underground mine.

Currents

Wind and tide driven current along Crozier Strait has been observed during the open water period,
but the magnitude at these currents is unknown.

During the winter months, the ice is landfast and tidal currents under the ice have been observed by
divers. These currents will not affect the shoreline as the ice is landfast at the site during this period.

Page 2
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ORIGINAL GROUND CONTOUR —— —— —— 0.00
FROM BECHTEL CANADA LIMITED DRAWINGS, SEE GENERAL NOTES.
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DOCK FACILITIES ON LITTLE CORNWALLIS ISLAND

The mining operation of Cominco
at Little Cornwallis Island, also named
Polaris mine, consists of underground
mining for lead and zinc ore. The site
installationinvolves aconcentrator, which
was fabricated in southern Canada, floated
and permanently grounded at the site, a
huge ore storage building, an outstanding
living accommodation compound and a
dock to accommodate the ore han-
dling ships during the short season
of sailing through the Arctic archi-
pelago,

The construction of the deep
gea dock was awarded to Tower
Arctic Ltd. in the fall of 1980,
Some heavy construction equip-
ment was already on site, other
pieces of equipment were flown in
by Hercules from our operation at
Resolute Bay.

The dock consisted of the
construction of four circular sheet-
pile-cells 26 m. in diameter joined
together by smaller intermediate
cellz in 15 m. of water.

After an underwater investi-
gation, the first location was aban-
doned due to questionable soil con-
ditions.

A new site wag selected where the
bottom of the ocean consisted of two to
three meters of silt overlaying fractured
limestone,

As soon as the Arctic night was
over, being early March, when we could
get a few hours of daylight, we started an
operation of reinforcing the sea ice in
order to develop a platform that would
support the heavy pieces of equipment
and the construction material.

In order to obtain this platform we
started a flooding operation with sea wa-
ter (-2°C), by pumping four to six cm of
water every seven hours over the entire
area, in order to develop a depth of }
meters. An extra long auger was used to
drill through the ice in order for our flood-
ing pumps to have access to water.

This platform would allow 100 ton

by
Jean Rarthe, Vice-President
Tower Arctic Lid.

pieces of equipment to manoeuvre for a
reasonable period of time. As a rule the
heavier pieces of equipment were relo-
cated every day so as not to develop any
ice fatigue of cracking in the platform.
Steel cables were aiso embedded in the
platform ice to anchor it to shore.
Underwater inspection with divers
revealed the presence of a chunk of multi-

year old ice frozen into the surface ice
exactly in the location of two of the cells,
That multi-year old ice had to be re-
moved, which involved a blasting and
front-end loader operation. Divers from
Arctic Divers Ltd., Yellowknife, were
present for the duration of the job. The
divers became very friendly with a seal
who used to follow them underwater and
breathe from their expelled air bubbles.

An exterior guide frame assembled
in sections and deposited on the ice sur-
face was our unconventional way of es-
tablishing the exact location of each piece
of sheet piling. A trench was cut through
the ice in order to allow each pile to be
placed in the proper location,

Handling the 25 meter piles was a
delicate operation. A special multi-grasp
bridle was developed so that they could be
picked up easily without the risk of devel-

oping kinks, as most often winds of up to
50 km/hour were present.

When a few piles were threaded in
place, an electric hammer with controls
for the amplitude and frequency was used
to drive each pile in place through the
tayer of silt and a few centimetres into
limestone in order to socket the bottom.
The driving of each pile was carefully
monitored and re-
corded. The clos-
ing of each cell was
with a Y pile and
had to be a very ac-
curate operation so
that the cell locked
safely in a cylindri-
cal shape. These
rigid Y piles were
also atiaching the
main cells to the in-
termediate cells.

Throughout
these operations, the
weather conditions
would notpermitthe
enginesoftheequip-
ment to be shut off,
On the other hand,
the long hours of daylight allowed work in
two shifts. We had a great deal of respect
for our crew who worked daily in these
cold temperatures and almost always un-
der constantly windy conditions.

Due to the level of polar bear activ-
ity in the area, watch dogs were used
twenty-four hours a day in order to pro-
vide warning to the crew if a bear was in
the vicinity.

Once the piles of a cell were in
place, they reproduced the exact contours
ofthe solid ground below. These pileshad
to be cut off at an even elevation of five
meters above main sea Jevel. The layerof
jce that remained inside the celi had to be
removed prior to starting the infill opera-
tion. Thatvolume ofice, estimated at fifty
tons per cell, had to be broken inte blocks
with a trencher and clammed out of each
cell.

Utngénieur chvil canadien 7



Priortostarting any infill operation,
the silt at the front of the cells had to be
clammed out and replaced with proper
aggregates so as not to develop extreme
horizontal pressure on the piles. At the
back and sides, the exteriorbackfill would
balance any pressure from the interior.
The first fill at the bottom was with coarse
material, finer gravely fill completed this
operation. The rejects from the mine
operation became very useful material for
this purpose.

Another consideration given tothis
dock project was the need for the interior
fill to become frozen solid as soon as
possible, so a system with pipes and a
compressor was installed in order to help
pature freeze the material throughout. A

Iayerof styrofoam was also placed against -

a portion of the interior of the piles so as
to retain the fill in the frozen and solid
state,
The operation that started in early
March was completed by mid-May, just
about ten days before the ice started to
show serious signs of major movement.
The tide at Little Cornwallis Island is in
the order of 1.2 meters which was amajor
consideration for our construction methods.
Also associated with this project
Tower Arctic Ltd. installed the HD.P.E
tailings line, andthe Ciba Geigy fibreglass
water supply line for the mining facility.
This successful operation required
agood knowledge of the extreme forces of
nature in the Arctic which demand that
very stage of construction be given the
most serious attention to detail.

a Canadian Civil Engineer

INSTALLATION PORTUAIRES:
LITTLE CORNWALLIS ISLAND

par

Jean Barthe, Vice-président
Tower Arctic Ltd.

L'opération miniére de Ia
compagnie Cominco 3 Little Comwallis,
aussi appelée Mine Polaris, consiste 2
extraire en galerie souterraine le minerai
de plomb et de zinc.

arctique permet au soleil de commencerd
poindre, nous débutions la mobilisation
de nos premidres équipes. Au grand
étoonement destravailleurs qui arrivaient,
le Boeing 737 se posait réguliérement sur

La construction du quai en ean
profonde fut confide ila compagnie Tower
Arctic Ltd, & I'antomne 1980. Bien que
des équipements de construction étaient
déja en place, nous eurent A transporter
paravion Hercules certains de nos propres
équipements A partir de nos opérations de
Resolute Bay.

Ce quai devait &tre construit en eau
de 15 méitres de profondeur de fagon &
pouvoir accommoder les navires

transporteurs de

minerai.
Alemplacement
originalement désigné,
des conditions de sol
sous-marin
inconsistants nous
obligérent 3 un
déplacement de site.

Au nouvean site,
le sol consistait en un
dépdt de deux i trois
métres de limon sur
caleaire fracturé, lequel
servirait 4 fixer la base
des paleplanches,

Audébutde mars,
12 ol fa longue nuit

la surface glacée du lac Gamrow. Le
terminus, un abri en contreplagqué, avait
vite fait de ramener ces amivants i la
réalité des conditions de piomnier en
territoire arctique.

Notre premier travail fut de
consolider la glace de la plateforme de
travail afin de pouvoir circuler et opérer
avecleslourdes piéces d’équipement etle
matériel de construction.

Cette opération nécessitait des
arrosages trois fois par 24 heures afin de
submerger de quatre A six centimétres
d’ean de mer (-2° C.} 4 chaque arrosage
'entidre surface de la plateforme. Une
Spaisseur de glace de trois métres devait
itre atteinte. 1."opération dune tarridre 3
glace rallongée nous donnait acedsa1'eau
de mer. Des pompes de type & spirale
donnait le rendement désiré.

