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5900345 MANITOBALTD.
3" Floor 820 Taylor Avenue
Winnipeg, Manitcba R3M 3T1
Fax: (204) 474-4947

0221-A-91-110
October 6, 2009

Ms. Elise Dagdick

Environmental Licensing and Approval Branch
Manitoba Conservation

160-123 Main Street

Winnipeg, MB R3C 1A5

Dear Ms. Dagdick:
RE: Addendum #2 Information to the EA Report for the Keeyask Infrastructure Project

On July 31 the Keeyask Hydropower Limited Partnership, through its General Partner 5900345
Manitoba Ltd., submitted an Environment Act Proposal Form, an Environmental Assessment
Report, a preliminary Environmental Protection Plan, and payment for the Class 2 Development
Review Fee. An Addendum Filing was sent on August 31. Today we are providing the Second
Addendum Filing with the following materials:

¢ Appendix A1-a: Information Regarding Wastewater Disposal.

¢ Appendix D15: Environmental Non-Government Organization Meeting Notes. The
previous addendum filing had included draft notes of this meeting. Those notes have
been edited and the final notes are now enclosed.

Should you require any additional information, please feel free to contact Mr. Ryan Kustra at
360-4334 or Mr. Nick Barnes at 360-3999.

Yours truly,
5900345 Manitoba Ltd.

As general partner of the
Keeyask Hydropower Limited Partnership

: g ot
Per fi/;( {’ {;/L. | e
/ .

K.R.F. Adams
President

Attachments

c. Ms. Tracey Braun



AECOM

AECOM
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Technical Memorandum (Rev. 1)

Date: October 2™, 2009

To: Brian Beyak, P.Eng, Manitoba Hydro

From: Jamie Ellis, P. Eng, AECOM

Project Number: 0217-200-07 (3) [Hydro Ref: 243 981 0100]

Subject: Keeyask Infrastructure Project — North Access Road Start Up Camp

Concept Design for Wastewater Disposal

Distribution: Neil Klassen, C.E.T., AECOM
Bob Romanetz, P.Eng, AECOM

1) Introduction

A technical memorandum relating to wastewater disposal from the North Access Road Start Up Camp
(SUC) was previously included as Appendix A1 to the Environment Act Proposal submission for the
Keeyask Infrastructure Project (dated July 28th, 2009). This revision includes further information on
the concept design, following the completion of additional fieldwork programs.

2) Executive Summary

The North Access Road Start Up Camp is located at approximately km 177 north on PR280 (refer to
Figure 1). The life of the start up camp is anticipated to be 2 to 3 years, with an occupancy of up to
125 people. For design, a population of 150 persons has been used. Maximum populations are
anticipated to occur in summer months. The maximum daily wastewater flow is estimated to be
60,000 litres (including backwash from the water treatment plant plus contingency allowance).

The first stage of work included a review of a number of different options for the disposal of
wastewater, such as trucking, a lagoon or a drain field. The review considered lifecycle cost and
other factors, such training requirements. The preferred option was an on-site septic tank with drain
field. The basis for design and site tests was the Environment Act Regulation 83/2003 “Onsite
Wastewater Management Systems”.

As such, a preliminary geotechnical program commenced, which comprised the investigation of a site
to the west of the camp. After a review of the geotechnical information, a secondary program
commenced, to investigate potential sites to the north and east of the camp. The secondary program
was completed in September 2009. After review, the site to the east of the proposed camp was
preferred, as silty loam material was encountered at elevation 176.5m, with suitable depth to
groundwater. Percolation tests were therefore conducted, which showed percolation rates of
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between 4 and 13 min/cm. Due to the size of the field, a conservative application rate of 12.7
litres/m’/day has been used in the design, which results in total trench length of 2150m for a chamber
system. The field will be divided into four cells, each containing 19 trenches.

2) Site Layout
The camp layout is preliminary. Facilities at the start up camp will include the following:

Accommaodation units, with washrooms and laundry facilities
Offices and stores

Kitchen and Dining Hall

Fire Truck/Ambulance Garage

Generator & fuelling area

Electrified parking stalls

Water Treatment Plant (WTP) with water storage tanks
Groundwater well

Gatehouse (on the North Access Road)

Septic tanks and drain field

The gatehouse will control access to the North Access Road. As the gatehouse will be in service
beyond the life of the camp, it is proposed that this building is served by a small pump out tank.

3) Alternatives Considered

At the outset of the design stage, the relative merits of various alternatives for the disposal of
wastewater from the start up camp were considered, as shown in the table below. The concept of
greywater and blackwater separation was also considered.

Wastewater disposal alternatives considered (in order of preference)
All sewage to septic tank with drain field

Lagoon with discharge route

Black water trucked to Split Lake lagoon with upgrades

Black water trucked to Gillam Wastewater Treatment Plant (WWTP)
Black water trucked to Thompson WWTP

All sewage trucked to Split Lake lagoon with upgrades

All sewage trucked to Gillam WWTP

All sewage trucked to Thompson WWTP

All sewage to on-site mechanical WWTP with drain field

Black water trucked to Split Lake lagoon (currently overloaded — included for
comparison only)

The analysis included a comparison of technical issues, potential for disruption (weather/freezing),
training requirements, schedule risks and Class D cost estimates.

The preferred option was all sewage being routed to a septic tank arrangement with a drain field, as it

presented the lowest lifecycle cost, low potential for disruption and limited training requirements. This
concept has also been used previously at other Manitoba Hydro facilities, including Radisson and
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Henday converter stations. As such, a concept design for an engineered drain field was prepared, as
shown in the attached calculations (Enclosure 5).

4) Design Criteria

The principal reference for field design criteria is The Environment Act Regulation 83/2003 “Onsite
Wastewater Management Systems”.

5) Geotechnical Investigation

5a) Investigation Programs

Two geotechnical investigations have been completed to evaluate three potential sites for the SUC
drain field. The first investigation was completed on July 21 and 22, 2009 by AECOM to evaluate the
original proposed site located west of the SUC. Six test holes were drilled at the locations shown on
the Test Hole location plan (Figure 2). Test Holes 09-01, 09-02, 09-03 and 09-04 were drilled in the
general vicinity of the proposed drain field. Test Holes 09-05 and 09-06 were drilled between the
proposed water well and the drain field locations. Based on the resuits of this investigation (refer to
Enclosure 4) it was recommended that two other areas on the east side of the SUC may be better
suited for a drain field. The general extents of these two sites are illustrated on Figure 2 by Test Holes
09-13 to 09-15 which are located east of the SUC and Test Holes 09-16 to 09-19 which are located
on the east side of the SUC but on the north side of the NAR. A second geotechnical investigation
was completed at these two locations on September 11 and 12, 2009 by Manitoba Hydro (MH) based
on a test hole drilling program recommended by AECOM. Percolation testing wells were installed in
Test Holes 09-13, 09-14, 09-17 and 09-19 to facilitate percolation testing in accordance with
Schedule D - Standards for Conducting Percolation Tests (Regulation for Onsite Wastewater
Management ENV-R.M.83-2003). The wells consist of 100 mm diameter PVC pipe with a 300 mm
long screened section at the bottom of each well. Construction details of the wells are provided with
the attached test hole logs (Enclosure 1). Selected soil samples from the test holes were submitted
to AECOM’s Materials Testing Laboratory to determine the moisture content and gradation of the
soils encountered, the results are also attached (Enclosure 2).

Based on the results of the second geotechnical investigation it was determined that the proposed
drain field location on the north side of the NAR (Test Holes 09-16 to 09-19) is not suitable for a drain
field due to high groundwater table and/or the presence of clay soils. Some of the soils encountered
also appear to be affected by permafrost. The other proposed drain field located east of the SUC
(Test Holes 09-13 to 09-15) is suitable for a drain field.

The general ground elevation at Test Holes 09-13, 09-14 and 09-15 is around elevation 179 m, or
about 7 to 8 m higher than the groundwater elevations (Elevation 171 to 171.5m) measured in the test
holes drilled at the SUC (Test Holes 09-07 to 09-12 on Figure 2). No groundwater seepage or wet
soil conditions were encountered in Test Holes 09-13 to 09-15, which were drilied down to elevations
ranging from 174.4 to 175.1 m. The upper 1.5 to 3 m of soil at these test hole locations generally
consists of a silt with variable clay content (trace clay to clayey). Below the silt layer is a fine grained
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sand layer with variable silt content. The gradation testing indicates this layer ranges from a sand
with trace to some silt to a sand and siit.

Percolation testing was undertaken by MH approximately 1 week after the drilling was completed.
The testing was performed in accordance with Schedule D of the Regulations (Standard Conducting
Percolation Tests). The test resuits are provided in tabular form in Enclosure 3. The percolation
rates from Test Holes 09-13 and 09-14 are approximately 13 and 4 minutes per cm, respectively.
Based on the Table of soil texture, percolation rates and application rates from Schedule A of the
Regulations these rates correspond to the upper bound of the silty loam soil (13 min/cm) and the mid
to upper bound of the gravel / sand soil (4 min/cm) which is consistent with the gradation of the soils
encountered in the test holes.

No information is available on the direction of groundwater flow on a regional scale. Locally, the
groundwater table is expected to be relatively flat, from information gathered during the field
programs. In the area of the drain field, it is anticipated that movement of water from the base of the
drain field would flow radiaily outward and downward.

5b) Drain Field Design Recommendations:

e Locate the base of the field in the silty sand layer, no higher than elevation 176.5 m, to
provide a separation distance of 5 to 5.5 m from the base of the field to the groundwater table
which is assumed to be similar to that measured in the test holes located at the SUC (at
elevation 171 to 171.5m),

e Assume a percolation rate slower than 13 min/cm but within the range for the silty loam soil
provided in the Regulations to provide a factor of safety on this design parameter

« Install snow fence around the field to trap snow in winter for additional frost protection.

6) Hydraulic Loading

A consumption figure of 340 LPCD has been assumed, based on information coilected from
Wuskwatim camp between 2008 and 2009. Therefore, the maximum daily flow anticipated is 60,000
litres per day (a conservative estimate), which includes both domestic use, backwash from the water
treatment plant, plus a contingency allowance.

