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1.0 GENERAL

1.1 Descripticn of Project

The project that this specification has been prepared for is a tailings and water retention
dam for the proposed Minto Mine to be constructed north west of Carmacks, Yuken. The
work covered by this specification includes the construction of the dam and the associated
access road and diversion ditch which will carry the diverted Upper Minto Creek around the
proposed mine, mill site and tailings areas.

The dam is located in a narrow portion of the Minto Creek valley. The dam will be about
80 feet high when constructed and about 300 feet wide along the centerline axis of the dam
at the crest. The dam is a flow over earth - rockfill dam and contains the following general
zones. The fill material for each zone is briefly described as well.

Zone 1 - Upstream Shell (coarse residuum)

Zone 2 - Semi Impervious Core (fine residuum)

Zone 3 - Fine Filter (processed fine gravel)

Zone 4 - Intermediate Filter (processed medium gravel)
Zone 5 - Coarse Filter (processed coarse gravel)

Zone 6 - Downstream Shot Rock Shell

Zone 7 - Downstream Shell (shotrock)

Zone 8 - Toe Berm (over sized shotrock)

The water flow over the dam will be handied by a riprap lined overflow section which will
discharge down a riprap lined spillway. The riprap lined spillway is routed down the
downstream shell of the dam, over and down the toe berm and into a riprap lined stilling
basin. Due to the relatively coarse nature of the downstream shell and toe berm, the water
flowing over the dam will primarily flow through the downstream shell. It is only during
extreme flood events that water will flow in the spillway on the downstream face.

The spillway section requires some further explanation. The spillway consists of a
preserved wood cut off wall and riprap with a layer of insulating material beneath to protect

the core from freezing.
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1.2

The proposed dam is a zoned dam and the nature of the Zone 2 Semi Impervious Core
material and the nature of the Zone 7 Downstream. Shell shotrock have resulted in three
filters being required to provide adequate particle retention and drainage for the Zone 2
Semi Impervious Core material.

The soils beneath the dam will require some preparation depending on their location with
respect to the various zones of the dam. This preparation is to prevent poor materials from
acting as a conduit for water to seep under the dam. In addition to careful excavation and
cleaning, it will be necessary to create a grout curtain immediately below the centerline of
the dam to create a zone of uniform low permeability to reduce water seepage beneath the
dam. '

The Owner’s current wish is to obtain as much borrow material for the dam construction as
possible from the proposed area of the open pit mine. Each zone of material within the dam
has its own specification which must be met in order to meet the design requirements. This
results in some material having to be blasted, screened and crushed in order to meet these
gradation limits.

“The dam access road will be constructed over permafrost and nonpermafrost soils, thus

necessitating the use of two typical sections. The typical section for crossing permafrost
soils has less excavation and flatter road embankment slopes than the typical section that
crosses nonpermafiost soils. The entire diversion ditch shall be lined with a watertight liner
in order to minimize seepage into and resulting loss of strength and large deformations in
the permafrost soils.

Definitions of Terms Used

Blanket Drain - the filter material(s) beneath the downstream shell material
that intercept seepage coming up from the subgrade

Contractor - the general contractor for the project

Contract - the legal and binding agreement between the Contractor and the Owner
regarding the construction of the dam and how the Contractor is paid
for the work

Chimney Filter~ the filter material(s) that is immediately downstream of the core
material in the dam that intercept and drain seepage through the dam
core while filtering or retaining the fine grained particles in the core

Dam - the Minto Mine tailings and water retention dam

Drawings - EBA Dam design drawings 11509-01 to 11509-10
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Engineer - the EBA representative on the site

Owner - Minto Explorations Ltd.

Site - the area in which all Dam construction activity is occurring

Suitable - meeting all of the specifications and requirements given herein and/or
receiving the approval of the Engineer

Unsuitable - not meeting all of the specifications and requirements given herein

and/or not receiving the approval of the Engineer
Soils Investigation

A soils investigation which included a series of boreholes has been carried out in selected
locations. It is the responsibility of the Contractor to review the geotechnical information
included in this document in Appendix A - Site Investigation and Laboratory Testing
Data and any subsequent revisions or addendums which will be located in the offices of the
Owner and Engineer. The onus is on the Contractor to ensure he has a clear understanding
of the report and its contents. The Contractor shall ensure that his understanding of the
information is clear of any assumptions and should make every attempt to clarify any areas
in the report which appear to be unclear by consulting the Engineer prior to bid preparation.

The Owner does not offer or imply any warranty as to fact other than that:

a. the borings were located approximately as shown on the plan accompanying the soils
report
the borings reached the approximate depths indicated on the borehole logs

c. the approximate classifications indicated in the borehole logs were encountered

Information in the soils report is based on field records and is therefore, subject to the usual
limitations and reservations associated with such work. The soils report presents the Terms
and Conditions associated with the soils report.

Equipment Cleaning and Maintenance

Prevent spillage of cil and fuel. If spillage occurs, promptly clean up spillage and remove
and replace contaminated soil to the satisfaction of the Engineer at no cost to the Owner.
Dispose of used oil, used filters, contaminated soil and other contaminants in a manner
satisfactory to the Owner and in compliance with applicable legislation.
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2.0

2.1

All fuel is to be stored in a fuel dump area. All fuel vessels will be surrounded by a
compacted berm of sufficient height to contain 100% of the fuel tank volume. -

No equipment is to be cleaned in a stream or within 60 feet of a stream.

CLEARING AND GRUBBING

Scope

The work specified in this section shall consist of the provision of all labour, plant and
materials and the performance of all work necessary for clearing and grubbing in the work
areas as specified herein.

2.1.1

212

Description of Waork

The work shall include, but not necessarily be limited to, the removal and disposal
of all trees, brush, embedded logs, fallen timber, stumps, roots and branches.

The extent of clearing and grubbing shall be as specified herein and as shown on the
drawings and shall include, but shall not be limited to, the areas occupied by, or to
be occupied by the;

- dam

- granodiorite borrow source(s) for filter and downstream shell material
- borrow area(s) for core and upstream shell

- temporary haul roads

Clearing or grubbing shall be confined to within the limits for these areas shown on
the drawings or as required by the engineer. Any activity ontside of these Timits will

not be measured for payment and any resulting costs incurred shall be borne by the
Contractor.

Responsibility of the Contractor

The Contractor shall comply with the laws and regulations of the Yukon Territory
and other authorities having jurisdiction in the area, particularly with regard to

o
LA

eba
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disposal and fire regulations and public safety. The Contractor shall obtain the
necessary burning permits for burning materials, if required, on Site and shall
observe the conditions of the permits and comply with all requirements thereof.

2.2 Execution of Clearing and Grubbing

221

2.2.2

2.2.3

Clearing

All trees, brush, embedded logs, fallen timber, branches and surface litter except
such trees and shrubs designated for preservation by the engineer, shall be cut,
removed and disposed of. Such designated trees and shrubs shall be preserved from
scarring, barking or other injury during construction.

Grubbing

All roots, stumps and other objectionable material shall be excavated, removed and
disposed of. Areas disturbed by grubbing shall be levelled. All materials, debris
and equipment shall be kept out of all streams.

Topsoil excavated from within the dam footprint, along the diversion diich / tailings
dam access road and in borrow areas shall be placed in a spoil waste dump.

Disposal

Debris from clearing and grubbing may be disposed of by burning in designated
disposal areas according to the regulations of the Yukon Forest Fire Prevention
Acts. Conduct burning to thoroughly reduce all combustible materials to ashes.
Push outs of debris from the work site to the perimeter of the cleared areas are not
permitted. Burial of materials resulting from clearing and grubbing in the work area
is not permitted.

The Contractor shall take special precautions when burning any debris to ensure that
the fires remain contained within the burning area. The Contractor shall be
responsible for any damage to other property as a result of this operation. Buming
shall be done in such a manner and at such times that smoke from the fires will not

.

=
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constitute a safety concern on the Project Site. Burning shall conform to the
requirements of all authorities having jurisdiction in the-area.

Whenever debris is being burned, the Contractor shall have sufficient personnel and
fire fighting equipment available on the Site to prevent any of the fires from
spreading or from getting out of control.

No work shall commence on any excavation or filling in a cleared area until the
clearing and grubbing has been completed.

2.2.4 FErosion and Sedimentation Control

The Contractor shall provide and maintain all necessary temporary drainage, erosion
and sedimentation control. Appropriate drainage diversion and/or silt fencing shall
be installed at all locations where construction activity such as clearing, grubbing,
excavating, filling and other construction related activity could cause rock and earth
material to enter an active stream channel or wet areas draining into an active
stream. These measures shall be constructed prior to the commencement of any
construction activity in that area.

3.0 EXCAVATION

3.1 Scope

The work specified in this section shall consist of the provision of all labour, plant and
materials and the performance of all work necessary to loosen, drill, blast, rip, excavate,
sort, load, transport, stockpile and spoil topsoil, mineral soil and rock from the required
excavations, borrow areas and stockpiles to the required embankments or stockpiles or, if
not suitable or not required for construction, to spoil disposal areas which shall be located
by the Contractor with the Owners permission and as approved by the Engineer.
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3.1.1

Description of Work

The work shall include but not necessarily be limited to;

a)

b)

d)

excavation of topsoil, colluvium and residuum material from granodiorite
borrow source area(s) (see Sections 3.4.3 and 3.4.4),

excavation of topsoil, alluvium, colluvium and residuum material from beneath
the core of the Dam and downstream shell of the Dam. This includes both
frozen and unfrozen materials (see Sections 3.3.1, 3.3.2, and 3.3.5),

excavation of loose, fractured and infilled bedrock beneath Dam core and
chimney drain (see Section 3.3.2.2),

excavation of topsoil and unsuitable foundation material from beneath upstream
shell of Dam (see Section 3.3.2.1),

excavation of topsoil and unsuitable fill materials from borrow source locations
(see Sections 3.4.1, 3.4.2, 3.4.3 and 3.4.4),

excavation of ice rich and permafrost soils from south valley wall within dam
footprint.

The process of excavation listed above and specified in this section shall include,
but shall not necessarily be limited to:

a)

b)

c)

d)

transportation, placement, spreading and protection of embankment fill in the
required respective stockpiles,

transportation, placement, spreading and compaction of unsuitable or unusable
materials in the designated spoil areas,

transportation of residuum core material and upsiream shell material, crushed
granodiorite filter materials, and downstream shell and toe berm shot rock to the

stockpile locations and/or required embankment locations,

controlled perimeter blasting of rock to the required excavation lines,
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e) scaling of loose material from footprint of dam core and heel of downstream
filter,

f) removal of loose material from quarry walls for safety purposes,

g) levelling, shaping, slope stabilization and draining of any borrow areas not
within the impounded reservoir footprint or within the planned overburden
removal limits for the first year of the mine's operating life,

h) transportation of embankment fill material from stockpile location to required
embankment area(s).

3.1.2 Responsibility of Contractor

It is the responsibility of the Contractor to conduct the operations described in this
section of the specification with work site safety being the first consideration. The
Contractor will locate any borrow pits, stockpiles and spoil dumps as per the
Owner’s instructions and as approved by the Engineer.

The Contractor shall design, implement and maintain a dewatering system that will
allow dewatering sufficient to facilitate all phases of Dam construction to the

specifications herein.
3.2 Materials

Materials from excavations beneath the core of the Dam, from the granodiorite borrow
source(s) and from the diversion ditch and tailings and water dam access road that meet the
requirements for embankment fill specified in Section 6.3.2 shall be termed “suitable”
materials and may be placed in the required embankments or in required stockpiles.

Materals from excavation beneath the Dam core, from the grancdiorite borrow source(s)
and from the diversion ditch and tailings and water dam access road that do not meet the
requirements for embankment fill shall be termed “unsuitable” materials and shall be placed
in the spoil disposal areas as per Section 3.4.5.3.
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3.3 Execution

3.3.1

General

The excavation requirements and limits shown on the Drawings have been
established on the basis of the results of the subsurface exploration investigation
which has been qualified in Section 1.3. The Engineer will examine the conditions
exposed at the required excavation lines and, if the conditions are deemed
unacceptable, will require excavation to be continued locally beyond the lines,
slopes and elevations shown on the Drawings, to remove the unacceptable material.

The Contractor shall draw his own conclusions from site inspection and from the
boreholes and surface exposures and from other site data as to the excavation
method that will be best suited for the satisfactory removal of materials to be
excavated, and as to the behaviour of the in situ and excavated material.

All excavations shall, as a minimum, be to the required excavation lines shown on
the Drawings. No material of any kind shall be left unexcavated within the
excavation lines. Excavated surfaces shall not contain overhanging rock and shall
be sloping down and in towards the centerline of the Dam.

All necessary precautions shall be taken to preserve in an undisturbed condition all
material outside of the required excavation. The Contractor shall adopt excavation
procedures such that the stability of excavated slopes is not impaired. The
Contractor shall be responsible for the stability and safety of all excavations until
final acceptance of the work and shall perform all remedial work required to ensure
that the excavated soil and rock surfaces are maintained in a sound and stable

condition.

During excavation, and at any time during the Work, all material which is unsafe or
appears to endanger persons, work or property, shall be scaled and removed from
the excavations, The fact that that such scaling and removal may enlarge the
excavation beyond the minimum required excavation lines shall not relieve the
Contractor from the necessity of doing such scaling and removal to prevent loose
material from falling.




0201-99-13899 -10- June, 1999 |

Soil or rock at or beyond the required excavation lines that are damaged by the
Contractor's operations shall be removed at no cost to the Owner.

The excavation operations and schedule shall allow for interruption while the
geological conditions exposed at the surface of the required excavation lines are
assessed by the Engineer. Local areas shall be cleaned off where required by the
Engineer to expose a fresh undisturbed surface.

Construction traffic shall only be routed over suitably protected parts of the
excavated surfaces to ensure that the excavated surface is not damaged.
Construction traffic or vehicle traffic of any kind will not be permitted on any final
cut slopes in core trench area without the prior approval of the Engineer in each
instance. The granting of such approval shall not in any way relieve the Contractor
of his responsibility to maintain stable slopes in the overburden excavation or to
repair damage thereto at his own expense. Should any instability or failure of the
final cut slopes be, in the opinion of the Engineer, caused by the Contractor's
construction methods, all damage resulting from such instability or failure shall be
repaired or remedied by the Contractor at his own expense.

The Contractor shall submit to the Engineer, in writing, the details of his proposed
methods, including blasting, ripping, methods of excavation, schedules and
sequence of operations he plans to follow to complete the Work. This submission
should be within 15 days after the award of contract for the Work.

3.3.2 Dam Foundation Excavation

3.3.2.1 Upstream Shell

Excavation beneath the Upstream Shell shall consist of removal of all organic soils,
ice-rich soils, colluvium, alluvium and residuum required to expose competent
residuum soil. Excavation shall proceed to bedrock if the Engineer determines that
competent residuum soils have not been found. Local overexcavation to competent.
soils may be required but immediate backfilling with suitable upstream shell fill and
grading is required to provide a surface which will drain water off of the working
surfaces. The Contractor is responsible for preserving the excavated surface and
shall clean the surface as required by the Engineer in the event that it deteriorates
due to weather or other construction activities.

oh
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3.3.2.2 Semi-Impervious Core

The Owner has the option to either excavate to 5 feet (1.5 m) below the top of the
grout curtain rock (excavate only option) or to excavate to rock where fractures are
open (no calcite or erodible material infill present) and the rock mass is interlocking
and then blanket grout (blanket grout option) to a depth that gives a 15 foot overlap
with the grout curtain. The blanket grout option is detailed in Section 5.2. The
excavate only option will be permitted only if the subgrade at 5 feet below the top of
the grout curtain is sound, interlocking, competent rock with no infilied joints. The
“excavate only” and the “blanket grout” options are only available for the portions
of the Dam footprint where the grout curtain was constructed. The only option
available for the north facing slope is to excavate to sound, interlocking, competent
rock with tight, joints with no infill as curtain grouting was not possible due to the

frozen rock mass.
The Drawings illustrate the anticipated minimum excavation limits.

The requirements for rock cleaning and dental excavation in any part of the core
trench will be determined by the Engineer after completion of overburden
excavation in that area as described in Section 4.0 — Foundation Preparation. The
approximate location of the bedrock surface inferred from subsurface investigation
data is shown on the Drawings. The actual location of bedrock surface may differ
from the location shown on the Drawings. All subsurface investigation data are

included in Appendix A.

The Contractor's methods, techniques and procedures for all rock excavations shall
be such that, by controlling the relationship among such factors as: the location and
configuration of required excavation; the spacing and size of holes; the amount and
type of explosive; the depth of charge and delay pattern; and by employing the most
effective controlled blasting techniques acceptable to the Engineer, the surfaces of
all completed excavations shall be smooth, sound and to the minimum lines of
excavation as specified or as otherwise directed by the Engineer. In particular, the
Contractor's rock excavation methods and procedures in the excavation of the final
surface upon which the dam core is to be placed shall be such as to leave this
surface sound and relatively smooth.

ok
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Not less than 15 days prior to commencing core trench rock excavation, and at any
time the Contractor proposes to alter his methods for such excavation, the
Contractor shall submit to the Engineer for review, full details of the methods,
techniques and procedures he proposes to use to complete the work. Such details
shall include drawings and statements on all of the factors noted in the preceding
paragraph of this clause and such other relevant data as are required by the Engineer
to permit the Engineer to review the Contractor's proposed method of producing
solid, smooth, excavated rock surfaces. Such submissions shall fulfill all
requirements of this Section and shall be signed by a qualified person under whose
supervision they were prepared. The Contractor shall not commence any
excavation, or change his methods of excavation, until the relevant submission of
methods, techniques and procedures has been approved in writing by the Engineer.
This approval shall in no way be construed as relieving the Contractor of his
responsibilities under the Contract nor restrict him from proposing more
conservative methods designed to reduce the blast shock on the rock adjacent to the

excavation.

Shattering or splitting of the rock, or the opening up of seams in the rock not
required to be excavated, shall be avoided. Any shattered material and loose rock
beyond the required excavation lines shall be scaled and removed to expose sound
bedrock. Backfilling with concrete or other material approved by the Engineer shall
be undertaken if additional excavation beyond the required excavation lines is
required to remove rock that has been damaged by the Contractor. The backfilling
work shall be done at the expense of the Contractor if the Engineer believes that it is
the result of poor excavation practice or negligence.

Dental excavation, as described in Section 4.2.2, may be required to produce a
competent bedrock surface at the base of the excavation for the core trench.

Rock may be excavated to the required excavation lines at any time of the year
provided that rock in the Dam core trench is excavated only when the ambient air
temperature is above 1°C. All rock surfaces excavated to the final excavation lines
in the Dam core trench shall be protected from freezing where the Engineer deems
this to be appropriate., |

3.3.2.3 Blanket Filter / Drajn

ok
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333

In areas beneath the downstrearn blanket filter / drain, excavation shall consist of the
removal of all overburden soil to bedrock surface where the bedrock surface is
within 1.5 feet of existing ground surface. Where the bedrock surface is more than
1.5 feet from the existing ground surface, common excavation shall be carried out to
an acceptable foundation of soil with an acceptable in situ dry density. This will
include removal of all organics, organic soils and loose, wet soils to the satisfaction
of the Engineer. Some overexcavation of alluvium, colluvium and residuum soils
may be required, but must be followed by immediate backfilling with core material
and compacting as per the specification for that material.

Test Pits and Trenches

Test pits or trenches shall be excavated by the Contractor using equipment and hand
labour in any zone of required embankments for inspection, sampling, and testing
by the Engineer. The test pits shall be located and excavated where required by the
Engineer. The test pits and trenches may be between 3 and 20 feet deep. All
trenching and test pits that require workers to enter shall be constructed in
accordance with the Occupational Health and Safety Regulations and any other
authority or regulatory body having jurisdiction over the construction site. No
worker shall enter any excavation that is greater than 4 feet deep without the sides
of the excavation being sloped back from the bottom of the excavation at a slope no
steeper than 0.75 horizontal to 1 vertical. Excavated materials must be kept back at
least 5 feet from the edge of the excavation and no heavy equipment other than that
involved in the excavation is permitted to operate any closer than 10 feet away from

the excavation.

Clauses 175 to 177 of the Yukon Occupational Health and Safety Act were used in
the above paragraph of this clause. The inclusion of this information does not
relieve the Contractor of his duty to review the Occupational Health and Safety Act
and to conduct his operations in strict accordance with this act.

Testpits shall be backfilled with embanksment fill material meeting the requirements
of the zone in which the test pit or trench was excavated. The backfill material may
be compacted with special compactors in accordance with Section 6.6.5.1 of this
document to the moisture and density requirements specified herein for that zone.

o
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3.3.4 Blasting and Vibration Control

The Contractor is responsible for ensuring that blasting procedures used are within
guidelines set by all regulatory bodies and authorities having jurisdiction in the area.

3.3.4.1 Blasting

The Contractor shall develop controlled blasting techniques, which will satisfy the
excavation requirements specified herein. For that purpose, the Contractor’s initial
blasts in each area shall be performed as trials, and the drillhole pattern, hole depth,
explosive type and quantity, blasting sequence and drill delay pattern shall be
modified to achieve the requirements specified herein.

Twenty-four hours prior to commencement of drilling for each blast, the Contractor
shall submit complete details of the proposed blast to the Engineer. Such data shall
include: ’

1) the location, depth and area of each blast,

ii) the type, strength, quantity, column load and distribution of explosives to be
used per hole, per delay and per blast,

iii) the sequence and pattern of delay, and

iv) the description and purposes of any special methods to be adopted.

If, in a specific area, a plan which has been previously adopted does not produce
rock conditions in accordance with the requirements of these Specifications, the

Contractor shall submit a revised plan to the Engineer before continuing excavation
in adjacent areas. '

Whenever there is danger of causing damage or injury by flying rock, the shots shall
be suitably blanketed.
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3.3.4.2 Vibration Control

The Contractor shall monitor all blasting operations, using seismographic equipment
to determine the magnitude and intensity of ground vibrations. The Contractor shall
supply and operate equipment for measuring particle velocities. The equipment
shall be of the three component type for measuring vertical, transverse and
longitudinal wave forms, such as the Instantel DS 377 or approved equivalent. A
record of each seismograph measurement shall be delivered to the Engineer within
twelve hours after each monitoring operation, and shall be accompanied by a
detailed diagram of the blast, showing the number of holes, delay sequences, and
quantity of explosives in each hole. The locations for deployment of seismographs
shall be subject to the review of the Engineer.

The vibrations from blasting shall not exceed a peak particle velocity of 4 inches per
second at a distance of 100 feet from the blast, or a peak particle velocity of 2 inches
per second at a distance of 200 feet from the blast. Regardless of these limitations,
the Contractor shall minimize the effects of ground vibration which may shatter or
damage the rock mass that is required to remain intact.

Except as otherwise approved by the Engineer, the Contractor will not be permitted
to blast within 100 feet of any concrete, grout or shotcrete which has been in place
less than 2 days. Blasting within 100 feet of concrete, grout or shotcrete that has
been in place 2 days or less, or within 100 feet of dam fill material in place, will be
permitted only after submission by the Contractor, and approval by the Engineer, of
the Contractor's proposed blasting procedures together with an outline of
precautions to be taken. Regardless of these limitations, the Contractor shall
minimize the effects of ground vibration which may shatter or damage the rock
mass that is required to stay intact.

These blasting restrictions are given as a guide only and may be modified by the
Engineer on the basis of seismic measurements and observations during the progress
of the Work.

Should the results of the blast monitoring indicate that the Contractor’s methods
may endanger excavations, grouting or concrete work or impact the surrounding
environment in an adverse manner, the Contractor shall change his methods to
prevent such damage. Such changes shall be at no extra cost to the Owner.

Al
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Replacement or repair of concrete or grout damaged by blasting vibrations shall be
at the Contractor’s expense.

3.3.5 Excavation Records

In addition to other records, the Contractor shall maintain accurate records of all
rock excavation and blasting operations performed under the contract and at the end
of each shift shall provide the Engineer with two copies of the daily record. The
following data shall be recorded on forms approved by the Engineer, together with
any additional data the Engineer may request, and shall bear the signatures of the
Contractor's and the Engineer's representatives who shall review and certify the
appropriate form at the end of each shift.

i) If blasting is employed, details of the drilling pattern, number, locations and
sizes of drll holes, and the type and amount of explosives used in each

round, the type, location, and firing pattern of detonators, and the time of
each blast.

ii} Details of ripping and other methods of excavation used during each shift
together with the volume of rock excavated and removed from the
excavation.

iiiy  Number and classification of men and plant engaged on each excavation.

3.4 Borrow Area, Stockpile and Spoil Disposal Area Development

34.1 Submittals
The Contractor shall give the Engineer not less than 20 working days notice of his
intention to develop borrow areas, stockpile or spoil disposal areas, and will indicate
the location of these areas and the order in which they will be developed.

The method statement shall include, but shall not necessarily be limited to:

1) the scheduled date of the start of the development,
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34.2

34.3

i1) the method of excavation,
iii) the method of handling and dewatering groundwater and surface water,

iv)  the method of preventing siltation and contamination with suspended
colloidal and/or organic material of Minto Creek,

v) the method of stabilizing excavated slopes,

vi) the method of excavation to yield a maximum of materials meeting the
specified requirements,

vii)  the method of removal of unsuitable material,
viii)  the equipment that will be used, and

ix)  the location plan for haul roads.

The method statement for the development of borrow areas other than those on the
Owner’s property shall include documents concerning the permission of landowners
and permits from the regulatory authorities.

The Engineer will perform tests on soil samples from proposed borrow sources in
the on site field laboratory to assess the suitability of the proposed borrow source.
The Contractor will assist the Engineer in collecting soil samples.

Survey
The corner points of boundaries of each designated borrow area, stockpile and spoil

disposal area shall be staked by the Contractor prior to the start of work in the
designated borrow area, stockpile or spoil disposal area.

Limit of Topsoil and Common Excavation

Topsoil excavation and common excavation of borrow pits shall be limited to the
area required to produce the volume of embankment fill to complete the required

Yy
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344

345

embankments. The stripped surfaces of the borrow areas and stockpiles shall be
maintained free of vegetation until excavation or stockpiling operations are
complete. The excavated slopes of borrow pits shall not be steeper than one vertical
to one horizontal. The top of the borrow pit slopes shall be at least 10 feet from the
edge of the cleared and grubbed area.

Unsuitable Materials

In the event that zones, strata or lenses within the various borrow pits are found to
be unsuitable for use as fill materials, the Contractor shall either excavate and
remove these materials to spoil disposal areas, or excavate and remove these
materials to locations within the borrow pits which have been worked out and
exhausted of usable materials, or the materials shall be left in place.

Required Stockpiling and Spoil Disposal Areas

3.4.5.1 General

Spoil disposal and stockpile areas shall be maintained in a stable and safe condition
and shall be sloped to drain. Spoil disposal areas shall not be used as garbage
dumps. The Engineer shall have the right to establish the maximum elevation and
the slopes to which spoil may be dumped in any particular area.

The Contractor shall take all necessary and effective measures to preserve natural
drainage channels and to prevent any objectionable accumulation of water resulting
from the formation of stockpile and spoil heaps. If necessary, natural drainage
courses shall be diverted around spoil disposal and stockpile areas.

3.4.5.2 Stockpiling

Stockpile locations for processed and unprocessed embankment fill, topsoil and
spoil shall be determined by the Contractor with the permission of the Owner and
approval of the Engineer. At least 20 working days before any material is
stockpiled, the Contractor shall submit details of the proposed stockpiling
techniques to the Engineer. Stockpiling of embankment fill material shall be kept to
a minimum. '
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Stockpiling methods for processed and unprocessed Dam fill shall ensure that
segregation, particle breakdown, deterioration and contamination with deleterious
materials or substances do not occur. A 1 foot thick layer of compacted granular fill
shall be placed on the surface of the processed fill stockpile areas after topsoil
excavation and before any fill material is placed in the stockpile. This material can
be constructed with crusher rejects if necessary. Non processed fill stockpiles do
not require this measure.

Stockpiles and stockpile areas shall be maintained at all times in a stable, safe
condition and shall be sloped to provide positive drainage to the perimeter of the
stockpile area(s). Fill materials which may require drying before final placement
and compaction in the Dam should be stockpiled in such a manner that prevents
further wetting due to precipitation. -

Material for different zones shall be stockpiled separately with at least 30 feet space
between stockpiles to prevent cross contamination of stockpiles.

3.4.5.3 Spoil Disposal

All materials that do not meet the specifications for Dam fill or topsoil shall be
placed in spoil disposal areas or in worked out areas of borrow pits outside of the
open pit mine footprint as directed by the Owner and approved by the Engineer.

Other construction materials such as timber, steel, rubber, chemicals, or grease shall
not be dumped in the spoil disposal areas. Such construction debris shall be
transported and disposed of as directed by the Owner and shall be done in
accordance with any applicable legislation.

Disposal of unsuitable and unusable excavated materials shall be carried out in an
orderly and safe manner. A bulldozer shall be employed to level off the spoil
disposal areas on a regular basis. The spoil disposal shall not interfere with water
passages and general drainage of the area. Materials placed in the spoil disposal
areas shall be compacted by track packing in two passes with a D8 sized or larger
bulldozer. The surface of the disposal pile shall be sloped to drain. Materials in
spoil disposal areas shall be placed at slopes not steeper than 3 horizontal to 1

vertical (3H:1V).
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Materials damaged, contaminated, rejected, or otherwise not meeting the
requirements of the Specifications are to be removed from the Dam and placed in a
disposal area separate from spoil materials from the clearing and grubbing
operations.

4.0 FOUNDATION PREPARATION

4.1 Scope

The Work specified in this section shall consist of the provision of all labour, plant and
materials and the performance of all work necessary to prepare the excavated surface of soil
and rock foundation surfaces of the Dam as shown on the Drawings and as specified herein.

4.1.1

Description of Work

The Work shall include, but shall not necessarily be limited to, the preparation of
the excavated soil and rock foundation in the Dam core trench and the preparation
of soil foundations on which filter and other Dam fill materials will be placed.

. The necessity for any or all of the various components of foundation preparation

will be established by the Engineer.

4.1.1.1 Dam Core Trench Rock Foundation

Foundation preparation of the rock surface exposed by excavation in the Dam core
trench within the limits shown on the Drawings shall consist of the following
operations done in the order listed.

- dewater to permit execution of work to specifications and Engineer’s satisfaction

- scale and hand clean surface using air and/or water jets (see Section 4.2.2.2)

- where necessary, do dental excavation (see Section 4.2.2.2)

- where necessary, place backfill concrete (see Section 4.2.2.3)

- where necessary, apply dental mortar (see Section 4.2.2.3)

- apply surface shotcrete to a wetted rock surface (see Section 4.2.2.3)

- blanket grout where excavation is not taken to 5’ below top of grout curtzin (see
Section 5.2)
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- repair and cleaning of shotcreted surface after blanket grouting (see Section
4.2.2.3)

- if necessary, place cold temperature protection during cold weather shutdown
periods.

- remove cold temperature protection where installed after cold weather passes.

A grout curtain was constructed in the summer of 1998 and is shown on the
Drawings. Details on the construction of this grout curtain are given in
“Construction Monitoring Report — Grout Curtain for Tailings/Water Dam — Minto
Project, Yukon” (EBA, 1998).

4.1.1.2 Soil Foundation Beneath Upstream and Downstream Shells

Foundation preparation of soil surfaces exposed by excavation and on which
granular fill materials will be placed shall consist of the following operations done
in the order listed. Excavated soil slopes steeper than 2 horizontal to 1 vertical
(2H:1V) may be prepared concurrently with embankment fill placement.

scarify the surface (see Section 4.2.3)

level, where necessary (see Section 4.2.3)

- where necessary, moisture condition the surface material (see Section 4.2.3)
compact the surface material (see Section 4.2.3)

4.2 Execution

4.2.1 General

Foundation preparation of excavated surfaces for any part of the Dam foundation
shall not commence until that part of the foundation excavation has been completed
and accepted by the Engineer.

Excavated foundations shall be drained and maintained free of water, snow and ice
during foundation preparation. No shotcrete, concrete or grout shall be placed on or
applied to frozen surfaces. Soil foundations shall be cleared of loose, thawed and
soft soil, ice, snow and other deleterious material before foundation preparation can
commence.
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4,22 Dam Core Trench Rock Foundations

4.2.2.1 General

This subsection applies to excavated bedrock surfaces exposed in the Dam core
trench and core trench siopes only. The Contractor is responsible for maintaining
the quality of the prepared surfaces throughout construction and shall make any
Tepairs to damaged surfaces at no cost to the Owner.

4.2.2.2 Cleaning

The excavated surface shall be scaled and cleaned of all soil, loose rock, debris, oil
and other foreign materials after common excavation has been completed to the
required lines on the Drawings or as otherwise specified by the Engineer (see
Section 3.3.2). Scaling, cleaning and dental excavation may require the use of
manual labour, with hand held pneumatic tools, shovels, bars, trowels, compressed
air jets, brooms, brushes and other hand held tools. Dental excavation may also
require the careful use of earth and rock moving equipment and blasting as required.

Plant and accessories used for applying compressed-air jets to the foundation shall
be capable of producing a minimum of 100 psi pressure to the foundation through a
nozzle of 1 inch minimom diameter. Hydro-brooming equipment shall be capable
of delivering water in jets of variable pressures to a maximum of 8000 psi and shal]
be available with a selection of nozzle sizes and configurations. The Contractor
shall conduct a series of nozzle trials of the equipment using various nozzle and
pressure combinations to determine the optimum equipment and operating
conditions 15 working days prior to the start of foundation preparation.

