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Cominco Engineering Services Lid.

100 - 1200 West 73rd Ave., Vancouver, B.C., Canada VEBP 8G5/ Tel. (604) 264-5500/ Telex 04-55357 | Fax (604} 264-5555
22 November 1991

Mr. G.B. Acott, P.Biol.
Manager, Environmental Affairs
CURRAGH RESOQURCES INC.
117 Industrial Road

Whitehorse, Yukon

YIA 2T8

Dear Mr. Acott:

Re: AS-BUILT REPORT for the
GRUM/VANGORDA WATER TREATMENT PLANT

We are pleased to submit four copies of the attached as-built report describing the ARD water
treatment facilities which were designed and constructed for Curragh Resources Inc. by
Cominco Engineering Services Ltd. (CESL) of Vancouver, B.C. The plant was
commissioned in March 1991.

Under separate cover, we are forwarding two full-size rolled sets of mylar drawings, as
identified behind Tab 5. We understand that one set will be provided by Curragh to the
Water Board. In addition, alsc under separate cover, we are forwarding one complete,
unpunched, unbound copy of this report which Curragh may use to make additional copies.

The report provides an operating overview of each process step from the intake well at Little
Creek Pond to the discharge of clear, treated water from the effluent manhole near the Water
Treatment Plant. This is followed by a brief technical description of each part of the physical
installation. The text is supplemented by the inclusion of nine colour photographs and fifteen
photo-reduced as-built construction drawings.

Please do not hesitate to contact us if you desire additional information.

T.D. Lee, P.Eng.
Chief Projects Engineér

TDL/mlw

Enclosures (4)

Acolt.Nov.22
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1. INTRODUCTION
1.1 General

1.2

1.3

P66.6-1/1

Curragh Resources Inc. operates a large open pit zinc-lead mine near Faro in the Yukon
Territory. As part of its on-going operations, Curragh is developing two new open pit
orebodies on the Vangorda plateau, about 13 kilometres southeast of the original Faro
mine. In general terms, the Company plans to operate the Vangorda mine in the early
1990’s while developing the larger Grum pit, which is expected to sustain the operations
at Faro until early in the 21st century.

The development of the Grum and Vangorda pits necessitates the creation of waste
dumps to store the sulphitic waste rock, the phyllitic waste rock, and the overburden
(till). Curragh plans to deposit the sulphitic waste rock in discrete cells to ensure that
the consequent acid rock drainages can be captured, combined with pumped drainage
waters from the two pits, and treated prior to discharge to the environment.

This report addresses the collection and treatment of these acid rock drainage waters.

Purpose of Report

It is the purpose of this report to provide a technical description of the as-built
"Grum/Vangorda Water Treatment Plant", from the intake well at Little Creek Pond to
the discharge point from the sludge pond, as required by the conditions of Curragh’s
water licence. It is not intended to duplicate the full depth of detail which is included
in the Operating Manual and other technical documents which have been provided to
Curragh by CESL.

The report includes a description of each process step to provide an operating overview
of the facility. This is followed by a brief description of the physical installation to
provide an appreciation for the nature of the facility. A number of key drawings and
photographs have been included in the report to provide visual documentation of the
plant and facilities.

Project Overview

The "Grum/Vangorda Water Treatment Plant” includes four separate project components
which receive and manage the acid rock drainages from the Vangorda pit; pump it to
the Water Treatment Plant; treat these drainages with two reagents; and clarify the
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drainages prior to discharge to the environment. Provision has been made for receipt
and treatment of drainage waters from the Grum pit at a future date.

1.3.1 Project History

CESL submitted a proposal for a feasibility study for the Grum/Vangorda Water
Treatment Project on March 7, 1989, in response to Curragh’s request five days
earlier. The proposal was accepted by Curragh on March 27, 1989. The
Feasibility Study was issued on May 16, 1989; it was based on a Curragh-
specified flow rate of 3,000 USGPM, half from each of the Grum and Vangorda
pits, and included a 90-foot clarifier in the scope of the project. This study was
superseded by the Control Estimate on July 7, 1989: it was based on a flow rate
of 2,000 USGPM, and introduced other cost-reduction measures. This portion
of the project attained Mechanical Completion under budget and ahead of
schedule, on June 22, 1990,

On May 25, 1990, Curragh requested that CESL provide EPCM (Engineering,
Procurement and Construction Management) services to expedite completion of
the Vangorda pipeline, and associated facilities. A number of alternative
collection, storage and pumping scenarios were evaluated over the next two
months, culminating in a clear decision on August 7, 1990, to proceed with the
system described in this report, This portion of the project attained substantial
completion on November 7, 1990. The completed facilities lay dormant over
winter.

Commissioning and startup commenced on March 4, 1991, and the facilities
were formally accepted by Curragh from CESL on March 27, 1991,

1.3.2 Project Description (Summary)
As noted above, there are four separate components to this project:
® Little Creek Pond is located adjacent to the Vangorda pit. It collects the
pumped drainages from the pit, and the gravity drainages from the Vangorda
Waste dump.
® The Vangorda Pipeline is a 10-inch/12-inch pipeline, 2.3 kilometres long,

which delivers the acid rock drainages from Little Creek Pond to the Water
Treatment Plant.

O=L
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® The Water Treatment Plant is a simple, automated, single-pass lime
treatment facility followed by flocculant addition.

® The Sludge Clarification/Storage Pond settles and stores the metal-bearing
solids, and discharges the clean waters to a natural drainage system which
flows into Vangorda Creek, then Pelly River, then the Yukon River, and
ultimately through Alaska into the Bering Sea.

1.4  Description of Responsibilities

1.4.1 Process Criteria

It was not possible to accurately predict the flow rates and water quality prior
to development of the two pits. In the absence of extensive hard data, Curragh
resolved that the Water Treatment Plant should be sized at 2,000 USGPM, with
900 USGPM from the Vangorda pit and 1,100 USGPM from the Grum pit.
The water drainage quality was specified for project purposes as "identical to the
Faro pit drainage."

1.4.2 Engineering and Procurement

Engineering and Project Management Services for the Vangorda pumphouse and
pipeline and for the Water Treatment Plant were provided by CESL’s Vancouver
offices. Procurement services for most of the equipment and materials were
provided by CESL as Agent for Curragh.

Engineering services for the Little Creek Dam were provided directly to Curragh
by Steffen Robertson & Kirsten (B.C.) Inc., of Vancouver, B.C.; SRK has since
provided Curragh with an "As-Built Construction Report for Little Creek Dam"
which summarized the engineering and construction activities related to this
dam. (SRK Report 160636/1)

1.4.3 Construction

CESL. provided Construction Management Services, engaging a number of sub-
contractors to execute the work. The contract packages and general descriptions
are listed below:
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Contract #P66.2.79-01
Contractor:
Scope of Services:

Contract #P66.2.79-02
Contractor:
Scope of Services:

Contract #P66.2.79-03
Contractor;
Scope of Services:

Contract #P66.2.79-04
Confractor:
Scope of Services:

Contract #P66.2.79-05
Contractor:
Scope of Services:

Contract #P66.2.,79-06
Contractor;
Scope of Services:

Contract #P66.3.79-02
Contractor:
Sub-Contractors:

"BUILDING FOUNDATIONS"

Remote Mine Development Limited; Whitehorse
Installed concrete foundations for the Water
Treatment Plant building, and inside equipment.

"BUILDING"

Permasteel Construction Ltd.; Edmonton, AB
Supplied and erected the Water Treatment Plant
building.

"SLUDGE POND"

Remote Mine Development Limited; Whitehorse
Constructed the Sludge Pond, including the related
piping and the discharge manhole.

"MECHANICAL/ELECTRICAL"

Miron Construction Services Ltd.; Esterhazy, SK
Installed all of the mechanical and electrical items
in the Water Treatment Plant, except the tanks
(supplied and erected by G.L.M. Tanks &
Equipment Ltd.), and the Lime System (see
Contract #P66.2.79-06).

"LIME SYSTEM FOUNDATIONS"

Remote Mine Development Limited; Whitehorse
Installed the concrete lime bin foundations and the
associated retaining wall.

"LIME SYSTEM"

Stanco Projects Ltd.; Vancouver, BC

Supply and install the lime hopper, lime storage
bin, and slaking system.

"VANGORDA PIPELINE"

Pelly Construction Ltd.; Whitehorse, YT
Kathy’s Construction Ltd.; Whitehorse

Remote Mine Development Limited; Whitehorse,
YT (Pumphouse)

CE5
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Scope of Services:

1.4.4 Technical Services

Pelly’s forces constructed the Little Creek Dam
(See SRK Report #160636/1); Kathy’'s forces
installed the Vangorda Pipeline; RMDL installed
the Vangorda Pumphouse

Two Whitehorse organizations provided on-going technical support during the
construction process. EBA Engineering Consultants Ltd. provided geotechnical
services for the entire project, from pre-design testing programs to construction
soil-testing programs. Lamerton Associates provided surveying services for the

project.