7) Organic Loading

Whilst organic loading is not considered in the design criteria, the maximum organic loading is
anticipated to be approximately 11.25 kg BOD per day (based on 75g BOD per person per day). It
should be noted that wastewater discharge from the kitchen would first pass through a grease trap.

8) Concept Design

The concept for wastewater disposal comprises two components; the septic tanks and drain field, as
discussed below.

M-0217-200-07-JDE-BB re Start Up Camp Wastewater Disposal Rev 1 091002.doc
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8a) Septic Tanks

It is proposed that sewage will be collected from camp buildings via pipes within an insulated above-
ground utilidor. As the site will generally slope to the west to minimize earthworks and fill volumes,
sewage will be collected on the west side of the camp, where it will discharge through a splitter box,
into a septic tank arrangement. Tanks shall conform to the requirements of Canadian Standards
Association Standard B66-00 (Prefabricated Septic Tanks and Sewage Holding Tanks). Each tank
shall be supplied with a manhole extension complete with cover and inlet and outlet fittings (to control
odours and movement of floating material). Tanks will be covered with granular fill and box insulation.

The septic tank arrangement shall comprise two large sedimentation tanks and a single control tank.
The sedimentation tanks may be formed from a single prefabricated unit, or smaller units joined on
site. Valves shall be installed on the incoming and outgoing piping, such that tanks may be isolated
for maintenance.

in accordance with the Environment Act Regulation, the tanks shall be sized such that:
e the sedimentation chambers have a combined capacity of 140% of the total daily sewage
flow, and,
¢ the control chambers have a combined capacity of 20% of the total daily sewage flow.

The control chamber shall be fitted with two submersible sewage pumps (on a duty/standby
arrangement) and a preinsulated forcemain discharging into a disposal field. Each pump shall have a
nominal capacity of approximately 400 litres/minute.

The pumps shall have lifting chains to allow removal and maintenance, and a flexible discharge line
connected to the tank outlet. Pumps shall be controlled by float switches within the control tank, and
shall be automated to allow alternate operation, with check valve. An audible alarm and strobe light
shali be installed to warn of pump failure.

Sludge would be removed from the sedimentation tanks at periodic intervals via vacuum truck, and
transported to a licensed facility for disposal.

8b) Drain Field

The Regulations refer to 3 types of system, namely;

e Type 1: Trench type disposal field (using wastewater effluent chambers)

e Type 2: Trench type disposal field (using perforated distribution pipe)

e Type 3: Total area field (using either pipe/aggregate or chamber system, either on grade or
above ground)

The use of a chamber style (“Type 1”) trench disposal field allows for higher flows than with a
perforated distribution pipe and aggregate filled trench due to larger surface area and storage
capacity. Therefore, a “Type 1" system has been included in the concept design, comprising
“Infiltrator” units with “Quick-4 High Capacity” Chambers, or similar. It is understood from the
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manufacturer that there are a number of other installations in Manitoba, and similar work camps in
northern Alberta.

Whilst the Regulation states that “the percolation rate for the proposed disposal area shall be
determined by averaging the percolation rate determined for each of the test holes”, a conservative
approach has been taken, due to the size of the field. As such, an application rate of approximately
12.7 litres/m2/day (consistent with silty loam material) has been used in the sizing of the field, based
on the geotechnical information gathered to date. A review of the design assumptions, and potential
for reduction in field size shall be made during the excavation work. 1t is proposed that the field is
divided into four cells.

The pumps shall be connected to a single preinsulated forcemain which will be routed back through
the utilidor, and then buried, up to a distribution box, located in the centre of the four cells. Valves
shall be placed on each of the four outgoing pipes, such that the flow to each cell may be varied
manuaily.

The multiple trench field would comprise header pipes, each connected to a series of pipes, with
perforated plastic chambers located in parallel shallow trenches, with a minimum of 2m separation.
Wastewater shall be discharged into the chambers via small diameter (typically 38mm) pressure
pipes. Each pipe shall be drilled with orifice diameters sized and spaced to allow even distribution.
The pipes may be either suspended via straps or supported on stools within the chamber.

An access track would be constructed to the field area from the camp. Fencing shall be installed
around the field to prevent vehicular traffic loading. It is anticipated that there will always be warm
effluent being pumped into the field, which should provide sufficient heat to avoid freezing. Once
installation is complete, it is proposed that the field area is covered with a vegetative layer, comprising
peat moss and/or muich, which would be seeded.

As can be seen from the contours in Figures 2, existing surface drainage generally; flows to the north
in the camp area, and flows radially from the proposed drain field area. Surface water from the start
up camp pad will be routed to perimeter ditches, which will discharge into the south ditch of the North
Access Road. As shown on Figure 4, the drain field area will be graded with a 0.5% fall to the east, to
achieve sheet drainage. Perimeter ditching around the field is required to avoid additional hydraulic
load being added to the drainage field. Erosion and sedimentation control features may inciude wood
slash bundles and silt fencing. Depth of cover, vegetation planting requirements, erosion control and
snow capture will be further reviewed during detailed design.

As currently proposed, a distance of over 600m separation would be maintained between the
discharge field and the water supply well. Two potential locations for the well have been identified;
just off the borrow pit, or adjacent to the intersection of the two roads (as shown on Figure 1). The
location shall be further reviewed prior to the commencement of well drilling. No other groundwater
wells have been identified. Also, no watercourses have been identified within the site limits. The
nearest surface water features are small lakes some 500m to the east of the existing limits of the
borrow pit.
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10) Anticipated construction sequence:

e Excavate from existing ground to top of trench elevation and install perimeter ditching (some
material may be used beneath the camp, peat moss and other material to be stockpiled
separately)

e Excavate trenches for chamber units

e Install chambers and distribution piping within trenches

e Perform tests on distribution piping with water to ensure even flow

e Backfill trenches and cover using equipment (within manufacturer’s recommendations for
allowable axle loads)

e Cover with vegetative layer and seed site. Install perimeter fencing and snow fences.

11) Proposed Operation, Maintenance and Monitoring

Features such as inspection ports (to confirm the field is not saturated) and cleanout ports on the
chambers shall be included during the detailed design stage, along with an outline program for
operation and maintenance, along with a groundwater monitoring plan.

In the event of a system failure, it is anticipated that a trucked system would be initiated, whilst repairs
are carried out.

12) Decommissioning

Upon decommissioning of the wastewater system, it is anticipated that the pipes would be plugged
and surface features removed from the site. Tanks would be removed from the site for future use.

Respectfully submitted,

J. D. Ellis, P.Eng
Community Infrastructure
AECOM Canada Ltd.

Encs: Figures:
1. Test hole logs Figure 1 — Location Plan & Aerial Photo
2. Laboratory testing data Figure 2 — Borehole Location Plan
3. Percolation test resuits Figure 3 — Proposed Camp and Field Layout
4. Memorandum regarding west site Figure 4 — Proposed Fieid Layout
5. Field Sizing Calculations Figure 5 — Proposed Cross Sections

Figure 6 — Sketch of tank and valve arrangement
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LOG OF TEST HOLE DRAFT 0217-200-07 - TEST HOLE LOGS.GPJ UMA WINN.GDT 24/7/09

PROJECT: Keeyask Generating Station Infrastructure

| CLIENT: Manitoba Hydro
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PROJECT: Keeyask Generating Station Infrastructure

| CLIENT: Manitoba Hydro

TESTHOLE NO: TH-09-02
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PROJECT NO.: 0217-200-07
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PROJECT: Keeyask Generating Station Infrastructure

| CLIENT: Manitoba Hydro

TESTHOLE NO: TH-09-03
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PROJECT NO.: 0217-200-07
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PROJECT: Keeyask Generating Station Infrastructure

| CLIENT: Manitoba Hydro

TESTHOLE NO: TH-09-04

LOCATION: Start-Up Camp, UTM 15V, E - 343558, N - 6255055

PROJECT NO.: 0217-200-07
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= b SO”_ DESCRIPTION g % B p_20 40 60 80 100 A Pocket Pen. A COMMENTS <
] = S| < %) M Total Unit Wt [ ] ] 5
=) o =% (KN/m?®) @ Field Vane @ 0
[%2] wn e 17 18 19 20 21 (kPa)
Plastic MC Liquid
20 40 60 80 100 50 100 150 209
0 ORGANICS - peat moss, rootmat, wet : : : : : : : E
5 CIAY STy, race o some sand T O TS SR PR SRS SN 99
- - brown, frozento 1.1 m |
- . . . G15 F R T T T [P O |
- trace ice inclusions (<1 mm dia.) between 0.6 and 1.1 m
_1 1
- -moist, firm, high plasticity below 1.am | | | | 1
I N N Gl6 ......................................................... 98_
- -1 |] -stiff below 1.4 m |
| r 1. TSAND STy some iy A U OO U SO P |
| 0@ ol =l - light brown, moist to wet, compact to dense, fine
0®0 % gfalned DI T e R I Iy IR S S R T T T .-
5 ) ) |
o 0@®0 g 17l e
ARER
B % =1 U ST B S ST ]
5 NARES
WA H -
5 oVo\ 171
Q — 97—
5 0@% = i
I SAE T dyeybelowzam ||| e
Rl -
| e I T L L LR s PR R RRRPPP
WA -
i 0 0 T' L T T T Y T I T S Y -
B 0@@00. =] ] -some clay below 2.7 m 618
2 Q. 19. b
i o O Y= i
Q @
B UUS VU FSUUE: SORUU SUUN ISUUUOL SOURUO OO SO g
R END OF TEST HOLE AT 3.0 m IN SAND
Notes: T
- 1) Seepage observed from ORGANICS. ...................................................... |
| 2) Sloughing observed in SAND.
3) Water level at 0.2 m below ground surface immediately R U ST U S UO 96
- after drilling from seepage in ORGANICS. 1
4) Installed 25 mm standpipe.
i 5) Water level in standpipe on July 22, 2009 was 1.96 m -
B below ground surface. i
4 ’\‘?‘P/E AAAAA P RN L R O T 7]
/ LOGGED BY: Jared Baldwin OMPLETION DEPTH: 3.05m
AECOM REVIEWED BY: Gil Robinson COMPLETION DATE: 21/7/09
PROJECT ENGINEER: Gil Robinson Page 1 of 1