La plateforme terminée, des pidces
d*équipement lourd de 100 tonnes
pouvaient  maintenant  opérer
sécuritairement durant des periodes pra-
tiques. Des poids de 300 tonnes étaient
possible pour de courtes périodes. Les
pitces d’équipement étaient relocalisées
quotidiennement afin d’éviter que des
failles se développent dans la glace. La
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APPENDIX F

Rock Quality Test Results from
Levelton Engineering Ltd.

Appendix F-1: September 21, 2000 - Materials Tests

Appendix F-2: October 4, 2000 - Materials Tests

Appendix F-3: October 4, 2000 - Petrographic Examinations and Table
Appendix F-4: October 31, 2000 - Freeze-Thaw Tests

Appendix F-5: March 13, 2001 - Summary of Rock Quality Tests
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September 21, 2000 - Materials Tests
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F _x Transmittal

. o Lavelton Engineering itd. -
— LEVELTON : _ 150-12791 Clarke Piace

Englhaering Sohdlens Richmond, B.C.
Canada VGV 2H3
i . ; Tel: 604 278-1411
_ ' Fax: 604 278-1042
: : ' E-Mail; inffo@levelton.com

To Norm Allyn, P, Eng. — WESTMAR Fax numbar ORS - 25 B¢
_ oC Fax number
From Fred Strimer, P, Geo. Project number 100-0865
" pate September 21, 2000 Total number of pages (including tover page} 16
- PROJECT: Polaris Mine - Rip Rap Testing
Norm:

~ Accompanying this cover sheetare 15 individual test reports for five sets of tests run on the three rock types obtained from

Polaris Mine.
~— There are!
. S@G & Absorption (crushed material)
L SG & Absarption {sawn block samples)
4 Los Angeles Abrasion
. Petrographic Examination (very preliminary only, at this stage)

Durabllity index

Currently, the lab is running MgSQO;, Soundness on both blocks and crushed material. Freeze-Thaw testing has atso been
initiated. .

= Tlhopeto gét thin-section analyses done next weak.

Please call me if you have any questions. S L

Regards, _ | i‘ ——

Fred Shrimer, B Geo. Disk -220865Fx 1 wpd

st 4
fomr 1 H
iﬁ(ﬂ"iﬁl‘i BY \ !

= T fﬁf/ﬁ '
- 0282,

Ploasa call 604-278-1411 if any pages are missing,

ONYErteusodtertiddd

E mmwwmwmuﬁ:ﬁrnbb#ﬂuﬁudm
C [Fai¥] memwmmhmnmmwwum_ Fuhaasmaltsiny
in error. please immediately notify us by telephons and srranga for return of the origineal decument 10 U3.



TECHNICAL REPORT - o %

September 21, 2000 ' \ o ‘ LEVELTON
Our file: 100-0865 : Engineariny Saktions

WESTMAR CONSULTANTS INC.
#400 - 233 West First Street

NORTH VANCOUVER, B.C.

V7M 1B3

ATTENTION: Mr, Norm Allyn, P. Eng.

PROJECT: Rip Rap Testing, Polaris Mine

SUBJECT: Los Angeles Abrasion Test (CSA A23.2-17A, ASTM C-535)

Sample: Grey sample (“Limestone”) Sampled by: Client

Sample “|imestone”

Grading '
Revolutions 500
No. of Spheres 12
n Initial Mass (g) 10004 1

Final Mass {g) - 8286.6
Percent loss 17.1. |
Reported by: M\,

F. Shrimer, P.

orLasic .,

_E._H, SHRIMER

DATE:_SeALy 2000

Diak C\=\DSGNas1.wpd

Notice: Tha testdata given herein pertain 1 the sampla provided, and may nct ba applicable to material from earler or subsequent

production. Reporting of these data constitutes 2 testing service, Intarpretation may be provided upon request.
Leveiton Enginearing Ltd., 150 - 12781 Clarke Rd., Richmond, B.G. Ganada VEV 2HG Tol: 6042781441 Fao: 604-278-1042




TECHNICAL REPORT - - %

September 21, 2000 ' LEVELTON
Qur file: 100-0865 & i . Ergitwsfirg Soktiens

WESTMAR CONSULTANTS INC.
#400 - 233 West First Street
NORTH VANCOUVER, B.C.
VM 1B3

ATTENTION: Mr. Norm Allyn, P. Eng.

PROJECT: ip-Rap Testing, Polaris Mine
SUBJECT: Los Angeles Abrasion Test (CSA A23.2-17A, ASTM C-535)

Sample! Beige-buff stone (“Dolomite”™) Sampled Ey: Client

“Dolomite”

Revolutions 500
No. of Spheres 12 |
Initial Mass (g) - 10002.5

Final Mass (g) 8269.7
II Percent loss I | - 1

. . W—‘ Kﬁg .‘-ééélo ™
FROVINCE
Reported by: £ - SHRINER DATE:._SFM_ZL-‘W
“F. Shrimer, P. G@ ' Dizk CA-1086taat.wpd

Nofice; The test tata given hansin pertain to the sample provided, and rimy not ba applicatie to material from sarfler or subsequent
production. Reporting of thesa data constitutes a testing senvice, inferpretation may ba provided upon request,

N s o R T A et e e e T e P A S U
Levelton Engineering Ltd., 150 - 12791 Clarke Rd., Rlchmond B.C. Canada V&V 2H9 Tel: 504473-1 414 Fax: B04-278-1042




TECHNICAL REPORT %

September 21, 2000 - ' I.EVEL'I'OH
Cur file: 100-0865 o ' | Engtnesting Schitione

WESTMAR CONSULTANTS INC.
#400 - 233 West First Street
NORTH VANCOUVER, B.C.

V7M 1B3

ATTENTION: Mr. Norm Allyn, P. Eng.

PROJECT: _Rip-Rap Testing, Polaris Mine
SUBJECT: Los Angeles Abrasion Test (CSA A23.2-17A, ASTM 0-535)

Sample: Mine Rock Sampled by: Client

“Mine Rock”
H Revolutions _ ' 500
No. of Spheres ' : 12
Initial Mass (g) 10014.6

" Final Mass (g) 5523.5
“ Percent loss - 44.8 ' l‘

- ?ESSI '
M etz
Reported by: =l DATE: Ly 2000
“E. shrimer, P. ER Digke C:A-0885(aa1.wpd
. o COLUMBIA :;

<“'3’sc:uar»f<‘,;'

Notice: The tast data glvan heteln peﬂaln to the sampie provided and may not be appliceble fo material from earfiar or subsequent
production. Reporting of these data conslitutes a testing servica. Interpretation may te provided upon request,
Levelton Enginsering Ltd., 150 - 12721 Clarke Rd., Richmond, B.C. Canada V&V 2HD Tel: 804-278-1411 Fax: 604-278-1042




TECHNICAL REPORT | %

September 21, 2000 . ' | | . LEVELTON
Qur file: 1 00—08 65 _ Enginasting Salutiorn

WESTMAR CONSULTANTS INC.
#400 - 233 West First Street
NORTH VANCOUVER, B.C.

V7M 183

ATTENTION: Mr. Norm Allyn, P. Eng.

PROJECT: _Rip Rap Testing - Polaris Mine
SUBJECT: Durability Index Test (ASTM D-3744)

Sample: Grey rock {“Limestone”)
Sampled by: Client

T Durabllity Index ()

“Limestong”

Reported by:
-Shrimer, P. Disk C:1-10B85di1.pd
Notice; The test data givan hareln pertain to he sample provided, ant may not be appiicable to material from earfler or subsequent

praduction, Reporting of theea datz consliutes 3 tasfing service, Interpretation may ba provided u raguest.
Loveltcn Englneering Lid., 150 - 12791 Clarke Rd., Richmond, B.C. Canada V&Y 2H9 Tal: 604-278-1411 Fax: §04-278-1042




TECHNICAL REPORT . %

September 21, 2000 - ' LEVELTON
Our_ file: 100-0865 Engieering Solutiens

WESTMAR CONSULTANTS INC.
#400 - 233 West First Street
NCRTH VANCOUVER, B.C.

VIM 1B3

ATTENTION: Mr. Norm Allyn, P. Eng.