Although not directly involved in the portions of the project described in this
report, Steffen Robertson and Kirsten (B.C.) Inc. of Vancouver, BC, was
indirectly associated with CESL during the planning and construction phases of
the project, due to related, concurrent contracts with Curragh Resources Inc.

P66.6-1/5
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2. SCOPE DESCRIPTION

2.1 Little Creek Pond

2.1.1 Process Description (Little Creek Pond)

The role of Little Creek Pond is simple but vital: it receives all of the pumped
drainages from Vangorda pit (rainwater, run-off and seepages) and receives the
gravity drainages from the Vangorda waste dump. The purpose of the pond is
to "manage" the inflows by averaging the quantity and quality of these inflows
prior to delivering the water to the Water Treatment Plant for treatment and
discharge to the environment,

- The effective live storage capacity of Little Creek Pond is 100,000 m?; this

capacity was determined by Steffen Robertson and Kirsten (B.C.) Inc. (SRK) as
the appropriate volume to manage the governing conditions of snowmelt and
rainfall which will accumulate during a plant shutdown period from November
to March. The normal operating band has a volume of about 25,000 m®> over
a two-metre elevation differential.

The design normal maximum operating level of the pond is 1109 metres, which
ensures that sufficient pond capacity is kept as a safety reserve for periods of
excessively high inflows, and/or possible periods of pump failure.

The design normal minimum operating level for the pond is 1107 metres.
During normal pond operation, the pond level is designed to remain above this
elevation, to ensure that there is sufficient live volume left in the pond for
mixing and settling of inflow waters and for protection of the system intake
pipe, which has an invert elevation of 1104.55 metres.

During winter, a layer of ice will form over the pond, and was designed to have
a thickness up to 2 metres. The water level was designed to be maintained high
enough to prevent ice damage to the dewatering system intake pipe. The
minimum operating level in winter was designed to be adjusted to ensure a
clearance for water flow between the ice and the intake pipe at all times by
maintaining the pond elevation above 1108 metres in winter months.

. The presence of an ice layer reduces the pond’s live storage capacity. When the
spring freshet arrives, the total pond capacity may not be available to handle the
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influx of extra water until all of the ice is melted. For this reason, special
| attention should be paid to planning the level management for the winter-to-
spring transition period. The relationships between pond elevation and storage
volumes are displayed graphically in the Storage Capacity Curve below (after

SRK):
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While the Vangorda pit is in operation, the inflows to the pond are likely to be
difficult to predict, and there may be a degree of difficulty in the management
of the pond level. It is expected that these flows will be easier to predict and
to manage after the Vangorda pit has been mined out.

2.1.2 Description of Facilities (Little Creek Pond)

The design and construction of the Little Creek Dam are described in detail in
{1 SRK’s Report #160636/1, "Vangorda Plateau Development -- As-Built
Construction Report for Little Creek Dam". SRK designed the dam, and was
responsible for all technical issues related to construction of the structure. EBA
was responsible for soil testing, under SRK’s direction. CESL was responsible
for administration of the construction program. The dam was constructed by
Pelly Construction Ltd. of Whitehorse.
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The earth-fill dam was constructed from glacial till obtained from the stripping
program associated with development of the nearby Vangorda pit. The dam
crest length is about 307 metres long; the maximum height above original
ground is about 14 metres; the maximum depth of the cutoff trench below
original ground was about 6 metres. The upstream surface is sloped at 2.5:1;
the downstream face is slightly steeper at 2:1. The nominal elevation of the top
of the dam is 1114.5 metres.

e 2.2 Vangorda Pumphouse

2.2.1 Process Description (Vangorda Pumphouse)

The role of the Vangorda Pumphouse is to draw water from Little Creek Pond,
and pump it into the Vangorda Pipeline for delivery to the Water Treatment
Plant.

The maintenance of the flow out of Little Creek Pond is crucial to both pond
level management and the operating efficiency of the Water Treatment Plant.
Due to seasonal changes in precipitation and ground water flows, the pumping
rates were designed to be varied in line with a pumping strategy to be developed
by Curragh, to account for periods of low and high pond inflows.

Apart for the exceptional pond depths that will be experienced each spring, the
pond level was designed to be "managed"” to provide a relatively continuous flow
to the Water Treatment Plant, and to maintain the pond within the recommended
normal operating band of 1107 to 1109 metres.

2.2.2 Description of Facilities (Vangorda Pumphouse)

The Vangorda Pumphouse is a small (6m x 4m x 3m high) painted galvanized
steel-clad wood frame building sitting on top of the Little Creek Dam. The
floor of the building is a thickened concrete slab encircling the top of a 2.4 m
diameter wet well.

The wet well is a section of heavy, corrugated, galvanized steel culvert, on end.
It is 2.4 m in diameter, and approximately 12 metres high. The bottom of the
wet well is supported on a concrete foundation which was cast on undisturbed
gravel upstream from the cutoff trench under the core of the dam. The bottom
of this wet well is lower than the bottom of the dam.
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The bottom of the wet well is connected to Little Creek Pond by a 400 mm
diameter HDPE (High Density Polyethylene) line which emerges from the
upstream side of the dam at an invert elevation of 1104.55 m. This intake is
located in a special channel in the bottom of the pond to provide an additional
degree of protection from ice, and to enhance the settlement of solids ahead of
the intake. The intake line enters the wet well at an elevation of 1103.98 m,
leaving an additional settling depth of about 1.5 m above the well bottom which
is at an elevation of 1102.5 m.

There is a fabricated steel platform spanning the top of the wet well; it is
supported by the concrete foundation for the pumphouse. The steel platform
serves as a pump base and supports three Peerless vertical turbine pumps which
are suspended to the bottom of the wet well. One pump is a 14-stage unit with
a 125 HP motor; it is rated at 500 USGPM at 700-foot head. The other two
pumps are 21-stage units with 50 HP motors; they are rated at 220 USGPM at
700-foot head.

The pumps discharge into a common header connected to the Vangorda Pipeline,
which delivers the Vangorda drainages into the Water Treatment Plant more than
two kilometres away. The three pumps can be operated individually or in
combination to produce flow rates from about 200 USGPM to about 900
USGPM, as shown in the following table:

Pond Volume

Discharged (m’):

* in 24 hours 1200 1200 2400 2700 3500 5100
* in 48 hours 2400 2400 4300 5400 7800 10200
* in 72 hours 3500 3600 7200 8200 11800 15400
* in 120 hours 6000 6000 12000 13600 19600 25600

Electric power is delivered to the pumphouse by an overhead branch feeder from
the Vangorda power line, which is fed from the Grum substation. The pumps
are manually started in the pumphouse. A level indicator/recorder provides an
indication of the level of the water in the wet well and the pond at all times; this
same instrument has a low-level connection to automatically shut down the
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pumps if the water level drops below 1107 m, the bottom of the normal
operating band.

Vangorda Pipeline

2.3.1

2.3.2

Process Description (Vangorda Pipeline)

The purpose of the Vangorda Pipeline is to accept drainage water from the three
deep well pumps in the Vangorda Pumphouse, and deliver it into the primary
reactor in the Water Treatment Plant.

Description of Facilities (Vangorda Pipeline)

The Vangorda Pipeline is a nominal 10-inch HDPE (High Density Polyethylene)
buried pipeline, 2311 metres in length, which rises about 202 metres from the
Vangorda Pumphouse to discharge into the primary reactor. Part of the pipeline
is nominal 12-inch HDPE. The entire length is continuously sloped to allow the
line to drain by gravity, back into the wet well of the Vangorda Pumphouse.

The pipe was purchased by Curragh, and installed through CESL and Pelly
Construction Ltd. by Kathy’s Construction Ltd. of Whitehorse, YT.

The pipe was supplied in 20-metre lengths and was butt-fused in the field before
being placed in a prepared trench. Butt-fused flanges were installed at strategic
locations in the area of the Vangorda Creek haul road crossing to allow
modifications to be made in future, if necessary.