Scaling and cleaning shall be carried out concurrent with dental excavation to
remove all soil, loose, broken, detached, slabby rock fragments and unsound,
slaked, deteriorated and closely fractured rock which remains in the excavated
surface of the rock in open and debris filled joints, cracks, fissures, seams, crevices,
faults, shear zones and other relatively narrow openings. Seams, cracks, or fissures
containing sand or clay or other soft or incompetent material occurring in the rock
foundations under the core shall be cleaned out to the greatest depth practicaBIe, and
in any case, to a minimum depth of five times their width and to the Engineer’s
satisfaction. The purpose of scaling, cleaning and dental excavation is to produce a
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surface of sound, intact, tightly wedged and naturally anchored rock. Dental
excavation may necessitate the removal of some sound rock to permit excavation of
adjacent unsuitable foundation material and the treatment of the cavities formed by
the dental excavation.

Scaling and cleaning may be necessary after dental excavation is complete as
required by the Engineer.

4.2.2.3 Backfill Concreting, Dental Concreting and Surface Shotcreting

Backfill concrete shall be used to fill relatively large natural or excavated
depressions and openings, to eliminate abrupt changes in excavated slope,
overhangs and vertical faces and to produce a foundation surface with smooth slope
transitions for the placing of embankment fill. Wooden forms shall be shaped to
approximately conform to the rock surface and to produce the required smooth
transitions and shall be used for back{ill concrete in large excavated openings and
cavities on the slopes of the river valley. Backfill concrete shall be vibrated into
place and shall have a minimum compressive strength of 2200 psi at 28 days.
Shotcrete may be used as an alternative means of placing backfill concrete and
dental mortar subject to the prior approval of the Engineer. Shotcrete mix
designs must be submitted to the Engineer for review 30 days before construction.
All cement, water and aggregate used in the production of concrete, shotcrete and
mortar shall be at a minimum temperature of 10 degrees Celsius at the time of
batching.

Dental mortar shall be used to fill joints and other relatively narrow openings and
cavities resulting from dental excavation and the scaling and cleaning operations.
Dental mortar shall be a thick cement-sand water mortar that is placed and
compacted by hand methods. Dental mortar shall have a minimum compressive
strength of 2200 psi at 28 days. The finished surface of dental mortar and backfill
concrete shall be approximately flush with the adjacent rock surfaces such that no
abrupt changes or breaks in the finished slope shall exist.

The exposed rock surfaces shall be saturated by applying water with hoses and then
shotcrete shall be applied in accordance with the following requirements prior to
blanket prouting. Surface shotcrete shall be applied within the core-rock contact
area to a nominal thickness of 2 inches and a minimum thickness of 1 inch, as
directed by the Engineer. In general it is anticipated that surface shotcrete will be

=
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applied to most of the core-rock contact area, including those areas which have been
backfilled with concrete and dental shotcrete in order to seal completely the core-
rock contact surface. Exceptions to this complete shotcrete coverage shall be only
as determined by the Engineer. Prior to the application of shotcrete, the Contractor
shall clean the receiving surfaces to the same extent as that required and described
above as required prior to the placement of backfill concrete.

Blanket grouting or routing of construction equipment over prepared areas will take
place no less than 7 days after dental concrete and dental mortar have been placed.
Surface shotereting will recommence to repair any damage once blanket grouting
operations are completed. The use of high early strength cement or other
accelerants may be used with the prior approval of the Engineer. The Owner may
wish to have two test panels 3 feet by 3 feet fabricated 1 week before construction
commences so that the minimum setting time can be optimized.

Prior to the placement of embankment fill material, the shotcrete will be inspected
and sounded by the Engineer. Shotcrete which has separated from the surface of the
rock, or that is not in contact with the rock, or that is not firmly attached to the rock
or that can be easily detached from the rock shall be removed and replaced, all as

determined by the Engineer.

Soil Foundations

Foundation preparation specified in this subsection applies to excavated soil
surfaces on which the upstream shell and downstream shell material will be placed.

All soil foundations on which shell fill materials will be placed shall be scarified
and loosened to a depth of at least 8 inches to provide a satisfactory bonding surface
for fill placement. All lumps of foundation material larger than 6 inch size shall be
removed from the foundation. The moisture content of the bonding layer shall then
be conditioned to within two percent and one percent below the optimum moisture
content obtained in the Standard Proctor Compaction Test carried out in accordance
with ASTM Designation D698. The bonding layer shall be compacted to a density
equal to or greater than 98 percent of the maximum dry density obtained in the
Standard Proctor Compaction Test carried out in accordance with ASTM
Designation D698.
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4.2.4 Protection of the Prepared Foundations

With the exception of the foundation preparation operations for rock surfaces in the
Dam core trench (Subsection 4.2.2) up to and including the application of shotcrete,
the Contractor may prepare the foundation in accordance with the Specifications
and Drawings at any time to suit his construction schedule provided that the
prepared surfaces are protected from the deleterious effects of frost action, rain,
groundwater seepage and construction equipment and provided further that any
damage to the prepared surface due to poor construction practice or lack of
protection is repaired prior to fill placement at no additional cost to the Owner.

5.0 CURTAIN GROUTING

5.1 Scope
The work to be done in this section includes the supply of all labour, plant, and materials,
and the performance of all work necessary to drill, wash and test holes, and supply,

transport, store, mix and inject grout materials and additives for curtain grouting in the Dam
core trench, as shown on the Drawings, and as required by Engineer. '

5.1.1 Description of the Work
The work shall include but shall not necessarily be limited to:

a) Drilling and washing 1.5 inch diameter curtain grout holes inclined 30 degrees
(preliminary) to the vertical as indicated on the Drawings using percussion or
rotary drills.

b) Water pressure testing of exploratory holes and grout holes
c) Supplying and setting packer assemblies

d) Supplying, mixing and injecting cement grout mixes, including the backfilling
of holes.

e) Supplying and mixing sand in cement grout mixes

oA
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5.1.2

5.1.3

f) Supplying, installing and operating electronic grout flow recorder units,
electronic pressure transducers, and surveying and recording the locations and
inclinations of grout holes

g) Supplying and using grout additives as required

h) Drilling and water testing exploratory holes during and after the curtain grouting
process to verify the effectiveness of the grouting operation.

Technical Direction

The extent of the drilling and grouting program shown on the Drawings and
specified herein is preliminary and the Engineer will increase or decrease the scope
of any part of the drilling and grouting program should subsurface conditions
indicate that this is advisable. Drilling and grouting shall be performed under the
technical direction and supervision of the Engineer. The technical direction will

include:

- location of grout holes,

- orientation and sequence of drilling and washing grout holes,

- depth of packer settings,

- sequence of grouting completed holes,

- selection of grout materials, additives, pressures, pumping rates and durations to
be used,

- grout mix control and testing, and

- modifications and adjustrents to any aspect of the grouting procedures.

Responsibility of the Contractor

The Contractor shall provide experienced operating and supervisor personnel for
each grout plant in operation. Adjustments and modifications required by the
Engineer shall be executed by the Contractor immediately upon receipt of notice of
the Engineer's requirements.
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5.2

5.3

5.1.4 Scheduling

No embankment fill shall be placed on any foundation surface until the curtain
grouting and surface treatment at that location has been completed within a
horizontal distance of at least 60 feet of the proposed fill placement location.

Grout holes shall not be drilled within 30 feet of another grout hole which is being
grouted, or which has been grouted in the previous 24 hours.

The Contractor shall provide in his schedule sufficient flexibility for any
adjustments that may be required by the Engineer during the work to ensure that the
curtain grouting is continuous and complete and provides an impervious barrier
beneath the Dam. This may include providing and grouting additional holes beyond
the lines shown on the Drawings.

References

Publications listed below form part of this Specification to the extent specified in this
Section.

CAN3-A5-ME8 - Portland Cement
CAN3-A23.1-94 - Concrete Materials and Methods of Concrete Construction.
ASTM C-404-93 - Standard Specification for Aggregates for Masonry Grout

Materials and Equipment

5.3.1 Materials

All materials shall be handled, stored and protected from deterioration and
contamination. Deteriorated or contaminated materials shall not be used.

5.3.1.1 Water

Water used for drilling and washing and as an ingredient of grout mixtures shall be
fresh, clean and free from deleterious amounts of oil, silt, organic matter, alkali,
acids, salts and other impurities and shall conform to the requirements of CSA
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Standard CAN3-A23.1-94. At the time of mixing, the temperature of water used in
grout mixes shall be less than 25°C and greater than 10°C.

Adequate water storage facilities shall be provided to ensure a continuous supply of
water for washing drill holes and for the grouting operations, and to ensure that
grouting operations will not be hindered by a temporary breakdown in the main
supply line.

5.3.1.2 Cement

Cement used in the grout mixes shall meet all of the requirements of Type 50
Sulphate Resistant Portland Cement, in accordance with of CSA Standard

CAN3-A5-MB88.

Cement containing lumps or foreign matter which the Engineer considers
detrimental to the results of the gronting program shall be removed from the Site by
the Contractor. The temperature of the cement shall be at least 10°C when added to

the grout mix.

Each shipment of cement shall be stored so that it is protected from the weather and
is readily distinguished from other shipments. To prevent undue aging of cement,
cement shall be used in the chronological order in which it is delivered to the Site,
The cement shall not be older than 3 months upon delivery to the site.

5.3.1.3 Sand

Sand added to the grout shall consist of clean, durable stone particles, shall be free
from lumps of clay and foreign matter, shall have a moisture content of less than 3
percent of the dry weight and shall conform to CSA Standard CAN3-A23.1-94 with
the following modified grading requirernents:

Sieve Size Percentage Passing
0.1 -100
0.05 95-100
0.025 60-85
0.012 30-50
0.006 10-30
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5.3.1.4 Admixtures

The mixing, handling, storing and rates of application of admixtures shall be in
accordance with the manufacturers recommendations.

Retarding and expanding admixtures for cement and sand-cement grouts shall be
used only with the Engineer's prior approval.

Accelerants will be required for grouting bedrock beneath the south abutment that is
below O degrees Celsius.

Admixtures shall be obtained from the same manufacturer to ensure that they are
compatible with each other.

5.3.1.5 Bentonite

53.2

Bentonite incorporated in grout mixes shall be of a type that disperses easily in
water. It is recommended that the bentonite be pre mixed with a known quantity of
water and allowed to stabilize 24 hours prior to mixing with the grout. The
Bentonite shall be bond bentonite (sodium montmorillonite bentonite) as
manufactured by Black Hills Bentonite, Mills, Wyoming or equal.

Grout Mixes

Grout shall consist of a mixture of cement and water plus admixtures, bentonite or
sand which may be required by the Engineer. The proportions of materials in the
grout mixes shall be vared during the work to suit the particular conditions
encountered. 'When required, bentonite shall be between one and three percent by
mass of the cement. Proportions of materials used in grout mixtures and any
adjustments thereto during grouting operations shall be subject to prior written
approval by the Engineer.
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533

At least 20 days prior to the start of grouting and at such other times requested by
the Engineer, the Contractor shall perform tests in an approved materials and testing
laboratory, on the grout mixes proposed for use in the Works, and using the actual
materials o establish the consistencies of -mixes, practical mixing ratios, initial and
final setting times, the optimum quantities of sand, bentonite, silica fume and other
admixtures, compatibility of admixtures with grout mix ingredients, and such other
properties as may affect the quality of the grout. It is recommended that the
following water-cement ratios be used in the grouting operation; 3:1, 2:1, 1:1, 0.8:1
and 0.5:1.

In general, a sanded grout mix shall be used in backfilling grout holes and grouting
up large open seams, cracks, and other voids where viscosity in-place is desired. A
non-sanded grout mix shall be used for pressure injection into narrow cracks and
fractures in the rock which are unable to accept a viscous sanded grout.

A separate grout mix using an accelerant may be required for grouting the frozen
bedrock beneath the south abutment of the Dam due to the anticipated permafrost

conditions in that area.

The proposed grout mix designs and the results of the laboratory testing shall be
submitted to the Engineer for review at least 30 working days pror to the start of

grouting.

Drilling and Grouting Equipment

The Contractor shall provide all drilling and grouting equipment including mixers,
grout pumps, packers, pipes, grout lines, fittings, valves, nipples, drills, pressure
gauges, electronic pressure transducers, gauge savers, electronic grout flow meters,
plotters, computers, telephones or radios, lighting circuits, supplies, tools and spare
parts necessary to drill and core grout holes and to inject a continuous supply of
grout into the rock foundation under accurate pressure control. Grout plants shall be

mobile, self-contained units,

All equipment provided by the Contractor for the drilling and grouting work shall be
new or shall have been completely overhanled to an "as-new" condition
immediately prior to delivery to the Site.
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Details of the drilling and grouting equipment and the layout of the grouting plant
shail be submitted to the Engineer at least 20 working days prior to the start of
drilling and grouting. The Engineer will provide inspection staff to monitor and
record the grouting operations and will provide approprate record and other
required forms. The Contractor shall assist the Engineer in the collection and
recording of all grouting data.

5.3.3.1 Drills

Standard drilling equipment of the percussion or diamond drill type shall be used for
drilling all grout holes.

Drilling equipment shall be equipped for continuous washing of the holes with
water after drilling.

5.3.3.2 Drillhole Orientation

The Contractor shall supply and operate a NL Sperry-Sun mafgnctic multi-shot
drillhole survey instrument or approved equal that measures the direction and
inclination of drill holes to an accuracy of one-half degree, at any point in the drill

hole.
5.3.3.3 Washing and Water Pressure Testing Equipment

The washing and water pressure testing plant shail include pumps, piping, pressure
gauges, valves, fittings, and seal assemblies (packers). The pumps furnished shall
have a maximum ocutput of not less than 74 gal/min at 200 psi gauge pressure, and
shall be capable of maintaining constant pressure. Water storage tanks sufficient to
supply all of the pumps for a peried of 1 hour shall be used. Two sets of
flowmeters, pressure transducers, and Bourbon gauges shall be installed for
calibration checking. Water testing prior to grouting shall be conducted at 15 psi.

5.3.3.4 Packers

The seal assemblies or packers shall be of the hydraulically or pneumatically
expanded rubber or neoprene sleeve types. The packers shall be capable of sealing
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holes of diameters of up to 3 inch at depths of up to 150 feet and a maximum
effective pressure of 600 psi without leakage. The type of packer shall be varied to
suit ground conditions, as necessary. The packers shall be capable of being used
either singly or in pairs separated by either 5 feet or 10 feet of perforated pipe.
There shall be sufficient perforations in the pipe to provide negligible obstruction to
the water during water pressure testing. The diameter of the packer pipe shall be the
maximum possible for the size of the hole.

The tube conveying the grout through the packer shall have a minimum diameter of
I inch.

5.3.3.5 Mixers and Agitators

Sufficient plant including spare parts capable of supplying, mixing, agitating and
pumping grout shall be provided to meet the construction schedule.

Grout materials shall be mixed with a mechanically operated high speed, high shear
mixer that operates at a mixing speed of more than 1500 rpm (“Colcrete” type or
equivalent). Facilities shall be provided at the mixer for the accurate measurement
of grout materials so that mix proportions can be controlled. A sufficient number of
mixers should be available, ready for immediate use, to produce grout at the rates
required by the hole or holes being grouted and without interruption due to mixer

breakdown.

Grout materials shall be maintained in suspension in an agitator equipped with
screens to remove hardened grout. Screen openings shall be 1/4 inch. Agitators
shall be equipped with baffles to reduce vortex formation and shall be provided with
adequately marked dip sticks or graduations for measuring the volume of their

contents,

Each grout plant shall be provided with acceptable storage for adequate supplies of
cement, additives and other materials so that grouting can be carried on without
interruption. Each plant shall have a suitable housing for protection against rain and
frost and shall have direct radio or telephone communications with personnel at the
point of grout injection.




0201-99-13899 _ -33- June, 1999

5.3.3.6 Grout Pumps and Valves

Grout pumps shall be of the helical rotor-progressive cavity type and shall be
capable of pumping at least 30 gal/min of grout having a water:cement ratio of 0.5:1
at a maximum discharge pressure of 400 psi. The pump shall be located at a
distance not greater than 200 feet from the hole being grouted and shall also be
located to obtain pressures in the circulation lines at the holes that are not greater
than those required for grouting.

Valves in contact with grout shall be diaphragm and/or plug cock valves each
equipped with its own handwheel control.

5.3.3.7 Hoses, Connections and Headers

A circulating system of hoses, of maximum I inch internal diameter, from the pump
to the header and back to the holding tank shall be used. A single hose, of
maximum 60 feet length and maximum 11/2 inch internal diameter shall connect the
header to the grout hole.

Grouting headers shall be provided for feeding grout into the holes. The grout
headers shall include a supply connection, a connection with a valve to the hole, and
a return line with a valve. Two 6 inch Bourbon type pressure gauges for the
appropriate pressure range shall be installed. One shall be located at the grout pump
to indicate the pressure of the supply of grout to the hole. The other shall be
positioned to measure the back pressure of grout at the point of injection. A
pressure transducer shall be located at the point of injection.

The hoses, valves, joints and couplings shall be capable of withstanding pressures
double those required for grouting.

5.3.3.8 Water Meters

Water meters shall be equipped with an accumulative total indicator and a reset
knob, or equivalent. The diameter of the meter dial shall not be less than 6 inches.
The water meters supplied shall be able to measure flows in the range of 2 to 80
gallons per minute with an accuracy of +/- 5 gallons. Each water meter shall be
identified with a number.
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5.3.3.9 Pressure Gauges

The grout pressure shall be monitored using electronic pressure transducers of the
type GOULD PG3000-200-42-13, 0 - 200 psi or approved equivalent. The pressure
transducers shall be placed as close as possible to the moving grout to avoid the risk
of having the grout set in the injection line prior to reaching the transducer. A spare
transducer shall be available at all imes. All electrical equipment for the pressure
transducers shall be compatible with the transducers. The pressure transducers must
have a voltage output which is recordable by a computer and plotter. Backup
bourbon gauges shall be used to calibrate and check the pressure transducers.

Backup pressure gauges shall be Bourbon tube type of heavyduty quality with face
diameter no less than 4 inches. The gradation of the pump discharge pressure gauge
shall be the same as the header gauge and both gauges shall be changed, to suit the
range of grouting pressures required by the Engineer. Gauge ranges of 0 - 100 psi, 0
- 300 psi and 0 - 600 psi or similar shall be provided. All gauges installed anywhere
in the grout lines shall be protected by a membrane-type straightway gauge saver
filled with glycerine, or equal non-freezing fluid. A standard master gauge shall be
provided against which all other gauges shall be checked periodically for accuracy
and satisfactory operation. Gauges shall have an accuracy of +/- 5% and shall be
checked against 2 master gauge at maximum intervals of 7 days. Each gauge shall
be identified with a number.

5.3.3.10 Electronic Grout Flow Recorders

Electronic grout flow recorders conforming to the following specification shall be
provided and connected into the grout circulation line. The grout flow recorders
shall be capable of measuring flows of 1 gallon/5 minutes (+/- 5%) and must have a
voltage output which is recordable by a computer and plotter. '

5.3.3.10.1 Power Supply

The Contractor shall supply the appropriate quality of power to meet the
requirements of the measuring and recording equipment to obtain the specified
accuracy.




0201-99-1389% -35- June, 1999

5.3.3.10.2 Flow tubes

Two flow tubes per unit for monitoring the grout flow in the supply and return lines
shall be provided. The liner shall be polyurethane.

5.3.3.10.3 Flow Transmitter

Transmitters compatible with the model flow tubes shall be provided with system
accuracy of x1.0% of upper range value. Low temperature protection shall be
provided for the unit if the ambient temperature is below -25°C. Communication
cable at least 20 feet long shall be provided from the flow tubes to the transmitter.
The power supply shall be sufficient to operate this umit.

5.3.3.10.4 Recorder

The Contractor must provide a recorder capab]é of plotting the flow rates and
volumes of grout pumped into each hole versus time. The plotter shall have at least
two pen colours.

5.3.3.10.5 Communications

Telephone or radio communications shall be provided and used between the key
elements of the grouting plant, from the mixing equipment to the pumps ‘and to the
grout hole,

5.3.3.11 Arrangement of Equipment

The arrangement of the grouting equipment shall be such that the grout supply line
shall connect the pump to the hole and return to the agitator in one continuous
circuit controlled for pressure with one pressure gauge placed at the outlet of the
pump and one placed slightly downstream of the grout hole immediately in front of
the return valve for pressure control at the header.

o
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5.3.3.12 Compressed Air Supply

The minimum delivery pressure in the air supply lines shall be 100 psi. Sufficient
compressed air shall be supplied to operate compressed air equipment at full
capacity.

5.3.3.13 Foundation Displacement Indicators

Foundation displacement indicators as shown on the Drawings shall be provided
and shall be installed where required by the Engineer.

54 Execution

54.1 Drilling
This subsection covers the drilling of grout holes and exploratory holes.

All holes shall be located and drilled in the sequence, orientation, and to the depths
shown on the Drawings, and as required by the Engineer. The groutholes are to be
angled 30° to the horizontal along the centerline of the dam. The orientation and
alignment of the grout holes may be changed by the Engineer upon review of new
geological information from excavation of the core trench or through further drilling
and sampling. '

Exploratory holes to determine the rock conditions in the Dam core trench shall be
drilled where required by the Engineer.

Curtain grout holes, drilled from the shotcreted or excavated rock surface shall have
short casings installed 6 inches into rock and protruding at least 6 inches above the
shotcrete or rock surface to prevent the entry of forei gn materials. Casings may be
installed in advance of drlllmg

After holes have been grouted, the casings shall be removed prior to fill placement.
All holes shall be filled with grout flush to the rock surface.

Grease, rod dope, drilling mud, or other ubricants shall not be used on drill rods or
in the drilling fluids during grout or water pressure test holes.
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5.4.2

Grout hole collars shall be established to within 8 inches of the location specified.
The orientation of every hole shall be measured. Grout holes that deviate more than
three degrees from the required orientation or direction may be filled with grout
tremmied from the bottom and abandoned. Such abandoned holes may be redrilled
as required by the Engineer at no additional cost to the Owner.

After drilling, each hole shall be protected from becoming clogged or obstructed by
means of a temporary cap at the collar. Any hole that becomes clogged or otherwise
obstructed before the start of grouting shall be cleaned out in 2 manner acceptable to
the Engineer, or the hole shall be redrilled as required by the Engineer at no
additional cost to the Owner. '

Exploratory grout curtain holes shall be water pressure tested in sections, as
specified herein, and the test results will determine whether the exploratory hole
will. be used as a primary grout hole or will be backfill grouted to full depth
imrnediately. The location of these holes shall be determined by the water testing
and grout take records for the curtain grout holes.

Washing and Water Pressure Testing

Grout holes shall be washed under pressure immediately before pressure testing and
immediately before pressure grouting. Holes shall be washed out with water
injected through a wash pipe at the bottom of the holes until clear water returns to
the surface. Washing may be required after each stage. The Contractor will be
responsible, at no cost to the Owner, for cleaning hardened grout from the sides of
the hole if washing is required and not done soon after grouting.

When required by the Engineer, exploratory holes and grout holes shall be water
pressure tested. Water pressure tests shall be done in sections from the bottom of
the hole upwards. Each section shall be isolated by means of two packers spaced a
distance of 10 feet apart. For each section, backpressure shall be measured at the
collar of the hole with the hole full of water. Water pressure shall then be applied to
the test section for a minimum period of 12 minutes and a maximum period of 60
minutes. If the rock conditions do not permit a test to be completed using the 10
feet spaced packers, the Engineer may require packers spaced at 5 feet to be used.
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The applied pressure used in washing and water pressure testing shall be as required
by the Engineer and shall, in general, correspond with the pressure specified for
grouting as specified herein.

If the water test in any stage or hole shows a permeability less than 1 Lugeon (3.3E-
7 ft/s), the stage need not be separately grouted but may be grouted as an extension
of the subsequent stage.

54.3 Grouting
5.4.3.1 General

The grout mixes, pressures, pumping rates and the locations and sequences in which
holes are drilled and grouted shall be as specified herein and as shown on the
Drawings or as otherwise required by the Engineer. The Engineer will adjust the
grouting requirements, from time to time to suit the subsurface conditions
encountered.

Grout materials including water shall be protected from freezing and shall be at a
temperature between 10°C and 25°C, throughout the mixing and agitation period up
to the time of injection. The grout plant and the work area around the drill hole
shall be covered and heated as necessary. Temperature sensors shall be placed at
the locations required by the Engineer to monitor temperature conditions. The
construction schedule may require that some grouting be done during winter
conditions.

Grout shall be mixed in batches of suitable volume and in such a way as to enable
the water-cement ratio and the composition of grout suspensions to be changed to
ensure continuous flow and minimim wastage. Grouts shall be mixed for a
minimum of 5 minutes before injection.

All grout which cannot be injected within one hour of mixing shall be wasted at no
cost to the Owner. '

Changes to the grout mix may be required by the Engineer at the grout plant.
Specific criteria for changing the grout mix will be established by the Engineer. In
general, grout injection shall be started using a grout mix with a water-cement ratio

o=
ebq




0201-99-13899 -39 - June, 1999

of 3:1 by mass. This mix shall be maintained or thickened, depending on the rate of
grout acceptance. The grout mix used at the start of any section of a hole shall be
injected at the required pressure for a 10-minute period with the grout pump
operating at constant speed. If the rate of absorption is observed to drop steadily,
the starting mix shall be continued until refusal is reached.

If the absorption of grout is high during the initial period or does not decrease
appreciably, the water-cement ratio shall be gradually decreased and successively
thicker mixes used. Each successive mix shall be injected for a minimum 10 minute
period until either the grout absorption stabilizes and a thicker mix is used or the
grout absorption decreases in which case grouting may be continued to refusal.

In areas of high grout absorption, sand may be required to be added to the mix. The
proportion of sand shall not exceed 2 parts sand to 1 part cement by mass, and all
sand mixes and neat cement mixes with a water-cement ratio less than 2:1 by'mass
shall include an approved fluidizer additive.

When the absorption of thicker mixes begins to decrease or causes the pressure to
rise above the value desired, the Contractor may reduce the pressure to the value
desired by reducing the grout flow rate.

If the grout absorption rate drops suddenly the grout mix shall be immediately
thinned, or water introduced into the grouting system, to prevent the hole from

becoming plugged.

Holes shall be grouted in sections from the bottom of the hole upwards using a
single packer. The length of the section shall be as required by the Engineer. The
mix shall be maintained or thickened as required by the Engineer. The maximum
pressures to be used will be determined by the Engineer and will depend on the
static pressure of water measured in the hole and the distance of the section to be
grouted from adjacent excavations. A person shall be stationed at each header unit
being used to manipulate the return valves so as to continuously maintain the
required pressure of grout going into the hele. The Contractor shall ensure that the
header pressure gauge is accurate and in good working condition at all times during
grouting operations. The Contractor will ensure that proper bleeding of the grout
hole is allowed to occur.
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The Contractor may chose to adopt a different grouting procedure (i.e. from top to
bottom with or without packers) if ground canditions make grouting from bottom to
top with packers not practical or uneconomical. The alternative grouting procedure
shall be described in detail and submitted to the Engineer for review and approval
within 3 days of the proposed change in grouting procedure.

Refusal criteria for grouting shall be as required by the Engineer. In general, the
grouting of any hole in which a water-cement ratio of less than 3:1 by mass is being
used shall be continued until the hole refuses to take grout at the maximum effective
pressure required for the stage of the hole. At this time, the Contractor shall return
to the initial thinner mix and apply the following criteria. The grouting of any hole
in which the water-cement ratio of 3:1 by mass, or higher, is being used shall not be
considered complete until the hole takes grout at the rate of less than 0.9 gallons of
grout per foot of hole in 20 minutes if effective pressures of 50 psi or less are being
used or in 15 minutes if effective pressures of 50 to 100 psi are being used.

If the grout absorption of a hole being grouted is such that it is found impossible to
reach the required pressure after pumping a reasonable volume of grout at the
minimum workable water-cement ratio, the rate of pumping shall be reduced or the
pumping stopped temporarily and intermittent grouting performed, allowing
sufficient time between injection for the grout placed to stiffen. If this procedure is
not successful, grouting shall be discontinued, the grout allowed to set, and
additional drilling and grouting shall be done in this hole or in adjacent holes until
the desired resistance is built up.

During the grouting of a hole, adjacent ungrouted holes shall be left uncapped to
facilitate the escape of air and water. If sufficient grout flows from these holes to
interfere with grouting, these holes shall be temporarily capped and/or grouting

_ pressures reduced accordingly. - Alternatively, the Engineer may require that these
holes be grouted simultaneously. Surface leaks shall be caulked to prevent an
excessive seepage of grout. An ample supply of oakum, soft wooden wedges and
premixed quick setting cement and mortar shall be available at the work site at all
times. Should caulking not be feasible, grouting shall be discontinued, the grout
allowed to set, and additional drilling and grouting shall be done in this hole or in
adjacent holes until the desired resistance is built up.

If a backpressure exists after grouting of a hole is completed, the hole shall be
capped until the pressure falls to a negligible amount. '
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Grouting pressures for each packer setting shall be as required by the Engineer. In
general, the maximum grouting pressure at the packer depth is anticipated to be
1 psi perfoot of hole. This pressure -may be increased if conditions warrant.
Starting pressures at each stage will be much less, in the order of 15 psi for about 5
minutes and increased gradually to full pressure within a 5 minute time span.

For a given packer depth, the excess pressure of the grout, at the packer depth shall
be calculated considering the gauge pressure at the header plus the hydrostatic
pressure head of the grout in the packer pipe minus the friction losses in the pipe,
minus the hydrostatic pressure head of the ground water if any, outside the pipe.
This excess pressure shall not exceed the effective weight of the rock and soil
overburden above the packer depth. Effective unit weight of dry and saturated rock
shall be agsumed to be respectively, 22.5 and 13.8 kiN/m of vertical depth. Effective
unit weight of dry and saturated soil shall be assumed to be respectively 19.5 and
11.8 kN/m of vertical depth. Grouting pressures at the gauge shall be calculated in
accordance with the above.

After grouting, each hole shall be backfilled flush to the excavated rock surface,
shotcrete protected surface or overburden surface by injection of a non-shrink grout.
Additional grout shall be added to compensate for any settlement of the initially
injected grout.

During grouting operations, the Contractor shall take such precautions as may be
necessary to prevent machine treads, drill cuftings, equipment exhaust, oil, wash
water and grout from damaging the shotcrete or excavated rock surface.
Wastewater and grout shall be pumped from the prepared foundations or
excavations within a reasonable amount of time.

Grouting of the lines shown on the Drawings shall commence with the primary
grout holes, and depending on the grout takes, shall be followed by the secondary
grout holes at split spacing. Water tests on the secondary holes and exploration
holes as required by the Engineer will indicate the need for further grouting, If
grout takes do not decrease during grouting of the secondary holes, tertiary grout
holes at split spacing shall be drilled and grouted, as required by the Engineer. All
exploratory holes shall be grouted over their full length as specified herein for
primary grout holes.
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Injection of grout into a hole in sections shall be in one continuous operation until
the specified refusal criteria have been achieved at all sections and-the grout hole
has been backfilled. In case of breakdown of grouting equipment, the Contractor
shall immediately flush the hole with water until the return water flow is clear.

The following procedures shall be followed to grout the zone at, and immediately
above, bedrock surface in holes that are drilled and cased through overburden.
When the hole has been grouted to the bottom of the casing, the casing shall be
withdrawn in three stages of three feet each. At each stage a falling head
permeability test shall be made in accordance with the procedures described in
Designation E-18 of US Bureau of Reclamation Earth Manual and the hole shall be
grouted at the effective pressures required by the Engineer. After the third stage has
been grouted the casing shall be completely withdrawn. Thin grout mixes shall be
used. If required by the Engineer additional holes drilled and cased to bedrock
surface shall be split spaced until the zone at bedrock surface is sealed.

3.4.3.2 Foundation Uplift Monitoring

Foundation displacement indicators shall be installed prior to water pressure testing
or grouting of the holes in the vicinity of areas where the Engineer considers that the
grout take trends are indicating that rock uplift as a result of grouting may be taking
place.

Whenever the foundation displacement indicators show the initiation of rock uplift,
the grouting pressure shall immediately be reduced.

The foundation displacement indicators shall consist of a steel rod anchored at the
bottom of a shallow drill hole as indicated on the Drawings. The top of the steel rod
shall be surveyed as required by the Engineer thronghout the grouting process.

Foundation displacement indicators shall be suitably protected against damage.
Instruments damaged by the Contractor's construction equipment shall be replaced
at no additional cost to the Owner.
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5.5 Quality Control

53.5.1

3.5.2

General

All grouting shall be done in the presence of the Engineer. During drilling, water
pressure testing and grouting operations, the Contractor shall provide experienced
operating personnel for each drilling and grouting plant in operation.

Gauges shall be cleaned and recalibrated at start of each working shift and
periodically during each shift as necessary.

Progress Records

Dnlling, water testing and grouting records will be kept by the Contractor. The
records will include Project Name; Owner; name and signature of individual
supervising the grouting and record keeping; date(s) and time(s) of all grouting;
location and ID# of hole; orientation, azimuth and depth of hole; diameter of hole;
water testing results; type, number and depth of packers for each grouting increment
or stage; water/cement ratio and changes and time- of change of water cement/ratio;
number of bags of cement injected, wasted and left in hole; pressure, changes in
pressure and time of change; time and duration of injection; volume of sand or
bentonite added, litres of water added to mix; and any other changes in procedures,
pressures, grout takes, mix or equipment that has direct effect on grouting
operations. Completed and signed copies of grouting records will be submitted to
the Engineer 24 hours after completion of grouting.