LOG OF TEST HOLE DRAFT 0217-200-07 - TEST HOLE LOGS.GPJ UMA WINN.GDT 24/7/09

PROJECT: Keeyask Generating Station Infrastructure

| CLIENT: Manitoba Hydro

TESTHOLE NO: TH-09-05

LOCATION: Start-Up Camp, UTM 15V, E - 343701, N - 6254939

PROJECT NO.: 0217-200-07

CONTRACTOR: | METHOD: 50 mm Hand Auger ELEVATION (m):
SAMPLE TYPE lcras [[[JsHELBY TUBE ~ [X]SPLIT SPOON HsuLk [/INnorecovery  [[]core
PENETRATION TESTS ~ |UNDRAINED SHEAR STRENGTH
. w X Becker X% =+ Torvane +
— o <Dy ic C (o
£ 8 E E = |®sPT (S)tlzr?dmalrcd ::r? Test) & XQUX T
T E w| = =S (Blows/300mm) OLabVvane O =
E | o SOIL DESCRIPT'ON = % B p_20 40 60 80 100 A Pocket Pen. A COMMENTS .
w - S| < wn W Total Unit Wt [ ] ) [a)
=) o =% (KN/m?®) @ Field Vane @
[%2] wn e 17 i 18 19 i 29 21 (kPa)
Plastic MC Liquid
20 40 60 80 100 50 100 150 209
0 % % ORGANICS - peat moss, rootmat, wet o : : :
B / CLAY - silty, trace sand, trace rootlets | | | | Ui i
% - brown, moist, firm to stiff, high plasticity
- % Glg F T T T T TRy JE T S -1
N7/ —— 8 O O T A i
i / I 620 1
% ) trace sandy Very Stlﬁ‘ hlgh pIaStICIty .........................................................
B 0 SAND - some silt, trace clay, dry to moist, dense to very dense, : : : : i
0@ 0 f|ne gramed Gzl ......................................................
I 2| CLAY -sily, trace sand, brown, dry to moist, very stiff, high S SN SUUN IO SRS SO |
- \plasticity E
| END OF TEST HOLE AT 1.7 m IN CLAY 1
Notes DI T e R I Iy IR S S R T T T
- 1. Hand auger refusal at 1.7 m below ground surface. E
2.No seepage or sloughing observed. [ ||| L
2 3. Backfilled test hole with auger cuttings. 2
_3 ....... 3 ]
4 ,\?‘P\/E AAAAA U S O L e
/ LOGGED BY: Jared Baldwin OMPLETION DEPTH: 1.68 m
AECOM REVIEWED BY: Gil Robinson COMPLETION DATE: 22/7/09
| PROJECT ENGINEER: Gil Robinson Page 1 of 1




LOG OF TEST HOLE DRAFT 0217-200-07 - TEST HOLE LOGS.GPJ UMA WINN.GDT 24/7/09

PROJECT: Keeyask Generating Station Infrastructure

| CLIENT: Manitoba Hydro

TESTHOLE NO: TH-09-06

LOCATION: Start-Up Camp, UTM 15V, E - 343616, N - 6254945

PROJECT NO.: 0217-200-07

CONTRACTOR: | METHOD: 50 mm Hand Auger ELEVATION (m):
SAMPLE TYPE lcras [[[JsHELBY TUBE ~ [X]SPLIT SPOON HsuLk [/INnorecovery  [[]core
PENETRATION TESTS  [UNDRAINED SHEAR STRENGTH
. w X Becker % + Torvane +
— © Dynamic Cone ¢
3 8 % E = |®sPT (S)t/z:dma:rcd ::r? Test) & XQUX T
T E w| = < (Blows/300mm) OLab vane O =
E 5 SOIL DESCRIPTION b 0% % 0 0 arerea COMMENTS | &
w - S| < wn W Total Unit Wt [ ] ) [a)
=) o =% (KN/m?®) @ Field Vane @
[%2] wn e 17 i 18 19 i 29 21 (kPa)
Plastic MC Liquid
20 40 60 80 100 50 100 150 209
0 % % ORGANICS - peat moss, rootmat, wet o : : :
B / CLAY - silty, trace sand, trace rootlets | | | | Ui i
% - brown, moist, firm to stiff, high plasticity
7 E—— 8 O O T A i
B % - trace Sandy Very stiﬁ' h|gh plast|c|ty ......................................................... .
4 U OO O O NS SRS DUDUPIE SUPUOSE SUPOU BUPOOS
- END OF TEST HOLE AT 1.4 m IN CLAY h
| Notes: i
1.Handaugerrefusalatl.4mbe|0Wgr0UndSUrfaCe. DI T I R Y I S R R
- 2. No seepage or sloughing observed. g
| 3. Backfilled test hole with auger cuttings. T A S ]
O e et TP T RIERE SRR 2]
_3 ....... 3 ]
4 ,\?‘P\/E AAAAA U S O L e
/ LOGGED BY: Jared Baldwin COMPLETION DEPTH: 1.52m
AECOM REVIEWED BY: Gil Robinson COMPLETION DATE: 22/7/09
| PROJECT ENGINEER: Gil Robinson Page 1 of 1




MANITOBA HYDRO

Field Overburden Log

CMIL ENGINEERING PROJECT 089 Keeyask Geotechnical Investigation
MATERIALS & FIELD SERVICES HOLE NO. HOLE DEPTH PAGE
TH-09-07 31 m | o/
CONTRACTOR Paddock Drilling Ltd
DRILLER 1 yrede
DRILLING METHOD LRa
NORTHING @2 L5623 EASTING ORHRETR DRILL NAME P
ELEV DATUM DATE STARTED 2DV 1 /o9
AZIMUTH PLUNGE DATE COMPLETED 27 P
LINE REF OFESET ROCK DEPTH
PROPOSED HOLE NUMBER WATER DEPTH AR
SURVEY SPEC. HOLE DEPTH 30
DESCRIPTION SAMPLES SPT | vaNE
DEPTHPDERTH TPE | SR R SRl | Tor [mase DIA | REG | (¢pa) | BLOW [SHEAR
' ' pepTHjperTH| MO [TYPE | T | T [ 1P | counts | (kP
O lnob [Rest] Vet - Timens
Ol |20 0 | S~ sandhy, AP, Moist, sl _
R’E‘G‘u - / / [" L{ j! é L 6:5
AR ES
~ Molst 40 @ 2 0mi3i 012/ Y |AS
Swuaked 0 &/
nefadled BiEen colth
2.5 " Srreen
/AN om0
/7 LW Ot
e
SAMPLING METHOD SHIPPING CONTAINER INSPECTOR P>
A-SPLIT TUBE E-AUGER CUTTINGS | N-LINER R-PAIL ’ o
B-THINWALLTUBE | F-WASH 0-TUBE S - PLIOFILM DATE gﬁD?//ﬁ‘/ /O%
C-AUGERBARREL | G-BULKSAMPLE P - MOISTURE TIN W - WAXED TN T
D - CORE BARREL H - BLOCK SAMPLE G - GLASS JAR Z - DISCARDED SHIFT e - '1
-
Date Primied: 2007 1024 Field Unsigned Labx Unsigned Report Unsigned




MANITOBA HYDRO

INSTRUMENT COMPLETION DIAGRAM

PROJECT

WO  Keevasic

HOLE NO,

DEPTH N&. of INSTRUMENTS

TH-OF-0%F

3

LOCATION

CONTRACTOR

DRILLER

c

DRILLING METHOD

X A

NORTH (2. 55033 EAST (O34 3bE3

DRILL NAME

Rooper

ELEV G/S DATUM

DATE STARTED

Sent /11 /09

AZIMUTH PLUNGE

DATE COMPLETED

~Qent /T

INSTRUMENT IDENTIFICATION NUMBERS

ROCK SURFACE

£ork

GROUNDWATER

AR

END OF HOLE

2. 1M

WELL
DETAILS

(it}

BEPTH

WELL CONSTRUCTION DETAILS

PROTECTIVE CASING

Diameter: [ i

47

TRC

Type: T 1

0.0 GS

Interval:

RISER CASING
Diameter: [ "

Type: PVC

GROUT
Type:

Mix Ratio:
Quarttity:

SEAL
Type: E? ILg)

Quantity: | bﬂ{b

SANDPACK
Type: .%H:Cf}—
Quantity: \‘ooﬁ
SCREEN .
Diameter: Il/{’/
Type: ?‘JC
Intervai: ‘}o_"
™Cc
TRC
GS
BS
FP

TSC
BSC

TOP PROTECT GASING
TOP OF RISER CASING
GROUND SURFACE
BENTONITE SEAL
FILTER PACK

TOP OF SCREEN !
BOTTOM OF SCREEN

BSC

EOH END CF HOLE

EOH




MANITOBA HYDRO Field Overburden Log
CIVIL ENGINEERING PROJECT 09 Keeyask Geotechnical Investigation
MATERIALS & FIELD SERVICES HOLE NO. HOLE DEPTH PAGE
T3 oK o] p oo/
CONTRACTOR Paddock Priliing Ltd
_ DRILLER Wade
i DRILLING METHOD  SSA B
NORTHING (& RS 3. EASTING €3 U 2L Y DRILL NAME Ak St Sty ff&‘ﬂﬁ““‘
ELEV DATUM ' DATE STARTED S A2 /xS
AZIMUTH PLUNGE DATECOMPLETED S~/ 12/ &~/
LINE REF OFFSET ROCK DEPTH v
PROPOSED HOLE NUMBER WATER DEPTH A i
SURVEY SPEC. HOLE DEPTH &l
SAMPLES y
DE% §£§TEH ??Fi'é %ﬁ&%‘fgﬁﬁm TOP |BASE DA | REC (T(E:) BEZI’” SY*%&ER
' oeetHjperTH| NO- {TPE 9 | o COUNTS | (kPa)
O lon|Red| Yot~ FbwpC
02 | 1.5 [T ] SiH—Zudys, 27 MO,
SotL by, Trice QW/ oHo.4l | 1EZ
s R
,’i.§ é‘! (_g_\_gy} WVQ /#//;’ Lo s :“_/
?ﬁf}ﬁ ?‘i”-"—i»ey" —
XY PSS IS A
- {A3C (L‘{C' 32” Ky "}vz -
20120 ER
tlomjed FO 2im 1
22585 2%
Tredodlon el ?t%o
10 BB N 28T
F‘me@/z H’fS’ 'q'é 6 ﬁ
SR S 4 { _
OO (& (o1] ealan |2 IES
o7~ i
0| 6| 4 £
SAMPLING METHOD SHIPPING CONTAINER INSPECTOR ’%’D V=
A-SPLITTUBE E-AUGER CUTTINGS | N-LINER R-PAIL
B-THINWALLTUBE | F-WASH 0-TUBE S - PLIOFILM DATE %D/ fZ/@Q—
C-AUGERBARREL | G- BULK SAMPLE P-MOISTURETIN | W-WAXED B
D - CORE BARREL H-BLOCK SAMPLE | G-GLASSJAR 2 - DISCARDED SHIFT Dﬁ/k/ .
Bale Printed:; 2007 10 24 Fieid Unsioned Lah: Ursigned Report Unsgned