PROJECT: _Rip Rap Testing -- Polaris Mine
SUBJECT: Durability Index Test (ASTM D-3744)

Sample: Beige rock (“Dolomite”)
Sampled by: - Client

*Dolomite”

A '/r ﬂsséi%
K. H. SHR
Reported by: @Eﬂ DATE; Q,aﬁ:z,; 1000
4'« ;

‘P’ Shrimer, P. G Disk C\=\0865d11.wpd

Notice: The teat data givan herein pertain to the sample provided, and rray not be applicable te material from earfier or subsequent
production. Raporling of these data emstimes 2 testing s service. [nterpretafion may be provided upon re request.
Leveitan Engineartng Ltd., 150 - 12791 Clarke Rd., Rlchmond, B.C. Ganada V6V 2H9 Tak: Tal; 604-278-1417 Fax: 604-278-1042




TECHNICAL REPORT " %

September 21, 2000 LEVELTON
Our file: 100-0865 ' B, Sahmens

WESTMAR CONSULTANTS INC.
#400 - 233 Waest First Street
NORTH VANCOUVER, B.C.

VM 1B3

ATTENTION: Mr. Norm Allyn, P. Eng.

PROJECT: _Rip Rap Testing — Polaris Mine
SUBJECT: Durability Index Test (ASTM D-3744)

Sample: Mine rock
Sampled by: Client

{__wine Rocks

| a - qu\—,:e;es;a;;.‘_ _
Reported by: @’E‘W FiHe SURIMER } pyperp: __%ztz:(_'_g@g__
:“&“""‘Bﬁ:’.‘;« Digk CA-VDIG5EI 1 .wixs
an;m@

‘. Shrimer, P. Géh,{as

Nolige: Tha test data given herein pertain to the sampla provided, and may not be applicable to material from earller or subsequent

_groductlon. Reporting of these data constitutes 2 tesling service. Interpretation may be provided upon request,
Laveiton Englneering Lid., 150 - 12791 Clarke Rd., Richmond, B.C. Canada VEV ZH3 Tel; 804.278-1411 Fax: 604-275-1042




TECHNICAL REPORT

September 21, 2000 :
Qur file: 100-0865 ' _ E;EEEQL;II?IDES

WESTMAR CONSULTANTS INC.
#400 - 233 West First Street
NORTH VANCOUVER, B.C,
VM 183

ATTENTION: Mr. Norm Aliyn, P. Eng.

PROJECT: ip-Rap Testing -~ Polaris Mine
SUBJECT: Specific Gravity & Absotrption (ASTM C-127)

Sample: Grey Raock ("Limestone”) Sampled by; Client

Sample Bulk G, (Dry Basis) { Bulk G, (SSD Basis)

“Limestone”

Note: 1.  Test results given are averaged vaiues from two separate test runs.
TRESSIO,

@'Q'W "E |
Reported by: F. H. sHRIMER 3 DATE: gc’ﬂ'l[ 2002 _
YE. Shrimer, P. GQ. . Digk CA0B85801 wid

T

Notige: The testdata given hersin partaln io the sample provided, and may notbs applicable lo material from other praduction Zones.
Reporting of these data constitules a testing servics. intsmretation of the data given here may ba proviged upon requast.
Levelton Englrrearlng ltd,, #130 « 12791 Clarke Placoe, Richtiend, B.C. Garaga VOV ZH Toi: 601-278-1411 rax; COI-Z7H-1042




TECHNICAL REPORT

September 21, 2000 . ' _ '
Our file: 100-0865 T | LEVELTON

WESTMAR CONSULTANTSINC.
#400 - 233 West First Street
NORTH VANCOUVER, B.C.

VM 1B3 _

ATTENTION: Mr. Norm Allyn, P. Eng.

PROJECT: _Rip-Rap Testing — Polaris Mine
SUBJECT: SpectHic Gravity & Absorption (ASTM C-127)

Sample: _ Buﬁ-beige Rock (“Dolomite”) Sampled by: Client

Bulk G, (Dry Basis) | Bulk G, (SSD Basls) | Absorption (%)

Note: 1. Test results giVen are averaged values from two separ'ate test runs.

o

‘ /ééehs&o;,;},
: .mlvmca » ;
{%Z ’ E_H. SHRIMER '
Reported by, j S DATE:SQMJ@—

o - °
F- Shﬂml’. PA Ge eosclmg

Notice: ‘The testdata given hereln pertain to the sample provided, and may not be applicabia to materiat from other production zones.

Reporting of these data conslitutes a lesting senvics. interpretation of the data given here may be provided upon request.
Levertan engineetinyg Lid., #1540 » 12781 Glarke Piace, Richmond, 0.6, Ganada YAV 2H8 Tol: 604-273-1411 Faxi; G04-270-1042




TECHNICAL REPORT

September 21, 2000 _ _ | _
Ourfle:  100-0865 R LEVELTON

WESTMAR CONSULTANTS INC.
#400 - 233 West First Street
NORTH VANCOUVER, B.C.

VM 1B3

ATTENTION: Mr. Norm Allyn, P. Eng.

PROJECT: _Rip-Rap Testing — Polaris Mine
SUBJECT: Specific Gravity & Absorption (ASTM C-127)

Sample: Mine Rock sampled by: Client

Bulk G, (Dry Basis) | Bulk G4 (SSD Basis)

——

Note: . Test rasulis given are averaged values from two separate test runs.
‘FESSi
Reported by: ( g EM"‘"’ F. “mswl;ﬁmm DATE: gr,'.o? L{ 2900

F Shrimer, P. G Disk G:\~\0BESsg*t.wpd

Naoffce: The testdata given herein pertain to the sample providad, and may not ba applicable to matarial from other production zones,
Reporting of these data constifites a tasting service. interpretation of the data givan hare may be provided upon paquest.

e =
Lovellon Sngiresrtng kichy #1350 - 12731 Clarke Fiacoy Wity B.0- Canada Y8y 2HE Tal: BOWZ7 0= 1411 Fax: COM-X70-1042




TECHNICAL REPORT

September 21, 2000 -
Our fite: 100-0865 ; ' ELnnEhYorIEngl- -sl;a?uuﬂ

WESTMAR CONSULTANTS INC.
#400 - 233 West First Street
NORTH VANCOUVER, B.C.

V7M 1B3

ATTENTION: Mr. Norm Allyn, P. Eng.

PROJECT: _Rip-Rap Testing — Polatis Mine
SUBJECT:  Specific Gravity & Absorption of Black Samples (ASTM C-127)

Sample: Grey Rock ("Limestone”) Sarnpl'ed by: Client

Sample Bulk Gy (Dry Basls)

-“Limestone”

gjﬁ'ésslo%&
“mi
-y KM ;RIHER . S }}’.
& PATE: 21,3003
F/ Shrimer, P. GeoA&y) aﬂ“ ' ' Disk C=\086552.900

Reporied by:

Netice: The testdata given hereln pertain to the sample provided, and may notbe applicable o material from othar production 2onas.
Reporting of thess data constitutes 2 lesting Service. interpretation of the data given here may be provided upon tequest.
raveion zngmcm’mg hlehy 150 - 12791 Glarke Place, Richmoned, B.G. Canags Ml Tel: B04-Z78-T477 Fax: EO-t2rT B 042




' ‘! *Dolomite” : ;

TECHNICAL REPORT

September 21, 2000 - |
Qur file: 100-0865 _ ' é.nymerEngbﬂ

WESTMAR CONSULTANTS INC.
#400 - 233 West First Street
NORTH VANCOUVER, B.C.

VM 183

ATTENTION: Mr. Norm Allyn, P. Eng.

