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1.0 INTRODUCTION

A rock grouting program was implemented during the Whale Tail Dike (WTD) construction
between December 2018 and February 2019 to control the seepage flow through the WTD
bedrock foundation. The rock grouting work was carried from stations 0+180 to 0+520 to
depths ranging from approximate 10 to 15 m. Upon completion of the WTD construction
and the development of the hydraulic gradient on this structure, seepage flow higher than
the theoretical estimated amount was encountered during the dewatering process.

The purpose of the remedial drilling and grouting work is to further reduce the seepage
flow through the WTD bedrock foundation to meet the project water management plan
requirements which correspond to a reduction of about 40% of observed seepage. This
Technical Specification is based on the discussions and recommendations of the grouting
committee comprised of Owner's engineers, Contractors, Design Engineers and
Consultants. This Technical Specification covers the scope of work, products, equipment
and execution procedures for Whale Tail Dike foundation rock grouting work Phase | -
Blanket Grouting.

Evaluation will be carried out upon completion of the Phase | drilling and grouting of
upstream and downstream blankets. Based on the results and performance of Blanket
grouting, decision shall be made if Phase Il - Upstream curtain grouting is required.

Mining & Metallurgy
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2.0 GENERAL

21 Scope of Work

1. The Work described in this Section includes the supply of all labor, equipment and
materials required for the execution of drilling and grouting of the Whale Tail Dike
bedrock foundation.

2. Remedial works consist of all works required to reduce the seepage and hydraulic
conductivity of the rock foundation by sealing fractures in the bedrock foundation
by drilling and grouting holes from the crest of the dike at locations shown on the
drawings and as specified herein or as required by the Engineer.

3. The work described in this specification is related to Phase | of the work, which
corresponds to drilling and grouting of upstream and downstream blankets to grout
fractured rock at shallow depth.

4. The Work includes but is not limited to the following:

a. Survey and marking of the location and centerline of the secant piles cut-
off wall on the crest of the dam;

b. Survey and marking of the location of the proposed holes of downstream
and upstream blankets on the crest of the WTD prior to start drilling;

c. Drilling holes with casing from WTD crest through thermal cover (rockfill)
and fine filter down to and into the bedrock foundation;

d. Installation of a grout plug to prevent grout leakage by sealing the annulus
space and contact face between steel casing and surrounding rock with
grout prior to start drilling and grouting of the blanket;

e. Drilling grout holes in the bedrock foundation through casing installed in the
WTD fill materials;

f.  Supply and use of inclinometers to measure hole inclination;

Hole washing prior to commencing grouting;

= @

Supply of materials including cement, water and admixtures for grout mix;

Development of different grout mix designs based on the characteristics
specified herein, which will be confirmed or modified according to the actual
field conditions;

j-  Supply of different types of grout mixes, as required,;

Mining & Metallurgy
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k. Execution of grouting in bedrock foundation in compliance with technical
requirements and as required by the Engineer;

|.  Backfilling and finishing of drilled holes in the rock and in the fill.

2.2 Definitions
1. Stable Grout: grout with less than 5 % bleeding after 2 hours.

2. Blanket Grouting: a procedure in which relatively closely spaced, and usually
shallow holes, are drilled and grouted for the purpose of reducing the permeability
of the upper portion of the bedrock beneath the dam. It is generally done in rows
parallel to the grout curtain.

3. Split Spacing Grouting: a grouting sequence in which initial (primary) grout holes
are relatively widely spaced and subsequent holes are placed midway between
grout holes which have previously been drilled and grouted. This process is
continued until one or more specific criteria are achieved.

4. Stage: A section or segment of hole grouted at one time.

5. Stage Grouting: sequential grouting of a hole in separate steps or stages in lieu of
grouting the entire length at once. Holes may be drilled to the final planned depth
and grouted in ascending or upward stages using packers or may be incrementally
drilled in downward stages and be grouted from the collar of the hole or with
packers set in a previously grouted stage.

6. Packer Installation: defines all the operations necessary to install a packer
assembly which can resist the specified grouting or water testing pressure without
leaks and without loss of pressure during grouting or the execution of a water
pressure test.

7. Grouting Pressure: means the grout pressure measured at the collar of the hole
while grouting the hole.

8. Engineer: designates SNC-Lavalin representative at site also called QA Inspector.

9. Effective Pressure: means the grout pressure effective at the middle of the stage
elevation while grouting a stage in a hole.

10. Thermistor: instrument used to monitor the temperature of the rock foundation
before grouting.

11. Frozen rock: rock which has a temperature of 0°C or less, as measured with
thermistors.

Mining & Metallurgy
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12. Pressure Filtration Coefficient: is defined as the volume of water lost in the
pressure filtration test divided by the initial volume of grout in the cylinder of the
apparatus, divided by the square root of the filtration time in minutes per the
following formula:

Volume of Water ejected
Initial volume of grout x (filtration time ( )) A 1/2

Formula: Kpf =

23 Scope of Responsibilities

The organizational chart of the Work is presented in the figure below. The responsibilities
of each stakeholder are defined in the following sub-sections.

Organizational Chart | REMEDIATION GROUTING FOR WTD

—— - SNC-Lavalin
Grouting Committee : Nina Quan | Tom Xue |
G. Bonin | D. Bruce | P. White " - Abdellah El Bensi

T Xue | M. Saleem |M Toma | S. Viau

Figure 2-1: Communication Chart

2.3.1  Owner’s Representative (AEM)

o Review work and monitoring of construction.
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o Share data with QA Inspectors and QC Representatives including but not limited to
layout, scope limit control and data collection for as-built drawings and report.

o Report changes to the Designer.

o Report any deviation to the Designer.

o Review quantities.

o Coordination, daily interaction with the Contractor and the Engineer.

o Follow-up and update the construction schedule.

o Confirm the waste disposal area.

o Responsible of the health and safety and Environmental issues on site.

o The Owner shall supply, install, maintain and operate efficient and practical
communication systems between stakeholders.

2.3.2 Engineer / QA Inspectors (SNC-Lavalin)
o Review and approve contractor’s work plan including methodologies, work schedule,
equipment and materials and mixed for drilling and grouting.
o Review data and information of the work progress.
o Share data to the Owner’s Representative and the design team.

o Participate in technical evaluation of the performance for the acceptance of grouting
work

o Inspection, documentation and review of QC work to ensure that the control meets
the specifications and the Design.

o Report any deviations to the Owner Representative and the Designer.
o Issue of Site Instructions (SI) to Contractor for execution and clarification of the work.
o Request additional testing when required and review of QC testing and procedures.

o Collect signed forms (approval and non-conformity forms) and provide copies to the
Owner’s representative and to the Designer.

o Prepare as-built report, including testing results, drawings and reports.

2.3.3 Contractor (KCG)
o Provide the submittals to the Owner’s Representative and the Designer as requested
in section 2.5.

o Construction of the grout curtain in compliance with the requirements of the drawings
and the specifications.

Mining & Metallurgy
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o Conduct trial mixes using materials on site and submit test results prior to
commencing production.

o Carry out all survey and stake out of grout holes and provide all material volumes to
the Owner’s Representative, QA Inspectors and QC Representatives.

o Share all collected data with Owner’s Representatives, QA Inspectors and/or QC
Representatives.

o ldentify any deviations from the design or drawings, collect information and share it

with the Owner’s Representative and the Engineer.

2.3.4 Quality Control Representative (KCG)

o

o

Inspection and documentation of work procedures to ensure the works meet the
drawings and the specifications.

QC testing as required by the specifications (Appendix 2).

Prepare QC daily report and share it with the Owner Representative and the QA
Inspector.

Prepare approval forms.

Realize additional testing when required or requested by the QA Inspector or the
Engineer.

Review survey data.

2.3.5 Designer (SNC-Lavalin)

o

o

Provide rock grouting design and construction drawings.

Provide drilling and grouting specifications subject to review of grouting committee
and owner’s approval.

Attending meeting with grouting committee.

Review documentation requested from the Contractor prior to the beginning of the
Work.

Be informed of the construction schedule and the advancement of the Work.
Make design change(s) when required.
Collect all deviations and update the deviation database.

Send a sealed technical memorandum to the Owner’s representative within
appropriate time frame to confirm the design change(s).

As-built documentation

Mining & Metallurgy
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2.4 Reference Standards and Procedures

The Contractor shall comply with the provisions of the last revision of the Standards and
Procedures listed below:

ASTM C150/C150M Standard Specification for Portland Cement
CSA-A23.1 Concrete Materials and Methods of Concrete Construction
CAN/CSA-A3000 Cementitious Materials Compendium

CSA-A23.2-1B Testing for Properties of Flowable Grout

ASTM C191/ C191M Standard Test Methods for Time of Setting of Hydraulic
Cement by Vicat Needle

ASTM C494 / C494M Standard Specification for Chemical Admixtures for
Concrete

ASTM D6910/D6910M Standard Test Method for Marsh Funnel Viscosity of Clay
Construction Slurries

API RP 13B-1 Recommended Practices for Field Testing of Water-based
Drilling Fluids

2.5 Submittals

1. At least two weeks prior to the start of the drilling and grouting works, the
Contractor shall submit the following for the Engineer’s approval:

a. Manufacturer’s specifications and material safety data sheets of the
proposed products;

b. Drilling and grouting method statement including details of drilling, water
testing and grouting procedures, the proportions of the proposed grout
mixes, mixing procedure, the type of admixtures proposed and
specifications and photographs of all equipment to be used in water
pressure testing, batching, transporting, pumping and monitoring of the
grout, inclusive of proposed standby equipment;

c. Testresults of the proposed grout mixes;

d. Effective and gauge pressures chart based on pressure head loss in the
grout lines, grout column and water level in the hole using different type of
grout mixes;

Mining & Metallurgy
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e. Layout showing location and elevations of equipment in relation to
discharge point, as well as proposed pumping distances including
characteristics and dimensions of the shelter proposed to perform grouting
works, including heating and water supply systems;

f. All equipment calibration -certificates based on the manufacturer's
recommendations for calibration;

g. Proposed work schedule detailing the number of shifts and size of crews;
h. CVs of the proposed drilling and grouting specialists and field supervisors.

2. The Contractor shall submit daily reports and progress records documentation to
the Engineer.

3. The Contractor shall submit as-built grouting drawings after the completion of the
Work to the Engineer.
2.6 Qualifications

1. The grouting work specified herein shall be undertaken by qualified staff each with
a minimum of three years of recent experience in performing cementitious grouting
work.

2. Grouting specialists, drilling and grouting field supervisors are required; they shall
each have five years of recent experience in grouting.

3. The Contractor shall maintain on site a grouting specialist to monitor the drilling,
water pressure testing, grouting and all verification works. The responsibilities of
the grouting specialist are:

a. To approve the detailed working procedures;
b. To approve the equipment and materials brought on to site;

c. To monitor the grouting operations conducted and to ensure that the
operations are carried out in a manner to obtain expected results;

d. To complete all quality control documentation and progress records
required and submit this documentation on daily basis.

4. The Contractor shall maintain on site a grouting field supervisor to monitor,
supervise and direct all phases of grouting. The responsibilities of the supervisor
are:

a. To supervise and direct the personnel carrying out the drilling and grouting
Work.

Mining & Metallurgy
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b. To ensure that all personnel adhere to all safety and environmental
requirements, and to ensure that all equipment and documentation for
these requirements are in place before the start of the Work.

c. To obtain and maintain in good working order all equipment used for
drilling, grout mixing, water pressure testing and grouting, and to ensure
the equipment is suitable and is of sufficient capacity for the work to be
performed.

d. To ensure that drilling, water pressure testing, grout mixing, and injecting
the grout are carried out properly in accordance with the specification and
the approved procedures.

e. To obtain and maintain the supply and storage of grouting material such as
to ensure continuous grouting operations.

Mining & Metallurgy
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3.0 MATERIALS

3.1 Grout Mixes

1. Grout mixes for the grouting work specified herein shall be stable grout mixes and
consist of cement, water and admixtures as required.

2. The grout mixes shall be prepared by the Contractor based on the characteristics
specified herein, which will be confirmed or modified according to the field tests
results. The grout mixes used shall be subject to the Engineer’s approval.

3. The Contractor shall use chemical admixtures in the grout to produce grout mixes
with different viscosity, cohesion and set time as required by the Engineer.

4. Several stable grout mixes shall be developed from standard grout mix to the
shutdown grout mix by reducing the w/c ratio and adding different type of
admixtures to accommodate different site conditions.

3.2 Water

1. Mixing water shall be fresh, clean and free from injurious amount of oil, acid, alkali,
salts, organic matter and other deleterious substances, all in conformity with the
requirements of CSA-A23.1 and CSA-A23.2.

2. Water for grout shall be at a temperature of not less than 10 °C and not more than
25 °C.

3. Water used for washing and water pressure testing shall be at a temperature of
not less than 7°C and not more than 25°C.

3.3 Cement

1. The cement shall be Portland Cement Type HE or other approved by the Engineer.
The cement materials shall comply with CSA-A3000. Cement shall be obtained
from one manufacturing source. Partially hydrated cement due to poor storage
conditions or other reasons are not suitable and shall not be used in grout.

34 Admixtures

1. Superplasticizers such as MasterGlenium 3030 or equivalent shall be used to
produce high mobility grout for sealing fine joints and fractures.

2. Thixotropic admixtures such as Celbex 653 and Rheomac UW 450 or equivalent
shall be used to create thixotropic and anti-washout grout mixes.

Mining & Metallurgy
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3. Accelerating agents including Calcium Chloride in powder and Liquid Sodium
Silicate Type N may be used to quick set or flash set when grouting into high flow
velocity conditions.

4. All the admixtures shall comply with ASTM C494.

5. Admixtures shall be handled, stored and used according to the manufacturer's
recommendations.

6. All the admixtures shall be stored in heated areas to avoid freezing which may
affect the performance of the admixtures.
3.5 Handling, Storage and Disposal of Grouting Materials

1. Grout materials shall be stored and handled as recommended by the manufacturer
and in accordance with all regulations, codes and ordinances.

2. Suppliers and Manufacturers should be Consulted regarding the changes of
properties and suitability to use if materials are stored in environment different from
the Manufacturer’'s recommendations.

3. Spilled, spoiled or opened, as well as unused materials shall be disposed of in
accordance with all regulations in an area designated by the Owner.

Mining & Metallurgy
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4.0 EQUIPMENT

1.

All drilling and grouting equipment supplied and used in the work shall be of a type,
efficiency and mechanical conditions suitable for executing adequately the drilling
and grouting operations and shall be subject to the Engineer’s approval.

4.1 Drilling Equipment

1.

The contractor shall provide sufficient drilling and grouting equipment and all
necessary auxiliary equipment and accessories to complete the various types of
drilling and grouting required. Such equipment shall be of the types and capacities
approved by the Engineer and shall be maintained adequately.

To drill holes in bedrock, steel casings shall be installed through the WTD fill and
socketed into the bedrock foundation. Steel casing shall be with adequate strength
and large enough to permit drilling of the hole in the rock and to maintain the
verticality of the hole during drilling and grouting operations.

. The section of holes through the fill materials shall be executed by means of down

the hole hammer. The section of holes in the bedrock foundation shall be executed
by drilling equipment using only water flushing during drilling.

. All drilling equipment shall produce holes free of irregularities to avoid leakage of

water or grout around the packers.

Inclinometers shall be used to measure the inclination of holes designated by the
Engineer.

Grout holes in bedrock foundations shall have a minimum diameter of 50 mm.

Steel casing in grout holes shall be left in place and casing backfilled with stable
grout mix upon completion of the grouting of the hole.

4.2 Grouting Equipment

1.

The grouting equipment shall be capable of adequately supplying, mixing, pumping
and injecting grout mixes as specified herein and as required by the Engineer.

The equipment shall be of adequate size and capable of supplying an uninterrupted
flow of grout at the rate of 20 liters per minute at the maximum pressure of 30 bars
measured at the collar of the grout hole.

The pumps shall be of the variable speed progressing cavity (Mono or Moyno) type
that are suitable for pumping high volumes of low W:C ratio cement grout mix. The
pumps shall be able to regulate pressure and flow rate with precision from zero to
the maximum allowed.
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4. A separate pump (such as an Open Throat Progressive Pump) suitable for injection
of cement grout with Celbex and liquid Sodium Silicate shall be available on site
for use under high velocity seepage.