MANITOBA HYDRO

INSTRUMENT COMPLETION DIAGRAM

PROJECT R Fe021C

HOLE NO. DEPTH "No. of INSTRUMENTS

Th-09-0% G ]

LOCATION

CONTRAGTOR BRIl NoCck

DRILLER S e

DRILLING METHOD By  as

NORTH (RSSO EAST OHYBUILUS

DRILL NAME TRoyoe

ELEV G/S DATUM

AZIMUTH PLUNGE

DATE STARTED . St/ D leg
DATE COMPLETED g@?f /R/e9

INSTRUMENT IDENTIFICATION NUMBERS

ROCK SURFAGE A0/

GROUNDWATER AdA

END OF HOLE G ]

WELL
DETAILS

DEPTH
(ft)

WELL CONSTRUCTION DETAILS

PROTECTIVE CASING TPC

Oiameter; [

Type: 00 | os

Interval:

RISER CASING
Diameter: ¥y "

Type: ?UC/

GROUT
Type:

Mix Ratio;
Cuantity:

SEAL p
Type: me

Quantity; 2L

SANDPACK
Type: SDC!C
Quantity: 25 !

SCREEN y
Diameter: | /¢

Type: PV C

Interval, S

TPC  TOP PROTECT CASING
TRC TOP OF RISER CASING
GBS GROUND SURFACE

BS  BENTONITE SEAL

FP  FILTER PACK

TSC  TOP OF SCREEN 2.5
BSC BOTTOM OF SCREEN I,

BSC

EOH END OF HOLE

2L | Eon




MANITOBA HYDRO Field Overburden Log
CIVIL ENGINEERING PROJECT 09 Keeyask Geotechnical Investigation
MATERIALS & FIELD SERVICES HOLE NO. HOLE DEPTH PAGE
TH-6%- 99 2 or{
CONTRACTOR Paddock Drilling Ltd
DRILLER Wade
DRILLING METHOD SSA, 88
NORTHING /9 ‘_q—uqt_/;z EASTING 0.3!.!3:%.’90 DRILL NAME Ak S =S e Kowa i
ELEV ' DATUM DATE STARTED %{D /12 /59 v
AZIMUTH PLUNGE DATE COMPLETED qh 21 /o—é}
LINE REF OFFSET ROCK DEPTH
PROPOSED HOLE NUMBER WATER DEPTH M B
SURVEY SPEC. HOLE DEPTH R
SAMPLES y
R s mgii%%i;m ;L%%"&Eﬁmmm TOP |BASE DIA | REC {ig:) LW [SHEAR
pePTH|DEPTH] MO TP o | o COUNTS | (kPa)
O _[0& [Reet] “Keorwl ~ Fibimed &
DALT G| Send Bi14,.P6 , F  cinp
me};:ae‘c' CEinfere Y Ruees, -
oce. Cloas vrin Lie ool ] [€C
iy | hS e |ES
nS 3:0]8P | And PG, 1 el
Oxutns. + / -mreﬂ?;d %
Tase Rurct : —
22 /ax o [EX
Angieded Tireo O 2,0 34| Y [F
i { L :1\ AL g?.‘ﬁe’\
f\ FA il =
I Sy
SAMPLING METHOD SHIPPING CONTAINER INSPECTOR l‘)\)
A- SPLIT TUBE E-AUGER CUTTINGS | N-LINER R-PAIL
B-THINWALL TUBE | F-WASH 0-TUBE S - PLIOFILM DATE S@J / 11/ 66
C-AUGERBARREL | G-BULK SAMPLE P-MOISTURETIN | W-WAXED -1
D - CORE BARREL H - BLOCK SAMPLE G- GLASS JAR Z - DISCARDED SHIFT %/\ 4 Y
T
Deate Prinlag: 2007 1024 Fieidt: Unsigned Latr Unsigned Report ngné’d



MANITOBA HYDRO

INSTRUMENT COMPLETION DIAGRAM

ROIECT Vil Feeymdic
HOLE NO. DEPTH. No. of INSTRUMENTS
TR -09-09 3 |
LOCATION CONTRACTOR Aasnaiesr ibddocie
DRILLER U rele
' DRILLING METHOD XX SSA
NORTH (L, 2.5 P east (Y3 TF6L0D DRILL NAME “Roger
ELEV G/S DATUM DATE STARTED _&eB /12 P
AZIMUTH PLUNGE DATE COMPLETED LeD ./ i
INSTRUMENT IDENTIFICATION NUMBERS ROCK SURFACE AR
GROUNDWATER LA
END OF HOLE 2l

WELL E_
DETAILS g £

WELL CONSTRUCTION DETAILS

PROTECTIVE CASING

1

Diameter:

TRC

Type: T

GS

Intenvat:

RISER CASING
Diameter: My

Type: ?V C

GROUT
Type:

Mix Ratia:
Quantity:

SEAL

Type: EP m
CQuantity: ltﬁ-g

SANDPACK
Type: 6OC£<—‘-
Quantity: A s

SCREEN

Diameter:

1
Type: ?\) C’I
Intenval: D

TPC
TRC
GS
BS
FP
TSC
BSC

TOP PROTECT CASING
TOP OF RISER CASING
GROUND SURFACE
BENTONITE SEAL
FILTER PACK

TOP OF SCREEN
BOTTOM OF SCREEN

BSC

EOH END OF HOLE

EOH




MANITOBA HYDRO Field Overburden Log
CIVIL ENGINEERING PROJECT 09 Keeyask Geotechnical Investigation
TH-0% -/O bl [ off
CONTRAGTOR Paddock Drilling Ltd
DRILLER Wade
B DRILLNGMETHOD SSA, BE-
norTHNG (225 U enstive NRURBER DRILL NAME AckerSoiESermry Zagel
ELEV DATUM DATE STARTED [ep /12 [T ~
AZIMUTH PLUNGE DATE COMPLETED o i /%!
LINE REF OFFSET ROGK DEPTH i
PROPOSED HOLE NUMBER WATER DEPTH A
SURVEY SPEC, HOLE DEPTH (o:/
SAMPLES ,
DEPTH|DEPTH| TPE msiiwgsggm ;gmsw%“&?a% TOP |BASE DiA | REC (Fi;E:) BLow_|sHeAR
peethlpeer| NO- | TYPE | 1 TG COUNTS | (kPa)
() 03 |k Mot - Fhwet
o161 | &l Gad -y Fo, Pe, Couted _
[Toteied), Ratrem g oH O | 3
- l"*l’-“D:B?[i';r S Yy a2 Es
_ a2 23| = |E <
20| 34 4 [€X
Tradatied Plygo +0
ek ] X =
1< with D 2.8 _ _
S yeen 233 S €%
Hof® Slerghon H> gslig | 6 | €S
=
. Salsa 2 &R
&L X |IER
2 ha&\\'l EPMm
SAMPLING METHOD SHIPPING CONTAINER INSPECTOR _}SP
A- SPLIT TUBE E-AUGERCUTTINGS | N-LINER R- PAIL 5 i /.
B-THINWALL TUBE | F-WASH 0-TUBE S - PLIOFILM DATE  Gopst / 1,4/6"—/
C-AUGERBARREL | G-BULK SAMPLE P-MOISTURETIN | W-WAXED - -
D-CORE BARREL -:| H-BLOCKSAMPLE G- GLASS JAR Z - DISCARDED SHIFT H ,&‘*y R

Dzte Prined: 2007 10 24 Flek: Unsigned Lahx Unsigned Report: Unsigned




MANITOBA HYDRO

INSTRUMENT COMPLETION DIAGRAM

PROJECT

HOLE NO.

TH-0%-10

LOCATION

CONTRACTOR

DRILLER

DRILLING METHOD

NORTH (H95Y QW EAST (OB3UIR 2L

DRILL NAME

ELEV G/S DATUM

DATE STARTED

AZIMUTH PLUNGE

DATE COMPLETED

INSTRUMENT IDENTIFICATION NUMBERS

ROCK SURFACE

GROUNDWATER

END OF HOLE

WELL
DETAILS

DEPTH
(i)

WELL CONSTRUCTION DETAILS

PROTECTIVE CASING

Diameter:

e,

TRC

Type:

0.0 GS

Interval;

RISER CASING
Diameter; ” "{

Type: /PJC

GROUT
Type:

Mix Ratio:
Quanfity:

SEAL

Type:
Quantity:

EPm
s oS

SANDPACK
Type: SoCK

Quantity: 2.5 !