PROJECT: Rip-Rap Testing — Polaris Mine
SUBJECT: Specific Gravity & Absorption {ASTM C-127)

Sample:  Buff-beige Rock (“Dolomite”) Sampled by: Client

b — - ———

Sample Bulk G, (Dry Basis) | Bulk G, (SSD Basis)

Note: 1. Test results given are averaged for six individual sawn block samples.

o\*ESSi .
(/ wovmci ' : '
Reported by: F. H. SHRIMER ATE M
Disk C=\0865sg2.wpd

F Shrimer, P. Geo.
°8c|al‘$

Nofice: The testdata given herein pertain to the sample provided, and may not be applicable to material from other production zones,
Reporting of these data constitutes & testing service. interpretation of the datz given here may be provided upon requast
Lavalton Engmeenng Lid,, #FIqgy = 12787 Giarke Flace, Richmens, 2., Canavds VBV ZHP Tel: G04-278-1411 Faxi G04-278-1042




TECHNICAL REPORT

September 21, 2000 - o
Our file: 100-0865 ' ' lli:ugElngrEgL;‘;lghﬁ

WESTMAR CONSULTANTS INC.
#400 - 233 West First Street
NORTH VANCOUVER, B.C.
VM 1B3

ATTENTlON: Mr. ‘Norm Aliyn, P. Eng.

PROJECT: _Rip-Rap Testing — Polaris Mine
SUBJECT: Specific Gravity & Absorption (ASTM C-127)

Sample:  Mine Rock Sampled by; Client

Bulk G, (Dry Basis) | Bulk G (SSD Basis) | Absorption (%)

Note: Ts Test results given are averaged values for six separate block samples sawn
from a larger chunk.

/ "LLA/-’" g “ St
F. H. SHRIMER § DATE;_pt
F. Shrimer, P. G H\e%?&;:é / _ Disk CA-\08658g2.wpd

T

Reported by:

Notice: The testdata given herein pertain to the semple provided, and may ot bs applicable to material from ather production Zones.
___Reporting of these data constitutes a lesting service. Intarpretation of the data given hers may be provided upon request.
Lovarman Enginaering Lidy #1940 - 14791 Clarke Place, Richmend, 5., Canadn VBV AHD Tol! 6D04-275-1411 Fax: 5043701042




COMINCO LTD.
Decommissioning of Dock Facilities at Polaris Mine
Little Cornwallis Island, Nunavut

APPENDIX F-2

October 4, 2000 - Materials Tests

Westmar



Fax Transmittal

: _ : - Levelton Engineering Ltd.
LEVELTON _ ' 150-12791 Ctarke Placa

Enginesrng Solutiona : ’ : Richmand, B.C.
Canada VeV 2Hg
Tel: 604 278-1411
Fax: 604 278-1042

E-Mail: infoglevelton_com

To  Notm Allyn, P. Eng. - WESTMAR Faxiphone number  985-2501/985-6488
co ' Faxphona number
From Fred Shrimer, P. Geq, Project number 100-0885
Date  Qctoher 4, 2000 Total number of pages (including cover page} 7
PROJECT: Testing of Polaris Rip-Rap
Norm:

Accompanying this cover are Technical Reports whith provide results of the Magnesium Sulphate Soundness tests
done on the three rock types.

Review of the data provides fairly clear Insight that the Mine Rock Is unsuitable, while tha two carbonate racks are of much
higher quality. _ :

- Please note that | have done thin-section analysis of the three rock types and have identified both the grey-brown and the

buff-beige rocks as “Limestone™. They appear ta be mixtures of crystalline and micritic calcite limestone, with between 5%
and 30% of fossil fragments, Interestingly, many trilobite remains in a couple of slides, indicating Paleozoic age for these
rocks. The Mine Waste samples, of course, were comprised of variable amounts of metailic sulphides {mostly sphalerite
and galena} in a matrix of dolomite and calcite. "Colloform” texture to these rocks, interesting characteristic.,

The freeze-thaw test is currently underway on the three rock types, | believe it's entering about the 7” cycle or so right now.

t will review the file and see what other outstanding tests | can find and forward to you.

Please call if you have any gquestions.

A BLATE TO, SO LT
. ] g
Regards, ' .
Fred Shrimer, P, Geo, CANBBS T wid
ACTIONBY

Please call 604-278-1411 if any pages sre missing.f L)

"i'

. e 4. .
Gantldontiality nate to Untmtendsd Rasipiont. fTsuee be advised, (ha documont accompanying this tsiscopy tranemiseian containa information belonging 1o Levetton
Enginearing Ltd.. which may be confidential and/for lagally privileged, and |a Intended ONLY for the uso of tha individuad or sntity famed abovae. If youl are not the Wtangded
racipient please be notiflad that tha taking of sny action inrelfance an the contante of this telocopled lyfermation Is prohibited, If vou have rearivad thiz telaaopy in arror,
pleass immaediarsly notity us by telephone and arange for tetum of the afdginal document o s,



TECHNICAL REPORT

our file: 100-0865

October 4, 2000 ' o LEVELTON
2 r[ng Soiutions

WESTMAR CONSULTANTS INC.

#400 ~ 233 West First Street

NORTH VANCOUVER, B.C. V7M 1B3
ATTENTION: Mr. Norm Allyn, P. Eng.

PROJECT: _Rip Rap Testing, Palaris Mine
SUBJECT: Sulphate Soundness Test (CSA A23,2-SAJASTM C-88)

Source: Polaris Minesite | Sampled by: Westmar
Sample: Sawn blocks, approximately 15 cmx3.5cmx 10 em

Magnesium Sulphate

Bk Original Mass (g) “Final Mass (g) - Percent Loss
M1 1968.9 21.8%
M5 1012.8 59.0%
Notes; 1, Massive disintegration of samples by third sycle.
f‘é’a‘g '
REPORTED BY: @@~ F.H. SHRIMERATE: Oaf‘q P2
F. Shrimer, P, cgf{};san i Disk C:~\0865mgs1 wpd
¢°SQIEN'° ""r

Notice: The test datz given in this repert partain to the sample pravided, and may not ko applicabla to sarnples from producton othar than
thar recantod by thn pample. Thio tauy roport aon=Tiiutow o TosTing sorvios. inerpretatian may b proyided on suuest.

Leveiton Enginaering Ltd., #450 - 12781 Clarke Placs, Richmond, B.C. Y3V 2H9 Ganada Tel: 804.278-1411 Fax: B04-278-1042




TECHNICAL REPORT

Our file: 100-0865 _
October 4, 2000 o _ LEVELTON

Engineering Sokdlona
WESTMAR CONSULTANTS INC.
#400 - 233 West First Street
NORTH VANCOUVER, B.C. VIiM 1B3

ATTENTION: Mr. Norm Allyn, P. Eng.

PROJECT: _Rip Rap Testing, Polaris Ming
SUBJECT: Sulphate Soundness Test {CSA A23.2-9A/ASTM C.88)

Source: Polarls Minesite Sampled by: -Westmar
Sample: Sawn blocks, approximately 16 cm x 3.5 em x 10 cm

| {iimBEroFCycles
- Magnesivm Sulphate L1
Qriginal Mass (g} Final Mass (@) Percent Loss

o Actual (" | Estimated (*)
Dia 1979.0 - 1981.8 1972
1591.8 1593,8 1585

s opare ®mne s et bl LI
T e et R o B D e

AERBGELOSSE

Notes: 1. (*) The actual mass of the samples was greater at the conclusion of the test than the initial mass, even
' though the samples had undergone loss of material, via flaking and splitting. It is postulated that
sulphate crystallization may have developed within the rock in areas of porosity. To account for the
{ost material which flaked or split from the samples, the residual particles were weighed, The lost mass

is considered to be an estimate only.

+E8510
PR ’k,
'REPORTED BY: SF H. SHRMER b\ g o by 2000 T .
Y F. Shrimer, P. E ﬂ.* ? Disk C:-\0865mgs1.wpd
OgiE :

Notice: The test data given in thie report pertain to tha sample provided, and may nct be appficable to samples from production ather than
inas represented by e agrnple. This tast report consntutes & tesing sarvica. Intamretatfon may be nravided oh raquast,

Levelton Enginsering Ltd., #{50 - 12781 Clarke Place, Richmond, B.C. V8V 2H3 Canada Tel: 804-278-1411 Cax: 604-2781n42




TECHNICAL REPORT

Qur file: 100-0885

October 4, 2000 EVELTON

. g-ng[n«mng Sahutions
WESTMAR CONSULTANTS INC.