The grouting data will be plotted by the Contractor immediately and continuously as
the data are measured. The data will be plotted in tabular and graphical form.
These field plots will be used by the Engineer to evaluate the grouting operation and
to adjust the required procedures where necessary.

The drilling and grouting records shall be signed by the Contractor and the
Engineer's representative after each shift.
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5.6

6.0

6.1

5.5.3 Testing

Whenever requested by the Engineer, the Contractor shall provide grout trial
batches to verify the quality of grout to be placed.

Clean Up

5.6.1 Clean up Prior to, and During Grouting

All grouting areas shall be kept free of water, grout, sludge, oil or any deleterious
material regardless of origin so that none of these materials drain onto any part of
the Works completed or under construction. At all times during the progress of the
Work, all open drill holes shall be protected.

5.6.2 Clean Up After Grouting Operation

Upon completion of grouting, all grout supply connections shall be removed from
the work area.

Prior to final acceptance of the Work, the exposed surfaces of all rock, concrete and
shotcrete shall be cleaned and restored to their original condition. All hardened
grout on surfaces within the work areas shall be removed if it is deemed to be
unsound or poorly bonded to the underlying surface, as determined by the Engineer.

Each grout hole shall be clearly marked and numbered by the Contractor upon
completion of the grout hole.

BLANKET GROUTING
Scope

The work to be done in this section includes the supply of all labour, plant and materials,
and the performance of all work necessary to drill, wash and test holes, and supply,
transport and store, mix and inject grout materials and additives for blanket grouting in the
Dam core trench, as shown on the Drawings, and as required by the Engineer.

Fy
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6.1.1

6.1.2

6.1.3

Description of Work

The description of work shall include but shall not necessarily be limited to:

a) Drilling and washing 4-inch (minimum) diameter vertical blanket grout holes as
indicated on the Drawings using percussion drilling methods.

b) Water testing of exploratory holes and some grout holes.

c)} Supplying and setting packer assemblies.

d) Supplying, mixing and injecting cement grout mixes, including backfilling of
holes.

e) Supplying and mixing sand in cement grout mixes.

f) Supplying and setting materials to stem the flow out grout from cracks in the
exposed rock mass beneath the Dam core.

g) Surveying locations and elevations of blanket grout holes on a daily basis.

h) Supplying and using grout additives as required.

Technical Direction

The extent of the drilling and grouting program shown on the Drawings and

specified herein is preliminary and the Engineer may increase or decrease the scope
of any part of the drilling and grouting program should subsurface conditions
indicate that this is advisable. Drilling and grouting shall be petformed under the
technical direction and supervision of the Engineer. The technical direction will
include:

- location of grout holes,

- orientation and sequence of drilling and washing grout holes,

- sequence of grouting completed holes

- selection of grout materials, additives, pressures and pumping rates to be used,
- grout mix contro! and testing, and .

- modifications and adjustments to any aspect of the grouting procedures.

Responsibility of the Contractor

Adjustments and modifications required by the Engineer shall be executed by the
Contractor immediately upon receipt of notice of the Engineer's requirements.
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6.1.4 Scheduling

No embankment fill shall be placed on any foundation surface until the blanket
grouting and surface treatment at that location has been completed within a
horizontal distance of at least 60 feet of the proposed fill placement location.

Grout holes shall not be drilled within 30 feet of another grout hole which is being
grouted, or which has been grouted in the previous 24 hours.

The Contractor shall provide in his schedule sufficient flexibility for any
adjustments that may be required by the Engineer during the work to ensure that the
blanket grouting is continuous and complete and provides an impervious barrier
beneath the Dam. This may include providing and grouting additional holes beyond
the lines shown on the Drawings.

6.2 References

Publications listed below form part of this Specification to the extent specified in this
Section. '

CAN3-A5-M88 - Portland Cement.
CAN3-A23.1-94 - Concrete Materials and Methods of Concrete Construction.
ASTM C-404-93 - Standard Specification for Aggregates for Masonry Grout.

6.3 Materials and Equipment

6.3.1 Materials

All materials shall be handled, stored and protected from deterioration and
contamination. Deteriorated or contaminated materials shall not be used.

6.3.1.1 Water

Water used for drilling and washing and as an ingredient of grout mixtures shall be
fresh, clean and free from deleterious amounts of oil, silt, organic matter, alkali,
acids, salts and other impurities and shall conform to the requirements of CSA

=
ebq




0201-99-13899 - 47 - June, 1999

Standard CAN3-A23.1-94, At the time of mixing, the temperature of water used in
grout mixes shall be less than 25°C and greater than 10°C.

Adequate water storage facilities shall be provided to ensure a continuous supply of
water for washing drill holes and for the grouting operations, and to ensure that
grouting operations will not be hindered by a temporary breakdown in the main

supply line.
6.3.1.2 Cement

Cement used in the grout mixes shall meet all of the requirements of Type 10
Normal Portland Cement, in accordance with of CSA Standard CAN3-A5-M88.

Cement containing lumps or foreign matter which the Engineer considers
detrimental to the results of the grouting program shall be removed from the Site by
the Contractor. The temperature of the cement shall be at least 10°C when added to

the grout mix.

Each shipment of cement shall be stored so that it is protected from the weather and
is readily distingunished from other shipments. To prevent undue aging of cement,
cement shall be used in the chronological order in which it is delivered to the Site.

6.3.1.3 Sand

Sand added to the grout shall consist of clean, durable stone particles, shall be free
from lumps of clay and foreign matter, shall have a moisture content of less than 3
percent of the dry weight and shall conform to CSA Standard CAN3-A23.1-94 with
the following modified grading requirements:

Sieve Size Percentage Passing
(in)
#8 100
#16 05-100
#30 60-85
#30 30-50
#100 10-30
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I'e

6.3.1.4 Admixtures

6.3.2

6.3.3

The mixing, handling, storing and rates of application of admixtures shall be in
accordance with the manufacturers recommendations.

Retarding and expanding admixtures for cement and sand-cement grouts shall be
used only with the Engineer's prior approval. '

Admixtures shall be obtained from the same manufacturer to ensure that they are
compatible with each other.

Grout Mixes

Grout shall consist of a mixture of cement and water plus admixtures, bentonite,
sand and additives which may be required by the Engineer. The proportions of
materials in the grout mixes shall be varied during the work to suit the particular
conditions encountered. When required, bentonite shall be between one and three
percent by mass of the cement. Proportions of materials used in grout mixtures and
any adjustments thereto during grouting operations shall be subject to prior written
approval by the Engineer. ‘

It is recommended that the following water-cement ratios be used in the grouting
operation; 3:1, 2:1, 1:1, 0.8:1 and 0.5:1 (mixed by vo]ume). A sanded grout mix
shall be used in backfilling grout holes and grouting up large open seams, cracks,
and other voids where grout absorption is high and viscosity in-place is desired. A
non-sanded grout mix shall be used for pressure injection into narrow cracks and
fractures in the rock, which are unable to accept a viscous sanded grout. In areas of
high grout absorption, sand may be required to be added to the mix. The proportion
of sand shall not exceed 2 parts sand to 1 part cement by mass, and all sanded mixes
shall include an approved fluidizer additive.

Drilling and Grouting Equipment

The Contractor shall provide all drilling and grouting equipment including mixers,
grout pumps, packers, pipes, grout lines, fittings, valves, nipples, drills, pressure
gauges, gauge savers, electronic grout flow meters, telephones or radios, lighting

o

=

et



0201-99-13899 ' -49 - June, 1999

circuits, supplies, tools and spare parts necessary to drill and core grout holes and to
inject a continuous supply of grout into the rock foundation under accurate pressure
control. Grout plants shall be mobile, self-contained units.

All equipment provided by the Contractor for the dn'lliﬁg and grouting work shall be
new or shall have been completely overhauled to an "as-new" condition
immediately prior to delivery to the Site.

Details of the drilling and grouting equipment and the layout of the grouting plant
shall be submitted to the Engineer at least 20 working days prior to the start of
drilling and grouting. The Engineer will provide inspection staff to monitor and
record the grouting operations and will provide appropriate record and other
required forms. The Contractor shall assist the Engineer in the collection and
recording of all grouting data.

6.3.3.1 Drills

Percussion drills with the ability to set casing 4" inside diameter minimum, while
drilling, to the bottom of the grouthole shall be used for drilling all grout holes and
exploratory holes. The method of drilling, including information on the drill rig to
be used, shall be submitled to the Engineer at least two weeks prior to mobilization
to site. A trial demonstration may be requested by the Engineer to confirm the
performance and capability of the drill rig.

6.3.3.2 Water Pressure Testing Equipment

The water pressure testing plant shall include pumps, piping, pressure gauges,
valves, fittings, and seal assemblies (packers). The pumps furnished shall have a
maximum output of not less than 74 gal/min at 200 psi gauge pressure, and shall be
capable of maintaining constant pressure. Water storage tanks sufficient to supply
all of the pumps for a period of 1 hour shall be used. Two sets of flowmeters and
Bourbon gauges shall be installed for calibration checking. Water testing prior to
grouting shall be conducted at 15 psi.
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6.3.3.3 Packers

The seal assemblies or packers shall be the mechanically expanded surface packer
types. The packers shall be capable of sealing holes of diameters of up to 4%z inch
(due to potential for hole oversizing during drilling) and seal np to a maximum
effective pressure of 100 psi without leakage. The Contractor shall have pneumatic
packers and related equipment for inflation on site as required. The type of packer
shall be varied to suit ground conditions, as necessary. The diameter of the packer
pipe shall be the maximum possible for the size of the hole and shall have a
minimum diameter of 1 inch.

The tube conveying the grout through the packer shall have a minimum diameter of
1 inch.

6.3.3.4 Mixers and Agitators

Sufficient plant including spare parts capable of supplying, mixing, agitating and
pumping grout shall be provided to meet the construction schedule.

Grout materials shall be mixed with a mechanically operated high speed, high shear
mixer that operates at a mixing speed of more than 1500 rpm (“Colerete” type or
equivalent). Facilities shall be provided at the mixer for the accurate measurement
of grout materials so that mix proportions can be controlled. A sufficient number of
rmixers should be available, ready for immediate use, to produce grout at the rates
required by the hole or holes being grouted and without interruption due to mixer
breakdown.

Grout materials shall be maintained in suspension in an agitator equipped with
screens to remove hardened grout. Screen openings shall be 1/4 inch. Agitators
shall be equipped with baffles to reduce vortex formation and shall be provided with
adequately marked dipsticks or graduations for measuring the volume of their
contents.

Each grout plant shall be provided with acceptable storage for adequate supplies of
cement, additives and other materials so that grouting can be carried on without
interruption. Each plant shall have a suitable housing for protection against rain and
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frost and shall have direct radio or telephone communications with personnel at the
point of grout injection. ‘

6.3.3.5 Grout Pumps and Valves

Grout pumps shall be of the helical rotor-progressive cavity type and shall be
capable of pumping at least 30 gal/min of grout having a water:cement ratio of 0.5:1
at a maximum discharge pressure of 400 psi. The pump shall be located at a
distance not greater than 200 feet from the hole being grouted and shall also be
located to obtain pressures in the circulation lines at the holes that are not greater
than those required for grouting.

Valves in contact with grout shall be diaphragm and/or plug cock valves each
equipped with its own handwheel or handle control.

6.3.3.6 Hoses, Connections and Headers

A circulating system of hoses, of maximum 1 inch internal diameter, from the pump
to the header and back to the holding tank shall be used.

Grouting headers shall be provided for feeding grout into the holes. The grout
headers shafl include a supply connection, a connection with a valve to the hole, and
a return line with a valve. Two 6 inch Bourbon type pressure gauges for the
appropriate pressure range shall be installed. One shall be located at the grout pump
to indicate the pressure of the supply of grout to the hole. The other shall be
positioned to measure the backpressure of grout at the point of injection.

The hoses, valves, joints and couplings shall be capable of withstanding pressures
double those required for grouting,

6.3.3.7 Perforated Sleeve Pipes

Perforated sleeve pipes shall be used to ensure that grout transmission to all sections
of the boreholes is possible should the borehole walls collapse after removal of the
casing. The bottom of the sleeve pipes shall be open ended. The pipe shall be 3
inch diameter and shall have 1 inch diameter apertures spaced every 3 inches all the
way around the pipe over the entire length of the sleeve pipe as indicated on the
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Drawings. The pipe shall have sufficient wall thickness to permit handling onsite
without damage to the pipe.

6.3.3.8 Water Meters

Water meters shall be equipped with an accumulative total indicator and a reset
knob, or equivalent. The diameter of the meter dial shall not be less than 6 inches.
The water meters supplied shall be able to measure flows in the range of 2 to 80
gallons per minute with an accuracy of +/- 2 gallons. Each water meter shall be
identified with a number. |

6.3.3.9 Pressure Gauges

Pressure gauges shall be Bourbon tube type of heavy-duty quality with face
diameter no less than 4 inches. The gradation of the pump discharge pressure gauge
shall be the same as the header gauge and both ganges shall be changed, to suit the
range of grouting pressures required by the Engineer. Gauge ranges of 0 - 100 psi, 0
- 300 psi and 0 - 600 psi or similar shall be provided. All gauges installed anywhere

- in the grout lines shall be protected by a membrane-type straightway gauge saver
filled with glycerin, or equal non-freezing fluid. A standard master gauge shall be
provided against which all other gauges shall be checked periodically for accuracy
and satisfactory operation. Gauges shall have an accuracy of +/- 5% and shall be
checked against a master gauge at maximum intervals of 7 days. Each gauge shall
be identified with a number.

6.3.3.10 Communicaticms

Telephone or radio communications shall be provided and used between the key
elements of the grouting plant, from the mixing equipment to the pumps and to the
grout hole.

6.3.3.11 Arrangement of Equipment

The arrangement of the grouting equipment shall be such that the grout supply line
shall connect the pump to the hole and return to the agitator in one continuous
circuit controlled for pressure with one pressure gauge placed at the outlet of the
pump and one placed slightly downstream of the grout hole immediately in front of
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the return valve for pressure control at the header. The grout plant shall not be
placed at an elevation which leads to unacceptable grouting pressures.

6.4 Execution

6.4.1 Drilling
This subsection covers the drilling of blanket grout holes and exploratory holes.

All holes are so that the pattern of holes shown on the Drawings is followed and as
required by the Engineer. Exploratory holes to determine the rock conditions in the
Dam core trench shall be drilled where required by the Engineer.

Grease, rope dope, drilling mud or other lubricants shall not be put into the grout or
water test holes by any means.

Blanket grout holes and exploratory holes shall be continuously cased throughout
the drilling operation using percussion drill rig. The drll rods and bit shall be
removed and the perforated sleeve pipe shall be inserted downhole once drilling has
been completed to the required depth. The top of the sleeve pipe shall be 2 feet
below ground surface. The casing will be withdrawn after insertion of the
perforated sleeve pipe, leaving 1 foot stickup above the prepared shotcrete surface
and at least 6 inches and no more than a foot of casing in the ground.

All casing shall be removed from the Dam core trench footprint after grouting is
complete and the holes have been backfill grouted.

6.4.2 Water Testing and Grouting

6.4.2.1 General

The grout mixes, pressures, pumping rates and the locations and sequences in which
holes are drilled and grouted shall be as specified herein and as shown on the
Drawings or as otherwise required by the Engineer. The Engineer will adjust the
grouting requirements, from time to time to suit the subsurface conditions
encountered. "
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Grout materials including water shall be protected from freezing and shall be at a
temperature between 10°C and 25°C, throughout the mixing and agitation period up
to the time of injection. The grout plant and the work area around the drill hole
shall be covered and heated as necessary. Temperature sensors shall be placed at
the locations required by the Engineer to monitor temperature conditions.

6.4.2.2 Setting Packers

Blanket grout holes shall be grouted in one interval using a single packer set at the
surface above the perforated sleeve pipe. The perforated sleeve pipe will convey the
grout past any borehole collapse zones. It may be necessary to use the sequential
packer down procedure should the Engineer deem that excessive surface leaks or
caving are affecting the quality of blanket grouting. This procedure involves
drilling the upper 10 feet, water testing grouting at low pressure with the packer set
at surface, waiting 6 hours for the grout to set, drilling the hole to final depth, water
testing the final interval, setting the packer at surface again and grouting the final
interval. The hole would be backfilled upon completion of the final round of

grouting.
6.4.2.3 Water Testing

When required by the Engineer, exploratory holes and grout holes shall be water
pressure tested. Water pressure testing intervals shall be established by the
Engineer on site and shall be changed based on varying ground conditions. Water
pressure testing shall be done with packers with test pressures of 15 psi.

It is anticipated that water tests will be exploratory in nature, conducted within the
middle 3-blanket grout hole lines, primarily as a means of assessing the
effectiveness of the blanket grouting. The number of water tests conducted shall be
at the discretion of the Engineer but it is not anticipated to exceed 15.

6.4.2.4 Mixing Grout and Injection

Grout materials including water shall be protected from freezing and shall be at a
temperature between 10°C and 25°C throughout the mixing and agitation period up
to the time of injection. The grout plant and the work area around the drill hole
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shall be covered and heated if necessary. Single bead thermistors shall be placed at
locations required by the Engineer to monitor temperature conditions.

Grout shall be mixed in batches of suitable volume and in such a way as to enable
the water-cement ratio and the composition of grout suspensions to be changed to
ensure continuous flow and minimum wastage. Grouts shall be mixed for a
minimum of 5 minutes before injection.

All grout mixed and not injected within one hour of mixing shall be wasted.

Changes to the grout mix shall be done as directed by the Engineer. Guidelines for
thickening the grout mixes during injection shall be made using the grout thickening
chart (EBA, 15899).

The grout shall be injected at a maximum pressure of 15 psi at the header. The
Engineer shall determine if increases in injection pressure are warranted.

Refusal shall be defined as an injection rate of less than 3 Litres of grout per meter
of grout interval per minute over a 15 minute period.

If the grout absorption of a hole being grouted is such that it is found impossible to
reach the required pressure after pumping a reasonable volume of grout at the
‘minimum water cement ratio, the rate of pumping shall be reduced or stopped to
allow for the grout in place to set before additional grouting of that interval takes
place.

An ample supply of oakum, soft wooden wedges and premixed quick setting cement
and mortar shall be available on the work site at all times for use in sealing surface
grout leaks around the grout hole. Should caulking be not feasible due to excessive
leakage, the hole shall be washed out, the injected grout shall be left to set for 12
hours and additional grouting be conducted afterwards.

6.4.2.5 Achieving Closure

The grouting shall be conducted in a grid pattern of holes on 10’ spacings. The
grout holes shall be drilled in the order shown on the Drawings so that closure
assessment can be conducted. The sequence of drilling and grouting of the three
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suites of holes shall proceed from the outside towards the centreline as shown on the
Drawings in order to facilitate closure assessment.

Additional groutholes, over and above -that which is designated secondary and
tertiary holes shall be drilled as required so that the desired standard of rock mass
hydraulic conductivity is achieved. These additional holes shall be drilled on a grid
pattern as well. Grout takes of 50 kg/m or greater on the inner three rows of the
third suite of blanket grout holes (see Drawings) will necessitate additional grout

holes set by the Engineer.

The blanket grouting shall decrease the hydraulic conductivity of the rockmass
beneath the core trench to 3 Lugeons.

6.4.2.6 Foundation Uplift Monitoring

Foundation displacement monitoring shall be conducted during water pressure
testing or grouting of the holes in the vicinity of areas where the Engineer considers
that the grout take trends are indicating that rock uplift as a result of grouting may
be taking place.

Whenever the foundation displacement monitoring shows the initiation of rock
~ uplift, the grouting or water test pressure shall immediately be reduced.

6.4.2.7 Grout Hole Backfilling

Grout holes shall be backfilled to surface upon completion of grouting with 1:1
grout. The grout shall be tremied to the bottom of the hole so that all water and/or
grout thinner than 1:1 will be displaced from the hole by the grout.

6.5 Quality Control

6.5.1 General

All grouting shall be done in the presence of the Engineer. During drilling, water
pressure testing and grouting operations, the Contractor shall provide experienced
operating personnel for each drilling and grouting plant in operation.
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6.5.2

6.5.3

Gauges shall be cleaned and recalibrated at the start of each working shift and
periodically during each shift as necessary.

Technical Direction

The Engineer will technically direct the drilling and operations. Such technical
direction shall include, but shal] not necessarily be limited to:

a) Detailed technical supervision and inspection.

b) Issuance of specific instructions for the locating, drilling, and grouting including
mix control and grouting pressures for each hole.

¢) Control of the sequence of drilling and grouting of all holes, to ensure there is no
interference or interconnection between adjacent holes. The Engineer may only
issue instructions for specific holes in any immediate area at the one time and
will not issue instructions for adjacent holes until the results of previous holes
are completed.

d) Issuance of evaluations of the test results will either release parts of the grouting
work as completed or indicate the necessity for further work.

Progress Records

Drilling, water testing and grouting records will be kept by the Engineer. The

records will include the number, location, orientation, azimuth, size and depth of all -
holes, date of drilling, water testing, grouting, re-drilling and re-grouting, the type of

grouting, mix proportions, grout consumption, pressures used, time and duration of

injection, interconnection, and any other information on the amount of work done

during the shift for measurement, record, and quality control purposes. The

Contractor shall assist the Engineer in keeping records.

The grouting data will be plotted by the Engineer immediately and continuously as
the data are measured. These field plots will be used by the Engineer to evaluate the
grouting operation and to adjust the required procedures where necessary.
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6.6

7.0

7.1

6.5.4

The drlling and grouting records shall be signed by the Contractor and the
Engineer's representative after each shift.

Testing

Whenever requested by the Engineer, the Contractor shall provide grout trial
batches to verify the quality of grout to be placed.

Clean Up

6.6.1 Clean up Pror to, and During Grouting
All grouting areas shall be kept free of water, grout, sludge, oil or any deleterious
material regardless of origin so that none of these materials drain onto any part of
the Works completed or under construction. At all times during the progress of the
Work, all open drill holes shall be protected.

6.6.2 Clean Up After Grouting Operation
Upon completion of grouting, all grout supply connections shall be removed from
the work area.
Prior to final acceptance of the Work, the exposed surfaces of all rock, concrete and
shotcrete shall be cleaned and restored to their original condition. All hardened
grout on surfaces within the work areas shall be removed if it js deemed to be
unsound or poorly bonded to the underlying surface, as determined by the Engineer.

EMBANKMENT FILL

Scope

The Work specified in this section comprises the supply of all labour, plant, and materials
and the performance of all work necessary to process, moisture condition, load, transport,
dump, place, spread, trim and compact embankment fill in the various zones of the Dam,
and other required embankments as specified herein and as shown on the Drawings.
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7.1.1 Description of the Work

The Work shall include, but shall not necessarily be limited to the construction of
the following required embankments:

a) Dam

b) Upstream cofferdam

7.1.2 Responsibilities of Contractor

The Contractor is responsible for locating, sizing, constructing and maintaining the
upstream cofferdam so that water is contained and diverted around the dam site.
The Contractor is responsible for sizing pumps to divert water and for ensuring that
significant erosion, slope instability or siltation/contamination of Minto Creek does
not occur as a result of water containment, diversion or discharge associated with
the cofferdam.

7.2 References

Publications listed below are referred to in this Section and form part of these
Specifications: '

a) ASTM Designation D422: Particle-Size Analysis of Soils.

b) ASTM Designation D2216: Laboratory Determination of Water (Moisture) Content of
Soil, Rock, and Soil-Aggregate Mixtures,

¢) ASTM Designation D698: Test for Moisture-Density Relations of Soils and Soil
Aggregate Mixtures, using 5.5-1b. (2.49 kg) Rammer and 12-in (305 mm) Drop.

d) ASTM Designation D4253: Maximum Vibrated Density Test

7.3 Materials

The purpose of this subsection is to define the embankment fill materials which shall be
placed in each zone of the required embankments and fill bodies as specified herein.
Except as otherwise provided, the Contractor shall not place within any zone of the Dam or
other required fills, embankment fill material not satisfying completely the requirements
specified herein for that zone.
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7.3.1

General
The Dam will be composed of the following general fill zones:

Zone 1 - Upstream Residoum Shell

Zone 2 - Semi Impervious Core

Zone 3 - Fine Filter

Zone 4 - Intermediate Filter

Zone 5 - Coarse Filter

Zone 6 - Downstream Shot Rock Shell

Zone 7 - Oversize Shot Rock Toe Berm
Zone & - Spillway and Upstream Face Riprap

Each of these zones will perform a particular function in the performance of the
Dam and must contain fill having definite and known characteristics that will fulfill
its design function. Such characteristics will be determined by the nature and
condition of the fill materials placed within each zone, and the procedures used in

fill placement.

The Contractor shall submit to the Engineer for review at least 30 working days
prior to the scheduled commencement of fill placement for the _required
embankments, a plan and details of the various stages, materials, equipment,
methods and procedures he proposed to be used for such operations, including the
location of haul roads and methods and location of processing and moisture

conditioning,.

The Contractor shall provide all of the required embankment fill materials. The
suitability of materials for use as embankment fill will be confirmed by the Engineer
based laboratory testing of samples supplied by the Contractor. :

Fill materials shall be unfrozen and shall be composed of sound, durable mineral
particles. Fill materials shall not contain ice, roots, topsoil, organic matter, debris or
any other material determined by the Engineer to be unsuitable. Fill material shall
be well graded within the specified gradation limits. The specified gradation limits
shall apply to the materials after they have been placed, spread and compacted in the
required embankments.
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Where processing, blending and moisture conditioning is required, fill materials
shall be thoroughly mixed in such a manner that the product is uniform and
consistently within the specified gradation limits and moisture content requirements
when it is placed in the Dam.

Granular fill material may be stockpiled to suit the Contractor's operations, provided
that the Contractor exercises every precaution necessary to prevent segregation,
breakdown of grain sizes, deterioration, contamination and wetting above the
specified moisture content. Embankment fill materials temporarily stored in
stockpiles shall be placed in the stockpiles in layers not exceeding 6 feet in
thickness. Materials that become segregated or contaminated and that have been
determined by the Engineer as being unsuitable for use as embankment fill shall be

removed to the designated spoil disposal areas.

7.3.2 Material Grain Size Distribution Specifications for Dam Fill and Topsoil

7.3.2.1 Zone 1 - Upstream Residuum Shell

The Zone 1 Upstream Residuum Shell material shall consist of residuum material
that does not contain sufficient fines to be vsed in Zone 2.

Sieve . % Passing
3" 100
0.5 80 -100
#4 60100
#40 25-55
#200 0-25

7.3.2.2 Zone 2 - Semi Impervious Core

The Zone 2 - Semi Impervidus Core materiaj shall be residuum material containing
a large portion of fines material. The specification band for this material is given

below.

P
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Sieve (in} %o Passing
(by weight)
0.5 100
i B5-100
#10 67 -85
#20 50-70
#40 35-55
#100 18-36
#200 I0-25
7.3.2.3 Zone 3 - Fine Filter
Sieve % Passing
(in) (by weight)
0.5 100
3/8 70-100
#4 30-60
#10 0
7.3.2.4 Zone 4 - Intermediate Filter
Sieve % Passing
(in) {by weight)
2 100
1172 60 - 100
1 10-45
Y 0-10
P =
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7.3.2.5 Zone 5 - Coarse filter

Sieve % Passing

(inx) (by weight)
6 100
4 50- 100
3 10-60
2 0

7.3.2.6 Zone 6 - Downstream Shotrock Shell and Upstream Face Riprap

Sieve % Passing
(in) (by weight)
24 100
12 30-80

6 0

7.3.2.77 Zone 7 - Oversize Shotrock Toe Berm

The oversize shotrock toe berm shall consist of any sound rock particles greater than
2 feet diameter.

7.3.2.8 Zone 8 - Spillway Riprap
The riprap referred to in the Drawings is described below as a function of particle

size and particle weight. It should be noted that the Upstream Face riprap will be
the 2 foot minus shotrock specified in Section 7.3.2.6.
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% Passing 12 inch - ) 24 inch
Median Size Median Size

Rock Size (in)

100 16 40
40 - 80 14 28
20~50 12 ) 24

<15 8 14

Rock Weight (1h)

100 275 3080
40 - 80 130 1050
20 - 50 88 660

<15 22 130

7.4 Sources of Fill Materials

The Contractor shall obtain fill materials for construction of the various zones of the
required embankments from borrow sources and from within the boundaries of the required
excavations. The Contractor shall choose his borrow pit locations in consultation with the
Owner and develop them as he sees fit provided the material contained within them is
considered to be suitable material by the Engineer. The Contractor shall carry out a
subsurface investigation and obtain and submit soil samples as required by the Engineer for
on site laboratory testing to enable an adequate assessment to be made of the suitability of
the materials in the area for use as embankment fill. The Contractor shall keep accurate
records of any testpit, trench or drill hole which he makes for the purpose of investigating
fill materials, and a copy of such record shall be submitted to the Engineer within 30
working days of the completion of the test pit, trench or drill hole.

The Engineer’s approval of any sample does not mean approval of an entire source. All
materials from any source are subject to further sampling, testing and approval/rejection.

The limits of contract shown on the Drawings around the borrow areas delineate the extent
of the property that has been acquired by the Owner for the use of the Contractor as sources
of fill materials. Any material within the limits of contract shown on the Drawings may be
used by the Contractor as embankment fill in the Dam and other required erbankments free
of royalty payments at no cost to the Contractor.
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7.6

The Owner shall be responsible for obtaining the property ncrhts and for paying royalties
for alternative off-site sources.

Tolerances

The permissible maximum deviation of the finished outside slope surfaces and zone
boundaries of the required embankments from the lines and grades shown on the Drawings
shall be plus or minus 1 foot measured normal to such surfaces or boundaries provided that:

- the crest width shall not be less than the dimensions shown on the Drawings,

- the finished outside surfaces of any zone shall not be lower than the elevations shown
on the Drawings, and

- the thickness of Zone 3, 4 and 5 Filters and Zone 8 Spillway and Upstream Face Riprap
shall not be less than those shown on the Drawings.

Execution

7.6.1 General

The Contractor shall be responsible for the design, provision, and operation of all
facilities and equipment necessary for the transporting of fill materials from borrow
areas, required excavations, and stockpiles to the final point of placement within the
required embankments. The Contractor shall vary the method of placing and
compaction in order to meet the requirements of these Specifications as determined
by testing and as accepted by the Engineer. The Contractor shall design, provide,
and operate such facilities and equipment in such a manner that fill materials, when
placed, fulfill the specified requirements. If the design or method of operation of
the facilities and equipment provided by the Contractor produces unacceptable
segregation, wetting, drying, freezing, or other undesirable effects on the fill
materials, the Contractor shall modify such facilities and equipment, or change the
methods of operation.

Fill materials shall not be placed in any part of the required embankments until the
excavation and foundation preparation have been completed to within a honzontal

distance of 60 feet from the proposed fill placing location.
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7.6.2

Should a slide of any material occur within or onto any part of a reguired
embankment, all slide and any fill materials affected shall be removed and placed in
a designated spoil disposal area. The slide debris shall be placed in a separate spoil
disposal area separate from the excavated fill materials. The portions of the
required embankment so removed shall be rebuilt in accordance with the
Specifications. The removal and disposal of material and the rebuilding of the fill
shall be performed at the Contractor's cost except where, in the opinion of the
Engineer, the slide was not caused by the fault or neglect of the Contractor.

Moisture Conditioning

The Contractor shall submit details of the equipment, methods and procedures he
proposes to use to moisture condition Zone 1 Upstream Shell and Zone 2' Semi
Impervious Core to the Engineer for review at least 30 working days prior to the
scheduled commencement of fill placement for the Dam and other required
embankments.

The Contractor shall effectively drain the borrow pits to prevent the wetting of fill
materials in the borrow pits and required excavations by precipitation or by surface
runoff or subsurface seepage to moisture contents in excess of those specified.

If the material in the required excavations or borrow pits for Zone 1 Upstream Shell
or Zone 2 Semi Impervious Core material contains excessive moisture before or
durihg excavating operations, the moisture content shall be reduced to produce fill
materials whose moisture content is uniformly within the specified limits throughout
the mass of the fill material immediately prior to placement.

If the in situ moisture content of the Zone 1, Upstream Shell or Zone 2 Semi
Impervious Core material is lower than that specified for placement, the material
shall be moisture conditioned to produce fill materials whose moisture content is
uniformly within the specified limits throughout the mass of the fill material
immediately prior to placement. If the Contractor chooses to wet the material at the
fill site, care must be taken to ensure that the material is wetted before any
significant compaction has occurred and that wetting does not cause contamination
of the adjacent Zone 3 Fine Filter. Moisture conditioning is to be done with a water
truck equipped with a water bar or some equivalent means of applying moisture

’A
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1.6.3

evenly to the uncompacted fill surface. The Contractor shall not use hoses as a
means of moisture conditioning the fill materials.

Zone 1 Upstream Shell or Zone 2 Semi Impervious Core shall be continuously
reworked during moisture conditioning to produce uniformity of moisture content
throughout the mass of the material prior to compaction. '

Supplemental moisture conditioning shall be restricted to the minimum necessary to
adjust the moisture content for minor moisture loss or gain during transportation of
the fill and to ensure the compaction of fill materials at the specified moisture
content and to the specified density, and to prevent the compacted surface of the
embankment fill from losing moisture and drying out.

Suppiemental moisture conditioning performed on the required embankments shall
include:

1) controlled sprinkling followed by such mixing as is necessary to obtain a
uniform moisture content increase thronghout the material, '

ii) working wet fill material during dry weather to allow the fill material to dry,

iti)  removing, spreading, and blending wet material with selected dry fill
material, and

Complete removal of wet or dry fill material from the required embankment shall be
done if moisture conditioning efforts fail to bring the material within the specified
moisture contents.