SCREEN it

Diameter:
Type:
Intenval;

TPC
TRC

TOP PROTECT CASING
TOP OF RISER CASING
GROUND SURFACE
BENTONITE SEAL
FILTER PACK

TOP OF SCREEN
BOTTOM OF SCREEN

BS
FP
TSC
BSC

BSC

EOH  END OF HOLE

20

ECH




MANITOBA HYDRO

Field Overburden Log

CIVIL ENGINEERING PROJECT 09 Keeyask Geotechnical Investigation
MATERIALS & FIELD SERVICES HOLE NO. HOLE DEPTH PAGE
Th— G~ /i G ! | o
CONTRACTOR Paddock Drilling Lid
DRILLER Wade
DRILLING METHOD SSA, HB
NORTHNG 62SEO T EASTNG AR URTFL T DRILL NAME BEEEST ey Honaer
ELEV DATUM DATE STARTED S /12 f5Y N
AZIMUTH PLUNGE DATE COMPLETED Q815 N
LiNE REF OFFSET ROCK DEPTH Ve
PROPOSED HOLE NUMBER WATER DEPTH MA
SURVEY SPEC. HOLE DEPTH Gt |y
SAMPLES :
DE%—'T- Sl ﬁﬁ’ﬂ&kﬁ&% SN TOP |BASE Dla | REC PEN B?-g‘*r" S\*Z'AENAER
HiDEPTH| TYPE . pepTHIpEPTH| NO- | TYPE | Ty o | % | counts | (Pa)
O o M ot — Dhpe ¢
Oa. |  KBM| Snde &by, e, Fe, cbp
?mvﬁﬁ,c:i’ Ciberred, Brme |0 [08]1 | ES
LY [ 15 o [£°
Ry R AR
et £ Rim -
303/ ] U £
- Meduim Gmayed & 4.5
R 2l 5 =X
Sloodhed +0 G ,
Tnaedled well v 12T 46| & 1 ES
2.3 . Reies.
S| S | 7 A<
e — H /'\\} r ¢ _
CITT it o dzd @ 17<
SAMPLING METHOD SHIPPING CONTAINER - INSPECTOR P)l\h
I +
A - SPLIT TUBE E- AUGER CUTTINGS | N-LINER R- PAIL
B-THINWALLTUBE | F-WASH 0-TUBE S - PLIOFILM DATE &ED/ 3 }F}’Q
C-AUGERBARREL | G-BULK SAMPLE P-MOISTURETIN | W-WAXED ot - b
D - CORE BARREL H-BLOCK SAMPLE | G-GLASS JAR 2 - DISCARDED SHIFT J1YSEA 7 -
Ceate Printed: 2007 1024 Feld: Unsigned * Lab: Unsimed Report: Unsigned




MANITOBA HYDRO

INSTRUMENT COMPLETION DIAGRAM

PROJECT

2o Leevollc

HOLE NO.

DEPTH “No. of INSTRUMENTS

Th-09- 11

©

LOCATION

CONTRACTOR

DRILLER

PRERRSC Trddoc i
marxde

DRILLING METHOD

3K A

NORTH 4,255}/ EAST O RURIFYF

DRILL NAME

Ronaer—

ELEV GIS DATUM

DATE STARTED

ADMUTH PLUNGE

DATE COMPLETED

e 24P
Lo J1a. 44

INSTRUMENT IDENTIFICATION NUMBERS

ROCK SURFACE

_AOR

GROUNDWATER

AR

END OF HOLE

G|

WELL
DETAILS

()

DEPTH

WELL CONSTRUCTION DETAILS

PROTECTIVE CASING TPC

Diameter:

5,77

TRC

Type:

0.0 GS

RISER CASING
Diameter: }‘/q y

Typer PYC

Interval: (

GROUT
Type:

Mix Ratio:
Quantity:

SEAL
Type: t Pm
Quantity:  o-.

SANDPACK

e QoK
Quantty: 2.5 !

SCREEN ¥
Diameter: |t/

Type: AVC
Interval: 94

TPC
TRC
GS
BS
P
TSC
BSC

TOP PROTECT CASING
TOP OF RISER CASING
GROUND SURFACE
BENTONITE SEAL
FILTER PACK

TOP OF SCREEN
BOTTOM OF SCREEN

RS s

EOH END OF HOLE

EQH




MANITOBA HYDRO Field Overburden Log
CIVIL ENGINEERING PROJECT 09 Keeyask Geotechnical Investigation
MATERIALS & FIELD SERVICES TOLENO. OLE DEFTH SAGE
777! *@9" ?)sl [ OF_f
CONTRACTOR Paddock Drilling Ltd
DRILLER Wade
DRILLING METHOD  SSA 4l
NORTHNG (2 &4mU/K  EASTING (DX H 37%S DRILLNAME iS5t STIRry %naa;
ELEV DATUM DATESTARTED R 2 Sl G
AZIMUTH PLUNGE DATE COMPLETED Qe /2 /059
LINE REF OFESET ROGK DEPTH )
PROPOSED HOLE NUMBER WATER DEPTH AN
SURVEY SPEC, HOLE DEPTH £
SAMPLES -
o8 Joase | SO | R [Tor [onss on e | FEY | etow_fonean
pEPTH|DEPTH| NO- | TYPEL 5 1 g COUNTS | (kPa)
O o\ [pt Wt~ Bhweos
O | LS|CT C/a;v -8 r‘[i’;{; P, A, MO
[Resre x| 08l ] 1ES o7
hy |[hS |2 |£2 O S
DS 120 [ ML & = (P ROK, By R,
Tracf. Q{W 22|23 % |F]
BORN | U ]
S lled Plzn 107 -
25 SE Sereen
SAMPLING METHOD SHIPPING CONTAINER INSPECTOR BID . / .
A- SPLIT TUBE E-AUGER CUTTINGS | N-LINER R- PAIL ; ; e
B-THINWALL TUBE | F- WASH 0-TUBE S - PLIOFILM DATE _SeP / LT
C-AUGERBARREL | G-BULKSAMPLE P-MOISTURETIN | W-WAXED M T
D - CORE BARREL H - BLOCK SAMPLE G - GLASS JAR Z - DISCARDED SHIFT ) il
T /
Date Prinadt: 2007 10 24 Fiett: Unsigned Lab: Unsigned Report Unsigned




MANITOBA HYDRO

INSTRUMENT COMPLETION DIAGRAM

PROJECT X0 heewask

HOLE NC. DEPTH No. of INSTRUMENTS

TH ~09- 1>

LOCATION

ESAY
CONTRACTOR —%OC,K
DRILLER ’

—,

NORH GASSOYR EAST OZ3775

DRILLING METHOD WK RA
X <
Ronge

DRILL NAME

ELEV GIS DATUM

Y21
DATE STARTED . Lo T

AZIMUTH PLUNGE

INSTRUMENT IDENTIFICATION NUMBERS

DATE COMPLETED /R0
AA

ROCK SURFACE

GROUNDWATER ;L,)/Jt

END OF HOLE o

WELL
DETAILS

DEPTH
(it.)

WELL CONSTRUCTION DETAILS

PROTECTIVE CASING

Diameter: | a., S'

TRC

Type: I 0.0

GS

interval:

RISER CASING
Diameter: Yy

Type: TNC

GROUT
Type:

Mix Ratio:
Quantity:

SEAL
Type: E? m

Quantity: | bo-g
SANDPACK

e Sificon
Quartit: (9,5

SCREEN
Diameter: ~ {*ju't
Type: wWC
Interval: 25 '

TPC  TOP PROTECT CASING
TRC  TOP OF RISER CASING
GS  GROUND SURFACE

BS  BENTONITE SEAL

FP FILTER PACK

TSC  TOP OF SCREEN O
BSC BOTIOM OF SCREEN I

BSC

EOH END OF HOLE

EOH




MANITOBA HYDRO Field Overburden Log
CIVIL ENGINEERING PROJECT 08 Keeyask Geotechnical Investigation
MATERIALS & FIELD SERVICES HOLE NO. HOLE DEPTH PAGE
TH -0~ [ 4.6 [ or T -
CONTRACTOR Paddock Drilling Ltd
DRILLER UAT4C
DRLLINGMETHOD I I
NORTHING (2. S %90 eastng DR/~ G/ D DRILL NAME wﬂc!&
ELEV DATUM DATE STARTED RO/ NnleS
AZIMUTH PLUNGE DATE COMPLETED _ 3&nE [ 12./r5F
LINE REF OFFSET ROCK DEPTH )
PROPOSED HOLE NUMBER WATER DEPTH A
SURVEY SPEC. HOLE DEPTH U, L
SAMPLES -
o2 JousE | SO | e om e o o o o | | olow_ s
: oePTHpEPTH| NO- | TYPE | Y 0 COUNTS | (kPa)
O lhs ML 8 !-L“ {/? FYnA“&,?\"- e, 4‘5/
Bt Sepdp 0!4%/ OHOE| 1 |3 2,
by 11312 | A% O
|22 [46@m | Sl ~P6 F6, Capect
f_ﬂr’u‘Fm{\ dmﬂ) R‘?am
2o et 222313 [E5
ADD %*{ﬁ){kﬁ_’l\m’/ﬁ 20(2: | Y 13
—F
_Terroldng  coet
Fndletlon <0 S
3\_; 3\% S 68
Pe2o aldulled 10}
2.8 o F aceedd
SAMPLING METHOD SHIPPING CONTAINER INSPECTOR KP / = ;—’
A-SPLIT TUBE E-AUGER CUTTINGS | N-LINER R- PAIL
B-THINWALL TUBE | F-WASH 0-TUBE S - PLIOFILM DATE CL/@Y [ 2 / ('/Q
C-AUGERBARREL | G-BULK SAMPLE P-MOISTURETIN | W-WAXED 1
D - CORE BARREL H-BLOCK SAMPLE | G- GLASS JAR Z- DISCARDED SHIFT
Crale Printed: 2007 10 24 Fiekd Ursigred Lab: Ursigned Report: Urssigned



MANITOBA HYDRO

INSTRUMENT COMPLETION DIAGRAM

PROJECT

KeSya3 K

HOLE NO.

DEPTH

No. of INSTRUMENTS

TH-09 -1%

N

LOCATION

CONTRACTOR

Paddock Drilling LTD

DRILLER

LB

DRILLING METHCD

SSA

NORTH (2.8 Y F90

east Oz

DRILL NAME

Heona

ELEV G/S

DATUM

DATE STARTED

LoV /09

AZIMUTH

PLUNGE

DATE COMPLETED

gep /12 /09

INSTRUMENT IDENTIFICATION NUMBERS

ROCK SURFACE

GROUNDWATER

P&

END OF HOLE

4.6

PROTECTIVE CASING

Diamster:

Type:
Interval:

RISER CASING
Dizmeter: | "/LI o

Type: WC

GROUT
Type:

Mix Ratic:
Quartity:

SEAL
Type:
Quantity:

grm
| By

SANDPACK
Type: ag \‘1 o~ gﬂd
Quantty: (D25 bo‘gs

SCREEN .
Diameter: [ Yy

Type: THC
Interval: ?c.’S '

TOP PROTECT CASING
TOP OF RISER CASING
GS GROUND SURFACE

BS BENTONITE SEAL

FP FILTER PACK

TOFP OF SCREEN
BOTTOM OF SCREEN
END OF HOLE

WELL
DETAILS

DEPTH
{it)

WELL CONSTRUCTION DETAILS

TPC

TRC

0.0

Gs

BSC

EOH




MANITOBA HYDRO

INSTRUMENT COMPLETION DIAGRAM

PROJECT

Feeyogic

HOLE NO. DEPTH No. of INSTRUMENTS

Th -9~ 12k

5!