#400 - 233 West First Street

NORTH VANCQUVER, B.C. V7M 183

ATTENTION: Mr. Norm Allyn, P, Eng.

PROJECT:  Rip Rap Testing. Polaris Mine
SUBJECT: Sulphate Soundness Test (CSA A23.2-9A/ASTM C-BE)

Source: Polaris Minesite | Sampled by: Westmar
Sample: Sawn blocks, approximately 15 ¢cm x 3.5 cm x 10 cm

L b e T
LTk E

Magnesium Sulphate

Original Mass '(g) ; Final Mass (g) Percent Loss
R Actual (9 | Estimated (3 |
L1 3057.8 3089.9 3045 0.42%
L4 '
Notes; 1. (*) The actual mass of the L1 sampie was greater at the conclusion of the test than its intial mass,

even though the sample had undergone toss of materiaj, via flaking and splitting. 1t is postulated that
sulphate crystallization may have developed within the rock in areas of porosity, To account far the
lost matenial which flaked or spiit from the samples, the residual particles were weighed. The lost mass
is considered to be an estimate only.
2. ltis further postulated that the L4 sample may have had a net loss which was greater than indicated,
due 10 uptake of MgSO,. Thus, the loss may be underestimated,
SFESSIO ™
- - qemowm‘k(:‘h‘i '
REPORTED BY:; e DATE: &t Y, 200
' F, ghrimer, PG :

Disk C:\~40865mgs1.wpd

Notige: The test data given In this report persin 1o the sample providad, and may not be applicable 1o samples from production athar than
that repramantad by the eample, This tout roport consutules a Tastn sorvia. Interprotation may be pravided an request.

Levelton Engineering Ltd, #180 - 12761 Clarke Placs, Richmond, B.C. VBV 2H8 Canhada Tel: 604-278-1411 Fax; 604-278-1047




TECHNICAL REPORT

Our file: 100-0865 :
Qctober 4, 2000 ; ; LEVELTON

Englneering Solutiana
WESTMAR CONSULTANTS INC.
#400 - 233 West First Street
NORTH VANCOUVER, B.C. V7M 183

ATTENTION: Mr. Nom Allyn, P. Eng.

PROJECT: _Rip Rap Testing, Polaris Mine

SUBJECT: Sulphate Soundness Test (CSA A23.2-9A/ASTM C-88)

Source: Polaris Minesijte . Sampled by: Westmar
Sample: Crushed gravel

T

dewe w2 el

i SamAlel 1 Solition : .
50 x § mm crush  Magnesium Sulphate 5
Loss per Sieve Fraction
Sieve Fraction S0mm [37.5mm | 25mm 19 mm 12.5 mm 8.5 mm 4.75 mm
Loss (%) 38.8 23.8 28.6 308 351 351 351
Original Grading (%) | 17.4 28.5 20.9 10.8 0.7 4.7 B.0
Weighted Loss (%) 6.798 5.984 4.275 2.805
Notes; 1. Extensive disintegration of samples by end of second cycle.
QQ_O’FESS'C%&
‘
REPORTED BY: 5. H. SHRINERHATE: Desd ¢, 000
Disk C:\~\0865mgs2,wpd

Notice: Tha test dara givan in thls report pertain to the eampla provided, and may not be applicable To samples fram Droduction othar than

thot ropreasnrad by ho sample. This T8ST tepart 2ongtituyas a testing sarvics. Intarpretatlon rmay ba provided on requaat,

Leveiton Enginearlng Ltd., #160 - 12791 Clarke Place, Richmond, B.C. VBV 2H8 Canada Tel: 804-278-1411 Fax: §04-278-1042



TECHNICAL REPORT

Qur file: 100-0885

Qctober 4, 2000 LEVELTON

Englrmering Solutionz
WESTMAR CONSULTANTS INC.
- #400 - 233 West First Strest
NORTH VANCOUVER, B.C. VIM 1B3

ATTENTION: Mr. Norm Allyn, P. Eng.

PROJECT: Rap Testing, Polaris Mine

SUBJECT: Sulphate Soundness Test (CSA A23.2-SA/ASTM C-88)

Scurce: Polaris Minesite Sampled by: Westmar
Sample: Crushed gravel

50 x 6§ mm crush Magnesium Sulphate 5

Loss per Sieve Fraction

 Sieve Fraction 50mm |37.5mm| 25mm 19 mm 125mm | 9.6mm | 475mm
Loss (%) 0.115 1.081 0.743 0.781 3.699 3.699 3,699
Original Grading (%) | 2.3 26.2 20.1 7.6 5.7 2.8 43
Weighted Loss (%) 0.037 0,283 0.149 0.059 0.248 0.104 0.159

Notes: 1,

REPORTED BY: F-HS'“R'M% TE_ A Y s

. F. Shrimer, P. gonmeis 3

e

Disk &:\-\0865mgs2.wpd

Morice:  The tast data given in thie report partaln ta the sampls provided, and may not be applicable to somgles from produetion othsr than
thet represenced by the gamply. Thiz test repott ¢onsYitytes a testing earyica, Intarpretation may ba provided on reguest,

Levelton Engineering Ltd., #150 - 12791 Clarke Flace, Richimend, B.C. V5V ZHS Canada Tei: 504-278-1411 Fax: 604-278-1042




TECHNICAL REPORT

Our file: 100-0885
Qctober 4, 2000 LEVELTON
Enginesting s:ﬁutbna
WESTMAR CONSULTANTS INC.,

#400 - 233 West First Street

NORTH VANCOUVER, B.C. V7M 1B3
ATTENTION: Mr. Norm Allyn, P. Eng.

PROJECT: _Rip Rap Testing, Polaris Mine

SUBJECT: Sulphate Soundness Test (CSA A23.2-A/ASTM C-88)

Polaris Minesite
Crushed gravel

Source;
Sample:

50 x 5 mm crush

m

" peantenpk Lol B
it L

Magnesium Sulphate 5

Loss per Sleve Fraction

Sieve Fraction 50mm {[375mm| 25mm 18 mm 12.5 mm 8.5 mm 4.75 mm
Loss (%) 0,209 0.450 1.451 1.451 1.451 1.451 1.451
Original Grading (%) 499 24.3 13.8 4.2 3.8 1.6 2.4
Weighted Loss (%) 0.061 . 0.035
W o -;-::*: T M_i]_i{lg{,

Notes: 1. Some minor disintegration,
2 Cracks have widened after te pleted.
REPORTED BY: [PATE: GAY, 205

. Shrimer, P_. Disk CA-\08BSmgs2wid

Notlca: The test data given in this report pertaih to the sampls provided, and may not be applicable te aemples frem produetion other than
thot representad by the sompla. THIS 18sT faport consituies § lesting setvice, [nterpretation may bs provided on recuest,

Levelton Engineering Lid., #1560 - 12781 Clarke Place, Richmond, B.C, V8V ZHE Canada Tal; 604-278-1411 Fax: 604-278-1042
TOTARL P.A7




COMINCO LTD.
Decommissioning of Dock Facilities at Polaris Mine
Little Cornwallis Island, Nunavut

APPENDIX F-3

October 4, 2000 - Petrographic Examinations and Table

Westmar



Fax Transmittaj

: ' . Leveiton Engineering Ltd.
LEVELTON v ' : 150-12791 Clarke Place

Engreanng Saojutang Richmond, B.C.
' Canada VBV 2Hg9
Tel 604 278-1411
Fax: 604 278-1042
E-Mal info@ievetton.com

To  Norm Aliyn, P. Eng. — WESTMAR Faxiphone number  985-2581/985-6488
ce Fax/phone number
Frem ¥red Shrimer, P. Gen, Project number 100-0865
Date  October 4, 2000 Tetal number of pages (including cover page) 5
PROJECT; Testing of Polatis Rip-Rap
Norm:

Accompanying this cover are Technicai Reports for the Petrograbhlc Examinations.
! have also included, for reference, a comparative table which provides alf the dsta in a single page.