5. If liquid Sodium Silicate is to be injected simultaneously with cementitious grouts,
concentric piping injection systems or two pipes system will be required.

6. The grout-mixing unit shall be capable of producing the required grout mixes as
determined from the test results. The mixer shall be high speed, high-shear with
rotation speed of between 1200 and 1500 RPM, allowing colloidal suspension of
the cement particles. The grout-mixing unit shall include graduated cylinders and a
digital scale of £+0.1 g accuracy.

7. Retention tanks shall have a minimum capacity of 500 liters, shall be mechanically
operated with paddles rotating at up to 100 RPM and shall be designed to keep the
mixed grout agitated and in suspension. The lowest paddle shall be set within about
50 mm of the base of the tank. Holding tanks shall be provided with 2.5 mm sieve
to screen solids in the grout return line.

8. Hoses and supply lines used grouting shall be rated to 30 bars safe working
pressure and shall have a minimum inside diameter of 25 mm. Fittings and
connections shall be rated to 30 bars safe working pressure and shall include Whip
check Safety Locks.

9. Packers shall be capable of sealing the lower end of the casing, and capable of
withstanding the maximum pressure prescribed without leakage. The inside
diameter of the tubes carrying the grout mix shall not be less than 19 mm. The
Contractor shall maintain on site, at all time, a sufficient quantity and variety of
packers to carry out grouting and water pressure testing.

10. Water meters on the water supply lines shall be graduated in liters, without bypass,
to measure the water volume in the mixer accurately.

11. The flow meter shall be capable of measuring flows as low as 0.3 liter per minute
with a precision of £0.1 liter per minute. The flow meter capacity shall be 100 liters
per minute.

12. Pressure gauges shall be in different pressure ranges including 0 to 5 bars, 0 to 10
bars, 0 to 20 bars and 0 to 30 bars. Pressure gauges shall be protected from grout
using gauge savers. An adequate number of spare pressure gauges shall be
available on site. A pressure gauge shall not be used for more than two shifts after
which it shall be cleaned and calibrated using a reference gauge supplied by the
Contractor. All pressure gauges shall be numbered for identification. All pressure
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gauges shall have a minimum window diameter of 75 mm. Pressure gauges shall
be installed at each pump discharge and at each hole collar.

13. Water heaters shall be used to heat mix water.

14. Thermometers shall be permanently installed in the tanks and mixers. Other
thermometers shall be provided to measure temperature of the return wash water.

4.3 Data Recording System

1. The Contractor shall provide an automated data recording system capable of
continuous recording real timely of pressure, flow rate, apparent lugeon and total
volume injected for each stage. The recorded data shall be shown on the monitor
screen and printed as an Apparent Lugeon values (Y axis) versus time (X axis).
The equipment shall be able to include the pressure of the grout column above the
stage grouted in order to display the effective pressure applied at the stage
elevation.

2. The pressure transducer should be protected by EPDM gasketed gauge savers.
3. Manual data collections and records such as injection rate, volume and injection
pressures shall be taken during the process of Sodium Silicate injection.
4.4 Arrangement and Operation of Grouting Equipment

1. The grouting equipment shall be arranged to provide continuous grout circulation
throughout the circuit and permit accurate pressure control by operation of valves.

2. Plugging of the equipment and lines shall be prevented by maintaining a continuous
flow of grout and by periodic flushing with water.
4.5 Field Acceptance Trial

1. Prior to commencing grouting operations, a Field Acceptance Trial involving the
actual equipment, materials and procedures shall be conducted to verify their
adequacy. The grouting specialist and grouting supervisor shall be on site for the
Field Acceptance Trial. The Field Acceptance Trial shall cover the following:

a. Calibration, verification of gauges, scales, water meters and grouting
monitoring/ data recording equipment.

b. Calibrating procedure for the automated monitoring/data recording system
pressure transducer and flow meter.

c. Batching, mixing and pumping of a trial mix through the circulating line system.
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d. Quality control tests and grouting records: parameters such as density,
viscosity, cohesion, bleeding and initial setting time shall be measured and
recorded for each trial mix.

e. Contractor's methods and equipment for grouting under high flow velocity shall
be tested for quality and workability on site before starting the work.
4.6 Contractor’s Site Laboratory

1. The Contractor shall have on site a laboratory to undertake necessary testing.
Equipment essential to undertake routine testing and to design grout mixes
includes but is not limited to:

a. Mud balance,
b. Marsh cones,

Bleeding cylinders/columns,

o o

Cube moulds, for field acceptance trial only.
e. Glass hardware (test tubes, thermometers, beakers)
f. Vicat Needle apparatus for cementitious grout set time

g. Pressure filtration devices.
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5.0 EXECUTION
5.1 Casing Installations

1.

10.

The grout holes shall be drilled from the crest of the WTD with an offset from the
center line of the secant piles cut-off wall as shown on the drawings.

The set out of hole locations shall be established by survey tied to the project
control points and approved by the Engineer prior to drilling.

The maximum permitted inaccuracy of grout hole casing positioning is 50 mm in
any direction.

Deviation of drill hole casing and drill hole in bedrock shall be verified at all time.
Maximum deviation of a drill hole casing vertical alignment shall not exceed 0.5%
of its drilled length

Downstream blanket holes shall be drilled and grouted prior to start drilling the
upstream blanket holes. Downstream blanket holes shall be staggered with the
upstream blanket holes as shown on the drawings.

Steel casings through the fill materials section shall be executed with a rig
equipped with a down the hole hammer.

Casings shall be advanced 300 to 500 mm maximum below the bedrock surface
and sealed with cement grout plug at the bottom of the casing to prevent grout
leakage around the casing. Advancement of the casing more than 500 mm below
bedrock as-built level shall first be approved by the Engineer.

Either tremie grouting or packer grouting methods shall be used to grout the casing
plug.

If packer grouting method is used, casing movement should be closely monitored
to guarantee no uplift of casing will occur. A maximum of two (2) times of the
theoretical casing volume shall be injected if no pressure buildup or grout leakage
occurs. In this case, casing plug grouting in the same hole shall be repeated until
refusal is obtained.

Holes shall be flushed with water prior to grouting the plug. The grout shall reach
its final set time prior to start drilling bedrock.
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5.2 Drilling for Blanket Holes in Bedrock

1. Blanket grout holes shall be drilled through installed casings and grouted in sequence
starting from Primary, following by Secondary, Tertiary and Quaternary holes using
split spacing method.

2. Blanket Holes shall be drilled to a nominal depth of five (5) m below the bottom of
casing in one or two short stages based on the bedrock conditions and as per
Engineer’s instruction.

3. The section of the hole in the bedrock foundation shall be executed by drilling
equipment using only water for drilling and flushing the hole. Use of air to remove
cuttings from a hole is not permitted.

4. Deviation from vertical in the bedrock section of the hole shall not exceed 2 % of
drilled length.

5. Dirilling of all holes shall be carried-out using clean water as the drilling fluid.

6. Minimum distance between two drilled holes in bedrock is 12 m. This distance may
be increased by the Engineer if communication between adjacent holes occurs.

7. Drilling of the rock section within 6 m of a grouted hole shall not be completed until
the grout in the closest grouted hole reached its initial set time.

8. On completion of drilling and immediately before grouting, each grout hole shall be
flushed with clean water injected at the bottom of the hole for a minimum period of
5 minutes.

9. Each hole shall be protected from clogging or obstruction by means of a temporary
cap or other suitable device at the collar. Any hole obstructed shall be cleaned out
and grouted otherwise another hole shall be drilled.

5.3 Grout Mixes

5.3.1 Stable Grout Mixes

o The grout mixes used for rock grouting shall be stable mixes composed of Water,
Portland Cement HE and admixtures.

o Superplasticizer: MasterGlenuim 3030 or equivalent - percentage by weight of
cement as recommended by the manufacturer and determined by trial mixes.

o Viscosity modifying agent, anti-washout agent, accelerating agent and/or other
additives, if required: percentage by weight of cement as required.
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The following grout mixes are proposed based on the mix trial on site.

Grout Mix Design for Rock Grouting (Mix A/A+)

W/C Ratio 0.7

Water 84 L
Portland Cement Type Il (HE) 120 kg
MasterGlenium 3030 0.0/480 ml
Calcium Chloride (2% weight of HE Cement) | 2.4 kg
Specific gravity 1.5-1.6
Marsh Time 30 - 35s
Bleeding (after two hours) 2% to 5%
Pressure Filtration Coefficient Not available

Grout Mix Design for Rock Grouting (Mix B)

W/C Ratio 0.6

Water 72 L
Portland Cement Type Il (HE) 120 kg
MasterGlenium 3030 -

Calcium Chloride (2% weight of HE Cement) | 2.4 kg
Specific gravity 1.65-1.75
Marsh Time 35— 50s
Bleeding (after two hours) 2% to 4%
Pressure Filtration Coefficient Not available

Grout Mix Design for Rock Grouting (Mix C/C*)

W/C Ratio 0.5

Water 60 L
Portland Cement Type Il (HE) 120 kg
Calcium Chloride (2% weight of HE Cement) | 2.4 kg
Celbex 653 (0.0 /0.2% of weight of HE 0.0/0.24 kg
Cement)

Specific gravity 1.7-1.85
Marsh Time 80 to 180s
Bleeding (after two hours) <2%
Pressure Filtration Coefficient <0.02 min -2
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Grout Mix Design for Rock Grouting (Mix D)
W/C Ratio 0.5
Water 60 L
Portland Cement Type Il (HE) 120 kg
Calcium Chloride (1% weight of HE Cement) | 1.2 kg
Rheomac UW 450 500 ml
Specific gravity 1.70 -1.80
Marsh Time >150s
Bleeding (after two hours) <1%
Pressure Filtration Coefficient Not available

5.3.2 Grout Mixes for High Flow

1. Contractor shall prepare, under the supervision of the Engineer, grout mixes to
prevent washout of the grout during and after injection. Contractor shall use
admixtures such as Celbex 653, Rheomac UW 450, Calcium Chloride and Sodium
Silicate to modify the properties of the grouts as needed based on the ground
response during grouting. Grout mixes shall be approved by the Engineer prior to
use.

2. The pump shall be capable of displacing thicker grout at the required pressure while
considering the head losses due to grout lines.

3. Grouting under high velocity flow conditions may be performed with thicker grout
mixes by adding appropriate dosage of Celbex directly into the Open Throat Pump.

4. Two components grouting with Cement grout and Sodium Silicate liquid from two
pumping systems shall be carried out if deemed necessary by Engineer.
5.3.3 Casing Plug Grout Mix

1. Proposed grout mix for the bottom plug of each casing to seal the annular space
between the casing and the rock and to embed the casing into the rock is grout
Mix C+ (with 0.2% of Celbex) or as per the instruction of the Engineer.

2. Grout mix may be modified by the Engineer based on field conditions in order to
better consolidate the rock around the bottom of the casing and also to control the
grout wastage.

5.4 Grout Quality Control (QC) Testing

1. The Contractor’'s QC personnel shall take grout samples to perform quality control
testing required as per the frequency and methods in the following Table.

Mining & Metallurgy



TECHNICAL SPECIFICATION Prepared by: - T.Xue &A.ElBensi
Reviewed by: B. Mathieu & H. Baba
‘)) WHALE TAIL DIKE REMEDIAL WORK R D P
BLANKET GROUTING ev. ate age
SNC+LAVALIN 669034-0000-40EF-0001 00 January 6, 2020 | 24 of 35
QC Test Test Methods Minimum Frequency
Specific-gravity by mud balance AP RP 13B-1
Once per 5 batches of
Marsh flow cone to verify the viscosity ASTM D6910 | same grout mix,
minimum twice per shift
Grout temperature readings at the holding tank and
Each time when grout
Grout bleeding graduated cylinder CSA-A23.2-1B | mix changes
Pressure filtration testing APl RP 13B-1
Grout compressive strength CSA-A23.2-1B Only at time qf field
2 Sets of cube molds acceptance trial.

2. Accurate quality control records shall be kept.

5.5 Grout Quality Assurance Testing

1. Quality Assurance testing shall be carried out on a daily basis under supervision
of the Engineer.

5.6 Grouting operation

1. Blanket grouting shall be carried-out using a stable grout mix according to site
conditions and as per Engineer instructions.

2. Holes shall normally be grouted one at a time in a sequence to obtain the desired
consolidation and control of seepage. If during the grouting, grout is found to flow
to another hole or holes adjacent from the one being grouted, the Engineer shall
be immediately informed. Such hole or holes shall be grouted simultaneously with
the original grout hole, unless otherwise instructed by the Engineer.

3. Blanket hole may be grouted in one or two short stages based on the bedrock
conditions and as per Engineer’s instruction. In the upper stage, the packer shall
be inflated at the lower extremity of the casing to ensure grouting of the topmost
section of bedrock near the secant pile-bedrock contact.

4. Grouting of a hole shall continue uninterrupted until refusal occurs or the specified
volume limit for that stage is reached, unless otherwise instructed by the Engineer.

5. Without noticeable increase in the grouting pressure, the maximum volume of grout
for each hole is limited to 400 liters per meter, unless otherwise instructed by the
Engineer.
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6. If high grout take is observed without noticeable pressure increase, the
Contractor may, with the Engineer’s consent:

e Use a thicker grout by adding Celbex or Anti-washout Rheomac in the
grout mix;

e Add appropriate dosage of Celbex directly into Open Throat Pump.
¢ Reduce the grout flow rate;
e Discontinue the grouting momentarily and re-grout the hole as required.

e If none of the above procedures permits reaching the specified pressure,
grouting of the hole will be discontinued and grouting shall be carried out
using concentric piping two component system for Cementious grout and
liquid Sodium Silicate.

7. Any loss of pressure or sudden increase in grout take shall be immediately reported
to the Engineer. The QC Representative shall also report it in his shift report.

8. No grouting shall take place if the rock is frozen.
9. The temperature of the grout at any point shall be between 5°C and 20°C.

10. A grout batch which has been in circulation for over 2 hours shall be disposed of.

5.7 Grouting Pressures

1. Grouting pressure shall be applied gradually and maintained until either the
maximum volume has been injected or a maximum allowable effective pressure
has been reached.

2. Initial specified effective grouting pressures for a stage shall be 0.2 bar per meter
measured vertically from the working platform to the top of bedrock, plus 0.5 bar
per meter measured from the bedrock surface to the mid-point of a stage.

3. The applied effective grouting pressure shall be calculated using various high
density grout mixes at various flow rates to establish corresponding pressure loss
parameters and calculated taking into account the hydraulic head relating to depth
below surface and corresponding water elevation. Effective Pressure Formula is
shown on the Figure 5-1.
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Figure 5-1: Effective pressure formula

In general, the effective grouting pressure shall be as high as possible but
compatible with estimated critical pressures against uplift and hydro jacking.

5.8 Refusal Criteria

1.

When the maximum pressure has been reached, the maximum pressure shall be
maintained constantly for 5 minutes. Grouting of the stage is then considered
complete if the flow to maintain this pressure is less than 3 liters per minute,
measured over a 5 minutes period.

For injection of Celbex-assisted cementious grout using Open Throat Pump,
injection shall be stopped after a maximum volume of about 200 liters/meter. Hole
shall be re-grouted if the hole is found empty after a period equal to a grout final
set time.

After the grouting of a hole is complete, the pressure shall be maintained by
suitable valves until the grout pressure has decreased to zero or the grout has set
sufficiently so that it will be retained in the hole.
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4.

If an accelerating agent is added to the grout and the initial set time of the grout
has been reduced considerably, the Contractor shall evaluate the allowable time
to remove safely the packer after the completion of grouting.

5.9 Hole Backfilling

1.

After refusal is met for a downstream blanket hole, the hole shall be backfilled from
the bottom up with the last grout mix, using a pipe lowered to the bottom of the
hole.

The upstream blanket holes shall be capped or partially backfilled (to one third of
the total length of the hole) to allow Phase Il curtain grouting work, if required, to
be performed unless otherwise instructed by the Engineer.

5.10 Records

1.

During the progress of the Work, the Contractor shall maintain on site at all time a
complete set of documents indicating clearly and accurately, as the Work
progresses, all changes, revisions and additions to the Work.