Processing

It shall be the Contractor's responsibility to devise, furnish, operate and maintain
such granular processing plant as is necessary to produce the required quantities of
materials, complying with the specified limits from the borrow areas.

Materials excavated for Zone 2 Semi Impervious Core, Zone 3 Fine Filter, Zone 4

Intermediate Filter, Zone. 5 Coarse Filter and Zone 6 Downstream Shot Rock Shell
shall be processed prior to delivery to the required embankment, to produce fill

ok
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materials of the specified gradation. Such processing may require crushing,
separation by passing of portions of the materials through washing, screening and
classifying plants. Material which is a by-product of the processing of materials for
one zone may be incorporated in the fill-for another zone provided that it satisfies
the specifications for such latter zone either by itself or after it has been blended
with other material. '

The Contractor shall furnish a granular processing plant of such design, and shall
operate. his processing equipment in such a manner, as to provide uniformly
processed fill materials. The Contractor shall replace or modify equipment and
procedures when, in the opinion of the Engineer, equipment or procedures being
employed are producing unacceptable segregation or other undesirable
characteristics.

At least 30 working days prior to the commencement of any processing operation,
other than the simple removal of oversize in the borrow pits, the Contractor shall
submit to the Engineer for review a method statement describing the proposed
granular processing plant and operations or changes to the proposed granular
processing plant and operations.

7.6.4 Fill Placement -~
7.6.4.1 General

Embankment construction shall be performmed in accordance with the best modern
practice and with equipment best adapted to the work that is being performed.
Embankment materials shall be placed so that each zone is homogeneous, free of
stratifications, lenses, pockets, ruts and layers of material of different texture and
grading not conforming to the requirements specified herein.

No fill material shall be placed on any part of the foundation area of the required
embankments until such part of the foundation has been excavated and prepared by
the Contractor to the lines, slopes, and elevations shown on the Drawings and has
been approved by the Engineer. The placement of material shall be done so that
mixing with adjacent materials in the structure is prevented.
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Embankment construction shall not proceed when the work cannot be performed in
accordance with the requirements of the specifications. Any part of the
embankment which has been damaged by the action of rain and snow or any other
cause shall be removed and replaced with material conforming to the requirements
specified herein before placement of succeeding layers.

Loading, transporting, dumping and spreading of all materials shall be carried out in
such a manner as to avoid segregation. Should segregation occur, the materials
shall be removed and replaced to the Engineer’s satisfaction with materials meeting
the specifications herein. Pockets of stone, particularly at the junction between
zones or in contact with the abutments, as well as materials that have fallen in zones
of ather material shall be removed and replaced by the materials specified for that
zone herein.

Unless otherwise authorized by the Engineer, all fill materials shall be placed and
spread in continuous and approximately horizontal layers of uniform thickness for
the full width and length of the zone by routing the hauling and spreading
equipment in a direction parallel to the centerline axis of the Dam. Fill materials
shall not be end-dumped into depressions or bladed down slopes. Fill shall be -
placed and spread in such a manner that no gaps are left between successive loads of
materials. The fill shall be leveled prior to compaction by means of dozers or
graders to obtain a surface free from depressions.

Fill material that does not meet the specified requirements will be removed and
placed in a spoil disposal pile. Fill materials which become contaminated shall be
removed to designated spoil disposal areas and replaced with materials meeting the
specified requirements for that zone at no cost to the Owner.

Water shall not be allowed to pond on the fill surface of the Dam.

No fill materials, other than in Zone 4 Intermediate Filter, Zone 5 Coarse Filter,
Zone 6 Downstream Shell, Zone 7 Over Size Shot Rock Toe Berm and Zone 8
Spillway Riprap, shall be placed in any part of the embankment during periods
when the ambient temperatures are such as will result in the placement of frozen fill
materials, or in the placement of materials on frozen fill surfaces. Water shall not
be used as an aid to compaction of fill materials placed during periods when
ambient air temperatures are below 3°C.
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Accumnulated snow and ice layers formed on fill surfaces shall be removed prior to
placement of the next layer of fill material thereon.

7.6.4.2 Specific Zone Requirements

7.6.4.2.1 Zone 1 - Upstream Shell

All Zone 1 material shall be placed and spread in layers of uncompacted thickness
not exceeding 1.0 feet, except in locations where special compactors are required
and within a 3 foot thick zone measured perpendicular to the abutments where Zone
1 material shall be placed and spread in layers of uncompacted thickness not
exceeding 6 inches.

If the surface of the prepared soil foundation or the compacted surface of Zone 1
becomes too dry or too smooth to bond with the layer of Zone 1 material to be
placed thereon, the surface material shall be moistened and scarified, to a depth of at
least 3 inches to provide a satisfactory bonding surface, before the succeeding layer
of material is placed thereon.

If the surface of the prepared soil foundation or the compacted surface of fill
material becomes too wet for compaction of the layer of fill material to be placed
thereon, the surface material shall be removed and allowed to dry, or shall be
scarified to a depth of at least 2 inches until the moisture content is reduced to the

specified amount.

Fill material shall not be placed in Zone 1 during periods of rain, snow, or sleet of
an intensity which would interfere with the specified moisture conditioning
requirements.

All frozen fill materials present in Zone 1 shall be removed and placed in the
designated spoil disposal area or shall be removed, allowed to thaw, reconditioned
to the specified moisture content, if necessary, replaced and compacted.
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7.6.4.2.2 Zone 2 - Semi Impervious Core

All Zone 2 Semi Impervious Core material shall be placed and spread in layers of
uncompacted thickness not exceeding 8 inches, except in locations where special
compactors are required and within a 3 foot thick zone measured perpendicular to
the prepared foundation in the Dam core trench where core material shall be placed
and spread in layers of uncompacted thickness not exceeding 6 inches.

Working surfaces shall be maintained free from water, ice and snow. Immediately
prior to placing fill, all water shall be removed from depressions. Dry cement may
be applied to the foundation when there is excess moisture due to infiltration or
precipitation. Fill material shall not be placed in Zone 2 Impervious Core during
periods of rain, snow, or sleet of an intensity which would interfere with the
specified moisture conditioning requirements.

If the surface of the prepared soil foundation or the compacted surface of core
becomes too dry or too smooth to bond with the layer of core maternial to be placed
thereon, the surface material shall be wetted to the specified moisture content range
and scarified to a depth of at least 3 inches and allowed to dry to provide a
satisfactory and uniformly wetted bonding surface, before the succeeding layer of
core material is placed thereon.

If the compacted surface of core material becomes too wet for compaction of the
next layer of core material to be placed thereon, the surface material shall be
removed and allowed to dry, or shall be scarified to a depth of at least 3 inches until
the moisture content is reduced to the specified amount. The over wet fill matenial
shall be removed and placed in a spoil disposal area if these measures fail to
decrease the moisture content.

Placement of fill materials shall commence at the lowest elevation of the
foundation. Local depressions and undulations in the surface of the prepared
foundation in the Dam core trench shall be filled with small quantities of Zone 2
Semi Impervious Core material. Such filling operations will require hand labour
and shall only take place during daylight hours. The local depressions and
undulations shall be filled starting at the lowest point in that area of the foundation
and shall continue in horizontal layers, until all the local depressions are filled and
the placing area is large enough to permit the operation of normal construction

=
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equipment. Such fill may be placed simultaneously in depressions at different
elevations provided that the normal initial continuous lift of fill is achieved by
progressing in horizontal layers from the lowest area upwards.

The Zone 2 Semi Impervious Core material placed in the initial layers against rock
foundations, and as instrumentation trench backfill where required, shall be
compacted with special compactors. Rock foundations and concrete surfaces shall
be moistened prior to placement of the Zone 2 Core material against them. Material
adjacent to the rock foundations shall be compacted in such a manner that the fill
material is forced into all depressions in the shotcrete or rock surface to form a bond
with the prepared rock foundation.

Each layer of core material shall be scarified to a2 minimum depth of 3 inches
following compaction, to ensure a complete bond between that layer and the
overlying layer, except in locations where special compactors are required and
within a 3 foot wide zone measured perpendicular to the prepared foundation in the
Dam core trench where each layer shall be scarified to a minimum depth of 1 inch
following compaction. The surface of core shall be maintained in a moist condition
by continuous, uniform spraying from a water truck with a spray bar. The sprinkler
tank units shall be equipped with positive shutoff valves so that there will be no
leakage from the nozzle when the equipment is not operating.

The top surface of each layer of core shall be sloped to drain water from
precipitation towards the upstream edge of the zone, away from Zone 3 Fine Filter
to prevent contamination with water borne fine soil particles. Immediately prior to
periods of heavy precipitation where placing operations must be suspended, the
sloped surface of the core shall be made smooth using steel drum rollers to
minimize the absorption of water by the surface material and to promote surface

runoff in the upstream direction.

Exposed surfaces of core shall be protected from freezing during periods of cold
weather by using insulating blankets or a layer of uncompacted sacrificial fill.

Prior to the resumption of fill placement, the protective fill material shall be
removed. Any portion of the fill that has suffered a reduction in density due to the
action of frost shall be recompacted or removed before the placing of succeeding

layers.
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7.6.4.2.3 Zone 3, 4 and 5 - Fine, Intermediate and Coarse Filters

The integrity of the dam is dependant on the integrity of the filters. The filters must
be unsegregated and uncontaminated so that they are stable under the expected
hydraulic gradients and provide proper drainage. End dumping and spreading of the
filter material will not be permitted as it promotes segregation.

It is anticipated that water will have to be added to the Zone 3 Fine Filter material in
order to reduce segregation during placement and to later aid in compaction.

Rain shall not be considered detrimental to the continuance of placement and
compaction in Zone 3, 4 and 5 Filters provided that contamination of these and
other zones does not occur and provided that the placed and compacted materials
meet the specified requirements for the zone.

All frozen fill materials present in Zone 3 and Zone 4 shall be removed and placed
in the designated spoil disposal area or shall be removed, allowed to thaw and
replaced and compacted if the moisture content is within the specified limits for that

material.
7.6.4.2.4 Chimney Filter

The Chimney Filter materials shall be placed in 1 foot thick lifts. The Zone 3 Fine
Filter material may require moisture conditioning prior to compaction.

Three possible methods of Chimney Filter placement are described in the following
paragraphs. The inclusion of these three possible methods of filter placement shall
not limit the Contractor from suggesting alternative methods of construction. All
methods of Chimney Filter placement will involve some inspection and testing by
the Engineer to ascertain whether the method is suitable or not. The Engineer's
approval of the method of placement is required before Chimney Filter material is
placed within the dam cross section. The Engineer may require further testing and
re-evaluation of the method of placement should the filter material segregate or
experience other difficulties.

It is crucial to ensure that filter material procéssing and stockpiling operations are
done in such a way that prevents segregation.

o
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All methods of placement described below involve crossing the Chimney Filter.
The Contractor should schedule his operations in such a manner that the filter
crossing locations are minimized if he chooses to use one of these methods. The
tires and tracks of all construction and haul equipment which crosses the filter zone
shall be kept free of material which could contaminate the Filter zones.

i) Spreader boxes may be used to limit segregation of filter materials. A
spreader box is a slip form that delineates three fill zones which allows filter
material to be placed in a uniform width and height with a minimum of
segregation. An alternative to this approach would be to use spreader boxes
for the fine and intermediate filters and place the coarse filter with a belly
dump or other method approved by the Engineer.

if) Belly dump placement can be used to limit segregation provided the speed of
the belly dump during placement is not excessive. This method facilitates
placement of an even lift of filter material with a minimum amount-of haul

time.

iii)  Scraper placement can be used to limit segregation and control lift
thicknesses by ejecting the filter material while slowly driving along the
filter zone. The thicknesses of each lift can be controlled by adjusting the
height of the belly of the scraper above the ground surface and by adjusting
the speed of the scraper and the rate of unloading of the filter material. The
scrapers will have to be loaded at the stockpiles by front end loader or

excavator.

The surfaces of Zone 3, 4 and 5 Filters downstream of Zone 2 Semi Impervious
Core (Chimney Filter shall be protected from contamination by foreign materials at
all times. All surface drainage on the surface of Zone 2 Semi Impervious Core shall
be directed away from Zone 3 Fine Filter to prevent contamination by water borne
fine soil particles. Any section of the Zone 3, 4 and 5 Filters that becomes
contaminated with silt or clay size particles during placement, spreading,
compaction and constitutes a compromise on the filters ability to perform as
required in the dam shall be removed and placed in a designated spoil disposal area
and replaced with material meeting the specified requirements for that zone before

the next layer is placed on it.
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7.6.4.2.5 Blanket Drain

The Zone 3 Fine Filter, Zone 4 Intermediate Filter and Zone 5 Coarse Filter in the
Blanket Drain shall each be placed in uncompacted lift thicknesses of 1 foot. The
materials should be placed as close as possible to its final resting place to minimize
segregation. Water shall be added to Zone 3 Fine Filter material to assist the
compaction operations, to minimize segregation and for dust control if necessary,

The Zone 3 Fine Filter, Zone 4 Intermediate Filter and Zone 5 Coarse Filter
materials in the Blanket Drain should be placed in such a way that truck traffic on
the lift surfaces is minimized, in turn reducing the amount of contamination that
may occur. Surface water drainage should be routed away from the Blanket Drain
to prevent contamination and clogging of the placed filter materials.

7.6.4.2.6 Riprap Filters

Zone 3, 4 and 5 Filters are required beneath the riprap located on the upstream face,
beneath the overflow spillway riprap and beneath the stilling basin at the
downstream toe of the Dam. Each of these filters shall be placed individually such
that the compacted lift is 1 foot thick.

7.6.4.2.7 Zone 6 - Downstream Shell Shotrock

Zone 6 Shotrock Fill shall be placed and spread in layers not exceeding 3 feet thick
and shall contain a range of rock fragment sizes that can be placed into a mass with
a minimum of voids, free from pockets of uniformly graded particles and with the
larger sized rock fragments well distributed throughout the zone. Rock fragments
above the 2 foot size shall be moved during spreading to the Zone 7 Oversize Rock
Fill Toe Berm shown on the Drawings.

Rain shall not be considered detrimental to the continuance of placement of Zone 6
Downstream Shotrock provided that contamination of these and other zones does
not occur and provided that the placed materials meet the specified requirements for
the zone.
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7.6.4.2.8 Zone 7 - Over Sized Shotrock Toe Berm

Zone 7 Over Sized Rock Fill material shall be placed and spread in layers of
uncompacted thickness not exceeding 6 feet with the larger sized rock fragments
well distributed throughout the zone. Special care must be exercised to avoid the
formation of voids surrounding rock fragments greater than 1.2 m.

Rain shall not be considered detrimental to the continuance of placement of Zone 7
Over Sized Shotrock Toe Berm provided that contamination of these and other
zones does not occur and provided that the placed materials meet the specified
requirements for the zone.

7.6.4.2.9 Zone 8 - Spillway and Upstream Face Riprap

Placing riprap, moving individual pieces of rock, dressing the slope and developing
of adequate particle interlocking will require the use of excavators equipped with a
thumb, clam shells or other equipment that permit the positioning of individual
particles. Riprap material shall not be dumped on the slopes and pushed into place.
Riprap material shall not be dropped from a height greater than 4 feet.

Individual particles of riprap material that break into two or more particles during
loading at a stockpile or at any other time until the riprap is placed and accepted in
the Dam or other required embankments shall not be used as riprap material unless
it is within the specified particle size range.

Riprap shall be placed in the dry to its full course thickness in one operation and in
such a manner as to avoid disturbance or displacement of the underlying bedding
material.

Rain shall not be considered detrimental to the continvance of placement of Zone 8
Spillway Riprap provided that contamination of these and other zones does not
occur and provided that the placed materials meet the specified requirements for the
zone,
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7.6.4.2.10 Haul Routes on Working Surface of Dam

Hauling units transporting material on the dam shall have an adequate bearing
surface to prevent rutting. Haul roads on the dam shall be located away from the
abutments and frequently changed in location except where filter crossing is
required. Any haul road no longer in use on the dam shall be worked out to obtain
homogeneity with the surrounding embankment material. Haul trucks should be
routed over every zone of the dam except Zone 3 Fine Filter and Zone 4
Intermediate Filter and Zone 5 Coarse Filter in such a manner that the tire tracks are
spread evenly over the dam section. Whenever and wherever possible, haul routes
shall be routed such that they do not cross the filter zones. Any crossing over the
Zone 3, 4 and 5 Filter materials must be approved by the Engineer and shall consist
of a minimum sacrificial thickness of coarse filter material 1.5 feet thick. A
separating layer of nonwoven filter fabric is to be used beneath the filter crossing fiil
to prevent any contamination of the filter materials. The Engineer is not obliged to
approve any such routes if there are feasible alternatives that do not involve crossing
the filter zones. Only one filter crossing at any one time will be permitted. The
Contractor will maintain the filter crossing throughout its service life and will clean
up any spillage of fill materials around which may include excavation and
replacement of filter material at no cost to the Owner.

7.6.5 Compaction
7.6.5.1 General

The Contractor shall provide sufficient compaction equipment of the types and sizes
as is necessary for compaction of the varous fill materials to the required

specifications.

Compaction of each layer of fill material shall proceed in a systematic, orderly and
continuous manner, so that each portion of the layer receives the compaction
specified. The compaction shall be carried out by routing the compaction
equipment paralle]l to the centerline axis of the embankment over all areas of the
working surface except within a 3 foot wide zone measured perpendicular to the
face of the prepared Dam foundation in the core trench and on the rock and soil
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stopes, where special compaction equipment (see below) shall be routed parallel to
the slope. :

During compacting operations, the method of changing the direction of movement
of equipment shall result in uniform compaction. Compaction equipment which is
not self propelled shall be pulled, not be pushed, by the towing unit.

A pass shall mean one traverse of a compactor across the surface of a layer in one
direction only, and a coverage shall mean the operation by which all parts of any
area on the surface of a layer of fill have been traversed at least once by the
compacting surfaces of a compactor.

For compaction by a pneumatic tired roller, one coverage shall consist of two passes
of the roller with the roller routed so that on the second pass the tires of the roller
pass over the areas between the tire tracks of the first pass.

For compaction by a vibratory roller, one coverage shall consist of one pass of the
roller. An overlap of 1 foot shall be maintained between the surfaces traversed by
adjacent passes of the roller and this overlap shall be maintained even where drums
are towed in a multiple arangement behind a single tractor.

Special compactors include excavator boom mounted vibrating plate tamper, walk
behind roller, hand operated vibratory plate compactors and impact plate tampers
(jumping jack) One pass with a special compactors shall consist of applying the
compactor to all areas of the fill surface to be compacted. These special compactors
are to be used in areas where larger compactors (i.e. heavy rollers) can not operate
due to space restrictions.

The rolling pattern at all zone boundaries shall be such that the full number of
coverages required in each adjacent zone extends completely across the zone

boundary.

Should the surface of the fill become rutted or uneven subsequent to compaction, it
shall be relevelled and recompacted before the next layer of fill is placed.

All stone particles or lumps of such dimensions that cause interference with
compaction in the layer thicknesses specified, shall be removed from the zone in
which they are placed prior to compaction as specified.
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Each layer of fill material in roller turning areas shall be rolled perpendicular to the
normal pattern, to obtain compaction equal to the remainder of the fill in the zone.

Materials which cannot be compacted by the pneumatic tired or vibratory rollers
because of the location of such materials, shall be compacted with Special
Compactors. Such locations shall include:

i) portions of required embankments adjacent to foundations, and
ii) portions of required embankments at steep and irregular abutments.

Precaution shall be taken when operating compaction equipment to avoid damage to
instruments and their leads and to avoid disturbing the prepared foundation. Any
such damage or disturbance shall be repaired by the Contractor at no cost to the

Owner.

7.6.5.2 Specific Zone Compaction Requirements

7.6.5.2.1 Zomne 1 Upstream Shell

The Zone 1 material in each lift shall be mixed and broken down into a
homogeneous mass of uniform moisture content and shall be between one and two
percent below the optimum moisture content as determined by the Standard Proctor
Density Test (and any test strips) after any required moisture conditioning. The
Zone 1 material shall be compacted to a dry density equal to or greater than 98
percent of the maximum dry density obtained in the Standard Proctor Compaction
Test performed in accordance with ASTM Designation D698. Compaction by
special compactors shall be carried out to achieve compacted densities equal to or
greater than 98 percent of the maximum dry density obtained in the Standard
Proctor compaction test performed in accordance with ASTM Designation D698.

The Contractor will be advised of the optimum maisture contents determined
through testing on samples taken from the fill done in the on site laboratory.
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7.6.5.2.2 Zone 2 Semi Impervious Core

The requirements of this subsection apply to all Zone 2 Semi Impervious Core
material placed in the works. In this section, Zone 2 Semi Impervious Core material
will be referred to as core material. :

The Contractor will be advised of the optimum moisture contents determined in the
laboratory on samples taken from the fill. The frequency will be varied to suit
changes in the characteristics of the borrow materials.

The core material in each layer shall be mixed and broken down into a
homogeneous mass of uniform moisture content one percent to zero percent below
optimum moisture content (as determined from Standard Proctor Density Testing
and test strip results) after any required moisture conditioning. The Zone 2 Semi
Impervious Core shall be compacted to a dry density equal to or greater than 98
percent of the maximum dry density obtained in the Standard Proctor Density Test
performed in accordance with ASTM Designation D698. Compaction by special
compactors shall be carried out to achieve compacted densities equal to or greater
than 98 percent of the maximum dry density obtained in the Standard Proctor
Density Test performed in accordance with ASTM Designation D698.

7.6.5.2.3 Zone 3 Fine Filter, Zone 4 Intermediate Filter and Zone 5 Coarse Filter

The Contractor shall not over compact the filter materials in the Chimney Filter or
Blanket Drain and shall modify his compaction methods if excessive particle
breakdown is noted at the surface of the lift

7.6.5.2.3.1 Chimney Fiiter

Each lift of the Zone 3 Fine Filter, Zone 4 Intermediate Filter and Zone 5 Coarse
Filter material in the Chimney Filter shall be compacted with at least one coverage
of a vibratory roller or special compactor to compact the filter material to 95% of
the Maximum Vibrated Density Test performed in accordance with ASTM
Designation D4253. Water shall be added to Zone 3 Fine Filter and Zone 4
Intermediate Filter material to assist in compaction operations, to minimize
segregation and for dust control. After compaction no construction equipment
except the placing and compaction equipment working on the next layer shall pass
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along the compacted surface without a haul road crossing that prevents deterioration
of the filter due to rutting or addition of fine-grained material from haul truck tires.

The boundary between the inclined Zone 3, 4 and 5 Filters in the Chimney Filter
shall be compacted in such a manner that the density of these zones conforms to the
respective specified requiremenits.

7.6.5.2.3.2 Blanket Drain Section

The Zone 3 Fine Filter in the Blanket Drain shall be compacted with at least two
coverages of the specified vibratory compactors or special compactors to a dry
density of 95 percent. It is anticipated that this material may have to be moisture
conditioned to within 1 to 2 percent below Standard Proctor Optimum moisture
content as determined in the Standard Proctor Density Test performed in accordance
with ASTM Designation D698.

The Zone 4 Intermediate Filter and Zone 5 Coarse Filter material in the Blanket
Drain should be wetted prior to compacting the material with at least two passes of a
vibratory roller. Care should be taken to prevent erosion of the Zone 3 Fine Filter
material during the moisture conditioning operation.

7.6.5.2.3.3 Riprap Filters

The Zone 3 Fine Filter material beneath riprap zones shall be compacted to 95% of
the Standard Proctor Density as determined in Standard Proctor Density Test
performed in accordance with ASTM Designation D698. It is anticipated that this
material may have to be moisture conditioned to within 1 to 2 percent below
Standard Proctor Optimum moisture content. '

The Zone 4 Intermediate and Zone 5 Coarse Filters shall be moisture conditioned
and compacted with two passes of a vibratory roller.

7.6.5.24 Zone 6 Downstream Shell and Zone 7 Qversize Rock Fill Toe Berm

Water should be applied to the rockfill mass in Zone 6 and 7 during and after
placement in order to facilitate densification of the material through self weight. No
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other compaction effort will be required as it is anticipated that the action of the
bulldozers spreading the rockfill will be sufficient to achieve the required density.

7.6.5.2.5 Zone 8 Spillway and Upstrearn Face Riprap

7.6.6

Riprap stones shall be placed using a clam shell and excavator bucket with care
taken to ensure that the riprap stones are individually placed in the densest
arrangement possible. This operation may require hand placement or wedging of
smaller pieces in the riprap mass.

Fill Placement Records

The Contractor shall maintain accurate records of all fill placement operations and
at the end of each shift shall provide the Engineer with two copies of the daily
record. The following data shall be recorded on forms approved by the Engineer,
together with such additional data as the Engineer may request, and shall bear the
signatures of the Contractor's and the Engineer's representatives who shall review
and certify the information at the end of each shift;

a) Station, offset and elevation at the start and end of fill placement for each zone
for each shift.

b) Quantity of material placed for each zone.

c) Station and offset of the start and end of fill placement for each zone that has
been spread but has not been compacted.

d) Station and offset of the start and end of areas for each zone that have been
compacted and that are approved for further fill placement.

e) Number and classification of men and equipment engaged during the shift.

f) Unusual occurrences including inflows of water, unstable soil conditions, and
the use of filter material to blanket seepage conditions.
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8.0 SPILLWAY CONSTRUCTION

81 Scope

8.1.1 Description of Work

The Work specified in this section comprises the supply of all labour, plant and
materials and the performance of all work necessary to construct the preserved
wood-geosynthetic clay liner cut off wall and other Work associated with the
Overflow Spillway as described herein and as shown on the Drawings. This Work
shall include but not be limited to the following;

- excavate trench for preserved wood - geosynthetic clay liner cut off wall

- construct preserved wood - geosynthetic clay liner cut off wall

- backfill and compact trench ‘

- spread geosynthetic clay liner over top of Zone 2 Semi Impervious Core and
attach to preserved wood - geosynthetic clay liner cut off wall

- spread and compact Granulite insulation

- place Coarse Filter material over Granulite insulation as indicated on the

Drawings (see Section 6.6.5.5.2.4)
- place Spillway Riprap as indicated on the Drawings (see Sections 6.6.4.2.6 and

6.6.6.5.2.5)

-8.1.2 Responsibility of Contractor

It is the responsibility of the Contractor to perform the Work as specified within this
document and on the Drawings.

8.2 Materials

8.2.1 Preserved Wood

The preserved wood used in the cutoff wall shall consist of pressure treated, CSA
approved four by four timbers.
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8.2.2 Geosynthetic Clay Liner

The geosynthetic clay liner used in the cut off wall and at the top of the Zone 2 Semi
Impervious Core shall consist of a layer of high swelling sodium bentonite
sandwiched between two polypropylene or polyester geotextiles. The bentonite
shall be bound within the geotextiles in such a manner that the bentonite will not be
displaced during handling, transportation, storage and installation, including cutting,
patching and fitting.

8.2.3 Granulite Insulation

The Granulite Insulation to be used beneath the Spillway shall be obtained from
Inland Cement in Calgary, Alberta and shall be graded between 5 to 40 mm.

8.3 Executicn

8.3.1 Trench Excavation

The Contractor may wish to construct the Zone 2 Semi Impervious Core to full
height in the Spillway area and then excavate a trench to allow construction on the
cut off wall to proceed. The trench shall be excavated in accordance with the
Occupational Health and Safety Regulations and any other authority or regulatory
body having jurisdiction over the construction site. No worker shall enter any
excavation that is greater than 4 feet deep without the sides of the excavation being
sloped back from the bottom of the excavation at a slope no steeper than 0.75
horizontal to 1 vertical. Excavated materials must be kept back at least 5 feet from
the edge of the excavation and no heavy equipment other than that involved in the
excavation is permitted to operate any closer than 10 feet away from the excavation.

Clauses 175 to 177 of the Yukon Occupational Health and Safety Act were used in
the above paragraph of this clause. The inclusion of this information does not
relieve the Contractor of his duty to review the Occupational Health and Safety Act
and to conduct his operations in strict accordance with this act.
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8.3.2

8.3.3

8.34

Cut Off Wall Construction

The cutoff wall will consist of a geosynthetic clay liner core sandwiched between
two rows of preserved wood four by four timbers. The preserved wood four by four
timbers shall be held together in such a way that prevents excessive flexing, sagging
or separation of the timber wall prior to backfilling. The geosynthetic clay liner
shall be held in place between the two rows of preserved wood timbers with a
sufficient number of spikes to prevent any sagging of the sandwiched geosynthetic
clay liner. The spikes shall penetrate through the geosynthetic clay liner and into
the timbers on the opposite side.

Trench Backfill and Compaction

The base of the trench shall be leveled and proofrolled with a jumping jack or
vibratory plate compactor at the Engineer’s discretion prior to placing a 1 inch thick
layer of wetted bentonite pellets on the bottom of the excavation on both sides of the
timber-geosynthetic cut off wall.

The trench shall be backfilled with Zone 2 Semi Impervious Core material that has
been thoroughly mixed with 5% (by mass) of powdered bentonite and moisture
conditioned. The material shall be moisture conditioned so that it is within 2% of
Standard Proctor Optimum moisture content. The backfill soil shall be compacted
to 98% of the Standard Proctor Density Test in accordance with ASTM D698.

Placement of GeoSynthetic Clay Liner

The subgrade beneath the geosynthetic clay liner at the top of Zone 2 Semi
Impervious Core shall be free of angular stones larger than 3/4 inch. The subgrade
shall not be placed in the rain, in ponded water or when precipitation is anticipated.
Sections of the geosynthetic clay liner will have to be removed and replaced if they
have hydrated before the first foot of fill has been placed. Construction joints in the
geosynthetic clay liner must have a minimum of a 1 foot overlap. The Contractor
shall only place the amount of geosynthetic clay liner that can be covered with
backfill by the end of the day. The fill placement operation must be done with care
to ensure that the geosynthetic clay liner is not damaged. Damaged sections of the
geosynthetic will be removed and replaced at no cost to the Owner.
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8.3.5

The geosynthetic clay liner shall extend 4 feet down the upstream face of the Semi
Impervious Core and four feet down the downstream face of the Fine Filter in the
Chimney Drain. The geosynthetic clay liner shall extend 4 feet up either side of the
cut off wall as indicated on the Drawings. The geosynthetic clay liner shall be
fastened to the exterior of the timber cut off wall with nails that penetrate through
the geosynthetic clay liner and into the timbers. A sufficient number of nails should
be used to prevent sagging from occurring prior to backfilling against the timber cut
off wall. The geosynthetic clay liner shall be anchored/ballasted in place as soon as
possible to prevent wind uplift.

Granulite Placement and Compaction

The Granulite shall be placed in 1 foot lifts and tracked packed with two passes by a
bulldozer prior to placing the next lift.

9.0 DAM ACCESS ROAD AND DIVERSION DITCH

9.1 Scope

9.1.1

812

Description of Work

The Work specified in this section comprises the supply of all labour, plant and
materials and the performance of all work necessary to construct the Dam Access
Road and Diversion Ditch described herein and as shown on the Drawings. This
Work shall include but not be limited to the following;

- constructing the road and diversion ditch cross sections as ground conditions
dictate
- lining the ditch with sand, geosynthetic and riprap material

Responsibility of Contractor

It is the responsibility of the Contractor to perform the Work as specified within this
document and on the Drawings.
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9.2 Materials

9.2.1

922

923

Sand Cushion

The sand cushion shall be material passing through a #4 sieve.

Reinforced Polyethylene Liner

The supply and installation of this liner shall be in accordance with the following
references;

e ASTM D751-89, Standard Test Methods for Coated Fabrics

» ASTM D3020-89, Standard Specification for Polyethylene and Ethylene
Copolymer Plastic Sheeting for Pond, Canal and Reservoir Lining.

* ASTM D4545-86(91), Standard Practice for determining the Integrity of Factory
Seams Used in Joining Manufactured Flexible Sheet Geomembranes.

* ASTM D4437-84(88), Standard Practice for Determining the Integrity of Field
Seams Used in Joining Flexible Polymeric Sheet Geomembranes.

» ANSINSF 54-93, Flexible Membrane Liners, Specification Listings and
modifications of ASTM test methods to accommocdate flexible membrane liners.

The sheeting shall be suitably formed from first quality polyethylene materials. The
geomembrane shall consist of a high strength, orientated tape HDPE scrim coated
on both sides with an impervious LDPE coating. The sheeting shall be capable of
being sealed to itself using heat sealing techniques. The sheeting shall be supplied
in the widest widths possibile to minimize field seaming. Roll widths shall be not
less than 140 inches.

Woven Geotextile

The woven geotextile shall be an LP 200 woven polypropylene (or equivalent)

available from Layfield Plastics.




0201-99-13899 -88- Tune, 1999

0.2.4 Nonwoven Geotextile

The nonwoven geotextile shall be an LP 1201 (or equivalent) available from
Layfield Plastics.

9.2.5 12 Inch Median Riprap Rock
This material is specified in Section 6.3.2.8.

9.3 Execution

03.1 Cutand Fill

The Drawings present two typical sections for frozen and unfrozen ground
conditions. The ground conditions will be determined through a centerline
testpitting program before access road and diversion ditch construction starts. The
Contractor will be responsible for balancing the cut and fills and may have to
develop borrow pits along the proposed access road and diversion ditch route(s) in
order to have adequate fill to complete the Work. These borrow sources are to be
developed as per Sections 3.4.1 and 3.4.2 in this document. Testing will be
conducted on the proposed fill materials in order to determine the Standard Proctor
Density and optimum water content as per ASTM D698. The fill materials shall be
compacted to 95% of the Standard Proctor Density. All permafrost soils excavated
from the Diversion Ditch cut shall be placed in a spoil disposal pile as per Section

34.5.