The required pipe wall thickness was least near the Water Treatment Plant and
stepped up progressively as the pressure increased, going downhill toward the
pumphouse. About half way down the pipeline, the pipe size was increased
from nominal 10-inch to nominal 12-inch diameter to allow the inside diameter
of the pipe to remain relatively constant throughout its length, as the wall
thickness increased. The following table describes the length of each pipe
configuration, using the standard HDPE nomenclature which indicates the ratio
of nominal pipe diameter to wall thickness:



t{iS—BUILT REPORT
or the
GRUM/VANGORDA WATER TREATMENT PLANT

Curragh Resources Inc. Page 2-07

2.4 Water Treatment Plant
2.4.1 Process Description (Water Treatment Plant)

The primary process objective of the Water Treatment Plant is to treat mine and
waste dump drainages to neutralize the acidity and precipitate (remove) soluble
metals so the sludge pond effluent meets the following quality requirements as
dictated by Water Use Licence #1N89-002:

Zinc (Zn) maximum 0.50 mg/1
Copper (Cu) maximum 0.20 mg/l
Lead (Pb) maximum 0.20 mg/l
Total Suspended Solids (TSS) maximum 15.0 mg/1
pH minimum 6.5

The process is straight forward and simple, and most of it is housed in the Water
Treatment Plant building. Two chemical reagents are utilized, staked lime and
a prepared flocculant solution.

Calcined lime is fed on demand from the lime storage bin into an automated
package slaking system which prepares and stores a slaked Lime slurry. This
lime slurry is continuously pumped through a recirculation loop in the plant,

Similarly, powdered flocculant is fed into an automated flocculated preparation
system which prepares and stores a flocculant solution,

The mine drainage waters are pumped directly into the first agitated process
- vessel, the primary reactor. Lime slurry is added automatically, controlled by
pH measurement probes, to raise the pH to about 9.5. After a brief mixing
period, the process water flows by gravity into the agitator-equipped secondary
reactor where the primary process reaction occurs.

The reacted process water flows by gravity into a small flocculant mix tank,
where the prepared flocculant solution is gently agitated into the water. This
serves to agglomerate or flocculate the solids into larger particles which rapidly
settle out of the treated water. These larger particles are "flocs" and form the
sludge from the overall treatment process.

P66.6-1/7 @
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The process water stream flows by gravity from the flocculant mix tank, through
a short length of buried HDPE (High Density Polyethylene) pipeline, into the
sludge clarification/storage pond.

2.4.2 Description of Facilities (Water Treatment Plant)

The process facilities are primarily housed in the Water Treatment Plant
building, a steel framed package building, 11 m x 10.6 m x 10 m high, with
painted galvanized steel cladding. This building is located about one kilometre
east of the Grum pit limits, at a top-of-slab elevation of 1306.7 m.

The building is heated by indirect-fired propane unit heaters, controlled by
thermostats. The propane is supplied from a propane storage tank located near
the east wall of the treatment plant.

Electrical power is fed to the Water Treatment Plant by an overhead 4160 V
feeder from the Grum Substation. It is stepped down by a 225 kVA 4160 V /
600 V platform-mounted transformer prior to being fed into the MCC (Motor
Control Centre) in the Plant.

A small air compressor (13 m*/minute @ 620 kPa) provides service air to the
lime silo baghouse and the lime slurry addition control valve.

Fresh water is provided by a low-capacity pitless-type deep well pump which is
located 154 metres down a 215 metres deep well which was drilled adjacent to
the plant, 2 metres south of the south wall. This fresh water is used on a
regular basis for flocculant preparation and lime slaking; it is available as
necessary for the emergency shower and eye-wash station.

The lime receiving, storage and preparation system is a package unit, supplied
and largely installed by Stanco Projects Ltd. A steel receiving bin, located
below the lip of a truck ramp, receives calcined lime in 20-ton container batches
and transfers it pneumatically to the adjacent lime storage silo. The lime silo
has nominal dimensions of 12 feet diameter by 40 feet eave height, and holds
approximately 40 tonnes of pulverized quick lime. The bin bottom has a 4-foot
diameter bin activator. The slaker is an automated unit which is located in the

P66.6-1/8 @
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circular enclosure formed by the first two ring sections at the bottom of the lime
bin. The slaker discharges into a mild steel lime sturry storage tank, which has
a capacity of 1300 U.S. gallons (4.9 m®. Two 2" x 2" x 10" lime slurry
circulation pumps, one operating and one installed spare, deliver the lime slurry
to the primary reactor vessel.

The flocculant preparation system is an automated package dry polymer
preparation unit provided by Allied Colloids (Canada) Ltd., the initial supplier
of the dry polymers which are being used in this plant. The package includes
a hopper to receive the dry flocculant; a tank, complete with a mixer, to hold
the prepared solution; metering pumps to deliver the flocculant to the process;
and a standard automatic control package.

The process stream consists of three agitated carbon steel tanks set at different
elevations in the plant; they are connected by launders so the drainage waters
flow by gravity from the primary reactor to the secondary reactor to the
flocculant mix tank to the sludge clarification/storage pond.

The Primary Reactor is the highest of the three tanks. It has a volume of 38 m®
(5 minutes retention time at 2000 USGPM). and has a 10 HP agitator. It
discharges through a full-pipe launder into the Secondary Reactor, which has a
volume of 114 m? (15 minutes retention) and is equipped with a 25 HP agitator.
1t discharges into the Flocculant Mix Tank, which has a volume of 7.6 m? (one
minute retention) and is equipped with a 1.5 HP agitator.

The Flocculant Mix Tank discharges into the short underground pipeline
(315 mm ¢ x 78 m long) which delivers the treated drainage waters to the
sludge clarification/storage pond. The pipeline is protected from freezing by a
2.4 m wide Styrofoam cover layer, up to 100 mm thick, along the full length
of the pipeline.
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2,5 Sludge Clarification/Storage Pond

2.5.1

2.5.2

P66.6-1/10

Process Description (Sludge Pond)

The Sludge Pond receives treated drainage water by buried pipeline from the
Flocculant Mix Tank, the last of the three process vessels in the Water
Treatment Plant.

The treated water flows into a feed distribution header at the west end of the
sludge pond, nearest the Water Treatment Plant. The flocculated solids
containing the precipitated metal hydroxides are trapped on the sand filter which
forms the bottom of the pond, while the clarified water passes through this filter
and into a piping system which delivers the treated water into the discharge
manhole.

The discharge manhole has an adjustable-height weir which controls the level in
the pond, and the rate of discharge of clear, treated water to the environment.

The discharge line from the manhole is a short length of buried pipeline which
discharges into a natural drainage channel leading to Vangorda Creek, about 1.5
kilometres south east of the Water Treatment Plant.

Description of Facilities (Sludge Pond)

A nominal 12-inch underground HDPE (High Density Polyethylene) pipeline
from the Flocculant Mix Tank, delivers the treated water info a same-size
distribution header lying across the west end of the sludge pond. The distribution
header is 60 metres in length, and has about 1600-25mm holes in four rows
along its length to distribute the inflow evenly at a submerged elevation of
1299.5 metres, about three metres below the normal operating surface of the
sludge pond.

The Sludge Pond is 130 m x 85 m, measured at the inside top of the
embankments. The inside side slopes are 2.5:1 and the pond is about 8 metres
deep, on average. The pond is set into gentle sidehill undulation in the existing
glacial till, with one side dyke consequently higher than the other. After

O=L
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clarified drainages about 75 m to discharge in a rock-lined basin which drains
in a natural watercourse to Vangorda Creek.
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3. MATERIA TING RESULTS

It was noted that EBA Engineering Consuitants Ltd. of Whitehorse provided
geotechnical support during the engineering and construction phases of the project.

Two of EBA’s reports are enclosed on following pages; they relate specifically to the
construction of the Sludge Pond:

3.1 Permeability Test Results

This report, dated 1990-07-11, summarizes the results of laboratory and field testing
completed to determine the "as-built" permeability of the bottom of the sludge pond.

3.2 Materials Testing Results

This report, dated 1990-07-10, documents the results of compaction and concrete testing
conducted during the construction of the water treatment plant and sludge pond.
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EBA Engineering Consultants Ltd.

Civil, Geotechnical and Materials Engineers

1990-07-11

Cominco Engineering Services Ltd.
100-1200 West 73rd Avenue
Vancouver, B.C.

V6P 6GS EBA File No: 0201-10341
ATTENTION: Mr. T.D. Lee, P. Eng.

Dear Sir:

Subject: Permeability Test Results - Sludge Pond Construction

Water Treatment Plant
Grum/Vangorda Development
Curragh Mine, Faro, Yukon

As requested, this Jetter summarizes the results of laboratory and field testing completed
to determine the "as built" permeability of the bottom of the sludge pond for the
Grum/Vangorda Water Treatment Plant in Faro, Yukon.

On 1990-06-04, two falling head permeability tests were performed. Test No. 1 was
conducted along the south edge of the pond bottom in an area comprised of fill while Test
No. 2 was conducted along the north side of the pond bottom in an area comprised of
minimally disturbed native soils. Based on a six hour falling head permeability test, the
permeability in the fill area was measured at 5.6 x 10® m/s and the minimally disturbed
and recompacted cut area along the north side of the pond yielded a permeability of
3.1 x 10 m/s.