The daily reports for each shift shall include at least the following information:
a. Location of the hole and its number;

b. Casing installation details (Collar elevation, rock contact elevation, length of
casing embedded in rock, hole deviation. Etc.)

c. Rock drilling report;
d. In situ and Laboratory test reports
e. Grouting details, including:

e Hole depth

e Stage length

e Water elevation in the hole
e  Grout mix

e Gout injected volume

e Grouting Pressure.

e Date, time and all grouting details (interruptions, communication, leaks, uplift,
etc.) and

e Printed data from Data Recording System
f.  Drilling and grouting profile showing the work progress

Mining & Metallurgy




),

SNC+LAVALIN

669034-0000-40EF-0001

APPENDIX 1
Drawings

Mining & Metallurgy



LAST SAVE: 2020/01/07 — 10:07am

_00.dwg

DESSNS\OOOO\OO\SEQOEA‘QOOOAGDDOO[M

PATH: T:\669034 Remedi Whale Tail Dike Seepage\40_DD.

\
& ANQ17+1229
\

& AMQWTD-11 ) —
I -

4 ‘ 3 0 1 2 3 4 $ 6 7 8 9 10 CENTIMETERS 2 1
T . 25 I A T
L - . N (] \
N - . L\ J & AMQWTD-08 - g ‘
A g y NN ) [ ‘
o] ’/', e — : INTERPRETED N : } i DOWNSTREAM BLAN‘K/ET A>‘<\S .
) \ ™ % , . 8 FLOW PATH C % 3 \ A\ \ WHALE TAIL DYKE AXIS X
. [ > ) N
L N L— \ \ P AMQ17-1159 3
S N - \ ) - AMQ17-1223, %2 -+
) \ \ INN A9 i N\\ g?
= — ™ INTERPRETED AMQ17-1144 AMOWTD—05 —
- , N - FLOW PATH B | =
- \ " | INTERPRETED @ mawm-o7 S | DETAL 2
\ FLOWPATHA N\ =~
| . ~ Vo @ oemaL

\ ) \ ) AN 2J)) [ L
\\ \\ -3 AMQWTwad\ PN = I/} . \
N \ —~ \ ( Y
A s
- N A f J / ]
X Ao / .
( \\ N éAMQW—MBz ©
\ ) ' ) LEGEND \
\ \ _
N\ B @ GEOTECHNICAL BOREHOLE
. . . R ) B
(
\ . ° BLANKET GROUT HOLE
\ N
. . @. INCLINOMETER
<~ — \‘
o J =) PIEZOMETER p
X
% . "N '/
) | / [L N ) %] INTERPRETED SEEPAGE ZONES BASED ON
> | N . — - [N WILLOWSTICK SURVEY PROVIDED BY
/\% \ / ~ / - WILLOWSTICK
AMQ18=1714
/, ‘ |
LZ . | INTERPRETED SEEPAGE ZONES BASED ON
77254 600 N - | [ THERMISTORS DATA ANALYSIS PROVIDED
% B - - | ] BY AEM
o - ) / © AT 4 (17
% \ — W
& — g L s h
‘ 51 N @ VR14-142 _ - ) )
\ g \ \ g - / / . , '
\ = - / . - g |
\ | g / | |
% . h - - P
PLAN VIEW
SCALE 1: 1000
1 0 10 20 30 40m NOTES
ALL GROUTING AND ASSOCIATED WORK SHOULD BE CARRIED OUT PER THE TECHNICAL SPECIFICATIONS.
SUPPLEMENTARY CLAUSES FOLLOW:
1. THE BLANKET GROUT HOLES SHALL BE DRILLED FROM THE CREST OF THE DIKE WITH AN OFFSET AS
SHOWN ON DETAILS 1 AND 2. IN THE INSTRUMENTATION ZONES SHOWN ON DRAWING 003, TABLE 1,
DOWNSTREAM DOWNSTREAM THE OFFSET IS VARIABLE; REFER TO PROVIDED EXCEL FILE: CASING LOCATION.
PRIMARY HOLE SPACING = 12.0 PRIMARY HOLE SPACING = 12.0 2. THE SET OUT OF HOLE LOCATIONS SHALL BE ESTABLISHED BY SURVEY TIED TO THE PROJECT CONTROL
POINTS AND APPROVED BY THE ENGINEER REPRESENTATIVE PRIOR TO DRILLING.
3. THE CASING SHALL BE SOCKETED 300 TO 500 mm MAXIMUM PROVIDED AS BUILT BEDROCK LEVEL AND
30 3.0 3.0 30 EXISTING SECANT PILE CUTOFF WALL 30 30 30 3.0 EXISTING SECANT PILE CUTOFF WALL SEALED WITH CEMENT GROUT PLUG AT THE BOTTOM OF THE CASING TO PREVENT GROUT LEAKAGE
AROUND THE CASING. EITHER TREMIE GROUTING OR PACKER GROUTING METHODS CAN BE USED TO
|« DOWNSTREAM BLANKET ALIGNMENT |« DOWNSTREAM BLANKET ALIGNMENT GROUT THE CASING PLUG.
S SECANT PILE CUT OFF WALL — S SECANT PILE CUT OFF WALL 4. THE FINAL ELEVATION OF THE CASING SHOE AFTER BEING SOCKETED INTO BEDROCK SHOULD BE
VERIFIED BY THE SURVEYOR AND REPORTRED TO THE ENGINEER REPRESENTATIVE.
5. ANY ABNORMALITIES IN GROUND CONDITIONS, GROUND WATER, INGRESS OF FINE FILTER MATERIALS
INTO CASING, FROZEN GROUND, AND CASING ADVANCE NEED TO BE DOCUMENTED AND REPORTED TO
ENGINEER.
3.0 3.0 3.0 3.0 UPSTREAM BLANKET ALIGNMENT N
3.0 3.0 3.0 3.0 UPSTREAM BLANKET ALIGNMENT ! j ' 6. IF THE CASING STRIKES THE SECANT PILE, ITS ELEVATION SHALL BE RECORDED WITH ACCURACY. ANY
‘ ‘ ‘ Ul EXISTING UPSTREAM GROUT CURTAIN PRIMARY HOLE SPACING = 12.0 PRESENCE OF MUD OR UNSET SLURRY ENCOUNTERED DURING CASING DRILLING SHOULD BE RECORDED
PRIMARY HOLE SPACING = 12.0 NOTE: QUATERNARY HOLES MAY BE DRILLED USING SPLIT AND BROUGHT TO THE ENGINEER REPRESENTATIVE ATTENTION.
NOTE: QUATERNARY HOLES MAY BE DRILLED USING SPLIT UPSTREAM SPACING BASED ON RESULTS OF THE WORK DONE
UPSTREAM SPACING BASED ON RESULTS OF THE WORK DONE. 7. THE MAXIMUM PERMITTED INACCURACY OF GROUT HOLE CASING POSITIONING IS 50 MM IN ANY
UPSTREAM HOLES SHALL BE EXTENDED FOR CURTAIN DIRECTION. THE ALIGNMENT OF DRILL HOLE CASINGS SHALL BE VERIFIED AT ALL TIMES. MAXIMUM
GROUTING AS REQUIRED. VERTICAL DEVIATION OF A DRILL HOLE CASING SHALL NOT EXCEED 0.5% OF ITS DRILLED LENGTH.
DETAIL 1 DETAIL 2
—_— — 8. EACH CASING SHALL BE PROTECTED FROM ANY CLOGGING OR OBSTRUCTION BY MEANS OF A
UPSTREAM AND DOWNSTREAM BLANKETS BETWEEN STATIONS 0+170 AND 0+520 UPSTREAM AND DOWNSTREAM BLANKETS BETWEEN STATIONS 0+520 AND 0+750 TEMPORARY CAP OR OTHER SUITABLE DEVICE AT THE COLLAR. ANY HOLE OBSTRUCTED SHALL BE
CLEANED OUT OR RE-DRILLED BY THE CONTRACTOR.
FOR INSTRUMENTATION ZONE SEE TABLE 1 (DWG—-003) FOR INSTRUMENTATION ZONE SEE TABLE 1 (DWG—003)
SCALE: 1:100 SCALE: 1:100 9. THE CASING DRILLING RECORDS AND SURVEY DATA TO BE SUBMITTED TO THE ENGINEER
REPRESENTATIVE AT THE END OF THE SHIFT.
10. BLANKET GROUTING LIMITS SHALL BE CONFIRMED BASED ON THE FIELD OBSERVATIONS.
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ITEMS

ELEMENT

General :

APPENDIX 2

SUMMARY OF MAIN QUALITY CONTROL (QC) AND QUALITY ASSURANCE (QA) PROCEDURES DURING WORK

RESPONSABILITIES OF THE QA REPRESENTATIVES

TASK

Survey and marking of the location and
centerline of the secant piles cut-off wall
on the crest of the WTD location.

Survey and marking of location of

FREQUENCY

FORM TO FILL

RESPONSABILITIES OF THE QC REPRESENTATIVES

TASK

Ensure that the surveyors use the updated information and
have a good understanding of the Project and meet the
requirements. Use provided hole coordinates (Hole

FREQUENCY

FORM TO FILL

Raw file (txt) and
processed file (dwg)

S . A ired Dail t location excel file Conti I
urvey Section 2.0 downstream and upstream blanket holes > require ally repor . ) ontinuously
I . Use as-built data. .
Verification of spacing and offset Daily report
. Survey all the works.
Downstream hole to be staggered with . I
Implementation and verification of works.
upstream holes.
Cement Type HE . . .
. . Check cement constituents per spec 1 per shipment or as Daily report and approval
Cement Check cement powder certification (CSA- | As required Daily report persp P . P yrep PP
required by QA form
A3000)
Admixtures Check admixture constituents per As required Daily report Check admixture constituents per manufacturer’s product . .
. X . 1 per shipment or as Daily report and approval
Materials manufacturer’s product sheet and sheet and specifications required by QA form
(Section 3.0) specifications a Y
. . Water quality, cleanliness, oil, acid, alkali, organics, etc. . Daily report and approval
Water Ensure quality control requirements are Periodicall Dailv report Temperature of water One test per shift or as form
maintained by QC. 4 yrep H P required by QA Lab compilation file and
P test reports
Visual inspection CVS reljwred
. Storage in conformity with the manufacturer’s eekly
Handling and Cement . . . . o .
. Visual inspection Weekly Daily report specifications Daily report
Storage Admixtures .
Count the quantity of cement used Daily
Count complete stock inventory Weekly
Drilling Equipment
Maintenance of equipment as manufacturer’s
; i i i iti Before use or as i
Equipment Grouting Equipment eqflpme.ent working conditions . . rec9mmendatlons . . Calibration report
. Calibration required by the Daily Report Calibration as required As required )
Section 4.0 ) o ) - . Daily report
Data recording system identification Engineer Identification of all equipment
Site Laboratory
Equipment Verify Calibration During test Field Acceptance Trial report Calibration of all equipment During Field acceptance test Field Acceptance Trial
Automated monitoring Calibration procedures and stage setup During Field acceptance | Field Acceptance Trial report Demonstrate calibration procedures and stage setup During Field acceptance test Field Acceptance Trial
. (update parameters) test (update parameters)
data recording system )
Field Output data format Setup output data format, as required
Acceptance . Verification of batching, mixing, pumping During Field acceptance | Field Acceptance Trial report During Field acceptance test Field Acceptance Trial
Trial Grouting Procedure and injection to the holze ' test Batching, mixing, pumping and injection to the hole
Section 4.5

Grout

Grout in-situ quality tests
Grout thickening sequence

During Field acceptance
test

Field Acceptance Trial report

Carry out grout in-situ quality tests
Carry out grout thickening sequence

During Field acceptance test

Field Acceptance Trial

Records

Verification of QC forms and follow up

During Field acceptance

Field Acceptance Trial report

Fill QC forms

During Field acceptance test

Field Acceptance Trial

Project: 669034 — Remediation Work for WTD Seepage
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RESPONSABILITIES OF THE QA REPRESENTATIVES

TASK

FREQUENCY

FORM TO FILL

RESPONSABILITIES OF THE QC REPRESENTATIVES

TASK

FREQUENCY

FORM TO FILL

test

Casing
Installation
Section 5.1

Grout Hole Location

Check on site location, offset and spacing
prior to start drilling. Holes to be tagged
with hole number

Every grout hole

Shift report

Check on site location and spacing prior to start drilling.
Holes to be tagged with hole number

Every grout hole

Daily report
Survey report

Casing Installation

Check hole deviation

Notice rock contact elevation

Casing imbedded in rock 300 mm to 500
mm below provided as-built level
Casing washing and installation of
cement grout plug (use Grout mix C for
plug by tremie or packer methods)

Every grout hole

Shift report

Check hole deviation

Notice rock contact elevation

Casing imbedded in rock 300 mm to 500 mm

Casing washing and installation of the plug (use Grout mix
C for plug)

Every grout hole

Casing drilling daily report

Drill and grout downstream blanket
holes first, then Upstream blanket holes
Drill 5.0 m below the bottom of casing in
one or two short stages based on the
bedrock conditions

Drilling of all holes shall be carried-out
using clean water as the drilling fluid

Drill and grout downstream blanket holes first, then
Upstream blanket holes

Drill 5.0 m below the bottom of casing in one or two short
stages based on the bedrock conditions

Drilling of all holes shall be carried-out using clean water
as the drilling fluid

Daily Record/rock drilling

Grout Quality
Control
Section 5.4

(HE)

Blanket Hole Drilling of the rock section within 6 m of For each hole Shift report . . o For each hole .
. Drilling of the rock section within 6 m of a grouted hole and grouting reports
Drilling blanket a grouted hole shall not be completed . .
. . shall not be completed until the grout in the closest
holes until the grout in the closest grouted L .
e . grouted hole reached its initial set time
Section 5.2 hole reached its initial set time . .
Each hole shall be protected from clogging or obstruction
Each hole shall be protected from . .
. . by means of a temporary cap or other suitable device at
clogging or obstruction by means of a the collar
temporary cap or other suitable device at
the collar
Cement Type ASTMC150 and/or CSA-A3001 Type 30 1 per shipment Approval Form ASTMC150 and/or CSA-A3001 Type 30 (HE) 1 per shipment Approval Form

Chemical Admixtures
for Grout

ASTM C494/C494 M

Per shipment

Check if product
specification Admixtures
meet ASTM requirements

ASTM C494/C494 M

Per shipment

Check if product meets
ASTM requirements

Grout Mix Specific
Gravity

Check specific gravity with mud balance

Once per 5 batches and
when grout mix changes

Daily record/report

Check specific gravity with mud balance

Once per 5 batches and when

grout mix changes

Quality Control report

Grout Mix Marsh Cone
Time

Check grout viscosity with marsh cone

Once per 5 batches and
when grout mix changes

Daily record/report

Check grout viscosity with marsh cone

Once per 5 batches and when

grout mix changes

Quality Control report

Grout Mix Bleeding

Check bleeding of the grout with
graduated cylinder

Once per 5 batches and
when grout mix changes

Daily record/report

Check bleeding of the grout with graduated cylinder

Once per 5 batches and when

grout mix changes

Quality Control report

Grout Mix Set Time

Check the setting time of different grout

Once per grout mix_.and
when grout mix changes

Weekly record/report

Check the setting time of different grout

Once per grout mix_and when

grout mix changes

Quality Control report

Pressure filtration
Coefficient Test

Check resistance against pressure
filtration of the grout

Once per grout mix

Once during field
acceptance trial mix

Check resistance against pressure filtration of the grout

Once per grout mix

Quality Control report

Grout Cubic Strength

Check the strength of the grout

Once per grout mix

Once during Field
Acceptance Trial

Take grout samples and carry out tests

Once per grout mix

Quality Control report

Grout Pressure Gauge
Calibration

Check the pressure gauge works properly

After two shifts

Daily report

Check the pressure gauge works properly

After two shifts

Calibration Record

Flow meter calibration

Check the flow meter works properly

Visual verification

Daily report

Check the flow gauge works properly

As required by Engineer

Calibration Record

Project: 669034 — Remediation Work for WTD Seepage
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RESPONSABILITIES OF THE QA REPRESENTATIVES RESPONSABILITIES OF THE QC REPRESENTATIVES