My review of the project file indicates that all tests have been completed and reported, with the exception of the Freeze-Thaw
lest. )

| cannot find any reference in my file indicating that you wanted any assessment of the Acid Rock Drainage characteristics
of the materials — primarily the Mina Waste rock. Please advise. '

Please call if you have any queastions.

Regards,

Fred Shrimer, P. Gea. C:\-\0BBSfax3.wpd

Please call 804-278-1411 if any pages are missing.

Contldantiality nota to Uniméndad Rzolplent. Moavs be adviged, trm documant accompanying this telasopy traralstion contales information balonging 1 Leveiton
Enginecring Ltd ., whiah may ba confldarmial andfor fagally privileged, and [y Intendad ONLY forthe use of the Individual or antity namad sbovs, H you are not the ttendsd
reciplent plazca ba notified that the taking of any action In reliabcs on the mahtants of thix telscopled Infarmation i prohibited, I yau havo recelved this telacopy in srror,
pleaes immadiately hotify us by telephona and arranga for return of tha srigingl dedtment to us.



TECHNICAL REPORT

WESTMAR CONSULTANTS INC,
#400 - 233 West First Street

* NORTH VANCOUVER, B.C. V7M 183 LEVELTON

Enginearing Solitions

ATTENTION: Mr. Norm Aliyn, P. Eng, _ Our file: 100-0865
: September 21, 2000

PROJECT: _Rip Rap Testing — Polaris Mine

SUBJECT: Petrographic Examination (ASTM C-295}

Sample: Mottled Mine Waste Rock ("M” samples)

Mineralized limestone -- altered fine-grained micritic and crystalline Imestone, mineralization
throughout consists of lead-zinc-iron sulphides, and passible oxides, Concentration of metals variable
between the three chunk samples provided. Numerous common voids/vugs in the rock are praferential
zones of weakness. The rock is generally of moderate strength, but some zones are crumbly and weak.
Occasiconal zones are alimost of good strength,

In thin-section, samples comprised of colliform texture of metallic stiphides, mbsﬂy galena and sphalerite.
Groundmass is calcite and/or dalomite. Seme dendritic galena. Dolomite is the primary ¢arbonate, and
occurs mostly as wefl-dafined crystals, althaugh there is some calefte as crystals also.

COMMENTS

The rock is not very competent, due to the presence of crystalline galens, sphalerite, pyrite and other
metallic minerals, and also because of vugs, voids and fissures in the rock material. -

QUALITY

The mineralized mine waste rock is generalfly not suitable for ¢onstruction applications, other than for use
as fill, due to its low strength, high porosity, and high metals content. Although the host materdal is
carbonate, the rock may well contribute to acid-rock drainage under certaln circumstances. Regulations
governing the use of potentially acid-drainage-producing rock should be reviewed to determine whether
ARD tests may be needed, if the rock were used as fill in environmentally-sensitive areas.

Petrographic Number of the sample was 191", which js equivalert to an overall rating of *Poor” for physicai-
mecharnical quality.

PETROGRAPHER:___[// ¥ T asmin | DATE: 0 F Y 200
F. Shrimer, P, Geo. %cggg%;é\ .,r Dlsk £\-\0BESpt wod

Netew:  Thwe teat datm givan [n Uik report perain (o ™A sample providad, and may not be applicabl= 'h: material other than that represanted

- __bythe sample. This test rapan constitutes a teating sapvice, | alation may be pravided on request.

Leveiton Engineeting Lid., 150 - 12781 Clarke Place, Richinond, B.C. Canada VOV 218 Tel: 604-278-1411 Fax- £04.278-1042



TECHNICAL REPORT

WESTMAR CONSULTANTS INC.

_ . #400 - 233 West First Street | . LEVELTON
NORTH VANCOUVER, B.C. V7IM 1B3 ; Enginoaring Solutions
ATTENTION: Mr. Norm Allyn, P. Eng. Qur file: 100-0865

September 21, 2000
PROJECT: Rip Rap Testing -~ Polaris Mina : :
SUBJECT: Petrographic Examination {ASTM C-285)

Sample: = Grey Rock - “L” samples

Limestone - very fine-grained micritic limestone, dense, very strong.

In thin-section, these rocks are limestone composed of a mixture of finely ¢rystalline and micritic calcite,
Dense-textured. A little bit of perosity, evidenced in vuggy cavities, with coarser materialin them. Fairdy
= pure calcite, no discernible extraneous sediments detected. One section would be termed “organo-
clastic limestone”, reflecting considerable amount of shell fragments (up to 30%) In the section (e.g., L-2).
Organic-derived material includes brachiopod and gastropod shell fragments. Parts of the rock are
recrystallized,

COMMENTS

The limestone was quite strong. A few calcite-filled veins cut the rock.

— QUALITY

The fimestone was judged to be of good physical quality. ' ) : )L

s ; “Good” quality material was 98.6% by mass, while “Fair’ quality material was 3.4%, giving a Petrographic
Number of "107". For aggregate sizes, this equates with an overall quality rating of *Excellent”.

—_ . O‘
PETROGRAPHER: @Z‘«— l,/H'SHR,MER ;DATE ot Y 1020

- F. Shrimer, P. Geo. Disk C:-\0865pt1.wpd
COLUMBM
.;,&
C]E /

frodee The el dult given In Wis repor perain 1o the sampla provided, and may not be applicable to materfal cther than that represented
by the sample. This test repott constihites a texting servies, Interpratation may be provided on requast,
Leveiton Engmeermg Ltd,, 140 - 12791 Clarke Place, Richmohd, B.C. Canads VeV 2HS Tel: 604.278.1411 Fax: 804-278-1042




TECHNICAL REPORT

WESTMAR CONSULTANTS INC.

#400 -~ 233 West First Street : :

NORTH VANCOUVER, B.C. VM 1B3 . LEVELTON

_ Englnsaring Solutlans
ATTENTION: Mr. Nomn Allyn, P. Eng. Our file: 100-0865

_ September 21, 2000
PROJECT: _Rip Rap Testing — Polaris Mina
SUBJECT: Petrographic Examination {ASTM C-2985)

Sample: Buff-Beige Rock — "0” samples

A A A T
oA B

mampmla BESCRIPTIO

Limestane -- fine-grained micritic limestone, denss, very strong.

In thin-section, these rocks are limestone composed of a mixture of finely crystalline and micritic calcite,
Dense-textured. Minor perosity. Patchy appearance, Some vuggy zones, and small amount of shell and
other organic fragments, Many trilobite fragments in one section, some brachiopod and ostracods, aigae.

COMMENTS

The material was quite strong.

i
!

QUALITY
The buff-beige limestone was strong and judged to be of good physical quality. Petrographic Number
analysis determined a PN of '111', which rates the aggregate as being of "Good” physical-mechanical
quality, when compared with other aggregates. “Goad" quality material comprised 24.7% by mass of the

sample, while “Fair" quality material accounted for 5.3% of the sample, by mass,

QFESSI
PETROGRAPHER: @Q"“’\ ATE: LY 2005

F. Shrimer, P. Geo. _F' H. SHRIM&R

BATTIN
@Qmaum
Osqr

Disk C\~\0B85pt1 wpd

Norca;  The tes! data givan in this repott pertain to the sample provided, and may hot be applicable to materiai othar than that represented
by the gampie. This tast report constiutes a testing sarvica. Interpretation may be provided on request,

Levelton Engineering Lid,, 180 - 12791 Clarke Place, Richmand, B.C. Canada VEV 2H8 Tel: 804-278-1411 Fax; 604-278-1042
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TECHNICAL REPORT

WESTMAR CONSULTANTS INC.
#400 - 233 West First Sireet

NORTH VANCQUVER, B.C. V7IM 1B3
ATTENTION: Mr. Norm Aliyn, P. Eng.