Locaton | Saxdh oF  TH-09-1» CONTRACTOR Paddack Drilling LTD
DRILLER (L oal
DRILLING METHOD AN
NORTH EAST DRILL NAME Yoo T
ELEV G/S DATUM DATE STARTED 3ep Pia /0%
AZIMUTH PLUNGE DATE COMPLETED ser /R /o9
INSTRUMENT IDENTIFICATION NUMBERS ROCK SURFACE Jee
GROUNDWATER ANr
END OF HOLE j\](ﬁ\’,

WELL
DETAILS

DEPTH
()

WELL CONSTRUCTION DETAILS -

PROTECTIVE CASING

TPC

Diameter: I [

Type: 0.0

GS

. Interval:

RISER CASING
Diameter: 1}

Type: TIC

GROUT
Type:

Mix Ratio:
Quantity:

SEAL
Type: EPIY)
Quantity: 2.5

SANDPACK ,
Typa: 8‘&\:&0—‘ Qﬂ\(‘_,
auanity: 1S bR

SCREEN

Diameter:

Type:
Interval:

TPC  TOP PROTECT CASING

TRC  TOP OF RISER CASING
GS GROUND SURFACE P R
BS BENTONITE SEAL
FP FILTER PACK 4
TSC  TOP OF SCREEN

BSC BOTTOM OF SCREEN

BSC

EOH END OF HOLE

EQH




MANITOBA HYDRO

Field Overburden Log

CIVIL ENGINEERING PROJECT 09 Keeyask Geotechnical Investigation
. . [ 3
THA-09-1Y 4“6 ¢ oF i
CONTRACTOR Paddock Drilling Ltd
DRILLER oo @
DRILLING METHOD RS
NORTHING (5 2.5 YR L0 eastne OR YYD ) DRILL NAME Ronaei
ELEV DATUM DATE STARTED Qe?_}\rj’/ 2 St
AZIMUTH PLUNGE .DATE COMPLETED e ",D {1x Jer3
LINE REE OFFSET ROCK DEPTH
PROPOSED HOLE NUMBER WATER DEPTH A
SURVEY SPEC. HOLE DEFTH s
) SAMPLES -
TOP |BASE | SOIL E:Egmgmm TERCONTEN, Top |BAsE oA | reC PEN 'BSLPO-\I.-V S\,HpETR
DEPTHIDE PE | FLASTENTY, COMPACTRESS, WATER LOSS OR GAIN, K
PTH| TYPE oEprHloepTH| NO- | TYPE | T 0 &Pa) | couNTs | (kPa)
O[30 T | &ilr- LP, r_JrMD T,
Rean, Thrre Lendd o3 IEAS
{1 L]~ [ES
Tipee Clo/ 4 f&nn
20031 R |FL
1 [ 4619M L= Uy, P P50,
o,mm(‘“m cﬁT ?“F{/
201241 4 | £y
Tawlled Terrobie el _ _
w0 & 333X 128
Taltedied  PrEro B &°
S e &eresa ovo Fhe UM |NE L | £K
e o '
SAMPLING METHOD | SHIPPING CONTAINER INSPECTOR B\ [D
A-SPLIT TUBE E- AUGER CUTTINGS | N-LINER R-PAIL . %?
B-THINWALLTUBE | F-WASH 0-TUBE S- PLIOFILM DATE 20T / /&_/ v
C-AUGERBARREL | G-BULK SAMPLE P-MOISTURETIN | W-WAXED = - ]
D - CORE BARREL H - BLOCK SAMPLE G -GLASS JAR Z-DISCARDED SHIFT FDJ\/\, Y -
/
Date Printed: 2007 10 24 Field: Unsigned Lety: Ursigned Report Uinsigned




MANITOBA HYDRO

INSTRUMENT COMPLETION DIAGRAM

PROJECT

eevpa i

HOLE NO.

rd

DEPTH

No. of INSTRUMENTS

TR-09- i

.6

LOCATION

CONTRACTOR

Paddock Drilling LTD

PRILLER

(L ae

DRILLING METHOD

38A

NORH 6 SYE6D

EAST ORYUCD]

DRILL NAME

Rocaer

ELEV G/S

DATUM

DATE STARTED

&epN2/09

AZIMUTH

PLUNGE

BATE COMPLETED

v/ in /o9

INSTRUMENT IDENTIFICATION NUMBERS

ROCK SURFACE

GROUNDWATER

“NA
Nn

END OF HOLE

[
U

PROTECTIVE CASING
Diamater:
Type:
Interval:

RISER CASING
Diameter: | ‘7"

Type: PU C

GROUT
Type:

Mix Ratio:
Quangty:

SEAL
Type:

EPm
Quaantity: ]

1

Y

SANDPACK
Type: Slea &end

Quantity: | E)OLQ

ey

SCREEN
Diameter: | ‘/L{i f

Type: TA)C
Interval: Sl

TOP PROTECT CASING
TOP OF RISER CASING
GS GROUND SURFACE

BS BENTONITE SEAL

EP FILTER PACK

TOP OF SCREEN
BOTTOM OF SCREEN
END OF HOLE

WELL
DETAILS

DEPTH
(ft)

WELL CONSTRUCTION DETAILLS

L
O

TRC

0.0

GS

BSC

ECH




MANITOBA HYDRO

INSTRUMENT COMPLETION DIAGRAM

PROJECT

keeyvp&Y.

HOLE NO.

" DEPTH

No. of INSTRUMENTS

™ -09 -ivA

S!

L4 CONTRACTOR

Paddock Drilling LTD

LOCATION ey oy }H,l @F T}Hﬂcy,]

DRILLER

wWeode

DRILLING METHOD

&oA

NORTH

EAST

DRILL NAME

Rovger

ELEV G/S

DATUM

DATE STARTED

el /6%

AZIMUTH

PLUNGE

DATE COMPLETED

&p /i /64

INSTRUMENT IDENTIFICATION NUMBERS

ROCK SURFACE

A

GROUNDWATER

A

END OF HOLE

2:’,‘

PROTECTIVE CASING

Diameter:

Type:
Interval:

RISER CASING
Diameter: { }f

Type: A

GROUT
Type:
Mix Ratio:
Quantity:
SEAL
Type: EF’V\
Quantity: )5
SANDPACK
el sond
05 ‘Qy&)

Type:
Quantity:

SCREEN

Diameter:
Type:

Interval;

TPC  TOP PROTECT CASING
TRC  TOP OF RISER CASING
GS GROUND SURFACE

BS BENTONITE SEAL

FP FILTER PACK

TSC  TOP OF SCREEN

BSC  BCTTOM CF SCREEN
EOH END OF HCLE

WELL
DETAILS

DEPTH
f)

WELL CONSTRUCTION DETAILS

T8C

{0

o

TRC

0.0

GS

D]

T8

y4o

BSC

EQH




MANITOBA HYDRO Field Overburden Log
CIVIL ENGINEERING PROJECT 09 Keeyask Geotechnical Investigation
MATERIALS & FIELD SERVICES HOLE NO. HOLE DEPTH PAGE
Th-09- T~
CONTRACTOR Paddock Drilling Ltd
DRILLER e
DRILLING METHOD QA
NORTHING (, 2.5 Lol eastne Y Y/ O6 DRILL NAME N
ELEV DATUM DATE STARTED <o [ 155
AZIMUTH PLUNGE DATECOMPLETED &€/ 17 /o<
LINE REF OFFSET ROCK DEPTH *
PROPOSED HOLE NUMBER WATER DEPTH A7+
SURVEY SPEC. HOLE DEPTH Ll
1 SAMPLES -
DEPTH{DERTH] TYPE mﬁl&%’gm ﬁfmgﬂﬁ%@m Ec | ToP |BASE DIA | REC | (xpn srow SHEAR
' ' pepTHDERTH) NO- | TYPE | 5 | T | 4P | counTs [[ikea)
O 006l OL | ovapnie Cloy CEpse. /)
O ':;" O ‘Q 7 é:q
06| [ b 1ML | 81T~ Clasey, very soF L2 _ _
Mot A e, TreCe  [nd 0S| 20 |63
56”'-/4
/nb %] &N\ Q‘/}’ldﬁ-fﬂ\r hl\/z F(? ?{1 LYY, :)_\".‘.., 1:3 S 6%
Ex‘W ("‘{W ?‘"/rwiﬁ"ﬁ
20434 |y | ER
Sleghed 40 2:3m
2354 5 [Ex
4,8 14 16 L ES
/
SAMPLING METHOD SHIPPING CONTAINER INSPECTOR . "E;j
A - SPLIT TUBE E-AUGERCUTTINGS | N-LINER R - PAIL
B-THINWALLTUBE | F-WASH 0- TUBE S - PLIOFILM DATE QGD/}/ /C/“‘Q
C-AUGERBARREL | G-BULKSAMPLE P-MOISTURETIN | W-WAXED i
D - CORE BARREL H - BLOCK SAMPLE G- GLASS JAR Z - DISCARDED SHIFT f_/'u,/ -
Deate Printed; 2007 1024 Fekt Unsigned Lab: Unsigned Repart Unsgred