ITEMS ELEMENT

TASK FREQUENCY

FORM TO FILL TASK FREQUENCY FORM TO FILL

Grouting
Section 5.6

Effective pressure i i Daily report
) P Verify effective pressure chart of the Visual verification yrep Provide effective pressure chart for each hole Each hole Pressure chart data file
Section 5.6 hole
Grout Quality . . . Daily report . o
Section 5.2.4 Verify Grout Quality Witness tests Carry out grout quality tests as per specifications QC grout test frequency Grout test report
Packer Installation Verify packer installation and inflation at Check depth Daily report Install and inflate packer at the top of the stage Visual verification Daily report
the top of the stage
Verify stage parameters | Daily report i i i
Data recording system Verify data recording system . y stage p y rep Update the data recording system with the stage grouting Input data Grouting report
in the system parameters
| t hort st based on th
. none or WO.S. Ort stages base o.n e’ . In one or two short stages based on the bedrock .
Grouting bedrock conditions and as per Engineer’s | For each hole Daily report . A A ) For each hole Grouting Report
. . conditions and as per Engineer’s instruction
instruction
High Take i i If required / Verbal i i i i i
g _ Use tlc.ker grOl.Jt as requwed (as per : q ! / Daily report Use ticker grout as required (as per established thickening If required Grouting Report
(Section 5.5.8) established thickening sequence) instruction sequence)
Use appropriate grout Mix (as per . . . . .
_ ' established thickening sequence) If required / Verbal . Use appropriate grout mix (as per established thickening If required / Verbal '
High Flow velocity . . . Daily report sequence) . . Grouting report
Use of open throat pump with instruction Use of oben throat bump with aboropriate Celbex dosage instruction
appropriate Celbex dosage P pump pprop &
Refusal (Section 5.8) Refusal criteria Each hole Daily Report Refusal criteria Each hole Grouting Report
Hole backfillin i
. g Use stage stable grout mix Each hole Daily Report Use stage stable grout Each hole Grouting Report
(Section 5.9) Grout from the bottom up Grout from the bottom up
Records (Section 5.10) Verification of QC documents Each hole Daily reports Produce all drilling and grouting reports Each hole QC Daily Reports

Project: 669034 — Remediation Work for WTD Seepage
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Certifiée SNC-LAVALIN INC.
Memorandum
1 195, The West Mall Street
Toronto, (Ontario)
Canada M9C 5K1
’)) Tel: (416) 252-5315
Fax: (514) 231-5356
SNC-+LAVALIN
TO: Frédérick L. Bolduc, Alexandre Lavallée,
Thomas Lepine DATE : 2019-11-19
c.C.: Pier-Eric McDonald, Patrice Gagnon
Nina Quan, Hafeez Baba
FROM : Tom Xue/ El Bensi Abdellah REF. : 669034-0000-40CA-0001

SUBJECT : Site Instructions for Drilling and Blanket Grouting

1.0 Introduction

This memo is to provide brief instructions for starting the drilling and grouting of the blanket at the WTD
foundation. This document is not meant to replace the project specifications and should be viewed as
guidelines to allow the work to be started timely.

This document will subject to changes and updates based on the field findings of the progress of the
construction activities and finalized project Specifications

2.0 Sequence of the Work

The following sequence of work should be followed as general guideline:

2.1 Dirilling and Grouting of Downstream Holes
Step 1 Casing Installations:

Advancing all steel casings from the WTD crest as a spacing of 3.0 m c/c along the downstream
line of grout holes to 300 mm to 500 mm below the bedrock surface. The set out of hole locations
shall be established by survey tied to the project control points and approved by the Engineer prior
to drilling.

Step 2 Casing Plugging

To seal the annual space between steel casing and bedrock interfaces by injection at low pressure
of 160 L (about 2 times of the theoretical volume of the casing). Injection pressure and rate should
be as low as possible, and closely monitored to avoid casing upward movement.

The casing grout used will be grout Mix C and is comprised of W/C=0.5 grout with 2% of calcium
chloride and 0.2% of Cellbex 653 both by weight of cement.

Step 3 Bedrock Drilling

Drilling of primary grout holes at 12.0 m c/c with flushing water until the grout hole has been
advanced to a nominal depth of 5 m below the rock surface. Drilling and Grouting will be in
completed in one single stage.

Page 1
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Step 4 Grouting Primary Holes

Grout the Primary grout holes will start with grout Mix C with a W/C =0.5, 2% Calcium Chloride and
0.2% of Cellbex 653, both by weight of cement.

If no pressure built-up is observed after a maximum of 400 L/m (2000 L per hole with nominal depth
of 5 m) of grout being injected or if cement grout escape or leakage to downstream side, grouting
of the hole will be stopped and will grout again later at the instructions of the Engineer.

Additional steps in Section 2.3 will apply.

Step 5 Grouting of Secondary Holes

Repeat Steps 3 and 4, for split-spaced Secondary Holes.
Step 6 Grouting Tertiary Holes

Repeat Steps 3 and 4 for spilt-spaced Tertiary Holes.

2.2 Dirilling and Grouting of Upstream Holes
Step 1 Casing Installations:

Advancing all steel casings from the WTD crest as a spacing of 1.5 m c/c along the upstream line
of grout holes to 300 mm to 500 mm below the bedrock surface. Where the Primary holes will be
off-set by 6.0 m from the Primary holes in downstream row with Secondary and Tertiary holes split-
spaced.

Steps 2to 5
As per Steps 2 to 5 of Section 2.1.
Step 6 Tertiary Holes

If a Primary or Secondary hole indicates a grout take less than 50 kg of dry cement per meter of
grout hole with grout Mix C with on both sides of a Tertiary hole, a thinner grout mix such as Mix A
or Mix B will be the starting mix as per the instruction of the Engineer.

Step 7 Quarters Holes

If a Primary/Secondary/Tertiary hole indicates a grout take of less than 50 kg of dry cement per
meter with grout on both sides of a Quartery hole, thinner grout mix will be the starting mix as per
the instruction of the Engineer.

2.3 Additional Steps

When grout take greater than 400 L per meter of grout hole length without pressure response, the
following Additional Steps will be taken at the request of the Engineer:

1. High density grout with Antiwash such as Celbex or MasterMatrix® UW 450 and/or
2. Two components grouting with Cementious grout and Sodium Silicate gel from seperate
pumps.

y:\proj\669034 remedi whale tail dike seepage\60_gestion_construction\0001 site instruction for blanket grouting\669034-
0000-60ca-0001 blanket grouting site instructions.docx
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2.4 Assessment of Results

After the completion of the above sequence of the works, the success of the work carried out against
the objective should be assessed.

Based on the results of the assessment, additional holes in upstream and/or deepen the current
upstream row of grout holes for Curtain Grouting may become necessary.

y:\proj\669034 remedi whale tail dike seepage\60_gestion_construction\0001 site instruction for blanket grouting\669034-
0000-60ca-0001 blanket grouting site instructions.docx
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Certifiée SNC-LAVALIN INC.
Memorandum
1 195, The West Mall Street
Toronto, (Ontario)
Canada M9C 5K1
’)) Tel: (416) 252-5315
e Fax: (514) 231-5356
SNC+LAVALIN
TO: Frédérick L. Bolduc, Alexandre Lavallée,
Thomas Lepine DATE:  2020-01-08
c.C.: Pier-Eric McDonald, Patrice Gagnon
Nina Quan, Hafeez Baba
FROM : Tom Xue/ El Bensi Abdellah REF. : 669034-0000-40CA-0001 Rev. 01

SUBJECT : Site Instructions for Drilling and Grouting of WTD Blanket Holes

1.0 Introduction

This memo is to provide brief site instructions for drilling and grouting of the blanket holes at the WTD
foundation (Project Phase I). This document is not meant to replace the project specifications and
should be read in conjunction with the project specifications and drawings. The document provides
guidelines to allow the work to be carried out timely.

This document will subject to changes and updates based on the field findings of the progress of the
construction activities, review of field data , and inputs from project Grouting Committee to allow work
to be carried out effectively and efficiently.

2.0 Sequence of the Work

The following sequence of work should be followed as general guidelines for drilling and grouting of
the blanket holes.

2.1 Drilling and Grouting of Downstream Holes
Step 1 Casing Installations:

Advancing all steel casings from the WTD crest at a spacing of 3.0 m c/c along the downstream line
of grout holes to 300 mm to 500 mm below the provided as-built bedrock surface. The set out of
hole locations shall be established by survey tied to the project control points and approved by the
Engineer prior to drilling.

Step 2 Casing Plugging

To seal the annular space between steel casing and bedrock interfaces by injection of grout at low
pressure of about 2 times of the theoretical volume of the casing. Injection pressure and rate should
be as low as possible, and closely monitored to avoid casing upward movement.

The casing grout used shall be grout Mix C+ and is comprised of W/C=0.5 grout with 2% of calcium
chloride and 0.2% of Celbex 653 both by weight of cement.

Step 3 Bedrock Drilling

Drilling of primary grout holes at 12.0 m c¢/c with flushing water to a nominal depth of 5 m below the
bottom end of casing.

Page 1
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In general, Drilling and Grouting shall be completed in one single stage of 5 m except for the two
following cases where drilling and grouting shall be carried out in two short stages of 1.5 m (first
stage) and 3.5 m using the downstage grouting method:

a. If the water flushing loss occurs during the drilling of the first 1.5 m of the hole in rock.
b. If the hole collapses (caving-in) during drilling due to poor bedrock conditions.

A minimum of 12 hours shall be allowed prior to drilling and grouting the second stage of the same
hole.

Step 4 Blanket Hole Grouting

Grout for the blanket holes will start with grout Mix C with a W/C =0.5 and 2% of Calcium Chloride
by weight of cement.

If grout take of Mix C reached 200 L/m of the stage without refusal or grouting pressure building-up,
grouting with Mix D (W/C = 0.5, 2% of Calcium Chloride and 500 ml (per batch) of Rheomac UW
450) or Mix C+ (W/C =0.5 with 2% of Calcium Chloride and 0.2% for Celbex) shall start.

Dosage of calcium Chloride may be reduced based on the results of the compatibility tests between
Celbex and Calcium Chloride.

If no pressure building-up or no grout refusal is observed after a maximum grout take of 400 L/m
been injected or if cement grout escapes or leaks to the downstream side observed at any time,
grouting of the hole shall be stopped and will be re-grouted later at the instruction of the Engineer.

Additional steps in Section 2.3 will apply.

Step 5 Grouting of Secondary Holes

Repeat Steps 3 and 4, for split-spaced Secondary Holes.
Step 6 Grouting Tertiary Holes

Repeat Steps 3 and 4 for spilt-spaced Tertiary Holes.

2.2 Drilling and Grouting of Upstream Holes
Step 1 Casing Installations:

Advancing all steel casings from the WTD crest as a spacing of 1.5 m c/c along the upstream line
of grout holes to 300 mm to 500 mm below the provided as-built bedrock surface. The Primary holes
shall be off-set by 6.0 m from the Primary holes in downstream row with Secondary and Tertiary
holes split-spaced.

Steps 2to 5
As per Steps 2 to 5 of Section 2.1.
Step 6 Tertiary Holes

If a Primary or Secondary hole indicates a grout take less than 50 kg of dry cement per meter of
grout hole with grout Mix C with on both sides of a Tertiary hole, a thinner stable grout mix such as
Mix A or Mix B shall be the starting mix as per the instruction of the Engineer.

y:\proj\669034 remedi whale tail dike seepage\60_gestion_construction\0001 site instruction for blanket grouting\rev
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Step 7 Quarters Holes

If a Primary/Secondary/Tertiary hole indicates a grout take of less than 50 kg of dry cement per
meter with grout on both sides of a Quaternary hole, thinner grout mix will be the starting mix as per
the instruction of the Engineer.

2.3 Additional Steps

At any time, when grout take is greater than 400L per meter of grout stage length without noticeable
increase of the grouting pressure, the following additional steps shall be taken at the request of the
Engineer:

1.

w

Celbex-assisted grout with appropriate Celbex dosage shall be used by adding Celbex
directly into the Open Throat Pump starting with 0.3% and increasing progressively by
0.2% increment as necessary.

Open Throat pump will be used only to re-grout holes showing high grout take. To verify
the compatibility between Celbex and Calcium chloride, Calcium chloride shall be reduced
to 1% or less when adding Celbex in the Open Throat Pump.

Maximum Pressure Threshold when using open throat pump is 10 bars.

The injection shall be carried out with a target of a total of 400 L per meter of grout injected
using Open Throat Pump. If the Maximum volume is reached without reaching the
maximum pressure, the grouting will be discontinued, and the hole will be re-grouted later,
Otherwise, the hole will be backfilled.

Under the case that high flow can not be cut-off with the application of highest Celbex
dosage that is allowed by the Open Throat Pump system, two component grouting with
Cementitious grout and liquid Sodium Silicate from separate pumps injecting through
concentric pipe to perform flash set grouting shall be ready for implementation at the
request of the Engineer.

2.4 Assessment of Results

After the completion of the above sequence of the works, the success of the work carried out against
the objective should be assessed.

Based on the results of the assessment, additional holes in the upstream and/or deepening of the
current upstream row of grout holes for Curtain Grouting may become necessary.
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Memorandum
1 195, The West Mall Street
Toronto, (Ontario)
Canada M9C 5K1
’)) Tel: (416) 252-5315
Fax: (514) 231-5356
SNC-+LAVALIN
TO: Alexandre Lavallée, Frédérick L. Bolduc,
Thomas Lepine, and Jesse Clark DATE:  2020-03-24
c.C.: Pier-Eric McDonald, Patrice Gagnon, Marion Habersetzer
Nina Quan, Hafeez Baba
FROM : Tom Xue/ El Bensi Abdellah REE. : 669034-0000-40CA-0001 Rev. 01
" Addendum-01
SUBJECT : Site Instructions for Drilling and Grouting WTD Blanket Holes Addendum

1.0 Introduction

This memo is an Addendum to the Site Instruction (Ref. 669034-0000-40CA-0001 Rev. 01) for the WTD
foundation seepage reduction (Project Phase | — Blanket Grouting). This Addendum provides additional
instructions based on the discussions and recommendations from the recent Grouting Committee
Meeting #8 (Online meeting) on March 19th, 2020.

This document shall be read with the project technical specifications, construction drawings and site
instructions provided previously.

This document shall be subject to changes and updates based on the progress of the construction,
seepage reduction assessment based on field data, and inputs from the Grouting Committee.

2.0 Sequence of the Work

As recommended and agreed on the Grouting Committee Meeting #8, the following instructions and
path forward are presented with focus on priority area between Stations: 0+750 and 0+520.

2.1 Dirilling and Grouting of Downstream Holes

) Complete the downstream blanket grouting of Primary, Secondary, Tertiary and Quaternary holes
prior to starting the Upstream Blanket grouting between 0+750 and 0+520.

) Additional Quaternary Holes outside (between 0+520 and 0+180) can be done later when the crew
working in the same area/chainage for upstream blanket work.

2.2 Drilling and Grouting of Upstream Holes

Casing Installations:
) Advancing casings between Stations 0+750 and 0+520 at locations provided.

) The Primary, Secondary and Tertiary Casing shall be installed at split spacing as per Specifications
and design drawings.

Page 1
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Bedrock Drilling and Grouting:
) Primary and Secondary Holes are mandatory.

) In general, Primary Hole shall be drilled and grouted prior to Secondary Hole being drilled, unless
approved by the grouting engineer.

) Rock drilling and grouting shall be carried out in a 5m stage unless otherwise instructed by the
Engineer based on rock conditions.

) Rock Grouting shall start with Mix B and thickening as required.

) Backfill grout hole with Mix C to 1/3 to 1/2 of the casing length upon completion of blanket grouting
to facilitate future hole deepening for curtain grouting.

Tertiary Holes:

) Tertiary Holes shall be carried out as required, based on the results of Primary and Secondary Hole
grouting.

3.0 Assessment of Results

After the completion of the above sequence of the works or at the call of the GC, a GC meeting shall be held to
assess the success of the work carried out against the objective and discuss further work required.

In the case that the seepage reduction objective is not met upon completion the above work, further actions will
be taken based on grouting results to achieve the required seepage reduction.

4.0 Hole Depening for Curtain Grouting

Based on the assessment of downstream grouting results, additional holes in the upstream and/or deepening of
the current upstream row of grout holes for Curtain Grouting may become necessary to mitigate deep seated
seepage.

Downstream blanket holes may also need to be re-drilled and extended in priority areas/chainages to create a
two-rows deep curtain which is subject to further discussion at future GC meeting.