0.3.2 Ditch Liner Construction

9.3.2.1 Sand Bedding

The ditch bottom shall be lined with 6 inches of bedding sand above and below the
25 mil reinforced polyethylene liner. The ditch slopes shall be lined with a 6 inch
layer of bedding sand. The bedding sand in both cases shall be free of sharp rocks

or objects.
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9.3.2.2 25 mil Reinforced Polyethylene

The 25 mil reinforced polyethylene material shall be placed on the sand bedding
layer taking care to incorporate sufficient thermal slack during placement to ensure
that harmful stresses do not occur throughout the service life of the liner. Slack
wrinkles are to be distributed evenly. All field seams shall be tightly bonded using
tape sealing technology. Full contact between the tape and the material will be the
standard of acceptance. All field seams shall be non-destructively tested along their
entire length using the Air Lance Test (ASTM D4437, 7.2 at reduced pressure). The
reinforced polyethylene sheets shall be installed so that the seams are shingled in the
direction of the water flow. The backfill should be applied in the direction of flow
to prevent applications of stresses to field seams. The geomembrane shall be
protected from uplift during installation through the use of sand bags or other
suitable weights (such as the 6 inch thick layer of sand to be placed on top of the
liner at the base of the Diversion Ditch.

Excavate and back{ill anchor trenches at the top of the Diversion Ditch slopes as per
the liner manufacturer's specifications. This operation may be done in conjunction
with the anchoring of the nonwoven geotextile described below in Section 8.3.2.3
provided the design requirements for anchoring both geosynthetics are met.

The Contractor will ensure that his construction methods are such that damage to
the liner is prevented. Any damage to the liner resulting from poor construction
practice shall be repaired by the Contractor at no cost to the Owner. Repairs, if
necessary, shall utilize the same material as the geomembrane, or a material
compatible with the geomembrane, and shall extend a minimum of 1 foot beyond
the defect. Repairs shall be accomplished with tape seaming technigues utilizing a
tape appropriate to the existing site conditions. All repairs are to be tested using the
Air Lance Test (ASTM D4437, 7.2 at reduced pressure).

9.3.2.3 Nonwoven Geotextile

The nonwoven geotextile shall be placed on top of the 25 mil reinforced
polyethylene liner on the ditch side slopes. The sheets of nonwoven geotextile shall
be installed so that the seams are shingled in the direction of the water flow. An

overlap of 3 feet is sufficient as a construction joint.
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Excavate and backdf1ll anchor trenches at the top of the Diversion Ditch slopes as per
the nonwoven geotextile manufacturer’'s specifications.- This operation may be done
in conjunction with the anchoring of the 25 mil reinforced polyethylene liner
described above in Section 8.3.2.2 provided the design requirements for anchoring

both geosynthetics are met.
0.3.2.4 Woven Geotextile

The woven geotextile shall be placed over the top layer of bedding sand on the
Diversion Ditch bottom and shall extend 2 feet up the Diversion Ditch slope on top
of the woven geotextile described in Section 8.3.2.3 above and as indicated on the
Drawings. The sheets of woven geotextile shall be installed so that the seams are
shingled in the direction of the water flow. An overlap of 3 feet is sufficient as a
construction joint.

9.3.2.5 12 Tnch Median Riprap

The riprap rock shall be placed in a 1.5 foot thick layer on the slopes and bottom of
the Diversion Ditch. This material may be end dumped and spread with a bulldozer
of D6 size or smaller on the base. Placement of the riprap material on the side
slopes shall be performed with a backhoe carefully placing the riprap rock.
Dropping the riprap rock or end dumping will not be permitted. The contractor
must take care to ensure his placement and spreading methods do not damage the
constructed Diversion Ditch liner.

10.0 CONSTRUCTION ACCESS ROAD MAINTENANCE

10.1 Scope

The Work specified in this section shall consist of the provision of all labour, plant and
materials and the performance of all the work necessary to maintain the existing
construction access roads and to maintain new construction access roads, and to provide
access corridors for Other Contractors, as specified herein and as shown on the Drawings.
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10.2 Description of Work

The Work shall include, but not necessarily be limited to maintenance of ali construcuon
access roads used by the Contractor and Other Contractors on site.

Maintenance of construction and access roads shall not include any temporary roads
constructed by the Contractor for his own use.

10.3 Materials

The Contractor will locate and develop any borrow pits for construction access road
maintenance as he sees fit provided the pit is located on the Owner's property and provided
the excavation methads mest the excavation specifications contained herein. Approval of
the pit location and its materials must be received from the Owner and the Engineer
respectively before the pit can be developed.

10.4 Execution

Maintenance of existing construction access roads shall include grading, snow removal,
sanding, ice removal and repairs required by the Engineer to roadways, ditches, emergency
runoff ramps, shoulders, culverts, traffic signs, guardrails, guide posts and other safety
devices as necessitated by normal wear and tear, weathering, frost action and breakage.

In summer, the existing construction access roads shall be maintained in a serviceable
condition by daily motor patrolling with a bladed machine, to ensure the surface is smooth
and free of ruts, wash board and rock particles that may otherwise impede the safe passage
of 2 wheel drive pick-up trucks and construcnon vehicles.

The roads shall be maintained dust free by applying calcium chloride or by alternative
treatment, as required and approved by the Engineer.

Roads maintained by the contractor shall be maintained such that all vehicles operated on
the roads can negotiate the roads at all times during construction activity.

The Contractor shall schedule his operations such that the existing construction access

roads remain in place as long as possible, and any necessary detours are constructed to
re-route traffic so as not to interrupt other operations on site.
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11.0 INSTRUMENTATION
11.1 Scope

The work specifted in this section shall consist of supplying all labour, plant and materials
and the performance of all work necessary to assist the Engineer in the installation of
instrumentation, as shown on the Drawings and as specified herein.

11.2 Description of the Work

The work shall include, but shall not necessarily be limited to the supply and installation of
the following instrumentation, including the supplying and placing of selected backfiil in
pits, trenches and drill holes:

a) Embankment and foundation pneumatic piezometers, complete with leads
b) Standpipe piezometers

¢) Survey hubs

d) Thermistors

e) Painted rocks in spillway

Instrument installation work shall be performed by the Engineer or his representative(s).
11.3 Responsibility of the Contractor

The purpose of the instrumentation is to measure the behaviour and performance of the
Dam, its foundation, the excavated and existing slopes, and the rebound of the Spillway
excavation during and after construction.

The Contractor shall cooperate with the Engineer in every way possible to ensure that the
existing instumentation and the instrumentation to be installed by the Engineer remains
intact and operating. The Contractor will be penalized $1000 per instrument damaged if
any of the instruments that have been installed previously by the Engineer or if any of the
instruments installed by the Contractor are damaged by his construction equipment. In
addition to the penalty, the Contractor shall supply and install a replacement instrument
adjacent to each instrument that is damaged by his construction equipment within 7
working days of the damage occurring at no additional cost to the Owner or Engineer. To
encourage the Contractor's operators to exercise the care and attention necessary to avoid
damaging the instruments, the Contractor will be paid for supplying and using, where
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required by the Engineer, wood protection corrals designed to protect the installed
instruments during construction.

If the Contractor considers that the wood corral will not be sufficient protection for
instruments against damage during construction, he shall provide such additional protection
that he deems necessary. '

The Contractor shall cooperate with the Engineer to permit continuous observations and
recording of the data to be obtained from instruments previously installed and those
installed by the Engineer.

11.4 Materials
All materials are to be provided by the Owner or the Engineer.

11.5 Execution

11.5.1 General

The locations of instrumientation and associated works, including instrumentation
trenches will be determined by the Engineer.

All work in connection with the installation of instrumentation will be directed and
supervised by the Engineer and shall be undertaken by the Engineer or his
representatives.

Prior to drilling for, and installation of, instrumentation in the Dam foundation, all
foundation preparation, as described in Section 4.0 shall be completed within a
radius of not less than 100 feet of such instrumentation, unless otherwise required
by the Engineer.

During construction of the Dam, the Engineer will take readings on instruments and
survey the installed locations of instruments. In particular he will take an initial set
of readings of all instruments immmediately after installation and the Contractor will
not be permitted to place fill over the instruments or leads until these readings have
been taken. To ensure that the Work is being performed as specified and to make a
permanent record of the soil properties, the Engineer will take samples of soil from
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11.5.2

1153

11.54

11.5.5

drillholes and will perform in-situ tests whenever he considers them necessary, and
the Contractor shall allow time in his embankment fill placement and installation
schedule to enable such tests to be made.

No traffic or equipment other than placing, spreading and compacting equipment
required for fill placement shall be allowed to pass over any part of any instrument
or connections installed in the fill or foundations until they are covered by at least
1.0 m of fill. All instruments and connections shall be protected from damage and
displacement during the progress of the work. Wood protection corrals, markers
and barricades shall be provided by the Contractor where required by the Engineer.

Piezometers

Embankment piezometer shall be installed from instrumentation trenches as
embankment placing operations progress.

Settlement Instruments

Settlement hubs and foundation settlement gauges shall be installed as shown on the

- Drawings where required by the Engineer.

Temperature Sensors

Temperature sensors shall be installed by the Engineer to measure the temperature
of the rock at the required excavation lines as specified in Section 2-4.6. The
location of the temperature sensors will be determined by the Engineer.

Survey Reference Points and Survey Control Monuments

Drillholes for survey reference points shall be cased through the overburden. The
casing shall be drilled at least 10 feet into sound, competent bedrock. The 3 inch
steel pipe shall be grouted into bedrock using Portland cement grout tremmied into
the bottom of the drillhole. The bentonite plug seal shall be placed on the cement
grout and backfilled to the bottom of the casing with "frac” sand. The sand backfill
shall be placed in such a manner that arching does not occur. Following completion
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11.5.6

of the survey reference point the space between the pipe and the casing shall be
filled with SAE 90 cil. Holes for survey control monuments shall be drilled with
mud. The steel casing shall be grouted into the drillhole using tremmied grout. The
stainless steel centering plate shall be supplied to the National Geodetic Survey of
Canada specifications. Temporary wooden surveyor's wind shelters capable of
opening up on all sides and of a design that is acceptable to the Engineer and the
Contractor's surveyors shall be erected over each survey reference point and each
survey control monument.

Monitoring

The Contractor shall provide assistance requested by the Engineer for the purpose of
monitoring the instruments installed.

Records of instrumentation results will be made available to the Contractor upon

request.

During the time that the instruments are being read no construction equipment shall
be operated within 150 feet of the section being measured.

The Engineer will endeavour to install, and monitor instruments to minimize
disruptions to the Contractors operations. Every attempt will be made to perform
the work between shifts and during off-shift periods. Where there is concern about
the safety of the work and instrumentation installation and monitoring is required,
the Contractor shall assist fully and in a timely manner to install and monitor
instruments. There will be no compensation for the disruption of the Contractor's
operations for the installation and monitoring of instruments.

o
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APPENDIX A - SITE INVESTIGATION AND LABORATORY TESTING DATA
Taken from EBA reports;

“ Geotechnical Design - Tailings Water Dam - Minto Project, Yukon”,
0201 - 95 - 11509, dated December, 1995

and

“Preliminary Geotechnical Design - Tailings/Water Dam - Minto Project, Yukon”,
0201 - 95 - 11509, dated July, 1995



4.0 GEOTECHNICAL FIELD INVESTIGATIONS

Over the years, several geotechnical investigations have been carried out over the
mine site area. Included in these investigations was work by Golder Associates in
1974 and 1976 and drilling by EBA Engineering Consultants Ltd. (EBA) in 1994,
The locations of all the geotechnical boreholes, coreholes and test pits are shown on
Figure 3.

The most recent drilling and sampling program was undertaken at the location of
the proposed tailings/water dam in the fall of 1995. Caron Diamond Drilling of
Whitehorse provided a Longyear 38 diamond drill equipped with an NQ triple tube
core barrel. The drilling was conducted between September 23 and October 2,
1995. During this program, a total of 12 boreholes (95-G01, 02, 04, 05, 07, 08, 09,
10, 11, 12, 13, 14) were drilled in the dam foundation or near the tailings/water dam
location. Boreholes were not drilled at locations 95-G03 and G06 because of
access problems. A thermistor cable was installed in one borehole, (9_5-(}1 1), to
measure ground temperatures at a location immediately upstream of the dam on the
north-facing valley wall. Additionally, nine constant head permeability tests were
conducted in the bedrock foundations for the dam.

The skid-mounted drilling rig was moved around the site using a D6 Caterpillar
dozer which was also used to construct the trails for drill rig access. The benches
and trails cut into the valley slopes also afforded an ideal opportunity to visually
examine the overburden soils in a relatively undisturbed state.

The locations of the boreholes drilled during the latest (1995) site investigation
program, as well as the locations of the access trails, are shown on Figure 4.

Geotechnical investigations conducted by EBA during the 1994 and 1995
investigations as well as work conducted previously by others, have all been
utilized to characterize the geotechnical conditions at the site. Borehole logs for the
1995 and 1994 geotechnical investigations are presented in Appendices A.1 and
A.2, respectively.



5.0

3.1

5.2

GEOTECHNICAL CONDITIONS

SURFICIAL GEOLOGY

In general, the mine site is underlain by bedrock at reasonably shallow depth, with
overburden soils consisting of either silty or gravelly sand materials. At some
locations, (i.e. near the proposed tailings dam abutments), bedrock outcrops at
surface. However, in the vicinity of the open pit, the overburden soils are as much
as 85 m (280 feet) thick.

This area of the Yukon was not glaciated during the latest (Wisconsin) glacial
period. Therefore, much of the overburden soil has originated from weathering of
the native bedrock materials and, in some instances, has been transported by
gravity, frost action and/or surface runoff.

SUBSURFACE CONDITIONS

The various investigations conducted throughout the years indicate that subsurface
conditions vary considerably throughout the mine site. However, on the
north-facing valley slope, in the area of interest for tailings disposal, the subsurface
conditions generally comprise a thin veneer of peat and vegetation mat overlying a
fine-grained silt overlying a more coarse-grained sand. The sand is considered to
be a residual soil. Generally, there are less fine-grained silts on the south-facing
valley slope and in the valley bottom. Over most of the proposed tailings dam
location, the sandy residual soils can be found at or near ground surface.
Throughout the mine site these residual soils gradually grade with depth into a
weathered bedrock that eventually grades into the underlying more competent
bedrock. The engineering characteristics of these overburden soils are discussed in
detail in the following sections.

5.2.1 Permafrost

The site is located within a region where permafrost is noted to be extensive but
discontinuous, being found over an average of 50 to 90% of the area (NRC, 1995).
The results of the various drilling programs conducted throughout the years has
confirmed that permafrost is discontinuous at the site. The information suggests



that frozen soils exist on the north-facing valley slopes. For the most part, there has
been very little frozen soil encountered on the south-facing valley slopes.

Thermistor cables have been installed to measure ground temperatures in several of
the boreholes that identified frozen soil.

A thermistor cable was installed in Borehole 95-G11. This cable was installed into
permafrost soil comprised mainly of ice-rich silty clay. The cable is located on the
north-facing valley slope, slightly upstream of the dam but above the eventual level
of water impoundment. Thus, the cable should remain intact following
construction and can be used to monitor the long term effects of water
impoundment on the permafrost soils present on the north-facing slope. The initial
ground temperature profile measured by this cable is presented on Figure 5.

EBA also installed two thermistor cables in the tailings disposal area (Boreholes
94-G11 and 94-G21) during the 1994 investigation. The ground temperature
profiles measured by these cables are also presented on Figure 5. It can be seen
that slightly colder ground temperatures were encountered higher up the
north-facing valley slope. The ground temperature was found to be only -0.3°C in
Borehole 94-G11, drilled near the creek in the valley bottom, while a temperature
of -1.0°C was measured in Borehole 94-G21, drilled on the north-facing slope.

Frozen soils/rock were not encountered on the north abutment of the tailings/water
dam. The excavation of the access roads utilized for drill rig movement at the dam
location during the 1995 drilling program necessitated sidehill cuts in the valley
slopes which provided an ideal opportunity to determine the extent of the various
surficial soils down to depths of approximately 4 metres. The visual observation of
the soils exposed in the up-hill cut of these trails proved particularly effective in the
determination of the boundaries between the permafrost and non-permafrost soils.
These boundaries are shown on Figure 4.

5.2.2 Overburden Soils
5.2.2.1 Surficial Peat and Organic Soils

Surficial soils have been found to consist of very fibrous dark brown peat or
organic silts and sands. Surficial peat thicknesses of up to 2.9 m (9.5 feet) were



5.2.2.2

indicated in several boreholes drilled in the areas of the open pit and waste dumps
by Golder in 1976. The drilling conducted by EBA in 1994 encountered a
maximum peat thickness in the tailings disposal area of only 0.2 m (0.7 feet). In

most locations peat was not found at ground surface. At these locations the
surficial soil was typically found to be organic silt and sand.

Colinvium

Colluvium 1s defined as soil transported down-slope from its original source.
Typically these soils consist of silt and/or sand. Within the upper 150 mm (6
inches), the colluvium ofien contains roots and organics from the surface
vegetation, and occasionally a thin layer of volcanic ash.

The thickness of the colluvium varied from 0 to 5.5 m (18 feet) on the north-facing
valley slope in the area of proposed tailings disposal. At the tailings/water
retention dam location colluvium was found to be up to 7.0 m (23 feet) thick.

The silt colluvium typically contains some sand and a trace of gravel, is of compact
consistency, is damp, and is brown in colour. The frozen silts from the north-facing
valley slope were found to have moisture contents that vary between 25 and 40%
and to display visible ice contents of up to 10%. Particle size analyses on two
samples of the silty colluvium indicate an average composition of 5% gravel, 11%
sand, 72% siit and 12% clay. Individual particle size distribution test results for the
silty colluvium are presented in Appendix B.1. :

The sand colluvium is generally well-graded, contains some fines, a trace of gravel
and occasional cobbles. It is usuvally of loose to compact consistency. Particle size
analyses on three samples of sand colluvium indicate an average of 5% gravel, 66%
sand and 29% fines. Although it has a very similar gradation to the in situ residual
soils on site (see below), it is differentiated by its disturbed structure and lower
density, which indicates that it has been transported to its present location.
Individual particle size distribution test results for the sand colluvium are presented
in Appendix B.1.



5.2.2.3

Residuum

A layer of residuum (residual soils) is often found directly underlying the surface
colluvial deposits. However, in some instances the residuum is found immediately
at ground surface. These soils are similar in composition to the colluvial sands, but

were visually distinguished in the field by the resemblance of structure to the
underlying parent bedrock.

Standard Penetration Test (SPT) blow counts in the residuum varied from as low as
7 to well over 100 blows per foot, indicating a wide range of consistency from
loose to very dense. Typically, the consistency increases with depth, with the upper
3.0to 4.5 m (10 to 15 feet) being loose to compact and the deeper residunm being
very dense.

Moisture contents measured in the sand residuvum ranged from 3 to 15%. These
sands did not contain visible ice when encountered in a frozen state (on the
north-facing valley slope). The EBA boreholes did not penetrate any frozen
residuum on the south-facing valley slope.

Grain size analyses were undertaken on 12 samples of residuum (5 from the area of
tailings disposal and 7 from the proposed plant site). These tests indicated an
average of 75% sand, 16% silt and clay sizes, and 5% gravel. The percentage of
sand sizes varied between 66 and 85%, and the range in fines varied from 3 to 33%.
This indicates that there are zones or layers that are relatively "clean" and also ones
that are relatively "dirty". In general, the gradations indicate a relatively
well-praded sand with some silt and clay. Individual particle size distribution test
results for the residuum samples obtained are presented in Appendix B.2.

Additional laboratory testing Was undertaken on combined samples of these
residuum soils to evaluate their characteristics when used as dam fill. Results of
these tests are discussed in Section 6.1.2 and are presented in Appendix B.3.

The thickness of the residuum in the tailings disposal area varied from as little as’
1.7 m (5.5 feet) in Borehole 94-G16 to over 7.7 m (44 feet) in Borehole 94-G15.
The residuum becomes increasingly more dense with depth, grading gradually into
the underlying weathered bedrock, making interpretation of the boundary between
the sand and the bedrock difficult. Drilling was terminated prior to encountering
bedrock or refusal in several of the boreholes; therefore, the maximum thickness of



the residuum is uncertain. At the dam Iocation the thickness of the residuum varied
between 0 and 4.5 m.

5.2.3 Bedrock

The bedrock present at the dam site and throughout the property, consists 'prirnarily
of granodiorite. This rock is a hard, crystalline, intrusive igneous rock commonly
found in the Minto area. Bedrock was cored in 11 of the 12 holes drilled during the
1995 EBA site investigation. In general it is often difficult to determine where the
overburden soils (residuum) ends and where the rock begins since the residuum is a
result of in situ weathering of the bedrock.

The parent bedrock ranges in composition from predominantly granodiorite to
quartz diorite, with minor quartz monzonite. The average mineral constituents are
piagioclase feldspar (50%), quartz (20 to 25%), orthoclase feldspar (10 to 15%) and
biotite/hornblende 10 to 15%. Orthoclase and plagioclase feldspar make up the
primary grains in the sand that resnits from weathering of the rock, interspersed
with quartz and minor biotite hoblende. This sand is considered to be very
resistant to firture weathering and degradation in it’s present state, as most of the
biotite/hornblende has already been weathered away to leave behind the more
stable minerals.

Core recovery in the bedrock in the dam foundation area varied between 65 and

100 % but averaged over 90 %. The rock quality designation (RQD) was highly
variable, ranging from as low as 20 to a high of 80 %. For the most part, the
bedrock at the dam location becomes less weathered and less fractured with depth
although some highly fractured zones and fractures filled with silts and sands were
encountered in a few of the boreholes. For instance a 2.9 metre thick fractured zone
(possible shear zone) was encountered in Borehole 95-G04 at a depth of 5.8 metres.



A total of 9 constant head packer tests were carried out in three different boreholes
(95-G02, G04 and G14) in the bedrock which would be the foundation for the
semi-impervious core. The testing was conducted using a triple packer wireline
system obtained from Petur Instruments. The results of this testing are presented in
Table 1 and plots of the test results are presented in Appendix A.3.

TABLE 1
PERMEABILITY TEST RESULTS
Borehole No.  Test Depth Head - Flow Permeability
fmetres)  (mHOQ) (iimin) = {cmisec) =
95-G02 7.5-10.8 31.2 1.01 1.8x10
7.5-10.8 48.5 1.43 1.6x10°
7.5-10.8 29.8 ' 1.39 2.5x10°
50-8.4 31.2 0.71 1.3x10°%
85-G04 5.6-9.0* 246 10.5 2.3x10*
5.6-9.0" 38.7 23.3 3.4x10*
5.6-9.0* + 246 12.0 2.7x107
85-G14 56-85 31.5 35.2 7.2x10*
56-85 21.0 . 244 7.6x10%

* test conducted in a highly fractured zone (possible shear zone)



EBA 1995 BOREHOLE LOGS
TAILINGS / WATER DAM



[DETALED GEOTECHRICAL DESIGN CLIENT: MINTO EXPLORATIONS LTD. BOREHOLE NO:  §5—~(01
PROPOSED TAUNGS DAM — WINTO PROUECT DRLL: LONGYEAR 38, C/W NQ DRLL RODS PROJECT NO: 0201-95-11509
NEAR MINTO CREEK, YUKON UTN ZONE: 8 N6945332 E386653 ELEVATION: 720.20 (m)
SAMPLE TYPE  JcRa swPlE [ /]no recoveRr X WO CORE E75 mnseoon [ ][] crreL Barre
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wl o, = 0 4 0
E FZ|= @ SOIL S FERCERT R0 =
Ef o Z19 g _ 20 40 & 80 ‘E’
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C Iy C
N Yl -
- 441 -
n Lid — 6.0
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- g _chove2dm ______________| F
N +2+.| SAND (RESIDUUM} - trace of gravel, trace i f-eo
N of silt; coorse angulor sond; ¢ mnif
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—30 . — 10.0
— becomes less weathered with depth s
- 5¥ . -
5 120
3 + ] -
— 4.0 -
- 140
F V== GRANODIORITE (BEDROCK) — moderately E |
50 = weathered; froctured - 160
o = |l — less weathered with depth : -
_ &-‘E ¢ im [
- Eﬁ : 180
- = =
- = ) -
60 = [ - 00
- = ||| s :
- =, -
o = || o
N = — 220
N = | *: %
—7.0 M= n
" = ] -
N = C-240
- i ]
N END OF DRILLHOLE @ 7.6 m -
80 — {0 to 2.3 m logged by observation 260
C of cut bank exposure adjacent to -
- hole o
: — all USC's are estimated, based on 280
t visual classification and field -
— 9.0 testing of recovered samples o
- MINE GRID COORDINATES (IMPERIAL UNITS) 3
- Northing — 12694.0 -
X Eosting ~ 16433.0 E 50
: : LOGGED BY: CRH COMPLETION DEFTH: 7.6 m
EBA Engineering Consultants ltd. Gemerm COWFLETE: T5/00/%5




DETALED GEQTECHNICAL DESIGN CLIENT: MINTO EXPLORATIONS LTD. BOREHOLE NO: 95_(;02 N
PROPOSED TAILINGS DAM — MINTO PROJECT DRLL: LONGYEAR 38, C/W HQ DRLL ROOS PROJECT NO: 0201-85-11509
NEAR MINTO CREEK, YUKON ' UTM ZONE: 8 N6945364 £386645 ELEVATION: 702.00 (m)
SAUPLE TYPE  [lfcrae saete  [/]noremoviRr X ke CORE =75 omseood [ []] CRREL BareeL,
W PERCENT REDOVERY e
s = 20 40 & g
EFZZ| . (2 SOIL RETEOY, | &
E ol £ 2|2 040 &0 80 E
= .
BEE5 72| - DESCRIPTION - [wm w 2
172 f 1
. 0 40 80
E 00 +4 4] BOULDERS AND COBBLES (COLLWIUM) — some | i - 00
AN sand, trace of silt: coarse, C 20
5—1-0 e I anqgulor, moderately weathered = 00
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E_ 20 ey anqulor, highly weethered sand;  iodedodod b b i i lidl - 6.0
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: lllﬁ above 24 m = - 100
[li=| GRANODIORITE (BEDROCK) — sfightly : H 120
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3 ”Iﬁ » - 140
50 g—m 160
3 Eﬁ j_jan
50 li= -
el o
.70 = I 20
L + %0
E ll= 2
— B0 (— 260
: = + 3
E = | — 280
- 9.0 li= .
5 s . .E"’”
£ 100 = =
g Il 30
3 = -
- 110 m_lﬂ A4 360
g Il - 30
E- 120 li= *
5 END OF DRILLHOLE @ 122 m 40
130 - 0 to 2.4 m logged from observations - 420
3 of cut slope adjocent to drillhote - o
E — constant head permeobility tests -
- 140 completed in drilthole - 450
— static water level approximated ot 40
- 150 693.4 m —
~ all USC’s are estimated, on visual S
E 450 classification and field testing F- 520
3 of recovered samples F
MINE GRID COORDINATES (MPERIAL UNITS) -0
E- 170 Northing — 12798.0 560
: Eosting — 16401.0 E oo
£ 120 Elevation - 2303.0 -
3 C 600
3_19_0 ;-?EZ.D
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E_ 200 [
: P , T LOGBED BY: ORI COMPLETION DEPTH: (2.2 m
FiBA Tmgineering Consultants Thd.  frsifmye e CONPTEIT: 06/0/70
TR IR T T ] Whitehuron, Yilton (et Ph: Puge 1 ol




DETALLED GEOTECHNICAL DESIGN CLIENT: MINTO EXPLORATIONS LTD. BOREHGLE NO: 95-G04
PROPOSED TAIUNGS DAM ~ MINTO PROJECT DRILL: LONGYEAR 38, C/W NQ DRLL RODS PROJECT RO: 0201-95-11509
NEAR MINTQ CREEK, YUKON UTN ZONE: B8 NB945398 E386636 ELEVATION: 696.80 (m)
SAMPLE TYPE  [lforae swpie  [/]noRecoveRy XM core El7s mmseoov  [{[] careL BARREL
L = 00 0w
T EZ| 2 SOIL + PERCENT RO+ =
= " Ly § 2 = X0 40 60 & ‘E’
o- i o s |
B EE T2 DESCRIPTION wow u e 3
N 4060 B0
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- 1 B
E. 1.0 poco , foreiore
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: W=, __ _gbovelim ______________|: el | mi 60
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- 30 Illﬁ E 100
= *i
E- 4.0 L‘ Em
; l 140
i_m E R Exsn
I w0
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3 = | L L C_ 220
E- 7.0 = -
il 240
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10 T i 14 - 180
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E_ 90 éﬁ ~ intact, freshly weathered below = 0
lllﬁ 87 m s imf
100 = 3
ﬁil C- 340
E 1o il £
E oo END OF DRILLFOLE @ 11.6 m et
- constant head permeabifity test 40
completed between 5.6 m ond 88 m F 120
- 130 ~ static water level approximated -
at 6934 m : s
E_ 140 — all USC's ore estimoted, bosed on C- 450
E visual clossification ond field -
E o testing of recovered samples 40
3 MINE GRID COORDINATES (IMPERIAL UNITS) 500
E Northing — 12908.0 -
- 160 Easting - 16368.0 = 520
Elevation — 2286.0 540
- 170 )
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- 120 .
3 E- 0.0
E 190 a
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E 200 -
[ . : 0GGED BY: PLETION DEFIH: 11.6
EBA Engineering Consultants Itd. |y s o T




CLIENT: MINTO EXPLORATIONS LTD.

M Y me—————

BOREHOLE NO:  §95--((3 ,

[UelALED LRUIEURNILAL DealuN
PROPOSED TAILINGS DAM — MINTO PROJECT DRILL: LONGYEAR 38, C/W NQ DRLL RODS PROJECT NO: 0201-95-11509
NEAR MNTO CREEK, YUKON UTH ZONE: 8 N6945444 E386624 ELEVATION: 723.00 (m)
SAMPLE TYPE  [lloran same  [Jrorecoverr (X ka core E7s mmseoon  [[]] cree marreL
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— ]2 (=]
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B2 72| DESCRIPTION — |ww w e 2
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[ * 120
— 40 ¥
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- * " Ewo
[ END OF DRILLHOLE @ 5.5 m 1w
. — overburden profile logged from
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- ~ all USC's are estimated, based on 3
- visual chassification and field
[ testing of recovered samples
! MINE GRID COORDINATES (IMPERIAL UNTS) Em
[ 70 Northing — 13059.0
- Fasting - 16325.0 E
- Elevation ~ 2372.0 E- 240
:_ B0 %——25.0
; ém
- 90 .
: : X ) LOGGED BY; CRI COMPLEROtH DCPTIE 5.5 m
IiBA Enginearing Conanltnnta LA i i i
R — Whilehoros Yulon P, P, _ . g o




" [DETALED GEOTECHNICAL DESICN

CLIENT: MINTO EXPLORATIONS LTD.

BOREHOLE No:  95-(G7

PROPOSED TAILNGS DAM ~ MINTO PROJECT

DRLL: LONGYEAR 38, C/W NQ DRILL RCOS

PROJECT NO: 0201-95-11509

NEAR WINTO CREEK, YUKON

UTH ZONE: 8 NG6345442 E386677

ELEVATION: 702.90 (m)

SAMPLE TYPE  JllcRas swpiE  [/Jwo roverr X WQ CORE

=375 mn sPoon | ][] CRREL BARREL

& ol %o
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K & =
BEZ " (3 DESCRIPTION e 4w i

20 40
G0 (|11 ORGANIC SILT — some sand, numerous roots, b
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ax .
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At =1l
i =
- s '
. EE * -
iﬂﬁ
- 10 =
" mﬂ
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Z - overburden profile logged from
[ cut slope adjucent 1o hole; bedrock E
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- 3.7 m.where as at 1.5 m in
- drillhole
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- visual clagsification and field
0 testing of recovered somples
- MINE GRID COORDINATES (IMPERIAL UNITS)
- Northing — 13057.0
: Eosting — 16497.0 ,
- Elevation — 2306.0
70
-
[
80
F o0 5
e LOGGED BY: PLETION DEFTH: 4.
WhitashAareaa Volran Cim bl Nana §




DETALED GEQTECHNICAL DESIGN CLIENT: MINTO EXPLORATIONS LTD. BOREHOLE NO:  95-(G08

PROPOSED TALINGS DAM ~ MINTO PROJECT DRLL: LONGYEAR 3B, C/W NQ DRLL RODS PROJECT NO: 0201-95-11509
" INEAR MINTO CREEK, YUKON UTM ZONE: 8 NG945407 E386689 ELEVATION: 694.30 (m)
SAMPLE TYPE  [llsrs sape  [moroviy [X]wa core 75 mmspoon  []T] crreL sammeL
N PERCENT RECOVERY

e = 20 40 &0 g

EFZlz|. |2 SOIL L

= | " =SEE CO =

SEE 7|2 DESCRIPTION e ue e &

040 B0

E 00 TM0SS 1 q
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3 1 . . . (— 40
E 1 inclustons, some sand, occasicnal
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X % s Vxr 10 to 20% ice 4 E 0
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3 I - increasing grovel & cobble content 100
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2 cobbles 2
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E s Jh weathered, fructured with some I w0
E =|l| intensely broken zones -
END OF DRILHOLE @ 13.4 m S
- 140 ~ static ‘water level approximated at 460
690.0 m 120
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visuol classification and field 500
E 160 testing of recovered samples |
g NINE GRID COORDINATES (IMPERIAL UNITS) —
Northing — 12943.0 50
£ 170 Eosting — 16542.0 — 56
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£ 5.0
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130 620
: it [ 61D

200 I

: : LOGGED BY: CRH COMPLETION DEPTH: 134 m
EBA Tingineering Consultants Ltd. REVIEWER B7: G COUPIEE: 65/00/20
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boiALLU LEOTECHNICAL DESIGN ' CUENT: MINTO EXPLORATIONS LTD.