PROJECT: Rip Rap Testing, Polarns Mine

LEVELTON

Engleerdng  Solutkane

Octoher 4, 2000 -
Our file: 100-0865

SUBJECT: Comparison of Test Results

Los Angeles Abraéion loss (%)
Durability Index 71 92 82
” Specific Gravity 3.536 2.720 2.689
| Absorption (%) 135 0.43 1.40
Sulphate Soundness loss (%) 318 1.00 0.60
Petrographic Number 191 107 111
I ____Petrographic Quality Poor Excelle nt_| Good - — H

Reported by:

E-'Shrimer, P. Geo.

Disk C2Y18R5data wpd

Notice; The lest dala given hereln pertaln fo Iha sample provided, and may nel be applicable to materdel fram eartler or subssquent praduciion ,I or from other zoﬁas. Reporling of these

- data conslitutes 3 testing service. Interpretation may be provided upon request,
Levelion Engineering Lid., 160 - 12791 Clarke Rd., Richmand, B.C. Canada V6V ZHS Tel: 804-778-1411 Fax: 504 -27R-1042
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APPENDIX F-4

October 31, 2000 - Freeze-Thaw Tests
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I _x Transmittal

Levelton Engineering Ltd.

LEVELTON ' B ‘ 150-12794 Clarke Place
Enginesring Saluthins . Rlehmond, B.C.

Canada VBV 2H9
Tel: 604 278-1411

. Fax 604 278-1042
E-Mail. info@leveiton.com

To  Norm Alyn, P. Eng. ~ WESTMAR o Fadphone number  985-2581/985-8488
cc Faxphone number
From Fred Shﬂmer, P. Geq, : Project number 100-0885
Date Dctober.31. 2000 Total number of pages (inciudfng cover pege} 4
PROJECT: Testing of Felaris Rip-Rap

Norm:

Accompanying this cover are Technical Reports for the Freeze-Thaw test (CIR|A method).

The method given In the CIRIA volume is somewhat vague in tarms of determination of loss, and other procedural details..
At any rate, the results are provided on the test report forms. The observational data are of some significance, and would

- indgicate that the “limestone” samples were the materials which perfarmed the best in these tests.

| have taken photographs of the samples at the beginning of as well as at the conclusion of the test, which | will forward to
you, once the film's been developed.

My reading of the test method suggests that their lirnit is 0.5% maximum loss (7).

The test method says that the “stone must have no aracks in it", which simply was not possible to do. Two of the rocks {(the
anes that fafted) had joints in them, My thought is that the test has now enabled an assessment as to the structural
(e.g., tock mechanics) implications of those joints. {Some joints are acceptable, while others may not be.)

| trust that this Is the information you need. Please call to discuss, or if you have any questions.

Regards, - i CIRCULATETO. | DNIHA |
= ;W £ E
fred Shrimer, P, Geo. _ C:\-\DBBS ax4 whd
ACTIONBY
Please call 04-278-1411 {f any pages are missing. {F4.% o018V

Confidentiality nata to Unimanded Reclpiant. Plaase ba advized, the doctmant accampanying this tefscopy transmission cemtaing infermatfon befonying lo Levalton
Enginnaing Ltd ., which mayha confldsrilal andforlagally privilaged, and le Inteydad ONLY fot the tiae af the Individual o srtity named abave, I you am not tha irtandad
racipiant pladps ba hati{lsd that the taking of any astlen in reliance on the contants of thiv talscopied information is prahibitad. If youhave racaived this telocopy ir seror,
plaass immadiataly notify ug by talephone and arrange for retum ot the orlginel doctumarnt ta uk.



TECHNICAL REPORT

Our file: 100-0865 : - .
October 31, 2000 _ LEVELTON

Engingering Soluians

WESTMAR CONSULTANTS INC.
#400 - 233 West First Street
NORTH VANCOUVER, B.C. V7M 1B3

ATTENTION: Mr. Norm Allyn, P. Eng..

PROJECT: _Rip Rap Testing, Polatis Mine
SUBJECT: Freeze-Thaw Test of Rock Specimens (CIRIA Spec., Pub. 83, A2.4)

Source: Polaris Minesite
Sample: Mine rock

ERRANBTER RS
Absorption (%) ; 1.72
Weight loss (%) _ ' 0.7
Duration of test (# cycles) . 25 (21 Sept - 26 Oct, 2000)
Crack propagaticn ' ~ |Sample X' has developed minor cracks, extending from

previously-existing veids in the rock. Sample 'Z has developed
- fa number of extensive open cracks, which have extended nearfy

70% through the rock,

Notes: 1. Two specimens prepared from the sample.

mﬂ;ﬂﬁ‘%(\"-; ’
F. 4 SHRIMER ;DATE: /96*—?!11059

REPORTED BY: |
F. Shrimer, PAGRQ&m= ;& ' Disk C:\-\0865Mt. wpd

Notica: The tast dota given in thia roport partaln ta the sample provided, and may nat e applicable to satmples Ffram preduction other than
that roprasented by the sampls, Thiz tast report constinrtes 3 test/ng cervics, [rixe ratatian may be pravidod on request,
Levelton Enginesting Ltd., #150 - 12791 Clarke Place, Richmond, B.C. VBV 2H8 Canada Tel: 804-278-1411 Fax: 604.278-1042




TECHNICAL REPORT

Qur file: - 100-0865 ' _
October 31, 2000 - : LEVELTON

Engineerng Solutiens

WESTMAR CONSULTANTS INC,
#400 - 233 West First Street
NORTH VANCQUVER, B.C. V7M 1B3

ATTENTION: Mr. Nom Allyn, P. Eng.

PROJECT: Rip Rap Testing, Polaris Mine . _
SURJECT: Freeze-Thaw Test of Rock Specimens (CIRIA Spec. Pub. 83, A2.4)

Source: Polaris Minesite
Sample: ~ “Dolomite” (buff-beige rock)

Absorption (%)
Weight loss (%) "Sa. A:10,0; Sa. B 0.3 Average: 5.2
Duration of test (# cycles) . 25 (21 Sept - 26 Qct, 2000)
Crack propagaticin Sample ‘A’ has been fragmented by several major open cracks,
: breaking into two larger patts and numerous smaller chips and
piaces. Fractures have developed both along pre-existing joint
as well as through the rock fabric itself.
sample ‘B' has developed one significant crack which has nearly
extended through the rock (75% romplete), and the specimen i
in danger of being breken imminently.
Nates: 1. Two specimens prepared from the sample.

SESSIO
O N
A‘RGWNCE%(

L F. H.
REPORTED BY: @e‘-ﬁ\-— a:#sEIMER DATE, Peh 3/, 200n

“"F. Shrimer, P, E:‘\\é Disk C:\-\0866ftt1 wpd

MNotice: The test data alven in thia report pertain to the xample provided, and ‘may not be applicabla to samplex from production othar than
that rapresented by the sampla. This test report constitutes & 18s5tng sarvics. Jnta retation may be previdad on request,

Levaiton Engineering Ltd., #150 - 12781 Clarke Piace, Richmond, B.C. V5V 2H3 Cansda Ta!: 804-278-1411 Fax; B04-276-1042



TECHNICAL REPORT

Our file:  100-0865
October 31, 2000 : a LEVELTON
: ; ‘ Engineering Sr_Jluthns

WESTMAR CONSULTANTS INC.
#400 - 233 West First Street
NORTH VANCOUVER, B.C. VIM 1B3

ATTENTIO_N: Mr. Nerm Allyn, P. Eng,

PROJECT: Rip Rap Testing, Polaris Mine
SUBJECT: Freeze-Thaw Test of Rock Specimens (CIRIA Spec. Pub. 83, A2.4)

Source: Polaris Minasite
Sample: “| imestone® (brown-grey rock)

S V’nga—ﬁ;}f’j-l:
et ;

A i
L e S e

0.99
0.03
25 (21 Sept - 26 Oct, 2000)

No rioticeable development of cracks in Sample 'C'. A few flakes
have been removed at the gonclusion of the test from edges.

Weight loss (%)
Duration of test §# cycles)

Crack propagation

Sample 'D" was noted to have a very slight inftiation of a crack in
the specimen, and both completed as well as incipient flaking

- , failures along edges of the specimen. -

Notes: 1. Two samples prepared from the sample.