SNC will provide priority areas/chainages and further instruction for deep curtain grouting based on the Dam
Site Geotechnical investigation, Seepage Investigation Report and WTD as-built records for Grouting and
Secant Pile Cut-off Wall Installations.
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\ FIELDWORK INSTRUCTION SHEET
AGNICO EAGLE
FWI-001
) 669034-2000-60NV-0001
SNC-+LAVALIN

REMEDIAL WORK FOR WTD Date : 2019-12-07

PROJECT NAME: SEEPAGE

Revision : 00

CONTRACTOR: TCG

WORK DECRIPTIONS:

This site instruction applies to Grouting and Re-grouting of Primary Holes that had been drilled per 5 m
Stage. The site instruction will be updated as per the progress of the site construction.

1. REGROUTING OF PRIMARY HOLES:

Step-1: Check the hole conditions including the grout depth in the hole, water depth from ground surface. If
the grout depth in the hole below bottom of the casing, hole need to be re-grouted.

Step-2: Start injection with Mix C (W/C=0.5, 2% Calcium Chloride), adding 3% of Cellbex (by Cement
Weight) through Open Throat Pump during injection.

Step-3: Increase Cellbex by 2% (to 5% Cellbex) after 200L been injected without refusal at design grouting
pressure.

Step-4: Repeat Step-3 until refusal or the maximum capacity of the pump is reached.

Step-5: Leave the hole and wait for further instructions.




2. INITIAL GROUTING OF PRIMARY HOLES:
Step-1: Check the hole conditions including hole depth, water depth belowground surface.
Step-2: Hole cleaning as necessary.
Step-3: Start injection with Mix C (W/C=0.5, 2% Calcium Chloride) without Cellbex.

Step-4: Add 3% of Cellbex (by Dry Cement Weight) to Mix C through Open Throat Pump after 400L been
injected without refusal.

Step-5: Continue grouting with Mix C with 3% Cellbex until refusal or Vmax is reached.

Step-6: If Vmax reached, increase Cellbex by 2% and grout for a maximum volume of 400L.
If without reaching refusal at design grouting pressure,

Step-7: Leave the hole and wait for further instructions.

Muhammad Saleem, P.Eng Tom Xue, P.Eng AEM Coordinator

Nina Quan signed for

Prepared by : The Engineer W Approved by:

Approved by
— (SLI)

DATE: 2019-12-07 DATE: 2019-12-07 DATE:
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FWI-001
0)) 669034-2000-60NV-0001
SNC-+LAVALIN
Date: 2019-12-09
PROJECT NAME: SEE"FF,EC';EL WORK FOR WTD
Revision: 01
CONTRACTOR: TCG

WORK DECRIPTIONS:

This site instruction applies to Grouting and Re-grouting of Primary Holes that had been drilled per 5 m
Stage. The site instruction will be updated as per the progress of the site construction.

1. REGROUTING OF PRIMARY HOLES:

Step-1: Check the hole conditions including the grout depth in the hole, water depth from ground surface. If
the grout depth in the hole below bottom of the casing, hole need to be re-grouted.

Step-2: Start injection with Mix C (W/C=0.5, 2% Calcium Chloride), adding 0.3% of Celbex (by Cement
Weight) through Open Throat Pump during injection.

Step-3: Increase Celbex by 0.2% (to 0.5%) after 200L been injected without refusal at design grouting
pressure.

Step-4: Repeat Step-3 until refusal or the maximum capacity of the pump is reached.

Step-5: Leave the hole and wait for further instructions.




2. INITIAL GROUTING OF PRIMARY HOLES:
Step-1: Check the hole conditions including hole depth, water depth below ground surface.
Step-2: Hole cleaning as necessary.
Step-3: Start injection with Mix C (W/C=0.5, 2% Calcium Chloride) without Celbex.

Step-4: After 400L been injected without refusal at design grouting pressure, start injection with Mix D (W/C
= 0.5 with 1% Calcium Chloride and 500 ml (per 120 kg of dry cement) Rheomac UW450. As proposed, this
step is a trial and will be skipped if the effectiveness of Mix D is not satisfactory.

Step-5: Add 0.2% of Celbex (by Dry Cement Weight) to Mix C after 400L Mix D been injected without
refusal.

Step-6: Continue grouting with Mix C with 0.2% Celbex until refusal or Vmax is reached.

Step-7: If Vmax reached and possible to continue grouting same time follow step 2 to 5 in re-grouting
section and if re-grouting later follow step 1 to 5 in re-grouting section.

Tom Xue, P.Eng
Abdellah El Bensi, P.Geo.

Muhammad Saleem, P.Eng AEM Coordinator

Approved by

(SL) Approved by:

Prepared by: The Engineer

DATE: 2019-12-09 DATE: 2019-12-09 DATE:
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PLAN VIEW
SCALE 1: 1000
1 0 10 20 30 40m NOTES
ALL GROUTING AND ASSOCIATED WORK SHOULD BE CARRIED OUT PER THE TECHNICAL SPECIFICATIONS.
SUPPLEMENTARY CLAUSES FOLLOW:
1. THE BLANKET GROUT HOLES SHALL BE DRILLED FROM THE CREST OF THE DIKE WITH AN OFFSET AS
SHOWN ON DETAILS 1 AND 2. IN THE INSTRUMENTATION ZONES SHOWN ON DRAWING 003, TABLE 1,
DOWNSTREAM DOWNSTREAM THE OFFSET IS VARIABLE; REFER TO PROVIDED EXCEL FILE: CASING LOCATION.
PRIMARY HOLE SPACING = 12.0 PRIMARY HOLE SPACING = 12.0 2. THE SET OUT OF HOLE LOCATIONS SHALL BE ESTABLISHED BY SURVEY TIED TO THE PROJECT CONTROL
POINTS AND APPROVED BY THE ENGINEER REPRESENTATIVE PRIOR TO DRILLING.
3. THE CASING SHALL BE SOCKETED 300 TO 500 mm MAXIMUM PROVIDED AS BUILT BEDROCK LEVEL AND
30 3.0 3.0 30 EXISTING SECANT PILE CUTOFF WALL 30 30 30 3.0 EXISTING SECANT PILE CUTOFF WALL SEALED WITH CEMENT GROUT PLUG AT THE BOTTOM OF THE CASING TO PREVENT GROUT LEAKAGE
AROUND THE CASING. EITHER TREMIE GROUTING OR PACKER GROUTING METHODS CAN BE USED TO
|« DOWNSTREAM BLANKET ALIGNMENT |« DOWNSTREAM BLANKET ALIGNMENT GROUT THE CASING PLUG.
S SECANT PILE CUT OFF WALL — S SECANT PILE CUT OFF WALL 4. THE FINAL ELEVATION OF THE CASING SHOE AFTER BEING SOCKETED INTO BEDROCK SHOULD BE
VERIFIED BY THE SURVEYOR AND REPORTRED TO THE ENGINEER REPRESENTATIVE.
5. ANY ABNORMALITIES IN GROUND CONDITIONS, GROUND WATER, INGRESS OF FINE FILTER MATERIALS
INTO CASING, FROZEN GROUND, AND CASING ADVANCE NEED TO BE DOCUMENTED AND REPORTED TO
ENGINEER.
3.0 3.0 3.0 3.0 UPSTREAM BLANKET ALIGNMENT N
3.0 3.0 3.0 3.0 UPSTREAM BLANKET ALIGNMENT ! j ' 6. IF THE CASING STRIKES THE SECANT PILE, ITS ELEVATION SHALL BE RECORDED WITH ACCURACY. ANY
‘ ‘ ‘ Ul EXISTING UPSTREAM GROUT CURTAIN PRIMARY HOLE SPACING = 12.0 PRESENCE OF MUD OR UNSET SLURRY ENCOUNTERED DURING CASING DRILLING SHOULD BE RECORDED
PRIMARY HOLE SPACING = 12.0 NOTE: QUATERNARY HOLES MAY BE DRILLED USING SPLIT AND BROUGHT TO THE ENGINEER REPRESENTATIVE ATTENTION.
NOTE: QUATERNARY HOLES MAY BE DRILLED USING SPLIT UPSTREAM SPACING BASED ON RESULTS OF THE WORK DONE
UPSTREAM SPACING BASED ON RESULTS OF THE WORK DONE. 7. THE MAXIMUM PERMITTED INACCURACY OF GROUT HOLE CASING POSITIONING IS 50 MM IN ANY
UPSTREAM HOLES SHALL BE EXTENDED FOR CURTAIN DIRECTION. THE ALIGNMENT OF DRILL HOLE CASINGS SHALL BE VERIFIED AT ALL TIMES. MAXIMUM
GROUTING AS REQUIRED. VERTICAL DEVIATION OF A DRILL HOLE CASING SHALL NOT EXCEED 0.5% OF ITS DRILLED LENGTH.
DETAIL 1 DETAIL 2
—_— — 8. EACH CASING SHALL BE PROTECTED FROM ANY CLOGGING OR OBSTRUCTION BY MEANS OF A
UPSTREAM AND DOWNSTREAM BLANKETS BETWEEN STATIONS 0+170 AND 0+520 UPSTREAM AND DOWNSTREAM BLANKETS BETWEEN STATIONS 0+520 AND 0+750 TEMPORARY CAP OR OTHER SUITABLE DEVICE AT THE COLLAR. ANY HOLE OBSTRUCTED SHALL BE
CLEANED OUT OR RE-DRILLED BY THE CONTRACTOR.
FOR INSTRUMENTATION ZONE SEE TABLE 1 (DWG—-003) FOR INSTRUMENTATION ZONE SEE TABLE 1 (DWG—003)
SCALE: 1:100 SCALE: 1:100 9. THE CASING DRILLING RECORDS AND SURVEY DATA TO BE SUBMITTED TO THE ENGINEER
REPRESENTATIVE AT THE END OF THE SHIFT.
10. BLANKET GROUTING LIMITS SHALL BE CONFIRMED BASED ON THE FIELD OBSERVATIONS.
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1. DOWNSTREAM BLANKET HOLES SHALL BE DRILLED AND
GROUTED FIRST PRIOR TO START THE UPSTREAM BLANKET

? WHALE TAIL DIKE UPSTREAM — HOLES.

! 2. GROUT HOLE CASINGS SHALL BE SOCKETED TO A TYPICAL

‘ DEPTH OF 300 mm MIN. TO 500 mm MAX. BELOW PROVIDED

DETAILS 1 AND 2 AS—BUILT BEDROCK LEVEL AND SHALL BE SEALED BY
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= EL. 157.0 3. PRIMARY, SECONDARY AND TERTIARY HOLES ARE MANDATORY
AT SPACING OF 12.0; 6.0 AND 3.0 M RESPECTIVELY.
QUATERNARY GROUT HOLES SHALL BE DRILLED AND GROUTED
4 ALONG THE UPSTREAM BLANKET ROW USING SPLIT SPACING
9 N BASED ON THE RESULTS OF WORK DONE.

N |
5

EILOLWI

4. DOWNSTREAM BLANKET ROW SHALL BE LOCATED 0.7 M
DOWNSTREAM OF THE SECANT PILE CENTRELINE.THE
UPSTREAM BLANKET ROW SHALL BE LOCATED 0.7 M UPSTREAM
SECANT PILE CENTRELINE EAST OF 0+520 AND 1.2 M WEST
OF 0+520.

IN THE INSTRUMENTATION ZONES, INDICATED IN TABLE 1, THE
OFFSET OF UPSTREAM AND DOWNSTREAM BLANKET ROWS IS
VARIABLE, REFER TO PROVIDED CASING LOCATION EXCEL FILE.

150 1 r150

5. DOWNSTREAM AND UPSTREAM BLANKET HOLES ARE TYPICALLY
5.0 M LENGTH AND SHALL BE GROUTED IN ONE STAGE OR IN
TWO SHORT STAGES OF 1.5 M AND 3.5 M RESPECTIVELY

| ACCORDING TO SITE CONDITION USING DOWNSTAGE GROUTING

| METHOD.
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TABLE 1
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Appendix A-4:

List of Changes on Technical Specifications,

Simplified Work Instructions and Field Work
Instructions



Whale Tail Dike Remedial Grouting Sepecifications and Design Drawings Changes Tracking

Document Revision Date Issued Subject
TECHNICAL SPECIFICATIONS FOR THE WHALE TAIL DIKE FOUNDATION ROCK GROUTING Technlcal Specifications fgr Whale Ta|l D.Ike Remecﬁal Drilling and Grouting Works Rev. PC was .
Document Number- 611913-E531-40EF-0001 PC 2019-10-03 issued for AEM and Grouting Committee's (GC) review and comments. The document was the main
' topic of the discussion in the Grouting Committee Meeting No.3 held on Oct. 17th, 2019 in Montreal.
TECHNICAL SPECIFICATIONS FOR THE WHALE TAIL DIKE FOUNDATION BLANKET GROUTING As per discussions and recommendations from GC Meetln.g No._3, Technical and Specifications had
) PD 2019-10-28 been updated to Rev PD. Reference can be made to meeting minutes 669034-0000-30MC-0001 for
Document Number: 669034-0000-40EF-0001 . . :
details of the comments and recommendations to the designs.
Rev. PD had been updated to Rev PE based on recommendations presented in GC's letter Dated
TECHNICAL SPECIFICATIONS FOR THE WHALE TAIL DIKE FOUNDATION BLANKET GROUTING Oct. 25, 2019 and further discussions with AME engineers and site staff to |mplemgnt thg simplified
Document Number: 669034-0000-40EF-0001 PE 2019-11-27 approach and path forward proposed by the GC. Phased approach adopated starting with two rows
’ of Blanket Grouting (Phase |) and based on the results of Blanket Grouting to decide the requirement
of deepen the Upstream Blanket holes for Curtain Grouting (Phase Il)
TECHNICAL SPECIFICATIONS FOR THE WHALE TAIL DIKE FOUNDATION BLANKET GROUTING 00 2020-01-10 Document Rev. PE had been updated based on comments on received and the discussions and

Document Number: 669034-0000-40EF-0001

recommendations from GC Meeting No.5 held on December 5, 2019.




Whale Tail Dike Remedial Grouting Site Instructions Changes Tracking

Document

Revision

Date Issued

Subject

SITE INSTRUCTIONS FOR DRILLING AND BLANKET GROUTING
(Document Number: 669034-0000-40CA-0001 Rev. 00)

Rev 00

2019-11-19

A technical memo - Site Instructions for Drilling and Blanket Grouting Rev PB was issued on November 19, 2019.
The objective of this document is to provide key instructions to the drilling and grouting of the Blanket Holes at the
WTD foundation to allow work to start timely before Design Drawings and Specifications are ready and approved.
The Site Instructions were prepared based on discussions and comments on Technical Specs Rev PD, Grouting
Committee's Letter dated October 25, 2019 and in alignment with the objective of 40 to 50% seepage deduction with

simplfied and phased project approach. This document may require update based on the progress and results of the
field work.