- | PROPOSED TAILINGS DAM ~ MINTO PROJECT DRRLL: LONGYEAR 38, C/W NQ DRLL RODS IPROTE?T_NW
NEAR MINTO CREEK, YUKON - UTH ZONE: 8 N5945377 E386682 | LEVATION: 702,90 g ————
SAMPLE TYPE il oA sauPte L] % recovery DXJ wa core E375 mm SPOON [ [] cRreL B
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X = becomes coarser with more boulders 60
0 with death
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[~ 50 from cut adjocent to drifihoje :
[ = dll USC's ore estimoted, based on E
- visua! classification and field o] -
[ testing of recovered samples
- MINE GRID COORDINATES (IMPERIAL UNITS)
— 6.0 Northing ~ 12845.0 25
N Easting —  16521.0
i EIEVUUOH - 2306.0
3 20
7.
240
80 ' 6.0
5 : EZ&O
5 J P
: . LOGGED BY: MPLETION DEPTH: 4.5
- EBA Engineering Consultants 144, R SOt I L6
Whitehorse, Yuken ' Fig. No:




BOREHOLE NO:  95-(G1))

CETALED GEOTECHNICAL DESIGN CLIENT: MINTO EXPLORATIONS LTD.
PROPOSED TAILINGS DAM — MINTO PROJECT DRLL: LONGYEAR 3B, C/W NQ DRLL RODS PROJECT NO: 0201-95-11503 |
NEAR MINTO CREEK, YUKOM UTM ZONE: 8 NB945445 E386716 ELEVATION: 690.70 {m)
SAMPLE TYPE o SOPLE  [/]MO REDOVERY <] NQ CORE 75 mmspoon  [][] crreL BarreL
e =) 20
: % 2 = é SOE 20* 40 ﬁﬂgm’ao =
= i diE B 5 =
0. .
BEE57(2]  DESCRIPTION  [we w  wo 2
[75] ) —8 —
20 40 80
F U0 scaof SAND (COLLUMUM) — some gravel, some silt, E U
: - |58 frequent cobbles and boulders; E 0
- sacs well groded, angular, friable sand; 3
- 10 222 frioble, angular, weathered gravel; 2
r go0e brown; compact 2
C 8z -~ casing set to 1.5 m; no recovery .6
20 528 above 1.5 m 3
5o — more boulders with depth - 80
- 30 250 100
g sp o8 3
s prer] = 120
4 %} ~ recovery limited to cobbles and E o
F geco. gravel 3
50 023 - 160
: ] 3
g {F= )
= o
= E 20
7 (=~ GRANODIORITE (BEDROGK) — moderalely to i =
3 = slightly weathered; intensely 3
10 Hlﬂ broken; froctures up to 51 mm E o
: BR i filed with decomposed sand and 3
: ET[ grave! (granodiorite) 4 x = 200
3 = -
90 ] £~ 300
END OF DRILLHOLE @ 9.1 m 3
3 - static water level approximated at E 120
E 100 B87.5m - 3
; - all USC's are estimated, based on 5_3,‘ "
: visual cloasification and field 3
110 testing of recavered samples E w50
: MINE GRID COORDINATES (IMPERIAL UNITS) E
Northing — 13070.0 =380
E 120 Easting - 16626.0 .
: Elevation — 2266.0 E- 100
- 130 ;m
E- 10
— (4.0 460
: E_ 180
E 150 3
: : I . . [.OGGED BY: CRH COMPLETION DEPTIL 9.0 m
FBA Tingineering Consultants Titd. R T T T TR A i —
WihilLehorm, Yulon [y, th; Page 1 ol |
WA YLEMH {1 R




DETARLED GEQTECHNICAL DESKGN CLIENT: MINTO EXPLORATIONS LTD. . BOREHOLE NO:  95-(11
{ PROPOSED TAILINGS DAM — MINTO PROJECT DRILL: LONGYEAR 38, C/W NQ DRLL RODS PROJECT NO: 0201-95-11509
NEAR MINTO CREEK, YUKON UTM ZONE: 8 NB945281 E386622 ELEVATION: 724.80 {m}
SAMPLE YPE 8 sape  [/)roRrmoviRr DX Ha core 75 mnseoon [ [T] CRREL BARREL
W PERCENT RECGVERT
EH=Z|= & SOIL, 4 PERCENT R0+ =
g = ﬁ % 20 40 KB E’
fa
5EZ7 |3 DESCRIPTION sk ke W Y
@ 0 40 608D -
E Y e WOSS, ROOTS I o =
E_ 10 W SILT — some fine sond, numerous organics; ' - 20
= =2 7 wel; firm to soft; motlled brown % 40
10 / with black ' al
3 / |  — frozen by 0.9 m - 40
E-30 5 3 / CLAY AND SILT ~ medium plastic; wet when T 100
0 / thawed; occasional organic fibres; - 120
el 4 o / dark grey »_: =~ 140
50 / — permafrost; Vs, Vx up to 40% ice, £~ 160
5 / ice in thin loyers or lena . - 17
&0 / - becomes lighter grey; Yr,Vx 10 to =200
/ 20% ice ) E 220
Ml 4 — temperature = — 014 Cat 21 m . E 240
20 - temperature = - 0.29 Cal 43 m E 250
ol — becomes less plastic, ofive grey, oMt E an
00 o with varved bedding (1 to 2 mm), = a0
Vx, 107%< ice 5
100 sl ~ temperoture = —0.26 € ot 55 m i LML S
- -] SAND (RESIDUUM) — some sill, occasional : iy 30
no e gravel; highly weathered, friable, T E- 50
20 angular coarse sand; friable - 30
- gravel; rusty brown, frozen; NbN - 400
139 ' = ::i';
149 ¥ 1 gy
¢ - = 440
150 =0
159 _ B[ 520
! o
170 560 |
1 y 580
180 o
190 2 ':m
- 640
20 END OF DRILLROLE @ 19.8 m ' = 660
- — thermister string (EBA §945) _ =)
installed to 19.5 m below ground 200
pr) - surface E—720
- all USC’s are estimated, based on 740
230 visual clossification and field 780
testing of recovered samples E 240
%0 MINE GRID COORDINATES {IMPERIAL UNITS) FTTE pap
- Northing — 12524.0 T F
' Easting — 16335.0 -
5o Elevation — 2378.0 =
— BE.D
779 : =01
EBA Engineering Consultants 1td. feaft B e
Whitabharen Valran =Y. D 4 AF 4




CLIENT= MINTO EXPLORATIONS LTD.

LETALED GEQTECHNICAL DESIGN BOREHOLE NO: 95-G12
PROPOSED TAILNGS DAM - MINTO PROJECT DRILL: LONGYEAR 38, C/W NQ DRILL RODS PROJECT NO: 0201-95-11509
NEAR MINTO CREEK, YUKON UTH ZONE: 8 N6945332 E386592 ELEVATION: 705.60 (m) T
SAPLE TYPE ormas SWPLE [/]NORECOVERY [ K CORE 375 mmseoon [ []] cRReL BarmeL

W PERCENT RECOVERT
N 3 2 P&‘%m %MW —_
EE, E ulz & g SOIL MY &0 %’
[« s
BEE5|° |2 DESCRIPTION e ue 2
2040 040
- 00 <202l SAND (FILL) — some gravel, froce of silt, E 00
3 o330 numerous boulders £
F-10 590 3
g et - 40
- sp fﬁ? E
20 2228 E- 60
5 sasa — casing set to 2.4 m; no recovery -
5 s35s above 2.4 m e~ B0
: a8 — core recovery from 2.4 to 3.0 m 3
- 30 M consisted of @ piece of wood and ¢ £ 100
E oL 11 cobble l -
3 ORGANIC SILT — numerous roots; black; - 120
=40 permafrost 3
g 1 = Vs; 30 to 40% ice, ice kens lo . T
- " 4 mm, inclined to vertical 3
50 SILT (COLLUMUM) - some sand, occasiondl 160
cobbles and boulders; non—plastic; 10
2 frequent organic inclusions; brown: 3
6.0 ! 2 permafrost, Vx 10% ice * E 0
F - more coarse angular sand with .
: oW |- depth; less organics with depth E 25
70 — becomes SILT AND SAND ~ fine with 3
fl] = frequent coarse angular sand _ E_ 240
s =] grains; permafrost Var.c 40% ice .
F 0 BR WiSAND (RESIDUUN) - trace of gravel; trace ¢ ¥ o
: | of silt; occosional cobbles; -
: angular, frioble, coarse sand; E- 280
F o permofrost Vr,c; 10% ice E-
e GRANGDIORITE (BEDROCK) — silghtly 500
2 weathered, fractured but intact 3
: END OF DRILLHOLE @ 8.2 m - 320
104 — static water level approximated at 3
E 698.6 m ' - 34D
2 = ali USC's ore estimoted, bosed on =
- 110 visual classification and fiekd - 360
: testing of recovered samples 3
: MINE GRID COORDINATES (IMPERIAL UNITS) E- 380
12,0 Northing — 12688.0 3
E Easting — 16231.0 Thid
Elevation ~ 23150 E_ 100
—~ 134 =3
: E- 40
F- 14,0 = 460
3 E 20
e e
EBA Engineering Consultants Tid. — [2e0B G oA IR DL
Whilehorme, Yulon Ty, Ho: oo { ol |

MR LAWY | RHIHTY)




Fia. No:

'[ DETALED GEQTECHNICAL DESKGN CLIENT: MINTO EXPLORATIONS LTD. BOREHGLE NO:  95-G13
PROPOSED TAILUNGS DAM — MINTO PRQJECT DRLL: LONGYEAR 38, C/W NQ DRLL RODS PROJECT NO: 0201-95-11509
NEAR MINTO CREEX, YUKON UTM ZONE: 8 NG6945361 E386601 ELEVATION: 698.00 (m)

SAMPLE TYPE  Jiforus SPE  [/]NoRECOVERY X HQ CORE H 7 mmseoon  [[[] CRREL BarreL
Jdol T Tz B a
~—~ o
ChEFEMNE SOLL il
RE%5(°|2| - DESCRIPTION v w  we :
[¥2] v 1
0 40 8080
E 00 FFEE GRAVEL AND SAND (ALLUVIUM) — some silt; E 00

E 1343 numerous cobbles and boulders = 00

E-10 :

- s441 E~ 40

: 134 — casing set to 1.8 m; no recovery 3 0

- 2.0 43 above 1.8 m; below 1.8 m recovery 3

2 SH {4t fimited to gravel and cored E 80

2 1] cobbles/boulders 3

E- 30 3431 — some rounded gruvel recovered; E o

E 4 various rock types observed in the E

it fecovery - 120

- 40 e

: it - 140

3 -1-| SAND — (RESIKIUM) — trace of silt; coarse, E 16

-0 . anqular, friable, highly weahtered + 3

g L sand; frozen Vx, Ve, 107 < ice " - 110

60 — Nbn below 5.8 m {or unfrozen) E o

] — zones of less weathering @ 5.8 to E

§ . 64mondB5to BB m * ‘:—m

70 S¥ T 3

2 - 240

=0 2 ¥ 20

e -0

5—9.0 _ . ‘:—30.0

3 "lﬁ GRANODIORITE (BEDROCK) ~ freshly -

E oo B =] . weathered, inloct bedrock -0

END OF DRILLHOLE @ 10.1 m E 20

- — possible fault or shear zone E

2 — static water level approximated 2

— 110 %0

8 at 695.2 m 3

: - gl USC's are eatimated, bosed on E_ 30

E 120 visuat clossification and field E

2 testing of recovered samples E- 0.0

- MINE GRID COORDINATES (IMPERIAL UNITS) d

- Northing — 12784.0 E 420

130 Easting - 16253.0 .

- Elevation — 2290.0 E- U0

;— 14.0 E_ %0

o

- 150 =

: : LOGGED BY: CRH COMPLETION DEPTH: 10.0 m
EBA Engineering Consuliants Ltd. |emmscm CONPLETE: 55/09/78
¥hitehorse. Yukon Poce 1 of 1




DETALED GEOTECHMICAL DESGN CLIENT: MINTO EXPLORATIONS L1D. BOREHOLE NG: 9514
PROPOSED TAILINGS DAM — MINTO PROJECT DRILL: LONGYEAR 3B, C/W NQ DRLL RODS PROJECT NO: 0201-95-11509 |
NEAR MINTO CREEK, YUKON UTM ZONE: 8 NB945379 E386537 ELEVATION: 698.30 (m)
SAMPLE TYPE R SwPLE  [/]noReCoviRY X HQ CORE 75 mmseoov  []]] CRREL BARREL
- B , W PERCENT RECOVERY M
s = 20 40 B0 g0 .
‘iE" E ; = 2 ;—% SOIL m*wy’au %
o ol Sl I
5E5|%|° |2 DESCRIPTION  |wer we  ww 3
1723 oI (2 ] I & 1
. 20 40" B0 B0
F 00 SAND (COLLUMUM) — numerous boulders and E
2 ’% cobbles, trace of gravel, trace of E o0
- \ % sit; anqular, weathered sand; 3
_ 0 anqulor, weathered grovel, cobbles - E 40
3 & and boulders E
- fes. - casing set to 1.8 m; no recovery =
- 20 SP/ GP% above 1.8 m; poor recovery above 3 &
= 3312 3
30 bt X . - 100
— below 3.0 m; possible alluvial sand E
E . and gravel, rounded gravel present =
E o %3 in_recovery . =
E 0| GRANGDIORTE (BEDROCK) — fresh to + E- 140
: ﬂ_|=l—[ unweathered, shottered throughout + E
3 il : 160
- a0 %ﬂ + i‘
I o0
- 6.0 qm =
: BR [lI= =200
= || '3
= E 290
— 7.0 il E
3 fli= C
j i
g il 3
- 80 ﬂﬁ * ¥-750
[0 OF RMOE @ 8.5 m e
- 9.0 "~ — constant head permeability test = oo
2 completed from 5.9 to 8.5 m E
2 ~ static water level approximately E_ 10
- 10.0 695.0 te 696.5 m E
2 ~ all USC's are estimated, base on =340
visual classification and field E
110 test of recovered samples E_ 150
g WINE GRID COORDINATES (IMPERIAL UNITS) 3
- Northing — 12842.0 =380
Elevation — 2291.0 E- 400
;—13.0 g—-m,o
E- 140
149 ; 160
X 5:45.0
E 150 3
: - P LGGGED BY; ORIl COMPLETION DEPTI 8.5 m
FBA Kingineering Consultants TLd. v v e CONTETE: 5,/08/27
I— Whilohorms, Yulon Hy. My, o Poge 1 of |




EBA 1994 BOREHOLE LOGS
TAILINGS / WATER DAM AREA



PROPQSED COPPER MINE DEVELOPMENT CLIENT: MINTQ EXPLORATIONS LTD, BOREHOLE NO: Q4-(1 |
TAILINGS DAM {SQUTH CENTRE) ORILL: CME-75 C/W HOLLOW STEM AUGERS PROJECT NO: 0201-11509
MINTO CREEX, YUKON UTM ZONE: 8 N6949205 E3B8804 ELEVATION: 724.17 (m)
SAMPLE TYPE  Jllcras savpLe /] 0 RECOVERY STANDARD PEN. 3 75mm SPLIT SP. [ ][] CRREL BARREL [1]#a core
- ™ ;gmmg FENS%IRAHUB% u W PERCENT CRAVEL m
. = 4 20 40 6D B0
e 52|~ 2 SOIL » PERCENT SAD =
E == = n_w_ i s | =
o l&Zisigl>2|” A PERCENF SILT OR FINES a &
L‘DJ ?E § 7] 35 DES CRIPTION PLASTIC We. uown 20 Fli] 0 g0 g
v tn 4 GROUND ICE DESCRIPTION 4
i 0 4 60 80
3 0.0 1 WPEAT —~ Fibrous; wel: soft; dark brown 1
10 ORGANIC SILT (COLLUVIUM) — clayey lo some
) > 2 | 7 clay, lrace of sand, trace of
3 9 grovel; Irequent peat inclusions,
E_ 30 = occosional cobbles; wet; sofi; dark
m:s arey
5—40 ~ permolrost below 3.1 m; Nbe with T :
E 0 &H 5 Vx<5%, some Vr 107 ice in Sample ' RIRECH
No. 4 .
£ 60 L+ ¢ \ -~ becomes cobbly wilh deplh I R
E 10 7 SAND"AND SILT - trace gravel, frequent e s
L cobbles, numerous organic fibres Lol
g0 [ 8 ond organic inclusions; angular * bt
cobbles and gravel; fine lo medium 510 s
0 == 9 '-’-{ su - [PRFR sand; unsorted; frozen Nbe or Nbn; v DL L
10.0 light grey . :
SAND (RESIDUUM) — some sill, trace of
R I grave!; unsorted; well groded, -
20l t quariz and mica rich ongular sand;
| moist; hard; rushy brown
130 ~ slow, hard drilling from 7.8 to
" 122 m
’ END OF BOREHOLE @ 122 m
150 ~ thermistor string § 944 instolled
to 120 m '
160 MINE GRID COORDINATES (IMPERIAL UNITS)
17.0 Norlhlng - 11661.21
fosting — 14675.26
180 : ‘ Elevation - 2375.90
190 EBA BOREHOLE NO: 11509-BH13
200
210
220
210
240
250
260
270 :
20 Y
20 ' o
30‘0 o E : v ; é L S A L 12 ot é‘_SB.O
LOGGED BY: CRH COMPLETION DEPTH: i2.2 m
Whitaharce Yulran Cim Abme Aeus t T 1




PROPOSED COPPER MINE DEVELOPMENT CLIENT: MINTO EXPLORATIONS LTG BOREHOLE NO: 94-G1iA
TAILINGS DAM {NORTH CENTRE ABUTMENT) DRILL: CME-73 C/W HOLLOW STEM AUGERS PROJECT NO: 0201-11509
MINTO CREEK, YUKON UTM ZONE: 8 N6949227 E3BR758 ELEVATION: 724.91 (m)
SAMPLE TYPE  JJGRaB SAMPLE NO RECOVERY STANDARD PEN. = 75mm SPUT SP. [ [[] crReL BaRREL ][] o coRE
W STANDARD PENETRATION M M PERCENT GRAVEL m
e = M40 B0 __ 8D 0 40 60 Bo
[= i = | o S OIL ® PERCENT SAND @ :—::'
= wlZ2 |l o |& 0 40 60 Ao =
£ | gl |5 7 e e uaug | 4 TERCENT SLT OR FRES & =
=2z 7 |z DESCRIPTION A SO N S N =
5 b7 ; * . # GROUND ICE DESCRIPRON 4
0__20 30 40 0 40 6 80
- 00 ORGANIC SILT - some sand, numerous rools; P R L
- occosional cobbles and boulders; 5
- demp: firm: brown (P
X SAND (COLLUVIUM) ~ some silt, some gravel, : C
[ 10 occosional cobbles ond boulders; . E
C unsorted; well groded, anqulor ;  ap
sond; anguler, frigble gravel; | ¢ F
- damp; compact; brown i E
- — becomes aolive grey — 6.0
I~ 2.0 »
: oo
F- 30 — 10.0
- 120
[ 1 * -
- ity : E oyl
- — water lable @ 4.1 m C 140
F X 21355 SAND (RESIDUUN) ~ some sift, trace of ¢ ol E 160
— 30 [ gravel, frequent cobbles, unsorted; X
C matrix supporled; angular, quarlz -
C and mice rich sond; onguler friable - 18.0
[ gravel;, domp; dense; rusly brown -
:—E'U 5] 3 hoprsa — slow, hord driling, 45 seconds for 40/ |5& - 200
- 25 mm F
f—~zz.u
70 -
— 240
5] 4 KO/40 SM [FEEE . 30740 L 2 F
- END OF BOREHOLE @ 7.7 m P
50 ~ waler lable @ 4.1 m E
X MINE GRID COORDINATES (IMPERIAL UNITS) -
X Northing - 11734.87 £ 280
C Easting — 14559.28 -
: 90 E]EVO“OH N 2378.30 reete [ PO SR SO0 ST SO PRPU- S TS S0 S e YRS .
- EBA BOREHOLE NO: 11509-BH15 I A C 300
: - 120
- 10,0 7§7 P
LOGGED BY: CRH COMPLETION DEPTH: 7.7 m
Whilehorae, Yikon Ty Tl o Vel

WAHLLEE I E (AN k|




PROPOSED COPPER MINE DEVELOPMEN CLIENT: MINTO EXPLORATIONS LTD. BOREHOLE NO: 94-(] 2
TAILINGS DAM (NORTH ABUTMENT) DRILL: CME~75 C/W HOLLOW STEM AUGERS PROJECT NO: 0201-11509
MINTO CREEK, YUKON UTM ZONE: 8 N6949780 £388727 ELEVATION: 759.44 (m}
SAMPLE TYPE  [Illora8 SaupLE NO RECOVERY STANDARD PEN. = 75mm SPUT SP. [[[]crReL BaRREL [ ]a Core
N » | ?gANDﬁz? FENBEJRATIDH | M PERCENT GRAVEL m
N &0 0__ 0 8 8
£ 52— 2 SOIL w PERCENT SAD =
= Llw(Z] g |2 40 60 & =
= HElE S5 APERCENT SLTOR FINESA | &
% E5(%|° 12| DESCRIPTION  |wem we  uww| ‘peoysigoes | g
b 73] - . 1| #CGROUND KCE DESCRIPTION
020 30 40 090 80 8
00 ORGANIC SAND - silty, some grovel; maist; I I R - 00
- loose; dork brown, -
r i \ - frequent root fibers [t """"" ‘ """"" E ap
[ SAND (COLLUVIUM) - some gravel; some silt; : E
C 10 frequent cobbles; angular, querlz i SO0 O SO F
" and mico rich sond; angulor frigble 0
gravel; domp; dense; rusty brown A /l 5 -
= Ve - becomes light grey—brown below . : * g
C 1.5 m ~ 6.0
20 - difficult, rough driling 1.8 to : C
C 24 m -
- 80
—30 P55 . E 100
- X Y SAND (RESIDUUM) ~ saome gravel ' i :
- —~ rough, hard drilling : F
s ~ drilling refusal @ 4.1 m - 120
40 153 5 Ko/e0 " /0y e
- END OF BOREHOLE @ 4.1 m E 140
- MINE GRID COORDINATES (IMPERIAL UNITS)
o Northing — 11915.79 F~ 160
50 Eosting — 14429.77 -
N Elevation — 2491.60 x
EBA BOREHOLE NO: 11503-BH14 F- 18.0
- 6.0 f—zo.o
- 220
~ 10 3
- 20
:—a.u .5—25-0
G N A % W 9 5 M S 20
~s0 [ L , . _
r : F-30.0
- : 520
100 P iE
LOGGED BY: CRH COMPLETION DEPTH: 4.1 m
EBA ENGINEERING CONSULTANTS LTD‘ REVIEWED BY: CRH COMPLETE: 94/05/25
Whitehnree. Ynlran Tin Ne Bame 1 al |




EROPOSED COPPER MINE DEVELOPMENT CLIENT: MINTO EXPL{ RATIONS LT0. BOREHOLE NO: 94-(G13
WATER RETENTION DAM (SOUTH ABUTMENT) DRILL: LONGYEAR 38. 3 7/8 TRICONE, HW PROJECT NO: 0201-11509
MINTQ CREEK, YUXOM UTM ZONE: B8 N694:3376 £383101 ELEVATION: 714.85 (m)
SaMPLE TYPE  Jlcrea savpie [ /]no mecovery STANDARD PEN. ] 75mm sPut P, [J[]creer magREL [ Ha coke
N ~ z zsurmmfg FENSHAH%% - N PERCENT AL v
T [E 2 = % SO » PERCENT S o =
W = = “u:'a’ = Aicéﬁcfnqro SILT 2?% Fl £BD =
% % % < = DESCRIP TION P‘“‘ST‘C He. W | 2 40 " %
b7 A - . = | @ GROUND ICE DESCRIPTON 4
: 020 30 40 W™ 460 B
£ 00 ) SURFACE — willows, olders, moss and Ef T i PR
= 10 organics (driller noted cleor ice 20
3 . ® bose of organics) E ;g
SILT {COLLLMIUM) - sondy, trace of E a0
E 30 3 organics, olive brown, irozen £ oo
~ easy drilling S R S 0 S Y Y O A E 120
3 a0 - all cuttings washed oul ~ sampling " E o
= <o \  not passible 0 O O O E 160
SAND (RESIDUUM) - trace of silt and 180
= 6.0 4 organics, alive brown to brownish 5 £ 200
= 0 - all cuttings washed oul— sampling : 220
E nol possible = 24.0
=80 n__ grey, frozen y - 260
BEDROCK ~ grandorite E- 280
=30 - grinding @ 8.0 m - 300
E. 100 ~ lost circulation fram top of £~ 320
casing {woshed out from below) £ 340
= 1o ~ inloct bedrock @ 8.5 m £ 360
120 ~ continued drilling to 12.2 m o
END OF BOREHOLE @ 12.2 m E_ 0
130 NOTE: hole @ toe of solifluction fobe E 10
o MINE GRID COORDINATES (IMPERIAL UNITS) 160
Norlhing — 12186.02 160
= 150 Eosting ~ 15667.50 E 500
E_ 150 Elevalion - 2345.30 E-52.0
EBA BOREHOLE NO: 11509-BH17 540
£ 170 F-56.0
" oo - 580
F- 60.0
=190 - 620
- 640
- 200 - 55.0
i - 6B.0
E- 70.0
220 E-72.0
740
230 : C_ 76.0
P T - oo
£ 80.0
5.0 E_ 82,0
e e B0
%60 et Bl g
27.0 , ..... . ;_ o
_ 90,0
280 920
E-810
29.0 ‘E-98.0
30.0 - E_980

I'BA ENGINEERING CONSUTTANTS 17D

Whitelunue, Yolion

MAINEEE AR e el

LOGGED BY: JRT

REYICWIDY Be 111
Ity Tl

COMITTTTE 0 Jin /7

COMPLETION DEPTH: 12.2 m

Py 1 ol |




PROPOSED COPPER MINE DEVELOPMENT

CLIENT: MINTD EXPLORATIONS LTD.

BOREHOLE NO: 94—( 14

WATER RETENTION DAM (CENTRE)

DRILL: CME-75 C/w

HOLLOW STEM AUGERS

PROJECT NO: 0201-11509

MINTO CREEK, YT

UTM ZONE: 8 N6349427 £383062

ELEVATION: 708.45 (m)

SAMPLE TYPE  JfoRraB SampLE NO RECOVERY STANDARD PEN. ] 75mm SPUIT SP. T[[]] CRREL BARREL [ J]Ho core
o Nz R R | g g e
E == = D SOIL ® PERCENT SAND @ =
£ MEE 8|5 ;i%zcs:ro ST g(; rmSSO 5
5E3|7||2|  DESCRIPTION — [wsc s | “Fewigre: |
] 7] - * — # GROUND ICE DESCRIPTION &
020 3 40 040 8D RO
- U0 ORGANIC SILT - 100 mm thick HE - Pi i oo
- cobbles; unsorted; motrix 3
i supporled; angulor to subangular ; T 50
N : well graded sond; fine lo coarse : -
[ i0 ongulor {o subongular gravel, 0 O O T - O £
L ongulor to subangular cobbles; L 40
C moist; loose; brown ‘ -
" SAND — gravelly, some sill, frequent L
L X 219 — becomes moister with depth r F- 50
?2'0 - cabbles or boulders from 2.0 to -
- J0m -3 80
- Y 2 4
C — woler loble @ 2.75 m E
| T - 100
- X 311 ~ SAND (RESIDUUM) - some gravel, e -
i trace to some sill, occasional -
- sifl inclusions; unsorted; angular 120
C well groded sand; angular frioble u
[~ 40 fine grovel; quartz and mica rich: -
¥ moist to wel; very dense; rusly — 140
- brown .
- X 8 ~ drilling much harder from 3.1 m ¢ ! :
PP I lo 4.5 m 160
o — very hard slow drilling from 4.6 m n
- to end of hole (60 seconds+ per -
y 25 mm) 180
C 5 ) C
T END OF BOREHOLE @ 5.8 m C
- - no sloughing — 200
- ~ woler @ 2.75 m -
N NOTE BH: in cul bench 0.5 m deep -
C MINE GRID COORDINATES (IMPERIAL UNITS) 220
. 70 Northing ~ 1235783 o
C Easling — 15944.19 2
- Elevotion ~ 2324.30 -l
- EBA BOREHOLE NO: 11509~BH11 -
50 %60
. 280
:__ 1 U000 SOV SUNE- SN0 SUO% FVONL NOUL SUON| NOOS SOV SO ROV SO OO OO JOE- VOO E— w0
N 320
[ 100 X

EBA ENGINEERING CONSULTAN_TS‘ LTD.