Two additional tests were performed in an eight hour period on 1990-06-08, in the centre
of the scarified and recompacted pond base, with results ranging from 3.8 x 107 m/s to
5.6x 10® m/s. A sample was collected in order to determine grain size distribution
characteristics of the material utilized for sludge pond construction (test results enclosed)
and to perform an additional constant head permeability test. The laboratory permeability
was 3.2 x 10® m/s, re-confirming the permeability determined during the geotechnical
investigation phase of this project. The laboratory test was completed at 97% of Standard
Proctor maximum dry density, the minimum density measured during on site compaction
testing.
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July, 1990

It is hoped that this satisfies your present requirements. However, if additional
information is required, please contact this office at your convenience.

Yours truly,

EBA Engineering Consultants Ltd.

M.C. Plaunt, CE.T.
Engineering Technologist

- J.R. Trimble, P. Eng,

Project Director
Office Manager

MCP/JRT/amp
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' EBA Engineering Consultants Ltd.

PARTICLE - SIZE ANALYSIS OF SOILS

T project: Water Treatment Plant - Sludge Pond SIEVE | TERCENTAGE
- Curragh Mine, Faro, YT 3"
Project Number: ___0201-10314 17, 100
Date Tested: 1990-06~13 17 93
Borehole Number: 3/‘5" 93
Depth: Sample from centre of pond base e 88
Soil Description: SILT(ML) - sandy, gravelly, some clay 318" 84
Cu: No.4 77
Cc: No. 10 69
S Natural Maisture Content: % No. 20 61
; - Remarks: No. 40 56
No. 60 51
No. 100 47
No. 200 49
CLAY SILT __ ISAnTe?a oA :RAIVEIEDARSE
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Tested in accordance with ASTM D422 unless otherwise noted,
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EBA Engineering Consultants Ltd.

Civil, Geotechnical and Materials Engineers

1990-07-10

Cominco Engineering Services Lid.
100-1200 West 73rd Avenue
Vancouver, B.C.

V6P 6GS EBA File No: 0201-10341
ATTENTION: Mr. T.D. Lee, P. Eng.

Dear Sir:

Subject: Materials Testing Results - Grum/Vangorda Development

Curragh Mine Site
Faro, Yukon

Enclosed herein are the formal results of compaction and concrete testing conducted
during the construction of the water treatment plant and sludge pond. The 76 compaction
tests and 3 concrete tests were performed from 1990-05-18 to 1990-06-14. The number of
site visits and testing frequency was dictated by Mr. Jack Meisl of C.E.S.L.

A brief summary of the test results is as follows:
1) Concrete Testing -

The average 28 day strength of the concrete placed on the lime silo
pads and sludge pond manhole walls was 30.5 MPa (25 MPa was
specified)

2)  Sludge Pond Berm angl_.,Bottom Construction-

A total of 65 compaction tests were taken during the construction of
the sludge pond berms and bottom. An average of 98.9% of
Standard Proctor Maximum Dry Density was realized. This is
believed to be representative due to the low number (3) of failed
tests.

3) Lime Silo Ramp and Bin Wall Backfill -

A total of 11 compaction tests were taken,during the ramp
construction. An average of 96.4% of Standard Proctor Maximum
Dry Density was realized. However, 4 of the 11 density tests were
below 95%.

A
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July, 1990 -

We hope this satisfies your present requirements. If we can provide additional information
please do not hesitate to call.

Yours truly,

EBA Engineering Consultants Ltd.

M.C. Plaunt, CE.T.
Engineering Technologist

RN
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J.R. Trimble, P. Eng.
Project Director
Office Manager

MCP/JRT/amp
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DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556

Project No.: 0201-10341 Test Apparatus: NUCLEAR Mach. No.:sﬁ‘g_
Project: Grum/Vangorda Development Soil Description: GRAVEL, AND SAND(GP/GM)-
Water Treatment Plant some silt, trace of clav
Faro, Yukon Temperature  Air: °C Soil: °C
Client: Cominco Eng. Serv. Ltd. Specified Compaction: 95%
Compaction Standard: __STANDARD PROCTOR
ATIN: Mr. J. Miesl Minimum Dry Density:
Maximum Dry Density: 2190 ke/m3
Optimum M.C.: 7 .87
Date Tested: . 1990-05-18 By: MCP
Test No./ . ] 9% Moisture | Dry Density %
Probe Depth Location Elevation | "~ rent Kg/m® {Compaction
1/250 mm PBin ramp-east end 5.0 m 7.0 2102 96.0
2/250 mm Bin ramp-west end 5.0 m 5.7 12172 99,2
3/250 me  Bin ramp—centre~3.0 m north 4.5 m 6.9 (2160 98.6
of bin walls
Remarks:
Y
Nlaon e
Reviewed Byf'/‘lM - \

The testing services reported herein have been performed by an EBA technician to recognized industry standards, unless otherwise noted, No
other warranty is made. These data do not include or representany interpretation or opinion of specification compliance of materiat suitabitity.
Should engineering interpretation be required, EBA will provide it upon written request,
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DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556
Project No.: 0201-10341 Test Apparatus: NUCLEAR Mach. No.:Sﬁ‘_z___
Project: Grum/Vangorda Development Soil Description: GRAVEL AND SAND(GP/GM)—
Water Treatment Plant some silt, trace of clay
Faro, Yukon Temperature  Air: °C  Soil: ag
Client: Cominco Eng. Serv. Ltd, Specified Compaction: 95%
Compaction Standard: STANDARD PROCTOR
ATIN: Mr. J. Miesl Minimum Dry Density:
Maximum Dry Density: 2050 kg/m3
; Optimum M.C.: 10.5%
Date Tested:1990“05"23 By: MCP
Test No./ Locati . % Moisture | Dry Density %
Probe Depth ocation Elevation Content Kg/m? Compaction
47300 mm 25 m east of NW corner on top 41.5m 9.2 (2091 102.0
of herm
57300 mm Centre of north berm on top +1.5m 12,4 (1920 94.0
6/300 mm corner of sludge pond +2.5m 8.3 2035 99.3
7/300 mm West end berm north side 6.0 m 14,0 12026 98.9
inslde face
8/300 mm WWest end berm north side +6.0 m 10.5 (2076 101.3
outside face
9/300 mm PE corner of sludge pond +HB.0m 10.7 {19%0 97.1
centreline of berm
Remarks:
Y .
ce
Reviewed By: \-/\/L/\ M@jf

The testing services reported herein have been performed by an EBA technician to recognized industry standards, unless otherwise noted. No
other warranty is made. These data do not include or represent any interpretation or opinion of specification compliance of material suitability.
Should engineering interpretation be required, EBA will provide it upon written request,
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- DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556
Project No.: 0201-10341 Test Apparatus: NIICTEAR Mach. No.: 5242
Project: ____ - Grum/Vapgorda Development  Soil Description: ____ GRAVEL AND SAND(GP/GM)=_.
Water Treatment Plant some silt, trace of clay
Faro, Ynkon Temperature  Airiee . °C Soili____ 8 C
Client: Cominco Eng, Serv, Itd. Specified Compaction: Q57
Compaction Standard: ___STANDARD PROCTOR
ATIN: Mr, J, Miesl Minimum Dry Density:
Maximum Dry Density: 2050 kg/m3
Optimum M.C.: 10,52
Date Tested: 1990-05-24 By:_MCP
Test No./ L . . % Moisture | Dry Density %
Probe Depth ocation Elevation Content Kg/m? Compaction
10/300 mm_|SW corner of sludge pond +8.5m 10.6 1873 91.4
centre of berm
11/300 mm_ [Retest of #10 +8.5 m 11.8 11983 96,7
12/300 mm {30 m east of SW corner +7.0m 11.4 {1991 97.1
centre of herm
13/300 mm |Toe of berm on inside of pond +0.5 m 12.5 12007 97.9
at. SE corner of pond hottom
14/300 mm |Toe of berm on pond hottom +0.5.m 10.1 {2059 100.5
at centre of south side
15/300 mm |West berm at 4915N & 13270F +8.0 m 13.2 12003 97.7
Pond hottom ak 4920N & 13275R +3.0 m 13.6  |1981 96,7
Remarks: TEST #10Q taken on 1990-.0)5-23
N
\< Qx’) cc
Reviewed By: % N ~Eia

The testing services reported herein have been performed by an EBA technician to recognized industry standards, unless otherwise noted. No
ather warranty is made. These data do not include or represent any interpretation or opinion of specification compliance of material suitability.
Should engineering interpretation be required, EBA will provide it upon written request,

A CONT/81
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DENSITY TEST RESULTS
L ASTM Dasignation D2922 & D3017, or D1556