MANITOBA HYDRO Field Overburden Log
CIVIL ENGINEERING PROJECT 09 Keeyask Geotechnical Investigation
MATERIALS & FIELD SERVICES HOLE NG. HOLE DEPTH PAGE
{
TH 0%/t 2,1 | oF{
CONTRACTOR Paddock Drilling Ltd
DRILLER A Vi ©
DRILLING METHOD 84
NORTHING {_ 2.4"<¢93 2 EASTING ORUY DRILL NAME e
ELEV DATUM DATE STARTED LDV /9 .
AZIMUTH PLUNGE DATE COMPLETED S5/ /Y
LINE REF OFFSET ROCK DEPTH ’ i
PROPOSED HOLE NUMBER WATER DEPTH AU K
SURVEY SPEC. HOLE DEPTH 24}
SAMPLES *
DE?’?’H DBSPSTEH %?FI'IE msiivgﬁggw Emy“%“&ﬁc% TOP |BASE DA | REC ZEN B?-ZI'V S\{*AEI\’J‘\ER
4 pepTH[oepTH| NO- | TYPE | T 0 P2a) | counts | (kPa)
O (072 [Rett] Homt— Fhyod S
O‘?\ 2)‘ ‘ C:r Q@"’Z"’ &:i:ii//ﬂﬂ?r: ﬁm/)
bej 7 ! O H ()'3 i \['”_\S
~ iﬁi"’l‘/l”; aSE & {4 Ly 32 | £S5 o<
(%W,;f 3 2im, 22 23[R IES &S
In%igllect 10" PEres RO B |4 [€X 0T
247 oF  drieen
SAMPLING METHOD SHIPPING CONTAINER INSPECTOR Rf}" :
A-SPLIT TUBE E-AUGERCUTTINGS | N-LINER R-PAIL .
B-THINWALLTUBE | F-WASH 0-TUBE S - PLIOFILM DATE 9«.’@\%?'“.’/ 2/
C-AUGERBARREL | G-BULKSAMSLE £-MOISTURE TIN W - WAXED s N
D - CORE BARREL H - BLOCK SAMPLE G- GLASS JAR Z - DISCARDED SHIFT {\y,k-\_, L
r
Date Printed: 2007 1024 Preld Unsgned Lab: Ursigned Report: Linsigned



MANITOBA HYDRO

INSTRUMENT COMPLETION DIAGRAM

PROJECT

RN Feewsic

HOLE NO.

DEPTH No. of INSTRUMENTS

TH -09~ /6

3]

LOCATION

CONTRACTOR

DRILLER

BRGOEK “1>ddoc
LUAC

DRILLING METHOD

X SSA

NORTH  (HASEDF D EAsT O¥Y QD]

DRILL NAME

ELEV G/S DATUM

DATE STARTED

] r—-
267 1. /o9

AZIMUTH PLUNGE

DATE COMPLETED

&3}/0— o9

INSTRUMENT IDENTIFICATION NUMBERS

ROCK SURFACE

PR

GROUNDWATER

A A

END OF HOLE

3.4

WELL
DETAILS

{ft)

DEPTH

WELL CONSTRUCTION DETAILS

PROTECTIVE CASING ™e

Diameter: TRC

Type:

0.0 GS

Interval:

RISER CASING
Diameter: | !4 "

Type: PV

GROUT
Type:

Mix Ratio:
Quantity:

SEAL
Type: E?M

Quanlity: ]bﬁﬂ
SANDPACK

Type; S i\uCG'\- fﬁ'\d

Quaniity: O 5

SCREEN g
Diameter: | '/L{
vve

2GS

Type:

Interval:

PG
TRC
GS
BS
FP
TSC
BSC

TOP PROTECT CASING
TOP CF RISER CASING
GROUND SURFACE

. BENTONITE SEAL
FILTER PACK
TOP OF SCREEN
BOTTOM OF SCREEN

IO

BSC

ECH END OF HOLE

EOQH




MANITOBA HYDRO Field Overburden Log
CIVIL ENGINEERING PROJECT 089 Keeyask Geotechnical Investigation
MATERIALS & FIELD SERVICES HOLENG. HOLEDEFTH PAGE
TH oS« 1 SN [ o]
CONTRACTCR Paddock Drilling Lid
DRILLER YIAEI©
DRILLING METHOD L
NORTHING (<SS [OTX,  EASTING 2 Y Ob Y/ DRILL NAME Clngo 7—
ELEV DATUM ’ ) DATE STARTED et ) SO
AZIMUTH PLUNGE DATE COMPLETED  SE&C /¢7 [ ¥4
LINE REF OFFSET ROCK DEPTH v
PROPOSED HOLE NUMBER WATER DEPTH /i_}f\\
SURVEY SPEC. HOLE DEPTH 2l
SAMPLES .
o |ESE| S0t | ErpeRemammane. | o o o [ rec | oy | show_ fsHERR
peptHjpEPTH NO- | TYFE | T | g COUNTS | (kPa)
O el %l st Timouas
0212 (T | Clow-alhy, MP. Fropa, | OF08 | {£S
?3‘:7—?/&/“ - )
LY ST [FS
TInddadlod 4" 9uc
L i S e I }’
o SEHe D _
223 RNES
7 S i c 7. ) =
L) S 2.0 3, Y |IER
po— H ’ )
SAMPLING METHOD SHIPPING CONTAINER INSPECTOR 121>
A- SPLIT TUBE E- AUGER CUTTINGS | N-LINER R-PAIL Ny Ne
B-THNWALLTUBE | F-WASH 0-TUBE S - PLIOFILM DATE _&eP /il &r
C-AUGERBARREL | G-BULK SAMPLE P-MOISTURETIN | W-WAXED . N
D - CORE BARREL H - BLOCK SAMPLE G - GLASS JAR Z - DISCARDED SHIFT @M LY
» 7
Date Printed: 2007 1024 Feid; Unsigned Lab: Unsigned

Report Unsigned



T MANITOBA HYDRO

INSTRUMENT COMPLETION DIAGRAM

PROJECT RN Kok
HOLE NO. DEPTH 7 No. of INSTRUMENTS
H-09 - 17 Bim
LOCATION CONTRACTOR %’ Yo Il
DRILLER -
' ' DRILLING METHOD - Q8 A
NORTH (0255103, EasT OdULLY DRILL NAME Kornae .
ELEV GIS DATUM DATE STARTED 2eNE /it o @
AZIMUTH PLUNGE DATE COMPLETED L€ 1l T
INSTRUMENT [DENTIFICATION NUMBERS ROCK SURFACE AV
GROUNDWATER A
END OF HOLE ) 1%

WELL
DETAILS

DEPTH
(L)

WELL CONSTRUCTION DETAILS

PROTECTIVE CASING

Diameter: /

. |
Type: 08 | Gs

Interval:

RISER CASING

Diameter: i

Type: WO

GROUT
Type:

Mix Ratio:
Quantity:

SEAL _
wee:  CPEN
Quantty: | bo\_(ﬁ

SANDPACK
Type: S\ieon
Quantity: Y bo?,\g

SCREEN

Diameter:
Type:
Intervai;

TPC TOP PROTECT CASING
TRC  TOP OF RISER CASING
GS  GROUND SURFACE

BS  BENTONITE SEAL

FP  FILTER PACK ‘
TSC  TOP OF SCREEN ' od
BSC BOTTOM OF SCREEN 4-j0 Bsc

EOH END OF HOLE Yers QA

5" ECH




MANITOBA HYDRO Field Overburden Log
CIVIL ENGINEERING PROJECT 09 Keeyask Geotechnical Investigation
MATERIALS & FIELD SERVICES HOLE NO. HOLE DEPTH PAGE
TH-0%-/% Bl { o |
CONTRACTOR Paddock Drilling Ltd L
DRILLER el =
DRILLING METHOD Q<A -
NORTHING (o £557/5% ) EASTNG OOAY U9 1 DRILL NAME ’Qg/zﬁﬁﬂ" °E
ELEV " DATUM DATE STARTED ep ™ fi /oY
AZIMUTH PLUNGE DATE COMPLETED SeE/ 1l fa C}
LINE REF OFFSET ROCK DEPTH
PROPOSED HOLE NUMBER WATER DEPTH SHrFal €
SURVEY SPEC. - HOLE DEPTH - =, 1
SAMPLES -
Bl Lo et Wgﬂﬂm LS OAGAR E1C. TOP |BASE DA | REC | o BLOW [SHEAR
COMPACTNESS, WATER LOSS OR
DEPTH|DESTH| TYPE o pepTHpEsTH NO- [ TYPE | % | T | P9 | counts | (kea)
O _|o2[@f] et Bheos
Oz M| Sl Vo LP, Very 227,
LWl 72a), Troce 5 lodlp Rl 1 €3
L0068 G
413 |63
Clizy &6 2y 9am
""?}ﬁ/ ‘-}:CM \i”anL
2213l Y A
Sletyec] oD Qi€
D 1 .
20134 | Y [ ES
N ) 3 i
{ L N
SAMPLING METHQD SHIPPING CONTAINER INSPECTOR B“? .
A~ SPLIT TUBE E - AUGER CUTTINGS | N-LINER R- PAIL /
B-THINWALLTUBE | F-WASH 0-TUBE S - PLIOFILM DATE L€ /; 11/ 5%
C-AUGERBARREL | G-BULK SAMPLE P-MOISTURETIN | W-WAXED i
D-COREBARREL | H-BLOCKSAMPLE | G-GLASSJAR Z - DISCARDED SHIFT '\\ﬂ Vi
Date Priviec: 2007 1024 Fieic: Unsigned Lay Unsigned Report Unsined




MANITOBA HYDRO Field Overburden Log
CIVIL ENGINEERING PROJECT 09 Keeyask Geotechnical Investigation
MATERIALS & FIELD SERVICES HOLE NO. HOLE DEPTH PAGE
TR -0%- 19 2. [ OF!
CONTRACTOR Paddock Drilling Ltd
DRILLER oo
DRILLING METHOD Sa/5
NORTHING (.0 S50 | SEasTnG O34 3G / DRILL NAME R € T
ELEV " DATUM DATE STARTED g/ il /o8
AZIMUTH PLUNGE DATE COMPLETED &eP /1 forH
LINE REF OFFSET ROCK DEPTH
PROPOSED HOLE NUMBER WATER DEPTH /U /’;—
SURVEY SPEC. HOLE DEPTH <
SAMPLES ’
S S | ERSERRsrman. s on [ rEc |G| Lo sHERR
. perTHpepTH| NO- | TYPE | 55 | N0 | P2 | counts [ (kea)
O_LhSTTNL | &4 - Lu oot Jer */._E\";,
T/?V\ ; (,Q;hef "Q"”’\d
- el b LF e RIS
(LS| 2 |[EF
R ER AT &M\! 2 Hn?,a, e
H-f? T Co@&e‘i— ;
I
(Lrbred 22y 3 [ES
&G weii Trgtafiad
2 gt enh o3t or S Y |El
t.f"fii{' 45_,_—““_ - ‘f" J’) f:
Qf""{j;ﬁ \
hole. S/eudhec) &
/1 m
L [ | ==
LR S
L._.__/“-.-/ o
SAMPLING METHOD SHIPPING CONTAINER INSPECTOR 8 /—3
A- SPLIT TUBE E-AUGER CUTTINGS | N-LINER R - PAIL
B-THINWALLTUBE | F-WASH 0- TUBE S- PLIOFILM DATE g®/ /) C‘;
C-AUGER BARREL | G-BULKSAMPLE P - MOISTURE TIN W - WAXED L
D - CORE BARREL H - BLOCK SAMPLE G - GLASS JAR Z-DISCARDED SHIFT M\/ s
N £
Dale Prinled: 2007 1024 Field: Unsigned T Leb; Ursigned Repart Ursigned




MANITOBA HYDRO

INSTRUMENT COMPLETION DIAGRAM

PROJECT

KRB Vo081

HOLE NO.