Whitehorse Yonkon

LOCGED BY: CRH

COMPLETION DEPTH: 5.8 m

REVIEWED BY: CRH

COMPLETE: 94/06/24

Fin MNn-

Dama 1 Al 1




PROPOSED COPPER MINE CEVELOPMENT CLIENT: MINTO EXPLORATIONS LID. BOREHOLE NO: 94-G1 5
WATER RETENTION DAM (NORTH ABUTMENT) DRILL: CME~75 C/W HOLLOW STEM AUGERS PROJECT NO: 0201-11509
MINTQ CREEK, YUKON UTM ZONE: 8 N6949477 £389034 ELEVATION: 724.05 (m)
SAMPLE TYPE  IJGRAB SAMPLE N RECOVERY STANDARD PEN. = 75mm SpuT SP. (][] CRREL RARREL [I]+a core
N x SUTANDAfg FENE%IRATI%N u W PERCENT GRAVEL m
_ 2 o 20 40 60 g0
T = =3 18 SOIL ® PERCENT SAND @ =
T iL=E]g 3_5‘) 20 40 60 B =
ol o N 4 PERCENT SILT OR FINES & 5
%35 T(2|  DESCRIPTION  [m we | *peinsiame: | &
3 7 ' . 1| #GROUND ICE DESCRIPTION 4
1030 30 40 010 50 &
- 0.0 SAND (RESIDUUM) - gravelly, some sill, PP P Pl PP ETOD
C occasional cobbles; well groded -
i angulor sand; fine anquiar gravel; i F 20
X ! unsorted; compacl; olive grey I £
3 1 - becomes dense and siltier with I
-  depth : F
- X 2 {66! M gg . x " o iFf
C 20 — gravelly or cobbly zone from 1.8 to s e
X 24m -
X - 8.0
3 21 3 150/75 3475 =100
: 120
— 4.0 -
4 . — 140
- — centre bit cooted in rock powder -
- @45m — 160
- 30 ~ from 4.6 to 6.1 m driling very 3
: slow (10 to 20 seconds per 25 mm) o
— 180
_ 5 . §
- 5.0 -
" - 6.1 to 7.6 m, very slow hard 5_20'0
- drilling (10 ta 15's per 25 mm), i
r some rough sections E 70
70 2
) » £
3 C 240
F =7 | x g
r END OF BOREHOLE @ 7.7 m : u
[ . : — 26.0
- 80 - no sloughing : -
r - no waler 2
N - no permofrost E 280
A + | NOTE: BH localed on a cut bench roughly -
i.gin 2 m below natural ground; i i F
- MINE GRID COORDINATES (IMPERIAL UNITS) FTE o
: Northing -~ 12525.58 P E
N Easling - 15458.62 + e
r Elevation - 237550 : i i 20
LOGGED BY: CR COMPLETION DEPTH: 7.7 m
EBA ENGINEERING CONSULTANTS LTD. [Roi0erce — COMPLETON DEPTR 1T
Whilehorae, Yukon My “din T § w1

ARL TR ERILYEC LT ST T}




PROPOSED COPPER MINE DEVELOPMENT

CLIENT: MINTO EXPLORATIONS LTD, -

BOREHOLE NO: 94-(G16

ALT. RETENTION DAM (NORTH CENTRE)

DRILL: CME-75 C/W HOLLOW STEM AUGERS

PROJECT NO: 0201~ 11509

MINTO CREEK, YUKON

UTM ZONE: 8 N6949582 £389217

ELEVATION: 705.15 (m)

SAMPLE TYPE  JEforaB SAMPLE /] NO RECOVERY STANDARD PEN. = 75mm sPUT P, [[[] crreL BarreL [ ] Ha core

B . IZSJANDT(? PEHETRATICN m ml PERCENT GRAVEL =
. 0 B0 8
E 2|~ B SOIL o PERCENT SN » =
AN EARE % 0 40 &0 g0 =
el = =
o = a | D A PERCENT SNT OR FINES & a
Z 3% 72 DESCRIPTION BT | B
& 7l + GROUND ICE DESCRIPTION &
20 40 60 gD
- 00 SAND — gravelly, silty, numerous cobbles; i EG
X angulor {o subongulor well graded -
C sond; ongular lo subanqular gravel;  [{rrTrTEETE b ebeded a0
r unsorted; moist to wel; loose; -
[ 10 dork brown e eddee oo b e s £
E — less cobbies below 1.2 m E__ +0
C 1 -
[ 6.0
(— 2.0 -
: — becomes darker brown below 2.4 m; 80
- 2 | s L ___someijcecrystalsNbe  ___ __ __ :
.30 SAND {RESIDUUM) - some fine grovel, some -
o to trace of silt; angular, fine 100
- gravel; unsorled; damp; compacl; E
- light brown E 120
L 40 E
- ¢ — becomes very dense by 4.0 m —
" 3 Ho/1sd < - 140
- GRANODIORITE (BEDROCK) - hard E
- REFUSAL © 4.6 -
[ 50 ~ minor seepage @ 4.6 160
» — no_well instolled E
C END OF BOREHOLE @ 4.6 m -
. MINE GRID COORDINATES (IMPERIAL UNITS) 180
- Northing — 12847.49 -
— 6.0 Eosting - 16069.55 00
- Elevation ~ 2313.50 S |
- EBA BOREHOLE NO: 11509-BH16 -
- [~ 22.0
70 3
- E 240
f—a.o 525-"
E E:ZE.O
- 90
C - 30.0
- - 320
- 100 I~

EBA ENGINEERING CONSULTANTS LTD. aroect:

COMPLETION DEPTH: 4.6 m

COMPLETE: 94 /06/27




BOREHOLE NO: G4-( 17

Ll,'lllfﬂ HA B ) np

PROPOSED COPPER MINE DEVELOPMENT CLIENT: MINTO EXPLORATIONS LTD,
ALTERNATE RETENTION DAM (SOUTH ABUTMENT) DRILL: LONGYEAR 3B, 3 7/8 TRICONE, HW PROJECT NO: 0201-11509
(SOUTH ABUTMENT) MINTO CREEX, YUKON UTM ZONE: B N6949497 £389265 ELEVATION: 713.81 (m)
SAMPLE TYPE  [JGRAB SAMPLE [/ No RECOVERY STANDARD PEN. 5 75mm SPLIT SP. [1]] cRReL BarreL [I]+a core
" e il il )
= % 2 . % SOIL ® PERCENT SAND @ =
= 4eE 8|5 LchE"RCEP:TDSELT o] &
%E3(°| |g|  DESCRIPTION [wsc we | ‘Feousiomher | £
= 3 . . 1| #CGROUND KCE DESCRIPTION 4
020 30 40 0 40 60 &
= 00 MOSS AND ORGANICS - black NI I fdedodidod
= 1.0 1 [ ~ permafrost @ 0.2 m l fddond
5_20 SAND - silly, trace of quarlz gravel,
sizes to 75 mm diometer, O I
EE. 3.0 ) VS, Vr 257
3 - occasional organic seams and
E- 40 pockefs throughout
= 50 — organics throughout, frozen ,
3 L — cobble or boulder @ 4.0 m pemrfienE= 180
£ 6.0 SAND - lighter colour (to light brown} at = 200
= .0 49m - 220
E - no sompling possible below 4 m = 24.0
E- 80 depth E- 26.0
g — 280
= o0 = %00
=100 ~ dificult driing to 9.8 m E
0 - silty sand ond gravel on bit E w0
: ot 9.8 m (frozen sandy gravel) E
E120 ~ pul on new bit, drilf to 12.8 m E 100
3 130 —~ still frozen, some gravel . F 420
E — hole abandoned due to difficult E 440
E 140 drilfing - 450
END OF BOREHOLE @ 12.8 m E- 480
=150 MINE GRID COORDINATES (IMPERIAL UNITS) £~ 500
160 Northing - 1254557 - 520
Easting - 16219.65 540
- 170 Elevafion - 2341.90 — 360
E a0 EBA BOREHOLE ND: 11509-BH18 £ 580
E ‘ £~ 60.0
=190 = 620
E- 540
- 200 £ 5.0
=210 = 20
E- 700
- 220 = 720
= 740
= 230 £ 760
2 2 N £~ 78.0
! - 80.0
221 - - E- 520
a0 O U SO0 O S S T O S -840
= 260 6.0
22 O 000 U O N O £ 830
i — 50.0
- 26.0 N = a2
5 Grvnidridonnfen = TH)]
g__ 29‘0 sdemergatand oiaadiess, .E ................ - 95-0
£ 300 TR e
LOGGED BY: JRT COMPLETION DEPTH: 12.8 m
EBA ENGINEERING CONSULTANTS LTD RD/]EW_E,QA&LEB”- - COMPLETE: 94/01;/27 o
Whilehorse, Tukon Fig i S Prwr 1t




PROPOSED COPPER MINE DEVELOPMENT CLIENT: MINTQ EXPLORATIONS LTD. HOREHOLE NO: GH 94—20
TAILINGS -DAM CENTRE HOLE DRILL: CME-75 C/W HOLLOW STEM AUGERS PROJECT NO: 0201-11509
MINTG CREEK, YT UTM ZONE: BN - E - ELEVATION:
SAMPLE TYPE [ cRa8 saupiE NO RECOVERY STANDARD PEN. = 75mm SPUIT SP. [ ][] CRREL BARREL [1]Ha core
" " ] zsﬂrmmfg FENB%IRATIDN ¥ M PERCENT GRAVEL &
— o 80 040 60 &0
E =2~ 2 SOIL. o PERCENT SN # =
¥ v Zlg = 04 60 g0 =
ol el I A PERCENT SILT OR FINES o
L % % 7] = DESCRIPTION PUSIC  MC. uwo | P s o &
v B — * — + GROUND ICE DESCRIPTICH 4
1036 30 40 0 40 6 &0
— ORGANIC SI.T ~ seme sand, numerous rools, I P il fp oo
- occosional cobbles and boulders: —
: ] dﬂmp: Blﬂh: brOWl‘l TV FPRRN S ST N :_ 2 D
C SAND (COLLUVIUM) - some sill; some grovel; T
— 1.0 occasional cobbles; unsorled; well £
X groded, angular sand, angular F i
- friable gravel; damp; compact; N RE-
: X 2 |1 brown Rl L -
- — becomes olive grey — 6.0
— 20 3
S R E a0
E_ 0 X 3|40 e " E- 10.0
- END OF BOREHOLE @ 3.1 m E
- - boulder @ 3.1 m -
[ - drilling relusal @ 3.1 m F- 120
— 40 -~E—
E (= 140
E_S_U E—- 160
E— 18.0
:_“. 6.0 :— 0.0
;210
7.0 =
- 200
- 5.0 - 260
E A D e Ry L P B el b Lt L T T T Ty S AU PO E_- ZB-O
- 9.0 [ TURE TSNS DU SN N, FOURR S SO S aire E—
N — 30.0
5 - L B
- 100 LI T O O O =
EBA ENGINEERING CONSULTANTS LTD LOGGED BY: CRH COMPLETION DEPTH: 1.1 m
‘ : : REVIEWED BY: CRH COMPLETE: 94/06/24

Whitahnres VYilran




PROPOSED COPPER MINE DEVELOPMENT

CLIENT: MINTO EXPLORATIONS LTD.

BOREHOLE NO: 94— 7]

TAILINGS DAM (SOUTH ABUTMENT)

[ DRILL: LONGYEAR 38, 3 7/8 TRICONE, KW

PROJECT NO: 0201-11509

MINTO CREEK, YUKON

|UTM ZONE: 8 N6349111 E388820

ELEVATION: 752.43 (m)

SAMPLE TYPE  Jlfcre8 saWPLE /] ND RECOVERY STANDARD PEN. = 75mm SPUIT SP. [[T|CRREL BARREL [ [ ] HO CORE
BACKFILL TvPE Jsewronte  [.-]eea cravie [Tl stoucH GROUT DRILL CUTTINGS SAND
_ w STANDARD PENETRATION w = PERCENT GRAVEL m
el " 0 40 60 80 00 40 60 B
E EZ|=Pw SOIL  PERCENT SAKD @ =
= 1y = 02 040 &8 g g
ala EE A PERCENT SILF DR FINES & &
555|585 DESCRIPTION wse e | HEOTSTERGT) B
it - . { @ GROUND ICE DESCRIPTICN 4
02 3 40 0 40 ®
: 00 CLAY - silly, some send, some grovel, some oo : : i E 00
3 — 20
£ 1.0 cobbles, angulor gravel ond sand; ~ |efeebeededeededeedidendi - £ 40
low plastic; unsorted; frozen Nbe;  ["rEiepe bl e E
£ 20 = 60
wet; dark brown/grey - 8.0
= 10 _ | . £ 100
E - some sill, trace of sand, occasional E 120
=40 grave! and cobbles, Nbe = 140
: Ao 7' | | W E
= 5.0 o : E- 16.0
= ~ occasional ice lenses below 5.2 m, . £~ 18.0
80 up to t cm Vr, 5% . = 200
== ~ clear ice lenses & 220
3 = 240
—B.0 ~ becaming sand ond silt, some clay; £ 260
o 4 frequent cobbles; Vbe i } £ 26.0
50 - E 300
= 100 E 320
T ! b = 340
=110 — becoming silt, some clay, trace of — 36.0
§-12,o o § sand, occasional gravel and cobbles . ;—i:g
3 — Nbe, occasional Yx <5% E
50 (1] 7 ; o
= 440
= 140 L i =150
5 . — 8 :.... & .-_ ‘BD
= -V , Vr 307 E
150 %, VT E <00
- 160 :[ 9 » - 520
E-540
170 — 56.0
g i0 iy =
E- 180 I : - 58.0
3 E- 60.0
il SILT AND SAND (RESIDUUM) — some Lo trace : ; E
£ 200 ] grovel, trace of clay, Nbe with - 550
light occasional Vr, Vx, <5% ice 58,
12 Y 68.0
210 - b.ecomes more sandy and gravelly £ 700
220 n_.With depth / £ 720
13 SAND (RESIDUUM) - some silt, some gravel, . E- 740
230 occasional cobbles, frozen Nbn-Nbe: : £~ 76.0
(14 | | oulUsiondl CoBDIES, Irofenh non=ho&, ¢ [ x .
240 rusty brown ! - 780
\___— becomes more compelent with depth ;"30-0
350 END OF BOREHOLE @ 24.4 m 820
2%0 -ngermistor string §945 instailed to ig;'g
2 POV SOPUE NOOR: S : o
20 MINE GRID COORDINATES (IMPERIAL UNITS) e
280 Norl'hing - 11350.36 E 020
Easling - 14714.81 _ E a0
290 Elevolion — 2468.60 £ 55,0
300 EBA BOREHOLE NO: 11509-BH19 ’ E 980

EBA Engineering Consultants Ltd.

LA O enRi vt wen

Whitehorse, Yoakon

LOGGED BY: CRH

COMPLETION DEPTH: 244 m

REVIEWED BY: CRH

COMPLETE: 94/08/22

iy Mo
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GOLDER 1976 BOREHOLE LOGS
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- ~RECORD OF BOREHOLE ™! Plonterte Areo

LOCATION (See Figure 27 ) NV /5200 ; £ /{395 BORING DATE #May 6,/974
BOREHOLE TYPE Aermafros’ Core Borre/ BOREHOLE DIAMETER
DATUM
SOIL PROFILE PIEZOMETER
R
5 w Termperartre (°C) B °
alE = e STANDPIPE
» || 8|8 8 P_f ={ @ -3 INSTALLATION
ELEV. T{S5i»{| o0
DESCRIPTION g2k [e| =
PEPTH 2 I I E WATER CONTENT PERCENT ADDITIONAL
ElZf2]8] & W ¥ W LAB. TESTING .
ErE(x[9 ] ! > S i
blu|& ]| u |l
I
|
Ground Surioce
Gor Moss ¢ Joosor/
-0 | Weathered granochorie bedroct
crumbles fo angelar sarxd ond ! |cs,
grovel, sighily sty —
ZTT ok - _%: N ) |
5-,8?' I b dadeaddlV j = . o
£nd of Borebole ot 58 # below L
suriace. Auger comiof odvarce XY h
i1 refotively” sound rock. \ =
R
&
.2 U
<
]
VERTICAL S5CALE GOIAQT' Aﬂtnr;n'h:u: OCRAWN #—

! imerh s S Pmat



AL L.

LR L .

- . BCT

RECORD OF BOREHOLE *s4

LOCATION (See Fiqure 2 } A 1,825 £/ 572 BORING DATE Moy &, /976
BOREHOLE TYPE Permmatros/ Core Borre/ BOREHOLE OIAMETER
DATUM

Planisite Areo

SO0IL PROFILE

ELEV. DESCRIPTION

DEPTH

| 2

o 7]

-d [+ ]

R

L ) o =] n 1 1 1 )

k' = - =] ;
&-_ z [ 1 z

Elulwl™ o WATER CONTENT PERCENT
,E_ i ] E : Wp W WL
cle|lal|l X > (S o, VE——

e E | X 3 u

Elals(m| @

PIEZOMETER
OR

STANDPIPE
INSTALLATION

ADDITIONAL
LAB. TESTING

Grourxd Surice

o0’ Moss £ 7opsor!

-0’
Wearbered grancdiorite tearoct
qraves, sliglly sitfy

crurntves 16 arngulor sandand|  [Tca

L]
™

s
»

X - FPock |

22| tnd! of Borehole 0 53 4% bebwd

suriace . Avger cannof advonce
/7 refatively sound rock.

VERTICAL SCALE
linch to 5 feat

Goldar Accoriatac

DRAWN 27




V'?bu.a -

LOCATICN

(See Fiqure Z ) N/E D0 £/ 700
BOREHOLE TYPE Permariras/ Core Barre/

RECORD OF BOREHOLE *2 Planlsite Areo

BORING DATE /Vag 5, 1270,
BOREHOLE DIAMETER

no,

rivject

DATUM
SOIL  PROFILE PIEZOMETER
" OR
E w
2K 3 STANDPIPE
ELEV =gk § a . INSTALL ATION’
. g2/ flu x
DEPTH DESCRIPTION £]F ~| S | WATER CONTENT PERCENT | ADDITIONAL
Eldld]e] & Wp W W LAB. TESTING
< o [ X o> - .
ef[E] = 3 u v
Bla|S|a]
Groursa Suriace
.o’ Moss { Topsor/
7
ro Weolhered gronodribrite begroct] Y leB
Near surface crumbles ﬁsM
and grove! 1o 72 m. size.
less weatbered and more com- 2|
perent with jncreasing deptts. 3|
75! | £nd of Borefiok of 258 deod;
Permarrost core borrel conrot
cTwIrce 17 relorively sound
bedrock.
"4
AN Y A
VERTICAL e i,

linch e 2 fent

Golder Associntes




RECORD OF BOREHOLE®2  Plantsife Areq
LOCATION (See Figure 2 ) N /8350 F /850 BORING DATE Moy 4, /976
BOREHOLE TYPE Fermarirost Core Barre/ SOREHOLE DIAMETER
DATUM
SoiL PROFILE ' PIEZOMETER
5 w Termperaftire (°C) n OR
7 lel 2 , , 5 | sTanopirE
~{2|2|6| @ 2 . " "4 INSTALLATION
ELEV. DESCRIPTION Ef2iF 2] = | -
DEPTH Elolwls] g WATER CONTENT PERCENT | ADDITIONAL
ElZ2| 2|8 & w,j"______g_f‘- LAB. TESTING
e || E ]S s
bla|sla| @
Grourd Suriace
T Moss r .
r_oi LY . .
\ 7opsoil -sitty .- / / lesl
Wealhered rock grodes from
s and erove/ feor suriGee
:bre.é:rﬁife%/ sound rock aft 2|
154 depifs. .
El & M
75" | End of Boretole.
.
-
L
Y
R
[Py S, AL P T | a . _ NEAWN _,rﬁ__




-Tec -

N,

Frvgun.

REGORD OF BOREHOLE *&  Plantsite drec

LOCATION (See Figure Z ) N/B590 £ /900 BORING DATE May 3, /976
BOREHOLE TYPE Pewmoriros’ Core Barre/ BOREHOLE DIAMETER
DATUM
SOIL  PROFILE L PIEZOMETER
. . OR
Zle N 3‘ ) STANDPIPE
m W
ELEV. _ 1HH R . \ : L .| INSTALL ATION
DESCRIPTION 2| F | =
DEPTH Elulw|~] 8 WATER CONTENT PERCENT | ADDITIONAL
' Elald ] gl g W W W LAB. TESTING
[Z[2181 4 ) e o
5 0nln @ w
Growurtd Surfoce
g’g, Moss £ Topsor/ ,
| Saxd £ grave/, Foce o sil} browd
_ Sk
TB7 .
Weorthered graredtoril padroct gl
o Sound granodiorile_bediock =5
Erd of borefiole af6 3K aorts
Ferrmafros” core borre/ cannol
aFvorce befow G345 below.
l
!
i
nnawn . %

VERTICAL. SEAIF ' . Y
Pil b 4t frnl Gﬂlflﬁl Aﬂ."-ﬂ(‘.lnlf‘?ﬂ il et Y

|



e
Tt e ——

"o,

"RECORD OF

LOCATION (See Fiqure 2 ) N/2,800 & 1,900

BOREHOLE ¥ 58+54 Plomfsite Ldreo

BORING DATE Afoy 3/, /197&

BOREHOLE DIAMETER

| |

BOREHOLE TYPE Fernaiosr Core Borre/
DATL'JM
SOIL PROFILE |
- PIEZOMETER
- u lemperghtire (°C) m OR
[}
S |e 2 ) STANDPIPE
ey |8 g8 % B 1 2 7 3 INSTALLATION
: DESCRIPTION BlE|-|w] = '
DEPTH Elylwls] 8 WATER CONTENT PERCENT | ADDITIONAL
Elala|2] § We w W LAB. TESTING
=z ' A o .
HHEHHEK
Ground Surfoce
g:_%f Moss
ro° \ Sitty fopsorly red / les
Sarxd ¢ gravel brown wits ]
cobbies 2|«
5-0° :L | "
Granodioriie bedrock , frard N
637 | End of Borehok = \"k.
&’ o
-,
\ y
.2 Y
. RN is
Note : Hole 5§ cgririof be
avariced beyorad SHE deplh.
Hole 54 diffed &'easrt arxd
5'scuty of hok 5. Rrmatfost
ager could ot be odvamced|
below 5'ckor. A-srze )
© dimrorry ol core 590 6437
™M AWIRY (‘ﬁ,

VEFRTICAI SrC Al F .




o]

LOCATION (See Figure Z ) N/E,350 £,/2,200
BOREHOLE TYPE Fermarros? Cove Borre/

RECORD OF BOREHOLE *¢  Plonisite dreo

BORING DATE #ay 5, /1970
BOREHOLE DIAMETER

DATUM
SOIL PROFILE ! PIEZOMETER
” ’ OR
ol LS STANDPIPE
ELEV :’l:_ g E g n ! I 1 ! INSTALL ATION
: DESGRIPTION Ll2ir]u| =
DEPTH Elulw|~] 2 WATER CONTENT PERCENT | ADDITIONAL
ElZ(2{8| 3 We w Wi LAB. TESTING
SHHEE
w | wm | wn L) w
Growrnd Surioce
oo’ Moss £ Topsce/
7o’
flca
Bord and grave/, brown |
shgratly srity
2|~
507
v —Weartered rock i
Bearock shi/ily weolhered!,
Ararder witts deor. 7
L ]
80" | Borehole could ot be ahor-

cad bebw 9 deplh.

ANoske: Af 7267 dectts, o ¥
rce lferrses ripfed, exh /b
g7 Husk.

VERTIcal [SealLE

e 1w frwl

Gobliler Asaovcinten

AW i




L. e

N

i

LOCATION (Sex Fiqure Z ) M /2,250 £ 12,80

RECORD OF BOREHOLE ¥7 Alonis/ie. drec

BORING OATE Ay 5, /97¢

BOREHOLE TYPE Fermmofrosl Core Borre/ BOREHOLE DIAMETER
DATUM
SOIL PROFILE |
; PIEZOMETER
5 u CR
| uwlel = STANDPIPE -
=4}
SEPTIT DESCRIPTION HE RN
Elalol™ P WAJ;ER CONTENT PERCENT ADDITIONAL
Eje|d| 8| g P wo' wl._ LAB. TESTING
o E x 3 o
Ginlal® w
Orownd Surface
a7 Moss
o7 |\ 7apsorf - Arown, sty /
Sond and grave/ 703 57.5/ze I'|ea
L5 | Wealliered bedrock, 7o ree 21 n
A lOyers o boundories orirse-
5-8°\ro/ groms.
Boretioke could nofbe advoncas]
beloww 5815 cer'h.
.VEER.TICAL_ SCALE F o0y IR Y W T D AW 4




LOCATION (See Figure Z } NV /[ GOO £ (0,50

. RECORD OF BOREHOLE®Y dreo of Aroposed Oper Fit

BOREHOLE TYPE Ferrmalros’ (ore Borre/

BORING DATE Aoy &, 1976
BOREHOLE DIAMETER

SOl  PROFILE

LAA)

ELEV.

DEPTH

DESCRIPTION

STRATIGRAFHY PLOT

SAMPLE NUMBER
SAMPLE TYPE

(i

BLOWS / FOOT
ELEVATION SCALE

WATER CONTENT
Wp W

PIEZOMETER
OR

STANDPIPE .
INSTALL ATION

ADDITIONAL
LAB. TESTING

Groesrsd 5:/:;-;’0:5

oo’

Sand and gravel Lrowr,
slightly arly.
Trace of si)t, loose o cogfoac:zﬁ

grading fo dense arlld G.ooy.

(Probobly rirsitu
/br‘eﬂ.se/l_; wealfrered

bedrock )

190

Gronodibrine bedrock - wearfe -
red grey. One 787 Iuzk ree
fense notad an the froclure.

®» N

gz.o0

VEINTH ad G ol b
P tn v fent

£nd of Borefiof

As,

I

"

It

Golder Annocinton

I,
nawi T
(IR TR N O o N ol




N.. __78&¢ _

P._,-.1

\

RECORD OF BOREHQLE ¥/0 dreo of FAoposed Open »,

LOCATION (See Figure Z } N /10,650 £ 10,285
BOREHOLE TYPE Fermoafros’ (are Borre/

BORING DATE Afay 9, /97
BOREHOLE DIAMETER

_ DATUM |
SOIL PROFILE ! PIEZOMETER
= w OR
- [=]
7l 3 STANDPIPE |
Ly [2|Elg] 8 T ! ! INSTALL ATION
. [ - OO
DEPTH DESCRIPTION - <| & | waTER coNTENT PERCENT | ADDITIONAL
Pla(Sjel| & Wp w Wi
AR . 4 \ LAB. TESTING
i ¥ = 3 3 4 v 1
LS| Sla| w lo 22 £ s go o
Growrd Suriace
;g, ~ Moss Ve
7 ]c.8 )
S and 1jne sand, o)
with scoffered orgariic. Jcc.
searns of grove! and coarse s, |
Frozer? fgwgﬁwf with zones| (51, @ :
corntarining segregared ree —
crysials. :
Lacrers of clear ree.
. 8
g’TD—,‘r/:’/ﬂ peal foyer 31 . j{oﬁ
— 1 — 454
[0.0° . ) .
leee wirktr rnor st
(5ee phors Agperidiy B)
q-of
1657 fee wittr unor silt
7757 (See phors dppendix B8)
[ ] n 3
20-5'| End of Borefolke.
VERT s . DRAWN
ERTICAL  JCALE Golder Associates e en e

I tne

h th & fent
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RECORD OF BOREHOLE */04 drec of Aropased Open Fif

N,

Pi_,_..

LOCATION (See Figure 7 V0,652 £ /0,785 BORING DATE Ma’y?,/QJd,
BOREHOLE TYPE Aermarrosf Core Borvrel/ BOREHOLE DIAMETER
DATUM
I
SOIL PROFILE PIEZOMETER
- OR
o bt :
Pl . 3-,' STANDPIPE
ELEY . r ;‘ 5.;’ g ] L \ 1 1 INSTALL ATION
: DESCRIPTION ol N = -
DEPTH Elalwl ™ i?-' WATER CONTENT PERCENT ADDITIONAL
El2|d| 8 & W W LAB. TESTING
£© 5 =19 u
AR W
Grovnd SuriGce
o-o
G and 1rme sarx?, farmrsored
with scartered orgoric .
Occoasioral seams of grave/
and coarse so0mnd';
rrogen farovgloul witl zones
conlanng ségregaked ree.
crysiars.
Lavers of clar se.
85’
fce with rrrnor st
(F.8°
& Erxy of Borebole.,
/,
HIAWH .-,‘efr

VE TAl SCALF i
ERTI AL F Goldar Associnlas T

I ey tae o feal




LA A
— iy — —

o,

Frojec)

LOCATION
BOREHOLE

RECORD OF BOREHOLE ¥/08 dreo of Aooosed Qper £t

(See Fiqure Z ) M0, 656 £ /0, 23/

TYPE Lermatros! Cove Sorre/

BORING DATE Moy 3,/97¢
BOREHOLE DIAMETER
DATUM

SOIL PROFILE

ELEV.

DESCRIPTION

DEPTH

STRATIGRAPHY PLOT

SAMPLE NUMBER

SAMPLE TYPE

BLOWS / FOOT

ELEVATION SCALE

Zemperatire (*C) m

1 1 ! |

-3 -2 -/ o t]

PIEZOMETER
OR

. STANDPIPE
INSTALL ATION

WATER CONTENT PERCENT
Wp ¥ W
——

. 20 40 &0 8o

ADDITIONAL
LAB. TESTING

Grocexd Surioce

0-0°

1774

2L
{*3-M

7.0

Wit scatfered orgonic,
ond coarseg s,
coriarig seqreqaled ree

crysia/s.
érag;ars of clear ree.

~ fce

lee with minor sif

fce

Sl arxd Yine sand, lamunaied
Occasrona! seams of grave/

Frozery Haroughoud with zomes

2/

£Erd of Borehole.

ca

7hermrarbrs T

VERTICAL

SCALE

X

NEAWN



RECORD OF BOREHOLE #/7 Areo oF Froposed Qoer; L

M. 70,340 )
LOCATION (See Figure Z ) = 9, B0 BORING DATE Aoy C 1274

BOREHOLE TYPE Aermarfrost Core Barre/ BOREHOLE DIAMETER

Pr

. DATUM
SO0IL PROFILE f PIEZOMETER
= OR
- o w
ile 2 STANDPIPE
|25 @ ; ; , , INSTALL ATION

ELEV. DESGRIPTION gl2|F|2] = '

DEPTH E wlwl™ :i_’ WATER CONTENT PERCENT ADDITIONAL
El2]2| 8] 3 We W W LAB. TESTING
£lz|z|6] u f © !

Gleldla| ®
Grownd Surfoce
0-0° \Fear Frozean, rbrous 7o |
ameroioms; ! lca.
2587 1 Sand and grovel frozer =z

257

M)
Foline e

Coikd rrot odvarce Fols

bafow 3,55 dleprs,

See log For Hote [1A.

(Y| Hong
b1y 4 frer

Caonlelore ANunsclind o

Pt nw il LN
REIRUNE lf'--r.




..;/fg.'.‘:"

No, __

Pru;-\-l

LOCATION (See Figure £ YA/Q390 £ 9,555
BOREHOLE TYPE Arvmo/rosrt Core Borrel

RECORD OF BOREHOLE "//A Area of Prapossd Goen £

BORING DATE Moy &, /976
BOREHOLE DIAMETER
DATUM

SOIL  PROFILE

ELEV,

DEPTH

DESCRIPTION

STRATIGRAPHY PLOT

SAMPLE HNUMBER
SAMPLE TYPE

BLOWS / FOOT

PIEZOMETER
OR

STANDPIPE .
) ! t ! INSTALL ATION

WATER CONTENT PERCENT | ADDITIONAL
We W Wi LAB. TESTING

) 1
I o —

ELEVATION SCALE

Growna Sursace

0-0°

Feal, Tbrows o

| emarofious with -

lee [anses 5 10 405

o’

73!

Silt and e sarnd;
lamiinared’ Wity scaliered
orgaric; Oecasronal
seams of grave/ and
coorrse sand; Frozen
througliourt with jones
ConraInng seqgregoted
rce crysials.

Erid off Hole

VERTICAL SCALE

~_1.0_ .

DRAWN g

- e b -




V-5

Lo,

b oyt

—

RECORD OF BOREHOLE 7// & Arco of Fraposed Qber £y
LOCATION (See Figure Z ) A//Q 300D £ 8 550 BORING DATE /P/ag Z /976
BOREHOLE TYPE Rermoiiost Core Borre/  BOREHOLE DIAMETER
DATUM
SoIL PROFILE ) PIEZOMETER
. g Tempercarire (°C) & OR |
# e R S STANDPIPE |
ELEV g[8 @ N 8 {3 INSTALLATION
: DESGRIPTION gl2ik|u = '
DEPTH : Elalol s ?_ WATER CONTENT PERCENT ADDITIONAL
ElZl2le] ¢ Wp wc Wi LAB. TESTING
2| E£1Z19 W
bla|s|la| @ 20 40 gy Ho
orovna’ Surioce B
00" | Fozrt blach, cTIOrprI0US,
Froger; occ. 1m loyers
of wood; [fayers of s/
arnd  Fire gravel;
separared e cryslols
rirowugtrour
£ H
95" 577 Samd’ and armrgelor -/ P
7 subangular grovel 7o 2 °
S i sr3e .
12-0" |57l chryey,
WiTH i seams of coorse ] o
sore. i
"/g%’, | Griave/ i H
Covld rot advarce fofe
belor /5 aeorts \S
L
- ;
Y
N
JENVICAL - SEALF Goldor Ansocinlon S M

tneh 1o a1 tuwy

e R L v




—

RECORD OF BOREHOLE /2 foundafor; Arec of
Froposad Wesjern Wosfe Dermyg.

_t"VEUDS

No.

Project

[ G 850
LOCATION (Ses Figure 2 ) gésaa
r ey

BORING DATE 4oy 7 /97¢-

BOREHOLE TYPE Fervmorroslt Core Sorms/ BOREHOLE DIAMETER

DATUM

§CIL PROFILE

ELEY.

DEPTH

DESCRIPTION

WATER CONTENT PERCENT
We L1 Wy

——

SAMPLE NUMBER
ELEVATION SCALE

STRATIGRAPHY PLOT
BLOWS / FooT

SAMPLE TYPE

OR

PIEZOMETER

STANDPIPE
INSTALL ATION

ADDITIONAL
LAB. TESTING

Grovrnd Surfoce

213214
| AMoss

0.5’

N Pear; block, amorplos,
Frozes; . i
‘e (eses to i i Fhrck;
occasrorna! eearms of
sand Fine gravel amd
Wood,

PO | Sift serres cured grove/

1000 | Coukd rnor odvarice Aol

below 115 dleor,

VERTICAL SCALFE
linch ta 5 feat

Golder Associatac

DRAYN

-




RECORD OF BOREHOLE ®/2 founcbihin Areo of Aorosea
M 2 390 " Wesrern Wasle Dump

LOCATION (See Figure 7 )} £ 7 g00 BORING DATE May 8./27&
BOREROLE TYPE Alrmiafrost Core Borre/ BOREHOLE DIAMETER
DATUM

SQIL PROFILE PIEZOMETER
— ‘ PEnvpam/arc f’C‘) OR
: STANDPIPE
g2 o 0 INSTALL ATION

o]

ELEV.
——— DES TION
DEFTH CRIP

WATER CONTENT PERCENT | ADDITIONAL
We W Wi LAB. TESTING

3 'e!
Ll Aol

STRATIGRAPHY PLOT
SAMPLE XNUMBER
SAMPLE TYPE
BLOWS / FOOT
ELEVATION SCALE

Groverid Surrace
| AMoss

Peart. block, amorofious, /ce cs.
ferrsas o V8w Hreh;
scaliered gravel.

35" | Sard- silty with
scatfered frne gravel;
Se gragaf‘ea’ /ce
Ffhrouglfiour

old
SIS

9.5 | cobbles or Bedrocts
cowl rol advarnce fole
below G.5 F Geof.

Thersmrarer T

VERTICAL SCALE CAldar Accmrminkmc DRAWN




—

LOCATION (See Figure
BOREHOLE TYPE Fervmarrosl Cora Borrea!