Project No.: 0201-10341 Test Apparatus: _________N_U_g__LE_AR_ Mach. No.: _'@_66_,_
Project: Water Treatment Plant Soil Description: SAND AND SILT(TILL)({SM)
Grum Vangorda Mine Site —~some gravel, occasional cobbles and boulbers
Faro, Yukon Temperature Airs____ °C Soili_________°C
Client: C.E.S.L. Specified Compaction: 95%
Compaction Standard: STANDARD PROCTOR
ATTN: Mr. Jack Meisl, Minimum Dry Density:
] Maximum Dry Density: 2050 kg/m3
; B Optimum M.C.: 10.5%
Date Tested: 1990-05-31 M&P
Test No./ . . % Moisture | Dry Density %
Probe Depth Location Elevation | =0 ent Ka/m? |Compaction
177300 mm | I3325 E and 4915 N on top of 0.6 m 10.6 | 2082 101.6
North Berm
18/'__100 mn | 13390 E and 4955 N at RE cofner [-0.6 m 12,57 2023 98.7
197300 mm | 13380 E and 4915 N on East Berm |[-3.8 m 8.9 2147 101.3
207300 mn | I3350 E and 4875 N on South Berm|-6.0 m 8.4 2162 102.0
217300 mm [ 13310 E and 4880 N on South Berm|-3.0 m 8.9 2151 101.5
ZZ7300 mm | 13250 E and 49500 K at 5 W corner [—-1.0 m 7.9 2166 102.2

Remarks: inol # 17, 18 SANDU AND SILI{TILL){SM) ~some gravel, occasional cobble
tnd" bouTders Max, dry dens 205U Kg/m @ 10.5%, TEST ¥ 19, 20, 2T 57 ~SAND D
SLLI(TILL)(SM) —some gravel, occasional cobbles and boulders Max. dry den.
ZIZ0 kg/m~ @ 9.8%.

- ! cc
Reviewed By: %4&*%"@‘)’7“4@ P.Eng.

y i

o

The testing services reported herein have been performed by an EBA technician to recognized industry standards, uniess atherwise noted, No
other warranty is made. These data do not include or represent any interpretation or opinion of specification compliance of material suitability,
Should engineering interpretation be required, EBA will provide it upon written request.
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- DENSITY TEST RESULTS
cd ASTM Designation 02922 & 03017, or D1556

Project No.: 0201-10341 Test Apparatus: NUCLEAR _Mach. No.: __7866
Project: Water Treatment Plant Soil Description: SAND AND GRAVEL{SM/SP)
Grum/Vangorda Mine Site ~some silt
Faro, Yukon Temperature  Air: °C Soil: °C
Client: C.E.S.L. Specified Compaction: 95%
Compaction Standard: STANDARD PROCTOR
ATTN: Mr. Jack Meisl Minimum Dry Density:
Maximum Dry Density: 2190 kg/m3
Optimum M.C.: 7.5%
Date Tested: 1990-05-31 By: MCP
‘ Test No/ . % Moisture | Dry Density] %
- Probe Depth Location Elevation | "0, tant Kg/m®  |Compaction
23/300 mm | Intake line to MH in sludge Grade i0.8 | 1994 91.5
B pond at 13360 E and 4900 N
§ 24/300 mm | Intake line to MH in sludge Grade 11.8 | 1980 90.4
R pond at 13370 E and 4890 N
25/250 mm | 13260 E and 4960 N on top of 0.6 m 5.7 2156 98.4
west herm
26/250 mm | 13300 E and 4975 N on top of 0.3 m 7.6 2102 96.0
north berm
27/250 mm | N.W. corner on top of berm 0.2 m 8.2 2103 96.0
28/250 mm | 13260 E and 4960 N on top of Grade 6.7 2114 86.5
west berm
Remarks: - TEST # 23, 24 SAND AND STILT TILL MIXED WITH BEDROCK Max. dry den.

2190 kg/m~ @ 7.8%. TEST # 25, 26, 27, 28 SAND AND GRAVEL(SM/SP) —some silt
Max. dry den. 2190 kg/m” @ 7.5%. TESTS 26, 27, 28 taken on 1990-06-01.

cc

Reviewed By: P.Eng.

The testing services reported herein have been performed by an EBA technician to recognized-industry standards, unless otherwise noted. No
other warranty is made, These data do not includé or represent any interpretation or opinion of specification compliance of material suitahility,
Should engineering interpretation be required, EBA will provide it upon written request,
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""" DENSITY TEST RESULTS
ASTM Designation 02922 & D3017, or D1556
Project No.: 0201-10341 Test Apparatus: NUCLEAR _ Mach. No.: _7866
Project: Water Treatment Plant Soil Description: SAND AND SILT(TILL){SM)-
Grum/Vangorda Mine Site scme gravel
Temperature  Air: °C Soil: °C
Client: C.E.S.L. Specified Compaction: 95%
Compaction Standard: STANDARD PROCTOR
ATIN: Mr. Jack Meisl, Minimum Dry Density:
| Maximum Dry Density: 2120 kg/m3
Optimum M.C.: 9.8%
Date Tested: 1990-06-01 By: MCP
Test No./ . ) % Moisture | Dry Density %
— Probe Depth Location Elevation Content Kg/m® |Compaction
. 29/300 mm | 13270 E and 4940 N along face of| GR 8.2 2139 100.9
west berm -~ 3 m above pond
bottom
30/300 mm | 13270 E and 4915 N along face of|GR 9.1 2103 99.2
south berm — 3 m above pond
bottom
31/300 mm | 13330 E and 4895 N along face of{GR 8.1 2112 99.6
south berm — 3 m above pond
bottom
32/300 mm 13330 E and 4880 N along face of|{GR 7.3 2203 103.9
! south berm - 5 m above pond
- bottom
33/300 mm 13285 E and 4895 N along face of|GR 9.0 2148 i01.3
"{ south berm-5 m above pond bottom
34/300 mm | top of berm and SW corner at ~0.5 m 9.4 2112 99.6
13245 E and 4890N
Remarks:
: N—
y ce
- Reviewed By: 97/\’-624//%4‘/(@(6 P.Eng.

The testing services reported herein have been performed by an EBA technician to recognized industry standards, unless otherwise noted. No
other warranty is made. These data do not include or represent any interpretation or opinion of specification compliance of material suitability,
Should engineering interpretation be required, EBA will provide it upon written request,
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DENSITY TEST RESULTS
ASTM Designation D2822 & D3017, or D1556

Project No.: 0201 -10341 Test Apparatus: NICLEAR. Mach. No.: 7866
Project: ______ Water Treatment Plant Soil Description: SAND_AND STTT{TILL)(SM)

Temperature  Air: *C  Soil: °C
Client: C.E.8.1, Specified Compaction: Q5%

Cormnpaction Standard: STANDARD.PROCTOR

ATTN: Mr. Jack Meigi, Minimum Dry Density:
Maximum Dry Density: 2120 kg/m3
Optimum M.C.: 9,87
. Date Tested: _ 1990-06-04__ By: MCP
Test No./ Locati , % Moisture | Dry Density %
Probe Depth ocation Elevation Content Kg/m? Compaction
35/300 mm | Pond hottom 13280 E and 4920 N IGR 8.3 2144 101.1
36/300.mm | Pond bottom 13285 F and 4950 N IGR 7.5 2117 Q9,9
37/300 mm | Pond hottom 13308 E and 4945 N _ICR 2.3 2080 08,1
3R/300 mm_ | Pond bhottom 13305 F and 4920 N IGR 6.0 2213 101.1
39/300 mm__|Pond bhottom 13325 E and 4915 N _ IGR 7.4 2171 991
40/300 mm | Pond bottom 13330 FE and 4940 N IGR 7.2 2148 101.3

Hemarks:_ﬁwww&ﬁsmwm
occasional cobbles and boulders Max 2120 kg /m

dry den @ Q.87
TEST # 38 AND 39 -- SAND_AND STLT(SM) —same gravel, trace to some bedrock fragments
Max. dry den. 2190 ke/m> @ 7.5 %.

Reviewed By: Wm ,2//'}1‘//9/4\ P.Eng. -

The testing services reported herein have been performed by an EBA technician to recognized industry standards, unless otherwise noted. Mo
other warranty is made. These data do not include or represent any interpretation or opinion of specification compliance of material suitability,
Should engineering interpretation be required, EBA will provide it upon written request,

e e )
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= DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556

i Project No.: 0201-10341 Test Apparatus: NUCLEAR Mach. No.: _76_6:)_(_3__
g Project: Water Treatment Plant Soil Description: SAND AND SILT(TILL)(SM)
Grum/Vangorda Mine Site —some gravel to gravelly
Temperature  Air: °C Soil: °C
Client: C.E.S.L. Specified Compaction: 95%
Compaction Standard: STANDARD PROCTOR
ATIN: Mr. Jack Meisl Minimum Dry Density:
Maximum Dry Density: 2120 kg/m3
Optimum M.C.: 9.8%
Date Tested: 1990-06-04 By: MCP
Test No./ ‘ Locati . % Moisture | Dry Density %
Probe Depth ocation Elevation | 0 ont Kg/m®  [Compaction
417500 mm Fond bottom 13315 E and 4930 R Gtrade - PARE: Yu.v
427300 @R south berm 13380 E and 48/0 N ~/.0m 8.7 2191 100.0
4.:}/'..‘:UU mm oouth berm 13350 E and 48/5 N —Dl.3 M 6.0 2256 103.0
MI-/'JUU mm oouth berm 1I55UU & and 488> N 2.0 m {9 VAW gg.3
43/'.5(}() T oouth berm 13Z2/5 K and 48Y0 N Grade A 20485 S6.o
46/300 mm | South berm 13250 E and 4890 N Grade 7.3 2105 6.1
TEST #4243, &4, 46 — SAND &N STET(TIL J(SMy— some gravJél‘,mck

Remarks: "
%?agments throughout Max. dry den. Z190 kg/m™ d 7.D5%.