Rev 01

2020-01-08

The Site Instructions Rev 00 was updated to Rev 01 to incorporate:
(1) modification of the Mix C+ by reducing the Calcium Chloride dosage
(2)conditions for drilling and grouting the hole in two stages




Whale Tail Dike Remedial Grouting Fieldwork Instructions Changes Tracking

Document Date Issued Subject Notes
— ) . . This Fieldwork Instruction provide by email dated Dec. 03, 2019 on Subject: Grout mix change procedures
Fieldwork Instruction No.1 (Email) 2019-12-03 gr:ézgtgigow Rock Grouting on Grout Mix Change during the Blanket Hole Grouting and Regrouting (prior to Open Throat Pump is available) based on the on
site trial mix results and ground response on grout take and grouting pressure.
) This Fieldwork instruction applies to Grouting and Re-grouting of Primary Holes with the application of Celbex
Fieldwork Instruction No.2 (FWI 001 Rev 00) 2019-12-07 IS DTG INST.RUCTION SIS RO using Open Throat Pump as recommended by Grouting Committee (Meeting No. 5 on December 05 2019) that
Document Number: 669034-2000-60NV-0001 Rev. 00 . o . . : :
had been drilled per 5 m Stage. The site instruction will be updated as per the progress of the site construction.
Fieldwork Instruction No.3 ~ (FWI1 001 Rev. 01) 2019-12-09 FIELDWORK INSTRUCTION SHEET F\WI-001 The fieldwork instruction No.2 was updated to introduce Mix D

Document Number: 669034-2000-60NV-0001 Rev. 01




Whale Tail Dike Remedial Grouting Sepecification and Design Drawings Changes Tracking

Document Date Issued Date Re-issued Subject Notes
A technical memo - Site Instructions for Drilling and Blanket Grouting was prepared on November 19, 2019 to
provide brief instructions to the drilling and grouting of the Blanket Holes at the WTD foundation to allow work to
. . SITE INSTRUCTIONS FOR DRILLING AND BLANKET |start timely before Design Drawings and Specifications are ready and approved.
Site Instruction #1 | ;7.9 1419 2019-10-28 GROUTING  (Technical Memo) The Site Instructions were based on discussions and comments on Design Specs Rve PD issued and Grouting
(Technical Memo) Document Number: 669034-0000-40CA-0001 Rev. 00  |Committee's Letter dated October 25, 2019 and in alignment with the objective of 40 to 50% seepage deduction
with simplfied and phased project approach.
The Site Instructions will be updated based on the progress and results of the field work.
N . . This Site Instruction provide by email dated Dec. 03, 2019 on Subject: Grout mix change procedures during
Site Instruction #2 2019-12-03 NA g::éggtgigom Rock Grouting on Grout Mix Change the Blanket Hole Grouting and Regrouting (prior to Open Throat Pump is available) based on the on site tria
mix results and ground response on grout take and grouting pressure.
Site Instruction #3 | 514 15 o7 2019-12-09 A5 DO MSUIM Lo slal 22U LI gm:nsﬁ;g:rgztrlg : 22 ?Ziirfmifé‘éﬁ'% arc]goi(:ifroggrr:ugm?:t:;?uzzyh;'g Is:evrlltgritlrlleedap;rl Igar:qlosnt;) feC itr)mzxsli{[:ng
(FWI 001 Rev 00) Document Number: 669034-2000-60NV-0001 Rev. 00 | -Pen ' hroat FUmp y g won . P 9e:
instruction will be updated as per the progress of the site construction.
Site Instruction #4 | 54,1015 og NA FIELDWORK INSTRUGTION SHEET FW1-00" Open Throat Pump that had bea iled per 5 m Stage. The site mstraoton will b cpciated as per the progress
(FWI 001 Rev. 01) Document Number: 669034-2000-60NV-0001 Rev. 01 pen 1 P P ge-. P P prog
of the site construction.
. . SITE INSTRUCTIONS FOR DRILLING AND BLANKET . . . s : : : .
Site Instruction#1 2019-12-09 NA GROUTING (Technical Memo) Reissued to to allow the using of Mix D for Initail Grouting on a trial base and using Open Throat Pump with

(Technical Memo)

Document Number: 669034-0000-40CA-0001 Rev. 01

Celbex on Re-grouting.




Deviation List for Remedial Grouting At Whale Tail Dike

Deviation # | Date Received |Date Responded Status Subject Location/Address Notes
AEM will QC did not use centerlizer to monitor Daily Report - Contractor informed that they will use inclino meter
001 2019-11-10 manage the |~ .~ . multiple locations without centerlizer as they did last winter but AEM will look if they can
W inclination ' . » .
situation findout centerlizer for 4.6” casing.
wdllll Iy 1U1 O UIU TIULTIAavVT viLal dpypydidiuo ariu
002 2019-11-14 apparatus and [did not know how to use filtration during Trial mix Vicat apparatus received and fist vicat test performed on Dec 5, 2029
——— SR RAF O CTeCK T UEUTUCK TToTES aTe
not been checked. AEM said inclination
check is not necessary in the rock hole As per specs. "Deviation from vertical in the bedrock section of the hole
003 2019-12-06 ) . : : o : p
during daily construction meeting on shall not exceed 2% of drilled length.
Dec 6, 2019 and captured on weekly
ronanvt forv vaina It cnd DNasr N7 2040
1clidal y TNUICS UTnicyu Wiinc STuuliudail y INUICS VU T5.0 dlU OULU.U WCIT T1TUL
004 2020-01-13 Drilling of tertiary holes prior to grouted T611.5, T617.5, T623.5, T629.5 been grouted yet. As per spec. Tertiary holes shall be drllleq in _rock
secondary holes after secondary holes has been grouted and grout reached its final set

. orps . “VCGIIOUULIVU I Llaly NUICO Tiado DCCTIT Ulincyu ariu UIUUI.UU \U LILILI UIOLGII\;U}.
005 2020-01-12 Cont|nuoustedr:ilglrr;ghi?edsgroutlng o WTD Tertiary holes As per spec. minimum distance between two drilled holes in bedrock is
006 2020-02-13 2020-02-13 accepted  |Use of Mix B in Tertiary Holes WTD Tertiary holes ﬁ‘flz/'sa”d SNC agreed with the KCG proposal of using Mix B in Tertiary

- - - >

007 2020-03-10 change in Mix G WTD injection Changed water cement ratio to 0.55 and calcium chloride to 1% due to

issues with cement quality.
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Saleem, Muhammad

From: Jesse Clark <jesse.clark@agnicoeagle.com>

Sent: November 30, 2019 10:25 AM

To: Du, Jin Dong; Xue, Tom; El Bensi, Abdellah; Quan, Nina

Cc: Ken Lachance; Pier-Eric McDonald; Patrice Gagnon; Frederick Bolduc; Alexandre
Lavallee; Thomas Lepine

Subject: RE: [EXTERNAL] RE: Discrepancies on grout mix for bedrock injection

Great thank you for the quick response. That clarifies things for us.
Thanks,

Jesse Clark
460.6837

From: Du, Jin Dong <JinDong.Du@snclavalin.com>

Sent: Saturday, November 30, 2019 9:24 AM

To: Jesse Clark <jesse.clark@agnicoeagle.com>; Xue, Tom <Tom.Xue@snclavalin.com>; El Bensi, Abdellah
<Abdellah.EIBensi@snclavalin.com>; Quan, Nina <Nina.Quan@snclavalin.com>

Cc: Ken Lachance <Ken.Lachance@GroupeGilbert.com>; Pier-Eric McDonald <pier-eric.mcdonald@agnicoeagle.com>;
Patrice Gagnon <patrice.gagnon@agnicoeagle.com>; Frederick Bolduc <frederick.bolduc@agnicoeagle.com>; Alexandre
Lavallee <alexandre.lavallee@agnicoeagle.com>; Thomas Lepine <thomas.lepine@agnicoeagle.com>

Subject: [EXTERNAL] RE: Discrepancies on grout mix for bedrock injection

CAUTION: EXTERNAL

Hi Jesse,

| have talked to the designer who agrees with your suggestion. The recommendations are:
We can start with Mix C without celbex. When injection volume reaches 400L without pressure building up, Cellbex will
be added according to the specifications.

Regards,

Jin Dong

From: Jesse Clark <jesse.clark@agnicoeagle.com>

Sent: November 30, 2019 10:05 AM

To: Du, Jin Dong <JinDong.Du@snclavalin.com>; Xue, Tom <Tom.Xue@snclavalin.com>; El Bensi, Abdellah
<Abdellah.EIBensi@snclavalin.com>; Quan, Nina <Nina.Quan@snclavalin.com>

Cc: Ken Lachance <Ken.Lachance@GroupeGilbert.com>; Pier-Eric McDonald <pier-eric. mncdonald@agnicoeagle.com>;
Patrice Gagnon <patrice.gagnon@agnicoeagle.com>; Frederick Bolduc <frederick.bolduc@agnicoeagle.com>; Alexandre
Lavallee <alexandre.lavallee@agnicoeagle.com>; Thomas Lepine <thomas.lepine@agnicoeagle.com>

Subject: Discrepancies on grout mix for bedrock injection

Importance: High

Hi Jin-Dong,



As we discussed we require clarification on the grout mix for starting injection. The evolution of the mix throughout all
the previous documents is as follows:

1. Grout Committee Letter

Step 4.  Grout the primary grout holes. Start injection with a 0.5:1 water.cement ratio
grout plus 2% calcium chlonide by weight of cement

If no pressure response 1s observed, or cementitious grout repors to the
downstream side of the dike, add a dosage of 0.1% by weight of cement of the
additive Celbex 853 to the hopper. If the stage takes, inject a maximum
volume of 400 Limetre of open grout hole (i.e. 1200 L for a 3m stage length)
Mote: Volumes to be injected are to be confirmed and/or revised in the field

2. Specification from SNC
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This spec called for starting with A and moving to C and C plus celebex. Initially we had an issue with this
approach but after discussion with SNC we decided it was safer to start thinner and work towards mix C and
then mix C plus celebex. As discussed it was clear that after grouting a few holes we would no the right initial
mix.

3. Simplified instructions from SNC
will start with grout Mix C with a WIG =0.5, 2% Calcium Chigride and
.-_;Iil: l.l‘l' ement

Grout the Fnmary grout holes v

1.2% of Cellbex 853 both |='-r' WL

Although we were quite happy with this document, when reviewing this we were concerned it deviated from
the grout committee letter by starting thicker than the committee recommendations and the previous
conversations on the specification. | asked this question and was told it was supported by field data. After
speaking with the field team there is no field data to support this mix.

4. Latest specification from SNC



Grout Mix Design for Rock Grou
wic Ratio 0.50
Specific gravity 1.7-1.85
Marsh Time T0-80s
Portland Cement HE {Type 30) 120 kg
Wiatar RN lifters

This indicates Mix already has 0.3% celbex already. This also doesn’t appear consistent with the previous 3
documents and the conversations that we’ve had previously on the subject.

As the client we were concerned about the discrepancy of the first issued specification with the committee letter. The
conversations with SNC convinced us that starting thinner would more advantageous then starting thicker, as we would
know after injecting several holes what was the right mix. However, the latest field instructions are to start thicker than
all previously proposed initial mixes. Unless there is data to back this up we don’t agree with this approach.

We are comfortable to start with Mix C with no celbex. We would also be comfortable to start with mix A or B for the
first few holes to confirm what is the best initial mix.

Thanks very much. Let me know if you have any questions.

Jesse Clark | Geotechnical Coordinator
h\ jesse.clark@agnicoeagle.com | Direct 819.759.3555 460.6837

Agnico Eagle Mines Limited - Meadowbank Division, Suite 540 - Baker Lake, Nunavut, Canada X0C
0AO

agnicoeagle.com ¥ |1 L 1




Saleem, Muhammad

From: Du, Jin Dong

Sent: November 30, 2019 2:13 PM

To: Jesse Clark; Marion Habersetzer; Pier-Eric McDonald

Cc: Xue, Tom; El Bensi, Abdellah; Quan, Nina; Saleem, Muhammad

Subject: 669034-modification of the locations of the boreholes at 434.5m and 254.5m
Hi Jesse,

As discovered by AEM, the boreholes at 434.5m and 254.5m are too close to the instrumentation shacks, and the
casings cannot be installed. AEM proposed to offset the two boreholes on the downstream side. AEM proposed the
new distance from the dike centerline to the two boreholes at Stations 434.5m and 254.5m to be 1.8m and 2.15m
respectively.

SNC-Lavalin design team agrees with the above--mentioned changes.
Regards,

Jin Dong

Jin Dong Du
Senior Geotechnical Engineer
Mining & Metallurgy

Tel.: +1(416)252-5315 x 54392

SNC-Lavalin INC.



Saleem, Muhammad

From: Quan, Nina

Sent: November 30, 2019 9:44 PM

To: Jesse Clark; Xue, Tom; El Bensi, Abdellah; Du, Jin Dong

Cc: Ken Lachance; Patrice Gagnon; Pier-Eric McDonald; Frederick Bolduc; Thomas Lepine; Alexandre
Lavallee

Subject: RE: [EXTERNAL] RE: Two issues with casing drilling to be rectified by the designer

Hi Jesse

Packer Tests or Water Pressure Tests are used to assess the hydraulic conductivity of the bedrock (Lugeon values) which
had been removed from the Specs as per AEM’s request to simplify the process of grouting work.

Using Packer testing to decide if grout plug is required or not may not be practical and time consuming as most of the
holes (we believe) will take water and we will need the do the grout plug after the water pressure test anyway. It may
not save time and efforts at the end.

We are okay if AEM and the contractor both agree to give it a try.

Best Regards

Nina Quan, p. Eng.

Ingénieur en Géotechnique/Geotechnical Engineer
Capital de mantien/Sustainable Capital Toronto Office
Mines et métallurgie/Mining & Metallurgy

Tel.: (416) 252-5315 x 54162
Cell.: (416) 434-1851
Fax: (416) 231-5336

SNC-Lavalin
195 The West Mall
Toronto | Ontario | Canada | M9C 5K1

From: Jesse Clark <jesse.clark@agnicoeagle.com>

Sent: November 30, 2019 7:22 AM

To: Quan, Nina <Nina.Quan@snclavalin.com>; Xue, Tom <Tom.Xue@snclavalin.com>; El Bensi, Abdellah
<Abdellah.EIBensi@snclavalin.com>; Du, Jin Dong <JinDong.Du@snclavalin.com>

Cc: Ken Lachance <Ken.Lachance@GroupeGilbert.com>; Patrice Gagnon <patrice.gagnon@agnicoeagle.com>; Pier-Eric
McDonald <pier-eric.mcdonald@agnicoeagle.com>; Frederick Bolduc <frederick.bolduc@agnicoeagle.com>; Thomas
Lepine <thomas.lepine@agnicoeagle.com>; Alexandre Lavallee <alexandre.lavallee@agnicoeagle.com>

Subject: RE: [EXTERNAL] RE: Two issues with casing drilling to be rectified by the designer

Hi Nina,



Forissue 1 if we can find a way to do a pressure test of the hole would this be sufficient? If it holds pressure equivalent
or higher than the injection pressures it shouldn’t need the grout plug.

That makes sense about Issue 2. Thanks for your help.

Jesse Clark
460.6837

From: Quan, Nina <Nina.Quan@snclavalin.com>

Sent: Friday, November 29, 2019 7:29 PM

To: Jesse Clark <jesse.clark@agnicoeagle.com>; Xue, Tom <Tom.Xue@snclavalin.com>; El Bensi, Abdellah
<Abdellah.EIBensi@snclavalin.com>; Du, Jin Dong <JinDong.Du@snclavalin.com>

Cc: Ken Lachance <Ken.Lachance@GroupeGilbert.com>; Patrice Gagnon <patrice.gagnon@agnicoeagle.com>; Pier-Eric
McDonald <pier-eric.mcdonald@agnicoeagle.com>; Frederick Bolduc <frederick.bolduc@agnicoeagle.com>; Thomas
Lepine <thomas.lepine@agnicoeagle.com>; Alexandre Lavallee <alexandre.lavallee@agnicoeagle.com>

Subject: [EXTERNAL] RE: Two issues with casing drilling to be rectified by the designer

'CAUTION: EXTERNAL

Hello Jesse

Our reply as follows:

Issue 1:

It is not reliable to depend on fine filter material to seal the annulus space due to the properties of granular material.
Therefore, grout plug should be carried out as per Specs.

Issue 2:

We agree to extend the casings that did not reach bedrock to 0.3 to 0.5 m below weathered bedrock surface before
grout plug be carried out. Care must be taken when advancing to depth close the anticipated bedrock surface to avoid
over drill (drill too deep in bedrock surface). SNC engineer should be consulted if any uncertainty occurs. Drilling and
grouting in the bedrock shall start only when casing grout plug be completed and grout reach final set.

We would like to have a discussion with AEM on Monday morning to explain our approach and the risks related to
execution uncertainties.

Best Regards

Nina Quan, p. Eng.

Ingénieur en Géotechnique/Geotechnical Engineer
Capital de mantien/Sustainable Capital Toronto Office
Mines et métallurgie/Mining & Metallurgy

Tel.: (416) 252-5315 x 54162

Cell.: (416) 434-1851
Fax: (416) 231-5336

SNC-Lavalin
195 The West Mall
Toronto | Ontario | Canada | M9C 5K1



From: Jesse Clark <jesse.clark@agnicoeagle.com>

Sent: November 29, 2019 2:16 PM

To: Quan, Nina <Nina.Quan@snclavalin.com>; Xue, Tom <Tom.Xue@snclavalin.com>; El Bensi, Abdellah
<Abdellah.EIBensi@snclavalin.com>; Du, Jin Dong <JinDong.Du@snclavalin.com>

Cc: Ken Lachance <Ken.Lachance@GroupeGilbert.com>; Patrice Gagnon <patrice.gagnon@agnicoeagle.com>; Pier-Eric
McDonald <pier-eric.mcdonald@agnicoeagle.com>; Frederick Bolduc <frederick.bolduc@agnicoeagle.com>; Thomas
Lepine <thomas.lepine@agnicoeagle.com>; Alexandre Lavallee <alexandre.lavallee@agnicoeagle.com>

Subject: Two issues with casing drilling to be rectified by the designer

Hi Nina,
As discussed on the phone we have two issues we require clarification on.