RECORD OF BOREHOLE */& Alfernotve Alanisite Areo

£ /5,900

BORING DATE Ay /0, 197¢»
BOREHOLE DIAMETER

- . . DATUM
SOIL PROFILE PIEZOMETER
- OR
q 3
2 el 3 STANDPIPE
X 2|85 & . . [ . INSTALL ATION
LEV. DESCRIPTION E[2(E(2] = :
JEPTH % wlwl ™ E WATER CONTENT PERCENT ADDITIONAL
El2ld|g] ¢ e ¥ b LAB. TESTING
B lzlx o0 Y
- E : f) a w
Grovrnd Surface
OO0 | Pear- black , 170322,
o7 cmorpfous /
ITiCB, :
L 1. thick rce lenses.
St and Firre sond:
lazznarted with searfered
a;ga'ﬂ/b; Tecasronal searms |
ol gravel and coarse sarnd. —ct ! !
Fregar Horougtou® wirh
IO FOPES CORIaIiing segregarad,
oo . |1«
ce crysiols, Layers of :
O Ncleor sce. ' .
Browr: sand ¢ growe/, froce
oF s/t [
End of Borelote.
|
ERTICAL  SCALE . DRAWN  _ci'
GOlder ASSOCIB"'GS FalR Tt P 4

inch to 5 leel



RECORD OF BOREHOLE #/7 Adlfernctive Flonkit dreq

1 lively

ter WV tmn)

' M 8730 :
LOCATION (See Figure Z ) = /5 3/7 BORING DATE Moy /0, /976
1 |
?: BOREHOLE TYPE Permalrost Core Barre/ BOREHOLE DIAMETER
A ' DATUM
5'\} -
] SoIL  PROFILE | . : PIEZOMETER
r OR
: & Y .
.6 E: E . = TR et e . . STANDPIPE )
) mjw|k o
2 ~|2i¥|6] @ . ; \ : INSTALL ATION
< | ELEV. DESCRIPTION El2|E|R| =
DEPTH Elatals] 8 WATER CONTENT PERCENT | ADDITIONAL
. Elg|d| 8] & wr”_____‘g______ﬂh LAB. TESTING
: ElZ[2)13] & o
i Glo|dla) W ’
; Ground Surface
- O'O: | Moss
o5 Sand; Grave/; froce of
SifF (rof frozen) - Cc.a
. , . _?..‘— -
- 25 | cowld oY advarce fol=
: belonw 3.5 G5
4
! -
|
1
! NRAWN T
" - » : A el
VERTICAI - SCAILE Golcdlar Associnlon i e e




=]

V7605

No, £ 750:

Projecs

LOCATION (See Figure Z )

RECORD OF

M S 730
& /6,830

BORING DATE Aroy /0, /972,

e —————

BOREHOLE ¥/8 4fermotye Flam/site Areo

BOREHOLE TYPE Permofrost Core Barre/ BOREHOLE DIAMETER
DATUM -
SOIL PROFILE PIEZOMETER
5 w OR
- alE -3 STANDPIPE
w = (4]
»| 28] o " 1 ! 1 ! INSTALL ATION
ELEV. DESGRIPTION El2(F]8 &
DEPTH E wlwl ™ i?' WATER CONTENT PERCENT ADDITIONAL
ElZ(2]8] ¢ We W WL LAB. TESTING
E1E121S81 0y ! © =
hlalgla]| w
Grovnd Syurfics
Lo | Aoss
Sand ond Fravel rFroce e
Y i)
.77 = d e
Bedrocts f/
Nore® Siv sgograre
froles yisloed rock
&IOS ;
raefusal o 2570
balow surifoees,
VERTICAL SCALE , DRAWN  _ A
linch to = feat Golder Assoc:afes

——




RECORD OF BOREHOLE "/ Scheme [ 7orling Lamr

5| Band; ehghily /'y Wit

1 ko

=5\ Gravel Yo [ 17._s/38.

Hole could net be
gdvanced throug’
gravel layer.

VI-H I Al benl

ot v feni

N 7/, 550
LOCATION (See Figure Z) g8 z7¢0 BORING DATE #ay /f, /97¢
BOREHOLE TYPE FPermarrosi Core Barrel/ BOREHOLE DIAMETER
: DATUM
solL PROFILE ‘ PIEZOMETER
= OR
S 9
dle 2 STANDPIPE
alulb] 8 N INSTALL '
ELEV. ' xlz|218 ! L ! ' ATION
] DESGRIPTION s12| ke =
DEPTH Elaluw|>] & WATER CONTENT PERCENT | ADDITIONAL
El2la | B 3 We i W LAB. TESTING
Eis|z]9| 4
Clals|m| w
Ground Surface
gg,  Moss .
St and Fine sand; laminated —co
with scalfared organic. Oceas- <
S5 T \ional seams of gravs! ard
\_ coarss sand.
rogen below 251 chplts Witk 2 -
[TUTIErOUS 108 /27585 SRPIroX.
Ve in. rhueh.

Gioldar Ausocinlon

NRAWH ol
TR AL




s

PN oy

I Bl

LOCATION (See Figure 7 )

RECORD OF

M 11, 425
£ /8 625

BOREHOLE TYPE FPermafrost Core Borre/

BOREHOLE *20 Scheme s 7175739 Drry

BORING DATE #¢ /0, /1974
BOREHOLE DIAMETER
DATUM

SOIL  PROFILE

ELEVY.

DESCRIPTION

DEPTH

STRATIGRAPHY PLOT

SAMPLE HNUMBER
SAMPLE TYPE

PIEZOMETER
rmperartire 1°C) g OR

, _ STANDPIPE .
N S INSTALL ATION

WATER CONTENT PERCENT ADDITIONAL
L w W,

i L LAB. TESTING
——
0 4o s Y./

8Lows » FooT
ELEVATION SCALE

Grovad Surfioce

0.0’

FPear-black with wooe
are? segregarey roa.

F-id
2.0’

\_Clear (o~ . -
~ W12 S/ e sand and
sScallered grovel:

.87

a.57

Z3 Gooroxiaarely 50% ce.

Sil - grey, ol 245 Yroce orf
fine Za-ng' a’ﬂ§ orgen/c.

7.0’

“i Silt- with e sors

and scaltered graval;
rce lerses,

~<— 4 s Dranions Co

T 1807

End of Hofe

LA

TPrermitsf=r "T_

VERTICAL ScALE

1o 5 feot Golder Associates _ DRAWN

I inch
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FU—— [ ERTY-1 B

[ T PO |

[T

| PO

RECORD OF BOREHWOLE #*Z/ Scheme [ Torking Do

————

i 7 M 225 »
LOCATION (See Figure Y £ /9, /75 BORING DATE M’ag{ i, (1976
BOREHOLE TYPE Permafrosit Core Barre/ BOREHOLE DIAMETER
DATUM
50IL PROFILE - PIEZOMETER
5 1y lermoeratire (°C) B OR
. 3 | & 3
261, 8 v ot e STANDPIPE
ELEV x % efe 0 I 1 ) 1 ] INSTALLATION
: DESCRIPTION g|2[Frle] =
DEPTH Elolul™ l.‘?_. WAJ{ER CONTENT PERCENT ADDITIONAL
Eldld| 8] & 'p pd W LAB. TESTING
e | E| X 3 u ¥ 4 i
hlw|d|a|
. Ground Suriace
S f!’fass- '
0T\ _
Sil ane frine Sandy laminalad
wWith scaliered orgarics Oecasion-
al seams of gravel and coarse 7
sand; Frogen Paroughout
With gores confentirng
segregared (ce crysfals, o
: [ @ H
75 Sand and Fne grovel ]
Could nor’ odvance Folz
below 7.5 15 deort. §
%
\
IE
VERTICAL SCALE DRAWN

fineh

e & fenl

Golder Associntos

CIHECIRED

He



_Y7s035

. No.

‘Pr'ojcct

[ D

BOREHOLE  TYPE FPermofiost Cora Barrel

RECORD OF BOREHOLE *¥22 Schicme 25 Lorms, i

M /6,
LOCATION (See Figure Z ) 5;5’,25?

BORING DATE oy /2, /1976
BOREHOLE DIAMETER
DATUM

SOIL  PROFILE

ELEV.

DEPTH

DESCRIPTION

STRATIGRAPHY PLOT
SAMPLE HuMBER

SAMPLE TYPE

BLOWS / FooT

PIEZOMETER
lemperaritre (*c) B OR
STANDPIPE

WATER CONTENT PERCENT | ADDITIONAL
We w Wi LAB. TESTING

— O— —

o 4o 60 80

ELEVATION ScALE

g 3 -2 -t 4 INSTALLATION

Grournd Surice

ro’

N Afoss
L LPoar

rPand and e graove!
‘Frne grave/

S and fire Sarx,
laminated with
scallercd argomc;
Cecasional Geams of
grave!/ grd coorse sard;
Frogen flroughout with
Fones contasrig,
segregared ice crystals.

Occasional ree lopses ot
17chinarion 459 fa vertriea/

— 7 —

" ke

5q.0

Ernd of Hof=

See ofso Prore record of
1"/19;‘9/7 COrg recovered
fromr Fhrs Aole.

8

=
i3

T
T

Trrerrrnsters

fo
9367259

VERTJCALn S5CaALE

] *mak

™~ T 1



¥ TeunS

No.

rrojict

Sty

RECORD OF BOREHOLE 22 Scheme 76 L)omsite

M /6,600 ‘
LOCATION (See Figure Z ) ! BORING DATE Azt /
ig £ 22 9/0 ¢ 13,1976
BOREHOLE TYPE Parmafrost Core Barrs/ BOREHOLE DIAMETER
DATUM .
. OR
o 1]
gl 2 STANDPIPE .
~|2|¥|5] @ | . ! ! INSTALL ATION
ELEV. DESCRIPTION e|l2|F[2]| = - ' ‘
DEPTH E wlw | i‘?_. WATER CONTENT PERCENT ADDITIONAL
Elafd|g]| & We ‘:,f., Wi LAB. TESTING
EfZ|0 ' —
ElE(5)2) 4 20 40 60 8o
Ground Surfacs
gg.ﬁ Moss=
107 Pear layer with /ce
St anid e sand lorminaled)
with scarfered orgarye ;
occass/oral searns of grovel
and coarse sand; 8
Frozery HrowgHout wilth o
2OMES V17N SEgregared
rce crysiofs.
Z |«
II'O' /cg
180"\ Sift- grey with wood and
ree,
105" Sand and grave/. 51, 0
165" S/lt-greay with orgarve, jce
and sard and grave/.
185" Sgnd and grave!/ fo

lm2. fnax. si3e.

2rs’

Erd of Hole

YERTICAL, SCAVFE
il o 1 fenl

Giolelen Asnocintas

DR AW
(A NT RS (o LN N

o

]
r Wt




. '/‘761/..aj

o,

|

[ ':--.'.‘ ) [ F———

Froj¥ct

——— i —— e

RECORD OF

LOCATION (See Figure 2 ’2/2/;;5205

BOREHOLE TYPE Fermafivst Core Barre/

—

BOREHOLE ¥24Z Scherre 25 Dorrsits

BORING DATE Aoy /3, /1974

BOREHOLE DIAMETER

I

- DATUM
" SOl PROFILE | PIEZOMETER
. u OR
fle 2 _ J STANDPIPE
_ 2|86} 8 5.8 2 7~ ' INSTALL ATION
ELEV. DESCRIPTION & E 't e z ’
DEPTH & alwl™ E WATER CONTENT PERCENT ADDITIONAL
elz|#lel g W w Wi LAB. TESTING
Elz|o| —O—
Elelsl2] & 20 40 60 go
Grovrnd Surfocs _ i _
(é'_(é/ - Aoss
| _Fear- Llack, Fibrous
& A L o | . |
Sittt and fina Sarnd;
larrinated with scalfered
orgarne; COccasroral
seamrs of grave/ ond
coarse sand'
Froger 1Porovghout with
Jorres cotairiin . '
segregated ica crystals.
u H
2 |ec )
N
b
§
N
N |
3| u
265\ End of Hole
-V.ER:]‘ICAL.‘_ SCALE ﬁ__';' Y - = —rs R VAT R j‘




r a0

Project No.

U

bl B b
Se————

e

o

——

RECORD OF BOREHOLE ¥€& Scbeme Zom Opprpsits

Vil
I bl

_ - M /5,920
LOCATION (See Figure Z ) £ z/ 630 BORING DATE Afoy /7 /<o 74
BOREHOLE TYYPE Permofrost Core Barre! BOREHOLE DIAMETER
. DATUM _
SOIL PROFILE '
PIEZOMETER
& u OR
]
Y E ulel & STANDPIPE |,
ELEV. : lzl&E)81 ” ' L ' ! INSTALL ATiON
DESCRIPTION Lle|k)u]| =
DEPTH , £l lul S B WA$ER CONJI'ENT PERCENT | ADDITIONAL
| 2 W,
slg|E| k| 3 v o - LAB. TESTING
Elelgla] @ 20 4o ep 8o
Groune Suriace
00\ Sand and grave/-
silty with peat ord
segregaled Ice.
q4o! Peat- block with. wood
ang rcs.
65 | Silt arrd Prre sord- L]e2, o
lamiinated writh
scaliered orgorie.
Oocasronal seams of .
grave/ and coarse sornd;
Frozern Yhroughout with | -
35 conroiring Fal P
segregaled rce crysials.
s
Fealt Weod ond [ce
6.5 )
(D] 746.0 o
I @
200" | Lo orf Hole

lonl rontd ; '
; Giolidor Asuocint ey AN

[ XTI Y}



RECORD OF BOREHOLE 727  Fzherms Pa Lormsite

ot

[prpR.

L] [ r—

. MG, 1o
LOCATION (See Figure Z ) £ z/ 490 BORING DATE May /&, /974
BOREHOLE TYPE Fermagrrost Core Baorre/. BOREHOLE DIAMETER
. DATUM
L FILE
S01L  PRO | PIEZOMETER
5 u OR
rlE = STANDPIPE
SHE IR T INSTALL ATION °
ELEV. x{Sf»}| o
DESCRIPTION El2|F Q)] =
DEPTH [ I I I E WATER CONTENT PERCENT ADDITIONAL
Elala |E] S We g W LAB. TESTING
[+3 E x 3 H f v/ o |
Cla| 8| B w z0 40 s0 Ho
Ground Suriace
(=Y 7L
3" | Moss
1O | Pocrt - silly werls ce arnd/
wood,
7]
50
St ornd Fire sord;
larnnaled with scalfered
organe;
Oecasrornal searns of
gravel ard coarse sand:
Frogerm Porovglhowr witts
Forescornrariing
segregared ree crysials;
Layears of clear ree. 2] 1353 0

.
' i

~Gravel layer

CG-O| £nd oFf Hole

VERTICAL ScC :
Vien 15 tearE Golder Associates DRAVN o




EBA 1995 PACKER TESTS



Borehole G-02

g , ——
o b
! —— d
/s
Vs
7 6 — d
s i
& s -
= /'/
9 Vs
w 4 + + ‘f
//// "‘/
3 e ¢
/ LT
Vg -
2 ~ X
1 e
0 - .
) 5 10 15 20 25 30 35 40
Time (minutes)
¢ 32 psi N 57 psi A 30 psi
X 32 psi . ———f—Liqear (57 psi) =—=——|inear (30 psi)
------- Linear (32 psiy —— — Linear (32 psi)
Pressure Q Q he L k Interval Tested
{psi) {Imp gal/min) (usgpm) (m H20) (m) {m/s) {m)
32 0722 0.27 31.2 3.35 1.8E-07 7.5-10.8
57 0.32 0.38 48.8 3.35 1.6E-07 7.5-10.8
30 0.30 0.36 29.8 3.35 2.5E-07 7.5-10.8
32 0.16 0.19 31.2 3.35 1.3E-07 5.0-8.4




35

Borehole G-04

30

25

[y
o

Flow (gallons)

ry
[3)]

2 "4 6 8

) 10 12 14
Time (min)
4+ 30 psi B 50 psi A 30 psi
Linear (30 psl) —=——~Linear (50 psi) ==----- Linear (30 psi)
Pressure Q Q he L k Interval Tested

(psi) (imp gal/min} (usgpm) (m H20} (m) (m/s) (m)
30 2.23 2.68 24.6 3.35 2.3E-06 5.6-9.0"
50 5.22 6.27 38.7 3.35 3.4E-06 5.6-8.0"
30 2.64 3.18 24.6 3.35 2.7E-06 5.6-8.0"




e e, o

Bndivkn vl

Borehole G-14

30 —4—
/
; /
|
/
/
/
25 A/"
/
‘f
/
/
/
/
/
20 74
/
/
/
] /
3 ,/
o
=N ] 4/
E /
- /
g /
T /
/
/
10 i
, .
/
//
5 —p—
/.
/0
v
/.
2
0 W
0 2 3 4
Time (min}

r 4 40 psi B 25 psi ———=Llinear (40 psi) - ---~""- Linear (25 psﬂ
Pressure Q Q he L k Depth Interval

(psi) (imp gal/min) (usgpm) (m H20) (m) {m/s) {(m)

40 7.79 9.36 3t.56 2.90 7.2E-06 5.6-8.5

25 5.47 6.57 21 2.90 7.6E-06 5.6-8.5




LABORATORY TEST RESULTS
COLLUVIUM



i | SR |

CEBA Lngineering

PARTICLE SIZE - ANALYSIS OF SOILS

Tesled in occordonce wilh ASIM D422 unless olberwise noled,

SAND AVEL
CLAY SILT FINE 1 _ MEDIUM __JCOARSEL — FINE [ COARSE
US. STANDARD SIEVE SIZES
00— i E!;:tm lliuo !?u 10 !Em I?o!:s Im_:n L .3515 75 L ; 3 g
'/;,‘;‘-';’;4 j .;-u--.- --;.--., .j..
0 T — — l : a— T T T I T T 1
0.0005 0.000 0.002 0.005 001 06,02 0.05 0.t 0.2 0.5 1 2 3 10 20 50
GRAIN SIZE — MILLIMETRES
BOREHOLE DEPTH - DESCRIPTION
STMBOL iBER (m) CLAY | SLT | SAND |GRAVEL| ©u Ce [ USC
% % % %
——s! 94-G11 1.20 ~ 1.65 180 820! 00 00| - ~
—+ 34-(13 0.70 - 0.90 62 i 622 222 ¢ 94 5.8 2.0
—u 94-G17 0.90 - 1.10 720 451% 4770 00| 139 23
SILTY COLLUVIUM
Projecl: 0201-11509 Dote Tested: 94/08/05 BY: FRS
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Project: 0201-11509 Date Tested: 94/06/20 BY: FRS
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EBA Engineering

PARTICLE SIZE - ANALYSIS OF SQILS

; SAND) CRAVEL
ClAY SILT FINE ] MEDIOM _JCORRSEI __FINE_ | COARSE
U.S. STANDARD SIEVE SIZES
100 — 200 fio0 {50 Ho f30 20 fi6 lm‘m # 375 J5 1 152 3 &

ap 3 '.: : A R imarcniEnes wodradead becens ereend ., ............ / ..... S
BO .. . " - SRS S AN RS et e 18 (/

m 1 0§ X T T i
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0.0005 0001 0002 0.0 oMM 0.02 0.05 0.1 0.2 0.5 1 2 é 10 20 X
GRAIN SIZE — MILLIMETRES
DESCRIPTION
BOREHOLE DEPTH c US.C
SMBOL| . vBeR m CLAY | SILT | SAND [GRAVE u Ce 3.
pA % A %
o——e: 2187 0.00 3.4 102 724 14.0 54.5 2.6 SM
Project: 201-11309 Dale Tested: 94/11/29 BY: IS
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EBA Engineering

MOISTURE-DENSITY RELATIONSHIP
(ASTM Designation D 698, D 1557)

Project: _ MINTO COPPER MINE

Project No.: __ 201~11509

Sample No.: 2187
Date Sampled: UNKNOWH
Sample Location:

1 Date Tested: 34 11 24

Client: MINTO EXPLORATIONS
Attention:; _MR. LUTZ KLINGMANN

Sample Description: -SANIL,. _SOME _STILT, GRAVEIL
(25mm MAX), LIGHT BROWN. __. . __ _

Maximum Dry Density: 2125 kg/m’
Optimum Moisture Content: 9.0 ‘ %
2400 \ Natural Moisture Content: 3.4 %
“ K1 Standard Proctor (ASTM D 698)
2300 U] Modified Proctor (ASTM D 1557)
Hammer Weight: 2494 kg
2200 \ Hammer Drop: 04,8 mm
y No. of Layers: 3
=) No. of Blows/Layer: 56
2100 - 5\ d
) Diameter of Mold: 152,13 mm
A TS Height of Mold: 116.5 mm
2000 c-‘z_ Volume of Mold: 0.00212 m’
':g \%,. Compactive Effort: 590. 3 kJm?
£ 1800 \ %
T X3 4
= 2 Reviewed By: WA P.Eng.
[ /2]
C D\, @ 7
¢ 1800 ) )
a N
= B
o 2l
1700 %,
.
19;3
N2
1600
1500 .
1400 T
1300 FEEEN
¥ 5 10 15 20 25 30 35 40 -
Moisture Content (%) _I’E
Dsia prosented hareon i for the sole 13a of the mmk\gmn'humponndmmhhambnnpedmdbymEBA!edmi:ianlumcognizlud mn

stiputatad cliont. EBA ks nol e2ponsibla, nor can be

Industiry glandare imibhocs otharwien nofard Mo rbusr wes remrto b meaeda T4 - tie. s TS



LBA bingineering

PARTICLE SIZE = ANALYSIS OF SOILS

CLAY

SILT
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[COARSE

G
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AV
I

L
COARSE 1

LS. STANDARD SIEVE SIZES

00 e _ <I_100 11‘00 {50 140 13 20 lyﬁ IIO_IB M 35 750 15 73
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:la:,- 40 .E-E D TTTETTTPEPIPR SO PRV SN N ‘. .é.. 20Nt B M2 e o ] s ol T s L . 7 Zal L LV SULPY OS] [FT-SNTTPINVRPYS SRCRRUROUNr SPERSRIORsnN U SUPORNs SIS SUOUNS. SO
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NUMBER (m) s > i |
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=—ua: Q4-(}(2 4.50 - 5.00 14.3 85.0 0.7 17.6 L1 i SM
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—— G4-G06 10.40 - 10.50 32.8 66.3 0.9 18.7 © 0.5 SM
a—ai 94-(G07 440 ~ 4385 13.6 71.9 8.5 4-226 1.3 SM
o—o: 94-(08 9.10 - 9.20 20.5 73.3 4.2 16.8 0.9 SM
e—a; 94-G09 1.30 - 1.80 11.0 /80 i 110 21.1 08 i SP-SM
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NATURAL RESIDUUM
Project: 0201-11509 Dote Tested: 94/09/22 BY: ATM
Tesled in eccordonce with ASTM D422 unless atherwise noted.
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EBA Engineering Consultants Ltd.

Direct Shear Test

Peak Stress= 37.7 kPa

400

Shear Stress (kPa)
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Test Hole Number:  Sa.#2187
Depth: ~

Normal Stress(kPa): 480
Displ. Rate{mm/min.):0.24
Test No.: DS-1




EBA Engineering Consultants Ltd.

Direct Shear Test

Project No.: 0201-11509 Test Hole No.: Sa.#2187

Date Tested: 95-01-18 Depth (m):
Test Number: DS-1

Initial Sample Condition

Moisture Content (%): 10.0
Weat Density (Mg/m3): 2.011
Dry Density (Mg/m3): 1.828

Horiz. Disp.  Vert Disp. Shear Stress Haoriz. Disp. Vert Disp. Shear Stress
(mm) (mm) (kPa) (mm) {mm) (kPa)
0.00 0.000 0.0 7.43 -0.165 335.5

- 0.04 -0.002 31.1 7.70 -0.164 335.3
0.13 -0.012 60.9 7.97 -0.166 337.9
0.24 -0.024 B1.5 8.23 -0.1867 341.8
0.34 -0.042 101.2 8.50 -0.169 346.5

- 0.64 -0.074 . 133.8 . 8.78 -0.i71 349.6
0.78 -0.091 154.7 9.03 -0.173 352.2
0.92 -0.112 175.0 9.30 -0.174 355.3
1.07 -0.130 192.0 9.60 -0.177 _ 358.4
1.21 ~-0.146 205.3 9.87 -0.179 362.2
1.36 ~-0.159 217.5 ' 10.14 -0.181 363.8
1.54 -0.173 230.6 10.42 ' -0.181 366.0
1.78 -0.1886 245.1 10.69 -0.181 368.7
2.04 -0.195 257.6 10.97 -0.181 370.0
2.29 -0.201 266.4 11.27 ' -0.181% 372.3
2.55 -0.203 275.9 11.54 --0.180 373.5
2.80 -0.204 283.5 11.85 -0.178 374.8
3.06 -0.205 290.2 12.14 -0.175 377.2
3.35 -0.203 297.1 12.41 -0.172 376.4
3.62 -0.202 301.3 12.68 -0.168 376.7
3.91 -0.199 307.1 12.95 -0.163 376.5
4.18 -0.196 311.5 ‘ 13.26 -0.159 373.4
4.44 -0.192 314.4 13.53 -0.156 372.5
4.71 -0.189 316.7 - 13.80 -0.152 372.8
4,97 -0.186 317.86 14.08 -0.148 370.6
5.24 -0.184 319.6 14.35 -0.145 369.5
5.51 -0.181 320.4 14.62 -0.142 369.4 °
5.80 -0.178 322.3 14.90 -0.140 367.4
6.06 -0.1758 325.4 15.21 -0.139 365.8
6.33 -0.171 328.8 15.49 -0.139 363.4
6.60 -0.169 330.8 :

6.88 -0.167 333.2
7.15 -0.166 333.2
o
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EBA Engineering Consultants Ltd.

Direct Shear Test

Peak Stress= 377

kPa
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Test Hole Number: Sa.#2187
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Displ. Rate(mm/min.): 0.24
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EBA Engineering Consultants Ltd.

Direct Shear Test
Project No.: 0201-11509 Test Hole No.: Sa.#2187
Date Tested: 95-01-19 Depth (m):
Test Number: DS-2

Initiat Sample Coanditions

Moisture Content {%): 5.9
Wet Density (Mg/m3): 1.974
Dry Density (Mg/m3): 1.795

Horiz. Disp. Vert Disp. Shear Stress Hariz. Disp. Vert Disp. Shear Stress:
(mm) (mm) {kPa) (mm) (mm) (kPa)
0.00 0.000 0.0 7.65 -0.404 693.0

- 0.07 -0.002 46.3 7.92 -0.402 696.2
0.13 -0.007 B87.4 B.18 -0.400 696.3
0.28 -0.027 134.4 8.44 -0.400 687.6
0.38 -0.046 - 172.3 8.71 -0.400 698.9
0.51 -0.075 209.8 8.99 -0.401 698.0
0.64 -0.091 239.3 9.25 -0.402 698.4
0.81 -0.133 274.8 9.52 -0.402 697.0
1.09 - -0.176 309.1 9.79 -0.408 697.2
1.34 -0.206 349.9 10.05 -0.411 705.9
1.60 -0.240 384.0 10.32 -0.415 713.6
1.85 -0.263 412.4 10.59 -0.418 720.6
2.10 -0.286 . 442.4 10.88 -0.423 727.1
2.35 -0.306 468.9 11.15 -0.426 733.0
2.60 -0.322 . 493.4 11.44 - -0.429 739.4
2.86 -0.3386 513.8 T1.71 -0.430 7446
3.11 -0.348 532.1 11.99 -0.431 747.7
3.38 ~-0.359 549.9 12.25 -0.431 751.2
3.64 -0.367 565.8 12.54 -0.431 754.7
3.90 -0.375 580.3 12.81 ' -0.430 759.1
4.16 -0.383 593.9 13.08 -0.428 760.6
4.42 .~0.390 607.4 ‘ 13.35 -0.427 ‘ 761.5
4.68 -0.395 620.2 13.62 -0.425 763.4
4.95 -0.400 632.4 13.95 -0.423 766.6
5.23 -0.404 642.9 14.29 -0.422 767.7
5.50 -0.407 651.9 14.85 -0.420 768.0
5.76 -0.409 659.9 14.86 -0.420 767.6 °
6.03 -0.410 665.3 15.14 -0.420 767.6
6.30 -0.410 672.5 15.42 -0.419 767.4
6.56 -0.410 677.2
6.82 -0.410 680.5
7.11 -0.409 686.2
7.38 -0.407 689.5

o
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EBA Engineering Consultants Ltd.

Direct Shear Test

Peak Siress= 768 kPa
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EBA Engineering Consultants Ltd.

Direct Shear Test

Project No.: 0201-115089 Test Hole No.: Sa.#2187

Date Tested: 95-01-20 Depth (m}:
Test Number: DS-3

Initial Sample Conditions

Moisture Content (%): 10.1
Wet Density (Mg/m3): 1.982
Dry Density (Mg/m3): 1.800

Horiz. Disp.  Vert Disp. Shear Stress Horiz. Disp. Vert Disp. Shear Stress
{mm) {mm) (kPa) (mm) (mm) (kPa)
0.00 0.000 0.0 8.34 -0.416 1077.8

- 0.13 -0.004 78.4 8.60 -0.413 1082.6
0.31 -0.018 167.1 8.87 -0.410 1084.3
0.41 -0.033 230.4 9.16 -0.410 1086.8
0.58 -0.069 302.2 9.42 -0.411 10901
0.80 -0.111 371.5 9.69 -0.411 10985.5
1.07 -0.156 430.5 9.95 -0.411 1099.7
1.30 -0.187 486.6 10.22 -0.411 1102.8
1.55 -0.223 542.9 10.49 -0.412 1104.3
1.87 -0.264 606.7 10.76 -0.4158 1102.0
2.13 -0.294 654.7 11.06 -0.418 1101.0
2.38 -0.320 696.4 11.33 - -0.422 1097.9
2.67 -0.346 7371 11.60 -0.425 1093.9
2.92 ~ -0.365 770.7 +1.87 -0.430 1090.1
3.16 -0.382 803.0 12.19 +0.437 1098.8
3.42 -0.397 834.1 12.40 -0.441 1109.9
3.70 -0.410 865.2 12.70 -0.448 1115.2
3.97 -0.418 886.7 12.96 -0.4563 1116.1
4.26 -0.426 912.9 - 13.23 -0.4565 1118.1
4.50 -0,431 931.2 . 13.50 -0.458 1126.2
4.76 -0.4386 949.0 : 13.77 -0.463 1132.2
5.07 -0.440 969.8 - 14.03 -0.467 1138.1
5.32 -0.442 986.4 14.31 - -0.471 1143.3
5.60 -0.444 1000.9 14.60 -0.476 1146.7
5.88 -0.444 1014.4 14.88 -0.480 1150.8
6.15 -0.444 1025.6 15.15 -0.484 1153.3
6.43 -0.442 1037.6 15.43 -0.487 1155.2
6.71 -0.439 1045.6
6.99 -0.435 1055.4
7.28 -0.431 1059.5
7.54 -0.428 1066.7
7.80 -0.423 1069.9
B.12 -0.418 1074.9

e
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EBA Engineering Consultants Ltd.

CONSTANT HEAD PERMEABILITY TEST

Job Number: 0201-11509 Date: 95-02-14
Test Hole: Sa.#2187 Depth: Test No: P-9 ‘
Time Buret (cc) Elap. (min) Outflow {cc) Diameter= 89.7 mm
10:36 40.6 0 0.0 Height= 72.5 mm
10:47 45.4 11 4.8
10:58 49.7 22 9.1 Volume= 458.16 cm3
11:10 54.2 34 13.6
11:28 61.0 52 20.4 Head Diff.= 3.9 psi
11:42 66.3 66 25.7
12:04 741 B8 33.5 Q= 0.0055152 cm3/sec
12:30 B83.0 114 42.4 i= 37.84
12:59 92.7 143 52.1 A= 63.19 cm2
13:29 81.7 173 63.1 :
13:56 72.7 200 72.1 K= 2.31E-06 cmisec
14:27 62.4 231 82.4
14:54 53.3 258 91.5
15:22 44.2 286 100.6
150.0 :
i
i
120.0 : -
) l
.F_EJ' 90.0 ....._...,..-.é.. vomiat A4y g s b ;./ .
P2 E ;
| 4T 60.0 e ;
;O ‘ - '_
n
L
30.0 - 3 :
] : :
- u . i
0.0 B2 % : :
50 100 150 250 300 350
Elapsed Time (min.)
-~
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LES/DUAL SO/ TEST LESULTS
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EBA Engineering Consultants Ltd.

Direct Shear Test

FPeak Stress= 11 _55

kPa.
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EBA Engineering Consultants Ltd.

CONSTANT HEAD PERMEABILITY TEST

Job Number: 0201-11509 Date: 85-02-14
Test Hole: Sa.#2187 Depth: Test No: P-9
Time Buret (cc) Elap. (min) Outflow {cc) Diameter= B89.7 mm
10:36 40.6 0 0.0 Height= 72.5 mm
10:47 45.4 11 4.8
10:58 49.7 22 9.1 Volume= 458.18 cm3
11:10 54.2 34 13.6
11:28 61.0 52 20.4 Head Diff.= 3.9 psi
11:42 66.3 66 25.7
12:04 74.1 88 33.5 Q= 0.0055152 cm3/sec
12:30 83.0 114 42.4 i= 37.84
12:59 92.7 143 52.1 A= 63.19 cm2
13:29 81.7 173 63.1
13:56 72.7 200 72.1 K= 2.31E-06 cm/sec
14:27 62.4 231 82.4
14:54 653.3 258 91.5
15:22 44,2 2886 100.6
: 150.0 ; : :
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EBA Engineering

PARTICLE SIZE - ANALYSIS OF SOILS
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EBA Engineering Consultants Ltd.

CONSTANT HEAD PERMEABILITY TEST

Job Number; D201-11509 Date: 95-02-18
Test Hole: Sa.#2187 Depth: Test No: P-10
Time Buret {cc) Elap. (min) Qutflow {cc) Diameter= 89.7 mm
14:32 7.5 0.0 0.0 Height= 62.1 mm
14:32 10.5 0.5 3.0
14:33 13.5 1.0 6.0 Volume= 392.43 cm3
14:33 16.5 1.5 9.0
14:34 18.0 2.0 11.5 Head Diff.= 0.47 pSsi
14:34 22.0 2.5 14.5
14:35 25.0 3.0 17.5 Q= 0.1 cm3/sec
14:35 27.5 3.5 20.0 iz 5.32
14:36 30.0 4.0 22.5 A=z 63.19 ecm2
14:36 32.5 4.5 25.0 ‘
14:37 35.5 5.0 28.0 K= 2.97E-04 cm/sec |
14:37 38.5 5.5 ~31.0
14:38 41.5 6.0 34.0
14:38 44.0 6.5 36.5
14:39 47.0 7.0 39.5
‘ B
: 60.0
| s
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: . i
_‘ 45.0 b N '
3 |
_%. 30.0 - ; i
B N ;% |
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O n : é
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FIGURE 6

GRAIN SIZE DISTRIBUTION
SAND AND GRAVEL - AESIDUAL OVERBURDEN
|
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