Reviewed By: ;7%@%/“{%(’ P.Eng. -

The testing services reparted herein have been performed by an EBA technician 1o recognized industry standards, unless otherwise noted. No
other warranty is made. These data do-not include ar represent any interpretation or opinion of specification compliance of material suitability,
Shoutd engineering interpretation be required, EBA will provide it upon written request.

A MCOYRT IO
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DENSITY TEST RESULTS
ASTM Designation D2922 & D307, or D1556

Project No.: 0201-10341 Test Apparatus: NUCLEAR _ Mach. No.: _7866
Project: Sludge Settling Pond Soil Description: SAND AND SILT(TILL)
Water Treatment Plant gravelly, some cobbles and boulders
Grum/Vangorda Mine Site Temperature  Air:__+ 10 o ¢ sop: °C
Client: C.E.5.L. Specified Compaction: 95%
Compaction Standard: STANDARD PROCTOR
ATIN: Mr. Jack Meisl Minimum Dry Density:
“5 Maximum Dry Density: 2190
L. . Optimum M.C.: 7.8

Date Tested: __1990-06-07 By: JRT

Test No./ . ) % Moisture | Dry Density %
Probe Depth Lacation Elevatian Content Kg/m®  |Compaction
o 47/250 mm | Top of W. berm centre grade 3.1 2198 100.0
48/250 mm | Top of W. berm S W corner + 0.1m 4.8 2234 100.0
49/300 mm { Pond base, S W corner grade 4,6 2140 97.7
50/300 mm | Pond base centre ' grade 5.5 2163 98.8
51/250 mm | Pond base N E cornmer orade 6.7 2237 100.0
52/300 mm | Pond base S E corner grade 7.1 2125 97.0
Remarks:

7 DE ce
Reviewed By: %‘%’7‘//)") ZV'M P.Eng.

‘The testing services reported herein have been performed by an EBA technician to recognized industry standards, unless otherwise noted. No
other warranty is made. These data do not include or represent any interpretation or opinion of specification compliance of material suitability.
Should engineering interpretation be required, EBA will provide it upon written request,
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DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556

Project No.: 0201-10341 Test Apparatus: NUCIEAR _ Mach, No.: _7866
Project: Sludge Settling Pond Soil Description: GRAVEL AND SAND (GP/GM)
Water Treatment Plant — some silt, trace of clay
Grum/Vangorda Mine Site Temperature  Air;__+ 10 e ¢ Soil: °C
Client: C.E.S.L. Specified Compaction: 98%
Compaction Standard: STANDARD PROCTOR
ATTN: Mr. Jack Meisl Minimum Dry Density:
Maximum Dry Density: 2190 kg/m3
Optimum M.C.: 7.8
Date Tested: __1990-06-14 gy:. BCF
Test No./ . . % Moisture | Bry Density %
Probe Depth Location Elevation Content Kg/m? Compaction
53/300 mm | N 4870 and E 13360 Grade 5.7 2191 100.1
54/300 mm | N 4880 and E 13360 -3.0m 7.3 2172 99,2
55/300 mm | N 4890 and E 13350 -6.0m 7.7 2071 100.9
56/300 mm | N 4870 and E 13350 Grade 4.7 2209 100.9
57/300 mm | Right hand side 2 m from Bin end! + 8.0m 3.7 2147 98.0
Bin Ramp
58/300 mm | Left hand side 2.5 m from Bin end + 8.0 8.3 2196 100.3
—— TEST #55 SAND (SP) — silty, some gravel WMax, dry den. 9050 ke/a
@ 10.5%Z. Bin Ramp

Reviewed By: %/M %/)‘Z“’U/% P.Eng. -

The testing services reported herein have been performed by an EBA technician to recognized industry standards, unless otherwise noted. No
other warranty is made. These data do not include or represent any interpretation ar apinion of specification compliance of materiat suitability.
Should engineering interpretation be required, EBA will provide it upon written request,
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DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556

Project No.: 020110341 Test Apparatus: NUCLEAR  Mach. No.: 7866
Project: Sludge Settliﬂg Pond Soil Description: GRAVEL AND SAND (G’P/GI'i)
Water Treatment Plant — some silt, trace of clay
Grum/Vangorda Mine Site Temperature  Airi__+ 10 e ¢ Soil: °C
Client: C.E.S.L. Specified Compaction: 98%
Compaction Standard: ____STANDARD PROCTOR
ATIN: Mr. Jack Meisl Minimum Dry Density:
Maximum Dry Density: 2190 kg/m3
Optimum M.C.: 7.8
Date Tested: _ 1990-06-14 By: BCF
Test No./ . . % Moisture | Dry Density %
Probe Depth Location Elevation Content Kg/m®  {Compaction
59/300 mm | 10 m from Bin Right hand side +8.0m 4.1 2123 96.9
60/300 mm | 10 m from Bin Left hand side + 8.0 b.b 2102 96.0
61/300 mm | 20 m from Bin Right hand side + 6.0m0 4.7 2024 92.4
62/300 mm | 20 m from Bin Left hand side + 6.0 5.2 2075 94.7
63/300 mm | 30 m from Bin Right hand side + 4.0m 4.0 2055 93.8
64/300 mm [ 30 m from Bin + 4.0m 4.2 2076 94.8
Remarks: BIN RAMP
* ce
Reviewed By: W‘y/ )/J ‘"“é’é P.Eng.

The testing services reported herein have been performed by an EBA technician to recognized industry standards, unless otherwise noted. No
other warranty is made. These data do not include or represent any interpretation ar opinion of specification compliance of material suitability.
Should engineering interpretation be required, EBA will provide it upon written request,
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DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556

i Project No.: 0201--10341 Test Apparatus: NUCLEAR  Mach. No.: _7B6A

L Project: ____ STndge Settling Pond  Soil Description: ______GRAVEL AND SAND (GP/GM)
Water Treatment Planf —.some silt, trace of clay
Grum/Vangorda Mine Site  Temperature Air:__+ 10 °C Soil: °C

Client: C.F.8.L. Specified Compaction: QRZ
Compaction Standard: STANDARD PROCTOR
ATTN: Mr. Jack Meisl Minimum Dry Density:
| Maximum Dry Density: 2120 ke/m3
- Optimum M.C.: 9.8

Date Tested: __1990--06-14 By:__BCF

Test No./ Locati . % Moisture | Dry Density %

o Probe Depth oeation Elevation | “oontent Kg/m® |Compaction

ok ﬁiﬁm_m“jmmg.ﬂn:mgndmmuﬁ_ﬁ 7.5 2026 95.6
66/300 mm | Fast side dinside center of berm| -~ 4.0 7.6 2132 100.6
i Fast side South end inside berm - 4.0 :]l 7.0 2088 98.5
68/300 mm | 3 m East of manhole - 3.5 4.2 2219 101.3
[ 69/300 mm | 2 m  West of manhole - 4.0 6.6 2062 97.3
70/300 mm | Fast side outside center of berm| - 4.0w 7.1 2109 99.5

Remarks: ____ TEST # 65, 66 = some,gravel, boulders. TEST # 68 — SAND AND GRAVEL

(SM/SP) Max. dry den. 2190 kg/m” @ 7.5Z.

M&é&/ /;’Jrhxé/@ -
Reviewed By: 4 ) \ P.Eng.