Issue 1:

We are finding many of the casings during the drilling are having the anulus of the casing seal naturally when the fine
filter material packs around the casing. This means we have effectively sealed the annulus of the casing without any
grout injection. When we’ve gone to inject grout for the plug it takes very little grout. Can we instead do a pressure
test of the casing to confirm an effective seal so that the contractor doesn’t have to mobilize the grout plant until after
injection drilling?

Issue 2:

At the start of the program with the max cut and the holes that finished in the max cut we are finding there is a lot of
time wasted taking the Tamrock to drill only to find out we need to deepen the casing. The tamrock drilling in the fine
filter material isn’t good because the bit gets gummed up with swelling bentonite mixed with water. We would like to
take holes where we finished on the max cut, and where log shows that we are not yet in bedrock and deepen the
casing to bedrock prior to starting the injection drilling work. This is more logical and efficient for us and | don’t see any
reason in the spec that prevents us from doing this as the max cut has been removed from the spec. Therefore all those
holes that finished on max cut with-out reaching bedrock haven’t reached target according to the specification and so
we should be able to deepen that casing before starting injection drilling.

A quick response on both items would be much appreciated.

Thanks,

Jesse Clark | Geotechnical Coordinator
LY jesse.clark@agnicoeagle.com | Direct 819.759.3555 460.6837
Agnico Eagle Mines Limited - Meadowbank Division, Suite 540 - Baker Lake, Nunavut, Canada X0C
AGNICO EAGLE  0AO )
agnicoeagle.com ®1 1 pa L0




Saleem, Muhammad

From: Pier-Eric McDonald <pier-ericcmcdonald@agnicoeagle.com>

Sent: December 3, 2019 12:17 PM

To: William Lavoie; Jeannot Gagnon; Audrey Bilodeau Groupe Gilbert; Alex Penney; Ken
Lachance

Cc: Alexandre Lavallee; Thomas Lepine; Yannick Simard; Jean-Francois Beland; Jesse Clark;

Frederick Bolduc; Xue, Tom; El Bensi, Abdellah; Quan, Nina; Saleem, Muhammad; Du, Jin
Dong; Marion Habersetzer; Patrice Gagnon

Subject: Clarified Grouting steps from SNC
Attachments: Bedrock Grouting.pdf
Importance: High

Hi KCG,

Please revise and present to field crew some clarifications about chronological steps to follow for high volume take
holes. See the attached document as well as clarificatications outlined in communication below.

| think its clear and simple and we don’t have to redrill in any case which may have been a logistical problem putting
delays.

KCG, especially Ken, let us know if there is any concern with this.
Ken please consider that we’ll have to gear up and get ready for Sodium Silicate mix injection.

Regards,

Pier-Eric McDonald | Geotechnical Engineer
pier-eric.mcdonald@agnicoeagle.com | Direct 819.759.3555 x4606726

h\ Agnico Eagle Mines Limited - Meadowbank Division, Suite 540 - Baker Lake, Nunavut, Canada X0C
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From: Pier-Eric McDonald <pier-eric.ncdonald@agnicoeagle.com>

Sent: December 3, 2019 11:23 AM

To: Quan, Nina <Nina.Quan@snclavalin.com>; Jesse Clark <jesse.clark@agnicoeagle.com>

Cc: Frederick Bolduc <frederick.bolduc@agnicoeagle.com>; Patrice Gagnon <patrice.gagnon@agnicoeagle.com>;
Alexandre Lavallee <alexandre.lavallee@agnicoeagle.com>; Pascal Lavoie <pascal.lavoie@agnicoeagle.com>; Du, Jin
Dong <JinDong.Du@snclavalin.com>; El Bensi, Abdellah <Abdellah.EIBensi@snclavalin.com>; Xue, Tom
<Tom.Xue@snclavalin.com>; Saleem, Muhammad <Muhammad.Saleem@snclavalin.com>

Subject: RE: [EXTERNAL] RE: Path forward on injection over the next few days

Hi Nina,

Thanks for the procedure, we are please since it is clear and simple. Few clarifications we’d like to know:



e When we are talking about re-grout in steps 4 and 5, is it re-grouting regardless of previously “set”
grout elevation meaning we just insert packers and regrout or it involves re-drill and re-cleaning (which
might be logistically very hard). | think this details merits further clarification.

SNC: No re-drill is required, if set grout elevation is within casing, no re-grout is required.

e Isthe target pressure kept the same despite the packer being 1m above casing shoe?

SNC: the target pressure should be calculated/adjusted with referencing the measure “set grout”
elevation in the holes to be re-grouted and packer elevation.

e 5c: “stop injection for further instruction”, does this mean the potential use of sodium silicate that we
are not ready for yet? | want to have the designer point of view as if reaching step 5c is satisfactory and
we can keep the primaries as is at this point and solve with secondaries and tertiaries, OR we would
have to come back to redrill and inject mixes such as sodium silicate?

SNC: If no refusal is reached during re-grout with Mix D/Mix E, flush set grout with the application of
sodium silicate will be required. Further discussions are needed regarding KCG’s preparedness on this.

Once this is clarified, we’ll forward it to the contractor. Please note as well I've pressed the contractor to synchronize
with Jin Dong to get Vicat set time tests today.

Regards,

Pier-Eric McDonald | Geotechnical Engineer
pier-eric.mcdonald@agnicoeagle.com | Direct 819.759.3555 x4606726

k Agnico Eagle Mines Limited - Meadowbank Division, Suite 540 - Baker Lake, Nunavut, Canada X0C
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From: Quan, Nina [mailto:Nina.Quan@snclavalin.com]

Sent: December 3, 2019 9:45 AM

To: Jesse Clark <jesse.clark@agnicoeagle.com>

Cc: Frederick Bolduc <frederick.bolduc@agnicoeagle.com>; Patrice Gagnon <patrice.gagnon@agnicoeagle.com>; Pier-
Eric McDonald <pier-eric.mcdonald@agnicoeagle.com>; Alexandre Lavallee <alexandre.lavallee@agnicoeagle.com>;
Pascal Lavoie <pascal.lavoie@agnicoeagle.com>; Du, Jin Dong <JinDong.Du@snclavalin.com>; El Bensi, Abdellah
<Abdellah.EIBensi@snclavalin.com>; Xue, Tom <Tom.Xue@snclavalin.com>; Saleem, Muhammad
<Muhammad.Saleem@snclavalin.com>

Subject: RE: [EXTERNAL] RE: Path forward on injection over the next few days

Hello Jesse and Pier-Eric

Tom updated the grout mix procedures and the updated procedures was also forwarded to Jin Dong and Saleem to
follow (see the attached file).

Please let us know if you still would like to have a discussion. In the mean time, we focus on the preparation of the
presentation for the Grouting Committee since we have very short time to prepare for it.

Best Regards

Nina Quan, p. Eng.

Ingénieur en Géotechnique/Geotechnical Engineer
Capital de mantien/Sustainable Capital Toronto Office
Mines et métallurgie/Mining & Metallurgy

Tel.: (416) 252-5315 x 54162

Cell.: (416) 434-1851
Fax: (416) 231-5336
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Saleem, Muhammad

From: Du, Jin Dong

Sent: December 3, 2019 3:08 PM

To: Pier-Eric McDonald

Cc: Yannick Simard; Jesse Clark; Xue, Tom; Quan, Nina; El Bensi, Abdellah; Saleem,
Muhammad; William Lavoie

Subject: RE: [EXTERNAL] Daily Report -Dec 02 2019

Hi Pier-Eric,

| did asked SNC-Lavalin design team if it is ok to re-grout these holes tomorrow in our meeting yesterday afternoon;
they were ok for this.

Regards,

Jin Dong

From: Pier-Eric McDonald <pier-eric.mcdonald@agnicoeagle.com>

Sent: December 3, 2019 2:50 PM

To: Du, Jin Dong <JinDong.Du@snclavalin.com>

Cc: Yannick Simard <Yannick.Simard@agnicoeagle.com>; Jesse Clark <jesse.clark@agnicoeagle.com>; Xue, Tom
<Tom.Xue@snclavalin.com>; Quan, Nina <Nina.Quan@snclavalin.com>; El Bensi, Abdellah
<Abdellah.EIBensi@snclavalin.com>; Saleem, Muhammad <Muhammad.Saleem@snclavalin.com>; William Lavoie
<William.Lavoie@groupegilbert.com>

Subject: RE: [EXTERNAL] Daily Report -Dec 02 2019

Makes sense to me if SNC is comfortable as well.

From: Du, Jin Dong [mailto:JinDong.Du@snclavalin.com]

Sent: December 3, 2019 1:48 PM

To: Pier-Eric McDonald <pier-eric. ncdonald@agnicoeagle.com>

Cc: Yannick Simard <Yannick.Simard @agnicoeagle.com>; Jesse Clark <jesse.clark@agnicoeagle.com>; Xue, Tom
<Tom.Xue@snclavalin.com>; Quan, Nina <Nina.Quan@snclavalin.com>; El Bensi, Abdellah
<Abdellah.EIBensi@snclavalin.com>; Saleem, Muhammad <Muhammad.Saleem@snclavalin.com>; William Lavoie
<William.Lavoie@groupegilbert.com>

Subject: RE: [EXTERNAL] Daily Report -Dec 02 2019

Hi Pier-Eric,

| just discussed this with KCG. The casing plugs they planned to grout today are for the secondary and tertiary holes
within the current bedrock grouting section which AEM wants to finish the full grouting first. KCG thinks it is more
efficient to finish the casing plugs for these holes in this section first because these holes will be grouted for the bedrock
soon and the casing plugs need some time to set.

They said the re-grouting for those high intake low pressure holes can be started tomorrow.

Regards,



Jin Dong

From: Du, Jin Dong

Sent: December 3, 2019 12:33 PM

To: 'Pier-Eric McDonald' <pier-eric.mcdonald@agnicoeagle.com>

Cc: Yannick Simard <Yannick.Simard @agnicoeagle.com>; Jesse Clark <jesse.clark@agnicoeagle.com>; Xue, Tom
<Tom.Xue@snclavalin.com>; Quan, Nina <Nina.Quan@snclavalin.com>; El Bensi, Abdellah
<Abdellah.EIBensi@snclavalin.com>; Saleem, Muhammad <Muhammad.Saleem@snclavalin.com>

Subject: RE: [EXTERNAL] Daily Report -Dec 02 2019

Hi Pier-Eric,

The grouting of the casing plugs has started after the bedrock grouting was completed at P668.5 this morning. | will
talk to KCG now to see what the best option is and to see if they are prepared to re-gout the holes. The re-grouting
needs some measurements of the hole which | believe they are taking in the field now. | will get back to you after |
discuss this with KCG.

Regards,

Jin Dong

From: Pier-Eric McDonald <pier-eric.ncdonald@agnicoeagle.com>

Sent: December 3, 2019 12:24 PM

To: Du, Jin Dong <JinDong.Du@snclavalin.com>

Cc: Yannick Simard <Yannick.Simard@agnicoeagle.com>; Jesse Clark <jesse.clark@agnicoeagle.com>
Subject: RE: [EXTERNAL] Daily Report -Dec 02 2019

Hi Jin Dong,

We just have the final steps by Tom Xue. Before moving in to the plugs today (or at the same time if we are nearby), do
you intent to follow the steps outlined in Toms document to continue grouting following his approach for the
outstanding holes that reached Vmax?

What would be your proposal?

Pier-Eric McDonald | Geotechnical Engineer
pier-eric.mcdonald@agnicoeagle.com | Direct 819.759.3555 x4606726

k Agnico Eagle Mines Limited - Meadowbank Division, Suite 540 - Baker Lake, Nunavut, Canada X0C
0AO
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From: Du, Jin Dong [mailto:JinDong.Du@snclavalin.com]

Sent: December 3, 2019 11:16 AM

To: Xue, Tom <Tom.Xue@snclavalin.com>; El Bensi, Abdellah <Abdellah.EIBensi@snclavalin.com>; Thomas Lepine

<thomas.lepine@agnicoeagle.com>; Alexandre Lavallee <alexandre.lavallee@agnicoeagle.com>; Jesse Clark

<jesse.clark@agnicoeagle.com>; Frederick Bolduc <frederick.bolduc@agnicoeagle.com>; Marion Habersetzer

<marion.habersetzer@agnicoeagle.com>; Patrice Gagnon <patrice.gagnon@agnicoeagle.com>; Saleem, Muhammad
2




<Muhammad.Saleem@snclavalin.com>; Quan, Nina <Nina.Quan@snclavalin.com>; Baba, Hafeez
<Hafeez.Baba@snclavalin.com>; Pier-Eric McDonald <pier-eric.ncdonald@agnicoeagle.com>; Yannick Simard
<Yannick.Simard@agnicoeagle.com>

Subject: [EXTERNAL] Daily Report -Dec 02 2019

CAUTION: EXTERNAL

Hi All,

Please find attached daily field report for Dec. 02, 2019.
Regards,

Jin Dong

Jin Dong Du

Senior Geotechnical Engineer
Mining & Metallurgy

Tel.: +1(416)252-5315 x 54392

SNC-Lavalin INC.



Saleem, Muhammad

From: Quan, Nina

Sent: December 4, 2019 12:58 PM

To: Du, Jin Dong

Cc: Xue, Tom; El Bensi, Abdellah; Saleem, Muhammad

Subject: RE: Tremie method proposal for flushing water - AEM comments
Hi Jin-Dong

Tom agreed to remove the last bullet regarding tremie grouting. Please re-issue of the instruction for the re-grouting of
the high take holes with removing the last bullet (in red).

Here are some more recommendations on the re-grout of high take holes:

e For re-grout a hole that did not reach refusal with Mix C in the same day, the recommendation is starting with
Mix D.
e Forre-grout a hole grouted previous day/days, the recommendation is to start with Mix C and thickening the
grout as required.
e For all the holes with standing water, tremie grouting should be carried out from the bottom of the hole to
displace the water from the hole) before packer is inflated.
Regards
Nina

From: Pier-Eric McDonald <pier-eric.mcdonald@agnicoeagle.com>

Sent: December 4, 2019 11:45 AM

To: Du, Jin Dong <JinDong.Du@snclavalin.com>; Quan, Nina <Nina.Quan@snclavalin.com>

Cc: Patrice Gagnon <patrice.gagnon@agnicoeagle.com>; Jesse Clark <jesse.clark@agnicoeagle.com>; Frederick Bolduc
<frederick.bolduc@agnicoeagle.com>; Alexandre Lavallee <alexandre.lavallee@agnicoeagle.com>; Yannick Simard
<Yannick.Simard@agnicoeagle.com>; Thomas Lepine <thomas.lepine@agnicoeagle.com>

Subject: Tremie method proposal for flushing water - AEM comments

JiJin Dong,

As discussed during our morning meeting, SNC came up with the proposal to carry an extra step prior re-grouting every
hole which is an add to the specifications as well as Mix use directives issued yesterday.

It consists of set upping the packer above the water table with a specific rod length below to reach the previous grout
elevation and then tremie grout. The theory being this is to flush the water in the casing out of the hole as opposed to
push it with grout within the fractures as this may wash the previous injected grout if set time is not reached.

AEM is challenging this concept as it would evolve an extra packer arrangement and delays on every hole in order to
solve this:

1. Idon’t think flushing 30L of water out of the hole by tremie method prevents this 30L from washing the >2000L
grout injected >24hr before... Also if that small volume actually “washes” it, it will be replaced right away by
grout that will be imminently injected ;

2. This potential problem wasn’t a concern in phase 1 grouting where it is the same phenomena and there would
have been a concern washing out stage 1 below when injecting stage 2 by upstage method.

3. Evenif this is done, you only tremie out 30L within the casing and it doesn’t solve all the water present in the
rock mass below the water table since water is present in every fracture and may also “wash” previously
injected grout but you cannot do anything for this water which volume may actually be quite more significant
than what you can flush out of the casing by tremie

1



4. A special custom setup is required very hole and may be impossible to do since “L” (see sketch below) varies
from hole to hole and rod lengths available are fixed, thus it may not be possible to effectively tremie the water

out where rod would ideally be right above the previous grout.