DATE: Ot 312003

REPORTED BY. :
Disk C:\-\0885ft1 wpd

g applicable to samptas from production other than
Intacpratation may, be provided on rmquast.
604-278-'1942

Natice: The test data aiven in this report pertain to the sample provided, and may not b
that represanted by the sampls. This test repart constiLres 4 testing service,

Leveiton Engineering Ltd., #15¢ - 12791 Clarke Place, Richmond, B.C. VBV 2H9 Canada Tek §04-278-1411 Fax:

TOTAL P.G84
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PRI ot R 3 B | M T gy == o EmE = eT =

Fax Transmittal

- ' Laveiton Engineering Lid.
— LEVELTON _ ' ' 130-12781 Clarke Place

Efiousiin, Solnd Richmond, B.C.

Canada VBV 2Hg
' . . Tel: 604 278-1411
— : ' : : Fax: 604 278-1042
' E-Mail: Infe@levelton.com

—

To Gang Yang, EIT. - WESTMAR Fax/phone humhber 585-2581/385-5488
_cc Faxphone number
From Fred Shramer, P. Geo. Peoject number 100-0865
= Date March 13, 2001 Total number of pages {including cover paga) 2
PRbJECT: Testing of Polaris Rip-Rap
‘28ng:

—Accompanying is the revised table listing the test data from the testing of the Polaris rock samples.

hope our discussion this afternoon was of heip in interprating the results. Please call me if you have any further questions.

Regards,

——

Fred Shrimer, P. Gso. CA=\BES xS wpd

—

“lease ¢all 804-278-1411 if any pages are missing.

—_onfldemtlality nuta 1o Unimtanded Raciplent, Plaaee be agvised, the dacument accompanying this telscapy transmission contalng infomation belanging to Levelton
Enginacring Ltd., which mey ba cornfidentlal andfer Jogally privilaged, and is Intended ONLY for tha tiss of the fndividual or entity named above, If you are not tha intsndad
recipiont please ba natified that the taking of any actian [n reliance on tha comtanta of this walscopled Infarmation is pohibitad. {f you have mecepived this telacopy in ooy,
“'oaBe Immmdintaly natify us by tolephene and acrange for ratum of the criginal dooument to ue,
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TECHNICAL REPORT

WESTMAR CONSULTANTS INC.
#400 - 2233 West First Streeat

NORTH VANCOUVER, B.C. V7/M 1B3

ATTENTION: Mr. Nomn Allyn, P. Eng.

PROJECT:

Rip Rap Testing, Polaris Mine

LEVELTON

Enghearing  Schrtions

March 13, 2001
Qur file: 100-0885

SUBJECT: Comparison of Test Results

Los Angeles Abrasion loss (%) 44.3 171 17.3 -- -- - :
Curability Index 71 92 82 - e - i _
Specific Gravily 3.536 2.720 2.689 3.760 2738 2.626 q
Absorption (%) 1.35 0.43 1.40 1.723 0.985 1.565

Freeze-Thaw Test loss (%) - - - 0.7 0.03 62

Sulphate Soundness loss (%) 3.6 1.00 0.80 40.1 0.69 0.39

Petregraphic Number 191 107 111 - - -
Petmgaphic Quality Paor Exceflent Good - - --
SRESSIO,
\ j/{/la,-og\ 17,202,
Reported by: F. H. SHRIMER
\?.JShn'mer, P. Geo. CA-\0885datawpd

iRBrA
N

OSCIEW,

Noifce: The lest dala given hesein pertain to the sample provided, and may not be applicahle {o material from earfier or subsaquent produclion, of from other zones. Reporting of these

data constitiles a lesting service. Interpretation may be provided upon requesl.

Leveiton Engineering Ltd., 150 - 12791 Clarke Rd., Richimond, B.C, Canada V6V 2H3 Tel: 604-278-1411 Fax; 604-278-1042
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APPENDIX G

CIRIA Freeze-Thaw Test Specifications
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D B

Cw3 m

- 100

Calculate the number per cent of stones with length-to-thickness ratio greater than
3 and 2 using the formula:

Cyy="2+100

Cpy="2100

A2.3.5 REPORT

The report must provide the following data:

1. The measured weight per cent of stones with length-to-thickness ratio greater
than 3;

2. The measured number percent of stones with length-to-thickness ratio greater
than 3, and greater than 2; '

3. A reference to this standard;

4, A description of the sample, including the weight and the number of stones;

5. The source of the sample;

6. The date of the test,

Note: Box 35 in Section 3.6 of the main text gives practical guidﬁnce on taking
length and thickness measurements.

A2.4 Determination of Resistance to Freeze/
Thaw Cycles

Note: This standard is based on Draft NEN 5184 and B5812.

A2.41 SUBJECT AND AREA OF APPLICATION

This standard gives the method to determine the resistance against freeze/thaw
cycles of a stone of a grading class with a nominal size greater than the 31.5mm
sieve size.

A2.4.2 SAMPLE FOR ANALYSIS

The stone must be taken at random from the larpest fraction of stone material set
by the requirements for gradings. If the stone is heavier than 20kg, the test will
have to be carried out on a representative part of at least 10kg The stone must
have no cracks in it.

A2.4.3 EQUIPMENT AND OTHER AIDS

A243.1 Drying oven or other appropriate apparatus, capable of adjustable
temperature of (1104 5)°C; ;

A243.2 Weighing equiprment, accurate up to 0.01% of the weight of the stone;

A2433 Freezer-box with air circulation in which the stone can be exposed to the
temperature described in Section A2.4.4.2;

A2434 Vessel with a volome at least six times the volume of the stene;

A2.4.3.5 Saw for use in case the stone has a volume in excess of 150ml;

CIRIA Special Publication 83/CUR Report 154




A2436 Plas flm, brush,

A2.4.4 METHOD OF OPERATION ‘
A2.4.4.1 Water absorption at atmospheric pressure

Cut from the stone a representative piece, using the saw, if the stone has a volume
in excess of 150 ml. The representative part of the stone should have a volume of at
least S0ml and, at most, 150ml. Determine the water absorption, in accordance
with Section A2.7, of the stone or part of the stone.

End the test if the water absorption does not exceed 0.5%, as in that case the stone
is considered to be (satisfactorily) resistant to freeze/thaw cycles. Carry out freeze
test in accordance with A2.4.4.2 below if the water absorption exceeds 0.5%]

A2.4.4.2 Execution of the free;e test

Let the stone absorb water in accordance with Section A2.7. Wrap the stone in
plastic film and place it in the freezer-box. Adjust the temperature control in such a
way that the temperature in the stone reaches a level of —15°C or lower in a time
of about 5 hours. Maintain that temperature for at least 2 hours. Remove the
plastic film and immerse the stone directly in the water in the vessel, which:
contains drinking water with at least five times the volume of the stone at a
temperature of 15-20°C.

Leave the stone submerged for at least 2 hours. Repeat the freeze—thaw cycle 25
times. At the end of these tests, dry the stone in the oven at a temperature of
(1104 5)°C until the stone reaches a stage when its weight remains constant.

Determine the weight loss of the stone and check to see if any cracks have
developed. ' ; '

A2.4.5 REPORT

. Water absorption; . )

. Weight loss in per cent and recunded to 0.1%;

The development of any cracks during the test;

. Resistance against freeze/thaw cycles (weight loss less than 0.5% and no crack
development); .

. Reference to this standard;

. Description of the stone, including the weight loss;

. Source of stone;

. Duration of the tests,

O-Ighn HWNS

A2.5 Determination of Dynamic Crushing
Strength

Note: This standard is based on Draft NEN 5185,

A2,5.1 SUBJECT AND AREA OF APPLICATION

This standard provides the method for the determination of the dynamic crushing
strength of natural stone and of other types of stonc and stone-type materials. The
dynamic crushing strength is determined as the average test result from a duplicated
test.

CIRIA Special Publication 83/CUR Report 154 " 517
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