The testing services reported herein have been performed by an EBA technician to recognized industry standards, unless otherwise noted. No
other warranty is made. These data do not include or represent any interpretation or opinion of specification compliance of material suitability.
Should engineering interpretation be required, EBA will pravide it upon written request,
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DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556

Project No.: 0201-10341 Test Apparatus: NIICLEAR _ Mach. No.: _7866
Project: Slndge Settling Pand Soil Description: GRAVEI. AND SAND (GP/GM)
Water Treatment Plant = some _silt, trace of clay
Grum/Vangorda Mine Site Temperature  Airi__+ 10 °C Soil: °C
Client: C.E.S. 1. Specified Compaction: aQR7
Compaction Standard: ____STANDARD PROCTOR
ATTN: Mr, .Jack Meisl Minimum Dry Density:
Maximum Dry Density: 2190 kg/m3
Optimum M.C.: 7.5%

' Date Tested: __1990-06--14 By: _BCF

Test No./ Location Elevati % Moisture | Dry Density %
Probe Depth ocatio evation | montent Kg/m® |Compaction

71/300 mm | East side — North outside cornet — 5.0 6.6 2150 98.2
72/300 mm_ | 4 m North of manhole - 2.%5m _ 6.0 2131 97.3
73/300 mm | East side — North end ~4.0m 5.9 2253 100.1
74/300 mm_ | East side — centre - 3.0m . 6.0 2112 96.4
1 75/300 mm | Fast side — South end - 2.0 7.0 1969 96a.1
5.8 2189 100.0

— 76/300 mm | Fast side — South end Grade

Remarks:_ﬂWM:MJ&MnM%

@_10.5%.

Reviewed By: .
._ eviewed By / / 7 ey P_Eng

The testing services reported herein have been performed by an EBA technician to recognized industry standards, unless atherwise noted, No
other warranty is made, These data do not include or represent any interpretation or opinion of specification compliance of material suitability.
Shouid engineering interpretation be required, EBA will provide it upon written request.



anad

Page 3-20

. €DA Engincering Consultants Lid.
A
o =
Standard A 283 CONCRETE STRENGTH TEST RESULTS
S B@ Concrete Testing CSA Specification CAN3 - AZ3.2
Laboratory Categaory 11
Certification
INFORMATION FROM DELIVERY SLIP
Project No.: 0201-10341 Supplier: __Remote Mine Development
Project: Water Treatment Plant Truck Na.: Plant Dep.:
Grum/Vangorda Mine Site Ticket No.: Mix No.:
Faro. Yukon Load Amount: m3
Client: Cominco Engineering Serv. Ltd.Jadmixture: Air___CaCly—_. Other
Specified Strength: 28 MPa
ATTN: Mr., Jack Meisl Cement Type: Normal
Max. Aggregate Size: 20 mm
Test Time:
Temperature: Air: °C  Concrete: °c
Test Location: _Bottom lime Concrete Setting Temp.: Min.: °C Max.: °c
silo pad Slump: ‘mm Air Content: %
Unit Weight: kg/m3
Placing Method: Chute Date Cast: 1990-05-10  By:_BCF
Test No.: T-1 Date Received: 1990-05-18gy,. BCF
Cylinder Age Test Date Test | Comp. Strength Tyl_;\e of Comments
Number Days By MPa Failure
10341-001) 12 90-05-22 BCF 26.05 C
10341-002! 28 | 90-06-07 | BCF 26.75 n

Remarks: Cast by Contractor and Field cur nti
1990-05-22 .

Type of Failure
C D

AN

ConicalDiagonal Vertical End  Qther

Shear SplittingFailure

Reviewed By:

Wty Io'tfte

cc

P.Eng.

The testing services reported herein have been performed by an EBA technician 1o recognized industry standards, unless otherwise noted. Na
other warranty is made. These data do not include or represent any interpretation or apinion of specification compliance of materral suitability,

Should enqimeering interpretation be required, EBA will provide 1t upon weitten request.
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Standard A 283

@ Concrete Testing
Laboratory Category |1

Certification

CONCRETE STRENGTH TEST RESULTS
CSA Specification CAN3 - A23.2

INFORMATION FROM DELIVERY SLIP

Project No.: _0201-10341 Supplier: Remote Mine Development
Project: Water Treatment Plant Truck No.: Plant Dep.:
Grum/Vangorda Mine Site Ticket No.: Mix No.:
Faro, Yukon Load Amount: m3
Client: C.E.S.L. Admixture: Air.__CaClo____ Other
Specified Strength: 25 MPa
ATTN: Mr. J. Meisl Cement Type: Normal
Max. Aggregate Size: 20 mm
Test Time:
Temperature: "Aijr: °C  Concrete: ¢
Test Location: _10p Lime Silo Pad Concrete Setting Temp.: Min.: °C Max.: °c
Slump: mm AirContent: %
Unit Weight: kg/m3

Placing Method: Chute Date Cast:_1990-05-12 By: Contractor
Test No.: T-2 Date Received: 1990-05-1Gy.__ MCP
Cylinder Age Test | Comp. Strength Type of
Number Days Test Date By MPa Failure Comments
10341-003 10 90-05-221 BF 121.95 [
10341-0041 28 90-06-09| BF | 30,25 C&D
Remarks: __Cast by Contractor & Field cured until c TDVDE °f53““re
£ 0
1990-05-22 N D
N
ConicalDiagonal Verticat End  Other
Shear SplittingFailure
. . cc
Reviewed By: %—M dgsﬂ ﬂl/t//"“({ P.Eng.

The testing services reported herein have been performed by an EBA technician to recognized industry standards, unless otherwise noted. No

other warranty is made. These data do not include or represent any interpretation or opinion of specification cempliance of material suitability,
Should enqineering tnterpretation be required. EBA wiil provide 1 UDGn written request
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CONCRETE STRENGTH TEST RESULTS
CSA Spacification CAN3 - A23.2

Standard A 283

s P@) Concrete Testing
Laboratory Category |!
Certification

INFORMATION FROM DELIVERY SLIP

Project No.: _0201-10341 Supplier: _Remote Mine Development
Project: Water Treatment Plant Truck No.: Plant Dep.:
Sludge-pond Manhole Ticket No.: Mix No.:
Load Amount: m3
Client: C.E.S.L. Admixture: Air_x__CaClz_m Other
Specified Strength: 250 MPa
ATTIN: Mr. Jack Meisl Cement Type: Normal
Max. Aggregate Size: 20 mm
Test Time:__13:00
: Temperature: Air:_+ 5 °C  Concrete: Oé
Test Location: Sludge pond manhole Concrete Setting Temp.: Min.: °C Max.: °c
first 1ift above base Stump: | mm Air Content: %
Unit Weight: kg/m3
Placing Method: _chute & wheelbarrow Date Cast: 1990-06-01 gy MCP
Test No.: T-3 Date Received: 1990“05‘058\/: MCP
Cylinder Age Test Date Test | Comp. Strength Ty?e of Comments
Number Days By MPa Failure
10341-005 7 11990-06-08 JSB| 31.80 D
10341-008 28 1990-06-29| JSB| 34.40 C
Remarks: c T[;/pe of\I;aiIureE 0
MO L
CalDiagonal Vertical End  Other
Shear SplittingFailure

T ’:’
Reviewed By: L/\'/\_/\.. M(ﬁm\

The testing services reported herein have been performed by an EBA technician to recognized industry standards, uniess atherwise noted. No
other warranty is made. These data do not include or represent any interpretation or opinion of specification compliance of material suitability,
Should engineering interpretation be required, EBA will provide it upon written request.
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PARTICLE - SIZE ANALYSIS OF SOILS

SIEVE PERCENTAGE
Project: Sludge Pond PASSING
. . 3"
Vangorda Mine Site -
LY
Project Number: 0201-10314 2
Date Tested: 1990-06-06 1
3
/
Barehote Number: - a 100
/ "
Depth: 2 30
3 e
Sail Description: —___SAND_AND GRAVFL (SW/SM)= trace of silt /8 81
Cu:)1 No. 4 64
Ce: 1.2 No. 10 44
No. 20
Natura! Meisture Content: 5.1 % ° 28
No. 40
Remarks: e 16
No. 60 11
No. 100 9
MNo. 200 8
SAND GRAVEL
CLAY SILT EINE | _Mepium  JcoARSEl  FINE | COARSE
SIEVE SIZES
100 =100 =60 =S40=30 =20=16 =i0 =8 =4 1" 1 3
90 | creedens g
80
70
o
w
-~ B0
-
o
2 sol
-
2 .
w40
b :
5 :
o 30
) 20 |
10
0005 .00 .002 .005 Nl .02 .05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50