All'in all, when adding extra steps adding more time and costs, AEM wants to make sure there is significant added value
in doing so and | am not convinced at this point.

Uninflated packer to allow water escape
below it and being replaced by grout using
1 the tremie method. To be inflated after for

grouting.

Water being replaced by grout instea of being
pushedand "washing previous grout'—

30L water
L {rod length) *waries® B

A~

\\—/_\ 2000L Grout

Previous grout

Pier-Eric McDonald | Geotechnical Engineer
pier-eric.mcdonald@agnicoeagle.com | Direct 819.759.3555 x4606726

\
Agnico Eagle Mines Limited - Meadowbank Division, Suite 540 - Baker Lake, Nunavut, Canada X0C
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Appendix A- 6: List of Casing Locations



CURRENT MAXIMUM LENGHT OF

BOTTOM CASING TOTAL LENGTH OF CASING ELEVATION OF ROCK

STA HOLE GENERATION PTSQ # OF THE HOLE EASTING NORTHING PLATFORM EL EL (m) FROM THE PLATFORM (m) SOCKET (masl) THE CASING FROM THE
(masl) PLATFORM (m)
176.5 PRIMARY P P-176.5 607151.4831 7254651.724 159 151.97 7.03 150.978 7.522
179.5 TERTIARY T T-179.5 607154.2604 7254652.919 159 151.62 7.38 150.634 7.866
182.5 SECONDARY S 5-182.5 607157.0265 7254654.077 159 151.54 7.46 150.352 8.148
185.5 TERTIARY T T-185.5 607159.793 7254655.236 159 151.6 7.4 150.338 8.162
188.5 PRIMARY P P-188.5 607162.4546 7254656.374 159 151.5 7.5 150.501 7.999
191.5 TERTIARY T T-191.5 607165.0873 7254657.923 159 150.63 8.37 148.487 10.013
193.0 QUATERNARY Q Q-193 607166.4184 7254658.609
194.5 SECONDARY S 5-194.5 607167.7494 7254659.296 159 149.98 9.02 148.636 9.864
196.5 QUATERNARY Q Q-196.5 607170.0921 7254659.11
197.5 TERTIARY T T-197.5 607171.0046 7254659.52 159 149.65 9.35 148.672 9.828
199.0 QUATERNARY Q Q-199 607172.3733 7254660.133
200.5 PRIMARY P P-200.5 607173.742 7254660.747 159 149.58 9.42 148.489 10.011
203.5 TERTIARY T T-203.5 607176.4794 7254661.975 159 149.36 9.64 148.377 10.123
206.5 SECONDARY S $-206.5 607179.3024 7254663.251 159 149.27 9.73 148.007 10.493
209.5 TERTIARY T T-209.5 607181.9541 7254664.43 159 149.63 9.37 148.479 10.021
212.5 PRIMARY P P-212.5 607184.6915 7254665.657 159 149.53 9.47 148.409 10.091
215.5 TERTIARY T T-215.5 607187.4289 7254666.885 159 149.53 9.47 148.412 10.088
218.5 SECONDARY S 5-218.5 607189.769 7254669.197 159 149.27 9.73 147.561 10.939
220.0 QUATERNARY Q Q-220 607191.174 7254669.711
2215 TERTIARY T T-221.5 607192.5791 7254670.226 159 149.27 9.73 147.964 10.536
223.0 QUATERNARY Q Q-223 607193.953 7254670.736
224.5 PRIMARY P P-224.5 607195.327 7254671.247 159 150.12 8.88 148.627 9.873
227.5 TERTIARY T T-227.5 607198.0505 7254672.505 159 150.13 8.87 149.007 9.493
230.5 SECONDARY S $-230.5 607200.7735 7254673.763 159 150.02 8.98 148.953 9.547
233.5 TERTIARY T T-233.5 607203.6443 7254674.926 159 150.22 8.78 149.107 9.393
236.5 PRIMARY P P-236.5 607206.4893 7254675.805 159 150.58 8.42 149.444 9.056
239.5 TERTIARY T T-239.5 607209.3279 7254676.705 159 150.59 8.41 149.415 9.085
242.5 SECONDARY S $-242.5 607212.0653 7254677.932 159 150.84 8.16 149.56 8.94
245.5 TERTIARY T T-245.5 607214.8027 7254679.16 159 150.48 8.52 149.462 9.038
248.5 PRIMARY P P-248.5 607217.5401 7254680.387 159 150.25 8.75 148.696 9.804
251.5 TERTIARY T T-251.5 607220.2775 7254681.615 159 150.41 8.59 149.241 9.259
254.5 SECONDARY S $-254.5 607222.7984 7254683.334 159 150.62 8.38 149.47 9.03
257.5 TERTIARY T T-257.5 607225.5843 7254684.451 159 150.51 8.49 149.305 9.195
260.5 PRIMARY P P-260.5 607228.6701 7254685.386 159 150.41 8.59 148.85 9.65
263.5 TERTIARY T T-263.5 607231.227 7254686.525 159 150.46 8.54 149.333 9.167
266.5 SECONDARY S 5-266.5 607233.9644 7254687.752 159 150.43 8.57 148.645 9.855
269.5 TERTIARY T T-269.5 607236.7018 7254688.98 159 150.71 8.29 148.523 9.977
272.5 PRIMARY P P-272.5 607239.4391 7254690.207 159 151.12 7.88 149.978 8.522
275.5 TERTIARY T T-275.5 607242.1765 7254691.435 159 150.72 8.28 149.359 9.141
278.5 SECONDARY S 5-278.5 607244.9139 7254692.662 159 150.61 8.39 149.141 9.359
281.5 TERTIARY T T-281.5 607247.6513 7254693.889 159 150.47 8.53 149.287 9.213
284.5 PRIMARY P P-284.5 607250.3887 7254695.117 159 150.94 8.06 149.688 8.812
287.5 TERTIARY T T-287.5 607253.1261 7254696.344 159 150.98 8.02 149.787 8.713
290.5 SECONDARY S $-290.5 607255.8634 7254697.572 159 150.9 8.1 149.179 9.321
292.0 QUATERNARY Q Q-292 607257.2321 7254698.186
293.5 TERTIARY T T-293.5 607258.6008 7254698.799 159 150.82 8.18 149.513 8.987
295.0 QUATERNARY Q Q-295 607259.9695 7254699.413
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142.531
141.007
139.415
144.559
146.659
146.611
147.154
146.087
145.213
147.044
146.409
146.154
146.402
146.261
145.007
144.629
147.339
146.997
146.815
147.082
147.218
147.336
147.268
147.754
147.79
147.749

146.899

8.438
8.262
8.623
8.572
7.989
8.141
9.242
9.567
10.355
10.607
11.382
11.627
11.828

12.678
12.674
12.89
13.141
13.147
13.412
14.113

15.969
17.493
19.085
13.941
11.841
11.889
11.346
12.413
13.287
11.456
12.091
12.346
12.098
12.239
13.493
13.871
11.161
11.503
11.685
11.418
11.282
11.164
11.232
10.746
10.71
10.751

11.601



446.5
449.5
452.5
455.5
458.5
461.5
464.5
467.5
470.5
473.5
476.5
478.0
479.5
481.0
482.5
485.5
488.5
491.5
494.5
497.5
500.5
503.5
506.5
509.5
512.5
515.5
518.5
521.5
523.0
524.5
526.0
527.5
530.5
533.5
536.5
539.5
542.5
545.5
548.5
551.5
554.5
557.5
560.5
563.5
566.5
569.5
572.5
575.5
578.5
581.5

SECONDARY
TERTIARY
PRIMARY
TERTIARY

SECONDARY
TERTIARY
PRIMARY
TERTIARY

SECONDARY
TERTIARY
PRIMARY

QUATERNARY
TERTIARY
QUATERNARY

SECONDARY
TERTIARY
PRIMARY
TERTIARY

SECONDARY
TERTIARY
PRIMARY
TERTIARY

SECONDARY
TERTIARY
PRIMARY
TERTIARY

SECONDARY
TERTIARY

QUATERNARY
PRIMARY
QUATERNARY
TERTIARY

SECONDARY
TERTIARY
PRIMARY
TERTIARY

SECONDARY
TERTIARY
PRIMARY
TERTIARY

SECONDARY
TERTIARY
PRIMARY
TERTIARY

SECONDARY
TERTIARY
PRIMARY
TERTIARY

SECONDARY
TERTIARY
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$-446.5
T-449.5
P-452.5
T-455.5
$-458.5
T-461.5
P-464.5
T-467.5
$-470.5
T-473.5
P-476.5
Q-478
T-479.5
Q-481
$-482.5
T-485.5
P-488.5
T-491.5
$-494.5
T-497.5
P-500.5
T-503.5
$-506.5
T-509.5
P-512.5
T-515.5
$-518.5
T-521.5
Q-523
P-524.5
Q-526
T-527.5
$-530.5
T-533.5
P-536.5
T-539.5
$-542.5
T-545.5
P-548.5
T-551.5
$-554.5
T-557.5
P-560.5
T-563.5
$-566.5
T-569.5
P-572.5
T-575.5
$-578.5
T-581.5

607401.2107
607404.51

607407.4717

607410.1499
607413.2579
607416.2239
607419.1399
607422.0801
607425.0203
607428.2033
607431.165
607432.6458
607434.1267
607435.6076
607437.0883
607440.05
607443.0117
607445.9733
607448.935
607451.8967
607454.8583
607457.82
607460.7817
607463.7433
607466.705
607469.6667
607472.6283
607475.59
607477.0708
607478.5516
607480.0324
607481.5133
607484.475
607487.4366
607490.3983
607493.36
607496.3216
607499.2833
607502.245
607505.2066
607508.1683
607511.13
607514.0916
607517.047
607519.9703
607522.9231
607525.8869
607528.8508
607531.8147
607534.7823

7254752.377

7254751.757
7254752.235

7254752.666
7254754.096
7254754.545
7254755.042
7254755.628
7254756.214

7254755.581
7254756.06
7254756.299
7254756.538
7254756.777
7254757.016
7254757.494
7254757.972
7254758.45
7254758.928
7254759.406
7254759.884
7254760.362
7254760.84
7254761.318
7254761.796
7254762.274
7254762.752
7254763.23
7254763.469
7254763.708
7254763.947
7254764.187
7254764.665
7254765.143
7254765.621
7254766.099
7254766.577
7254767.055
7254767.533
7254768.011
7254768.489
7254768.967

7254769.445
7254769.952
7254770.602
7254771.221
7254771.685
7254772.149
7254772.614
7254773.066

159
159
159
159
159
159
159
159
159
159
159

159

159
159
159
159
159
159
159
159
159
159
159
159
159
159

159

159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159
159

149.06
148.98
148.97
149
149.07
149.04
149.28
149.46
149.54
149.68
149.59

149.54

149.62
149.67
149.6
149.59
149.66
149.58
149.5
149.65
149.66
149.65
149.65
149.65
149.55
149.56

149.53

149.55
149.53
149.59
149.53
149.39
149.43
149.54
149.42
149.52
149.44
149.38
149.64
149.64
149.53
149.32
149.38
149.05
148.83
148.86

9.94
10.02
10.03

10

9.93

9.96

9.72

9.54

9.46

9.32

9.41

9.46

9.38
9.33
9.4
9.41
9.34
9.42
9.5
9.35
9.34
9.35
9.35
9.35
9.45
9.44

9.47

9.45
9.47
9.41
9.47
9.61
9.57
9.46
9.58
9.48
9.56
9.62
9.36
9.36
9.47
9.68
9.62
9.95
10.17
10.14

147.988
147.773
147.633
147.732
147.758
147.857
147.829
148.322
148.396
148.3
148.217

148.356

148.353
148.416
148.321
148.463
148.52
147.519
148.067
148.172
147.604
147.713
147.6
147.532
147.201
147.487

147.521

147.272
147.557
147.585
148.243
148.354
147.108
147.424
147.17
147.309
147.14
147.233
147.352
147.368
147.365
147.146
147.207
146.838
147.517
147.626

10.512
10.727
10.867
10.768
10.742
10.643
10.671
10.178
10.104
10.2
10.283

10.144

10.147
10.084
10.179
10.037
9.98
10.981
10.433
10.328
10.896
10.787
10.9
10.968
11.299
11.013

10.979

11.228
10.943
10.915
10.257
10.146
11.392
11.076
11.33
11.191
11.36
11.267
11.148
11.132
11.135
11.354
11.293
11.662
10.983
10.874



584.5
587.5
590.5
593.5
596.5
599.5
602.5
605.5
608.5
611.5
614.5
617.5
620.5
623.5
626.5
628.0
629.5
632.5
635.5
638.5
641.5
644.5
647.5
650.5
653.5
656.5
659.5
662.5
664.0
665.5
667.0
668.5
671.5
674.5
677.5
680.5
682.0
683.5
685.0
686.5
688.0
689.5
691.0
692.5
694.0
695.5
697.0
698.5
701.5
704.5

PRIMARY
TERTIARY
SECONDARY
TERTIARY
PRIMARY
TERTIARY
SECONDARY
TERTIARY
PRIMARY
TERTIARY
SECONDARY
TERTIARY
PRIMARY
TERTIARY
SECONDARY
QUATERNARY
TERTIARY
PRIMARY
TERTIARY
SECONDARY
TERTIARY
PRIMARY
TERTIARY
SECONDARY
TERTIARY
PRIMARY
TERTIARY
SECONDARY
QUATERNARY
TERTIARY
QUATERNARY
PRIMARY
TERTIARY
SECONDARY
TERTIARY
PRIMARY
QUATERNARY
TERTIARY
QUATERNARY
SECONDARY
QUATERNARY
TERTIARY
QUATERNARY
PRIMARY
QUATERNARY
TERTIARY
QUATERNARY
SECONDARY
TERTIARY
PRIMARY
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P-584.5
T-587.5
$-590.5
T-593.5
P-596.5
T-599.5
$-602.5
T-605.5
P-608.5
T-611.5
$-614.5
T-617.5
P-620.5
T-623.5
$-626.5
Q-628
T-629.5
P-632.5
T-635.5
$-638.5
T-641.5
P-644.5
T-647.5
$-650.5
T-653.5
P-656.5
T-659.5
$-662.5
Q-664
T-665.5
Q-667
P-668.5
T-671.5
$-674.5
T-677.5
P-680.5
Q-682
T-683.5
Q-685
$-686.5
Q-688
T-689.5
Q-691
P-692.5
Q-694
T-695.5
Q-697
$-698.5
T-701.5
P-704.5

607537.7489
607540.7157
607543.6842
607546.6532
607549.6316
607552.5933
607555.5549
607558.5166

607564.4399
607567.4016
607570.3633
607573.3249
607576.2866
607579.2483
607580.7291
607582.2099
607585.1716
607588.1333
607591.0949
607594.0566
607597.0182
607599.9799
607602.9416
607605.9032
607608.8649
607611.8266
607614.7882
607616.269
607617.7499
607619.2308
607620.7116
607623.6272
607626.6349
607629.5966
607632.5582
607634.039
607635.5199
607637.0008
607638.4816
607639.9624
607641.4432
607642.924
607644.4049
607645.8858
607647.3666
607648.8474
607650.3282
607653.2899
607656.2516

7254773.51
7254773.955
7254774.394

7254774.82

7254775.182
7254775.66
7254776.138
7254776.616

7254777.572
7254778.05
7254778.528
7254779.006
7254779.484
7254779.962
7254780.201
7254780.441
7254780.919
7254781.397
7254781.875
7254782.353
7254782.831
7254783.309
7254783.787
7254784.265
7254784.743
7254785.221
7254785.699
7254785.938
7254786.177
7254786.416
7254786.655

7254787.116
7254787.611

7254788.089
7254788.568
7254788.807
7254789.046
7254789.285
7254789.524
7254789.763
7254790.002
7254790.241
7254790.48
7254790.719
7254790.958
7254791.197
7254791.436
7254791.914
7254792.392

159
159
159
159
159
159
159
159

159
159
159
159
159
159

159
159
159
159
159
159
159
159
159
159
159
159

159

159

159

159

159

159

159

159

159

159

159

159

159
159

148.82
148.71
148.7
148.45
148.14
148.12
147.36
146.95

147.23
147.82
147.97
147.82
147.51
147.5

147.58
147.53
147.69
148.1
148.21
148.05
147.89
147.84
147.68
147.72
148.13
148.39

148.7

148.6