GRAIN SIZE — MILLIMETRES

Tested in accardance with ASTM D422 unless otherwise noted.
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MOISTURE - DENSITY RELATIONSHIP
ASTM Daesignation D698, D1557, or D2049
Project No.: 0201-10341 Sample No.: __ 1978
Project: Water Treatment Plant Sample Location:—_Pond Area
Address: Grum/Vangorda Mine Site Sample Description: __SAND AND STLT{TILL)(SM)-
Faro, Yukon some gravel
Date Tested: _ 1990-05-22 By:: JSB Minimum Dry Density: kg/m3
Client: Cominco Eng. Serv. Ltd. Maximum Dry Density: 2050 kg/m3
Attention: __ Mr. J. Meisl Optimum Moisture Content: 10.5 %
2300 . Natural Moisture Content: 12.0 %
\ Compaction Standard: STANDARD PROCTOR
Y ‘\\
A
2200 o
T
A
S = ‘,\ Hammer Weight: 2.294 kg
E id . AV |
| 2100 ] = \‘\ :\\ Hammer Drop: 304.8 mm
g ] T :\\l \\ 3
. A No. of Layers:
"_ 1 \' - ‘3
2000 F— N0 No. of Blows/Layer: ___26
o T -Z' -
e . Diameter of Mold:__152.3 mm
HRELY LN
SRR E R LR, .\}:?,: Height of Mold: 116.5 mm
—— v .
“°E 1900 : L T R O ‘\;\\ES;_ Volume of Mold: 0.00212 m3
= L LAG
= e e \_\\&g Surcharge Weight: kg
| | TR
2 1800 E i A s \"*{, Vibratory Amplitude: mm
s SRR The ‘
g rr 3 ‘(\é‘,‘ Vibratory Frequency: vib./min.
H-= N\
oy : I it ?“'\g Vibratory Time: min.
8 1700 : e D
: A B b i \_\\o Compactive Effort: __9590.3 kJ/m3
e T Q
: : — e =, . ‘ ‘
4 T T g T T TN,
1600 } o i rr— N —— 1 \'.\_\ Reviewed By-:/\./\/\ ) y
: = : — R RN i S
H T H N i v il AN
A i NN,
T - - Pl et S s
™ T FRA 1953 s L
1500 — - - - S,
: T et P (4 CBAY
! : T b : H ™
T T + ' S
t T H Y
v - ~ ‘\
1 : : it : H ™ \\ﬂ_\;\
L * LI T 1 1N
1400 = T
1t . - - T P S ] Y
T . hYy
. = 1T L \_\
. - - =1 S
i E— i : : LN TSN,
T Ty R D T T MR P ¥
1300 - : - ‘ — =
0 5 10 15 20 25 30 35 40
Moisture Content — %
Data presented hereon is for the sole use of, The testing services reported herein have been performed by an EBA technician to
the stipulated client. EBA is not responsible, recognized industry standards, unless otherwise noted. No othar warranty is made.
nor can be held liabie, for usa made of this These data do not include or repretent any interpretation or apinion of specification
roport by any other party, with ar without the compliance or material suitability. Should enginearing interpretation be required,

59 knowliedge of EBA. EBA will provide it upon written request.
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MOISTURE - DENSITY RELATIONSHIP
ASTM Daesignation D98, D1557, or D2049
- a4
Project No.: 0201-10341 Sample No.: 1979
Project: Water Treatment Plant Sample Location:—Lime Sila Ramp
Address: Grum/Vangorda Mine Site Sample Description: _SAND_AND GRAVEL (SP)
Faro, Yukon trace to_some silt
Date Tested: _1990-05¢22 By:: JSB Minimum Dry Density: kg/m3
Client: Cominco Eng. Serv. Ltd. Maximum Dry Density: 2082 kg/m3
Attention: Mr. Jd. Meisl Optimum Moisture Content: 8.7 %
2300 " Natural Moisture Content: 6.9 %
Compaction Standard: STANDARD PROCTOR
5 \l
2200 Ay
A
T \\
EY Y 2.494
: v Hammer Weight: . kg
H FTUINTY
2100 = — . 304.8
: —LHy Hammer Drop: - mm
t i u \ 3
;’;; ?‘,\.‘_\?\\‘4 MNo. of Layers:
2000 F— e ‘\'\ ‘?5 No, of Blows/Lavyer: 56
/ S ; . 152.3
e o) Diameter of Mold: . mm
A\o.
D% Height of Mold: 116.5 mm
190 : e
E 0 ; i R Volume of Mold: 0.00212 m3
= : : A
x ; : an Surcharge Weight: kg
: R R e AL I . .
Z 1800 - = = \;"{; Vibratory Amplitude: mm
= e : &
g e : n \\’{‘9‘,_‘ Vibratory Frequency: vib./min,
I - PN
o a e ; N\ }‘L‘a Vibratory Time: min.
0 1700 B e ) 0.3
! & ; : e Compactive Effort: 530, kJ/m3
= - - ‘;\ }\
1600 ; : S S ST e e I W Reviewed By: -
: R i R
: + - ' : - \\\\\
7 ; ;[ g 1 o - \\‘;\ N
1500 1= , — HEN
Fil - (1 I : I F] ALY
F T T i i t TN
1 i ; . R NN
; " 1 oy
! - ; ’ S
1400 (— ; : —
: t Ty = N
T T s T TN
’ : i T - 7 ! L : ‘\\:\
; M e T 1 N
1300 - : e
0] 5 10 15 20 25 30 35 40
Maoisture Content — %

Data presented hereon is for the sole use of”
the stipufated client. EBA is not responsible,
nor can be held lisbie, for use made of this
report by any other party, with or withgout the
krnawledan of ER A

P

The testing services reportad herein have baen performed by an EBA technician to
recognized industry standards, unless otherwise noted. No othar warranty is made.
These data do not include or represant any interpretation or opinion of specitication

compliance or material suitability. Should engineering interpretation be required,
ERA will memarirdo e oo .
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4. PHOTOGRAPHS

The photographs on the following pages have been selected from CESL’s construction
photos on the basis of their technical content and their ability to supplement the
description of facilities provided in text and by drawings in other sections of this report.

4.1 Little Creek Pond: Under Construction

The dam was constructed during September and October 1990. This photo was taken
at mid-October with the dam about 75 percent complete. The wet well can be seen at
the centre of the photograph, near the packer. The Vangorda waste dump is in the
background.

P66.6-1/1 =
@ =58
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4.2 Little Creek Pond: In Operation

This photo shows
the completed dam,
with the stored water
at the "normal”
operating level. The
V an g or d a S ; e
Pumphouse is just
off the right side of
the picture.  The §
ditch at the centre of
the photo receives
drainages from the
waste dumps, at the
extreme left, and
leads them into
Little Creek Pond.

(September, 1991)

4.3 Vangorda Pumphouse: Location

The Vangorda
Pumphouse 1is
located on an
extension of the T
upstream face of the
Little Creek Dam, |
over the wet well.

P66.6-1/2
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4.4 Vangorda Pumphouse: Appearance

The Vangorda e
Pumphouse is 4 mx _ .. [l __ o
6 m x 3.5 m high, .
with a sloped roof. |
It is of wood frame "o =
construction and is |

clad with pre-painted

galvanized steel

siding. It houses 3

pumps.

(September, 1991) =5 e

4.5 Vangorda Pipeline

The pipeline is nominal 10 inch/12
inch HDPE (High Density
Polyethylene) bedded into a prepared
trench. The pipe is protected from
freezing by a continuous layer of
Styrafoam, 100 mm thick by 2400
mm wide. The pipeline is 2311 m
long, and the location is
conspicuously flagged by marker

posts.

(September 1990)

P66.6-1/3
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4.6 Water Treatment Plant

The process tanks were installed, then the building was erected around them
(September, 1989).

P66.6-1/4
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4.7 Water Treatment Plant

The truck ramp on
the left allows lime |
to be dumped into
the low white
hopper, prior to
being blown into the
lime storage silo.
The Plant is a steel
frame structure,
heated by propane
from the two tanks
on the right.

(September, 1991)

4.8 Sludge Pond

The Sludge Pond is
located near the
Water Treatment
Plant. It is a
rectangular  pond,
130 m x 85 m at the
top of the
embankment, and
about 8 m deep.
The inside side
slopes are 2.5:1.

(September, 1991)

P66.6-1/5
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5.0

P66.6-1/1

DRAWINGS

The as-built revisions of fifteen drawings are included in this report to provide explicit

description of the Grum/Vangorda Water Treatment Plant; each drawing has been
photographically reduced for ease of presentation and handling.

These drawings are enclosed:

Drawing Number

P662-A-001
P662-A-006
P662-A-007

P662-A-015

P662-A-016

P662-B-060
P662-B-061
P662-B-063
P662-B-102
P662-B-130
P662-B-136

P662-B-139

P662-E-001

P662-E-002
P662-E-031

Revision

[P

b2 R N = W

Description

Process Flowsheet

P&ID’s: Line Feed & Air
P&ID’s: Reactor Water Supply &
Flocculant Feed

Treatment Plant Mechanical G.A.
Plan

Treatment Plant Sections

Sludge Settling Pond

Sludge Pond Manhole

Effluent Piping Plan & Profile
Water Treatment Building
Vangorda Pipeline, Plan & Profile
Vangorda Pumphouse Building
Details

Vangorda Pipeline

Single Line Diagram

MCC Block Diagram (WT Plant)
MCC Block Diagram (Vangorda
Pumphouse)
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