DEPTH

No. of INSTRUMENTS

TH-9~-19

D |

LOCATION

CONTRACTOR

g Rddock

DRILLER

DRILLING METHOD

3% SS e

NORTH A5 SOIS

EAST ORHRYL !

DRILL NAME

Rondes

ELEV G/S DATUM

DATE STARTED

2ep 71 /09

AZIMUTH PLUNGE

DATE COMPLETED

Lep /1) /69

INSTRUMENT IDENTIFICATION NUMBERS

ROCK SURFACE

Wi

GROUNDWATER

END OF HOLE

el

WELL
DETAILS

DEPTH
()

WELL CONSTRUCTION DETAILS

PROTECTIVE CASING

Diameter:

1
i

Type; 0.0

Interval;

RISER CASING

Diameter: !

Type: W™E

GROUT
Type:

Mix Ratio;
Creanitity:

SEAL _
Type: € Pm

Cuantity: '} tﬁ:@
SANDPACK
Type: S\- ‘: (27N

Crantity: ] M

SCREEN

Diarneter:
Type:
intervai;

R
TPC TOP PROTECT CASING 3o

TRC  TOP OF RISER CASING —
GS  GROUND SURFACE v
BS  BENTONITE SEAL 3
FP_ FILTER PACK 2 =
TSC  TOP OF SCREEN S
BSC BOTTOM OF SCREEN

BSC

EQH END OF HOLE

EQH




MANITOBA HYDRO

KEEYASK

Civil Engineering
Materials And Field Services
. i Unconfined Compression @ L

E = PL Mof}:lfre LL Vane Shear  insitu @  1ob ¢ e G-2 ESKER

p |LAYER D (kPa) Q

T |DEPTH|Z 20 40 &1 80 W s 80 To| g |

H o i i L - L P kY i i L O m

5 enetrometer (Lab) v e »
(ELEV) % Standard Penetration Penetrometer (Field) 7 g 3 | vecemion
{m) {m) <L Uncarecled Biow Caunt {N} {(kPa)
0 0w e w® 2 40 s s DESCRIPTION
BT

i (0.10-0.40) SAND, fine, with silt, orange, oxidized,
- averiain by 0.10 peat
i oo (0.40 - 1.20) CLAY, trace sand, light brown, varved,
¥ occasional sand pockets
[ 4 e
1
5 -..1.20
A (178.90) {1.20 - 3.80) SAND, with silt, light brown
] 3 1.20 to 3.30 - with subrounded fine gravel
i o
- 1.40 to 3.80 - moist
[~2
- {;) !D; ( L k H V4
)
- 4 3.30 to 3.80 - sand is fine grained, and silt
- 4

coowrares: §254587.30 N, 343962.20 E
UTM27-15 CRD1929

azm Vertical

punae -90.00°

S 199104 25

g 18010 B

EHEY

tae 199104 25

COMPOSITE LOG

ACRES MANITOBA LTD

o (CAT 229) HOLE
conmucton ZELEN-RG G_5360
s 2009 06 12 seer 1 o 1

NAD 27




MANITOBA HYDRO FIELD OVERBURDEN LOG
PRQOJECT
COMPOSITE LOG HOLE NO. HOLE DEPTH PAGE
frewl G-5017 26.69 1 ©oF 1
LOCATION G-2 ESKER - WEST 91-213 G-2 ESKER - WEST CONTRACTOR MIDWEST-RH
91-213 DRILLER MIDWEST-RH
N DRILLING METHOD
NORTHING 6254671.70N_| = arshina=ayssz. e £ N1 | [NORIANATR N7 _Sound Dynamics
ELEV 180.20 T oatun drotko— U U U UHeSthrled]  azarmeer
AZIMUTH VERTICAL PLUNGE VERTICAL DATE COMPLETED 4/28/1991
LINE REF OFFSET ROCK DEPTH Bedrock not identified
PROPOSED HOLE NUMBER WATER DEPTH = Water Tabie not identified
SURVEY SPEC. UTMZ27-15 CRD1929 Proposed HOLE DEPTH 26.69
rop |mase | sou | DESCRIPTION. .. = en | (ST, e
DEPTH|DEPTH TYPE | CONTENT, pLASTIGTY, COMPACTNESS, WATER DfTig%-t 138€PSTEH NO. | TYPE (% (F:E% kPa) | coUNTS (kPa)
0.00 (0.00 - 0.10) Peat, brown, rootlets, wetl.
0.10 (0.10 - 0.30) Clay, brown, and siff, tr.fine
0.10 | 0.30 | Nbn | sand, frozen, med.dense.
0.30 (0.30 - 3.20) Sand, It.brown, and sifl, fine 0.30 | 0.30 18 DS
grained, uniform, moist, med.dense.
3.20 (3.20 - 5.40) Sand, It.brown, tr.silt, uniform,
fine grained, moist, dense.
5.40 (5.40 - 8.20) Sand, brown, medium to fine
grained, damp, med.dense.
8.20 (8.20 - 10.50) Sand, grey-brown, and sill,
tr.clay, medium lo fine gralned, moist,
dense.
10.50 {10.50 - 18.70) Sand, grey, medium
grained, damp, medium dense.
18.70 (18.70 - 23.60) Sand, brown, and silt,
tr.gravel, dmap, med.dense.
23.60 {23.60 - 26.69) Sand, grey, and silt, tr.clay,
tr.gravel, damp, med.dense.
26.69 {26.69) End of Hole.
[N
NAD 97
SAMPLING METHOD SHIPPING CONTAINER INSPECTOR P.HILLIUS
A - SPLIT TUBE E - AUGER CUTTINGS| N - LINER R - PAIL FIELD LOG FOR VERIFICATION
B-THIN WALL TUBE | F-WASH 0-TUBE S - PLIOFILM Z::;gg :mgﬁmf ‘;'1:: :mﬂf;gfoih:::"
C - AUGER BARREL G - BULK SAMPLE P - MOISTURE TiN W - WAXED compared o lab testing resulls and are intended for
D - CORE BARREL H - BLOCK SAMPLE G - GLASS JAR Z - DISCARDED review purposes anly.

Date Frinted: 2009 06 11

Field: Unsignad

Lab: Unsigned

Report: Unsigned




Enclosure 2
Laboratory testing data



AECOM

AECOM
99 Commerce Drive, Winnipeg, Manitoba R3P 0Y7
T 204.477.5381 F 204.284.2040 www.aecom.com

Memorandum

Date: September 18, 2009

To: Gil Robinson

From: Stephen Petsche

Subject: Keeyask Generating Station — infrastructure
Project number: 0217-200-07-0300

Distribution:

Attached are testing resuits for the above noted project. The testing included moisture contents and gradation
determination on ten (10) samples collected from TH 09-13, TH 09-14 and TH 09-15. After the moisture contents
were determined, the samples were washed over the 0.075 mm sieve, dried and hand sieved until refusal.

If you have any questions, please call.

Sincerely,

Stephen Petsche, C.E.T.
Coordinator, Lab and Technical Services

Attach.

I\Earth & Water\Projects\_Soils Lab\Lab - 2009 Testing\Keeyask Generating Station - Infrastructure\Memorandum Keeyask
September 18, 2009.doc



MOISTURE CONTENT

DATE:
TECHNICIAN: SP

JOB No.: 0217-200-07-0300
CLIENT: Manitoba Hydro
PROJECT: Keeyask Generating Station - Infrastructure

September 18, 2009

HOLE NO. 09-13 09-13 09-13 09-13 09-14 09-14
DEPTH (m) 14-15 22-23 3.0-3.1 45-46 22-23 3.0-31
SAMPLE NO. ES-02 ES-03 ES-04 ES-06 ES-03 ES-04
MOISTURE CONTENT % 19.2 12.7 6.5 5.1 18.6 19.6
HOLE NO. 09-14 09-15 09-15 09-15
DEPTH (m) 3.7-38 22-23 3.0-3.1 37-38
SAMPLE NO. ES-05 ES-03 ES-04 ES-05
MOISTURE CONTENT % 12.4 13.1 7.9 10.5

HOLE NO.

DEPTH (m)

SAMPLE NO.

MOISTURE CONTENT %

HOLE NO.

DEPTH (m)

SAMPLE NO.

MOISTURE CONTENT %

NOTES:

AECOM

MATERIALS LABORATORY

AECOM Canada Ltd.

88 Commerce Drive, Winnipeg, MB R3P 0Y7 Canada

tel (204) 477-5381  fax (204} 284-2040




MATERIALS LABORATORY

AECOM AECOM

99 Commerce Drive, Winnipeg, Manitoba, R3P 0Y7
tel (204) 477-5381  fax (204) 284-2040

GRAIN SIZE DISTRIBUTION

Client: Manitoba Hydro Hole No. 09-13
Project:  Keeyask Gen. Stn. - Infrastructure Sample No. ES-02
Job No:  0217-200-07-0300 Depth: 14-15m
Date : 18-Sep-09 Sample Description.  Silt, Trace Fine Sand
Sieve (mm.) Sieve No. Total Percent Passing Specification  (min - max)

100.0 4"

75.0 3"

50.0 2"

37.5 11/2"

25.0 1"

19.0 3/4"

16.0 5/8"

12.50 172"

9.50 3/8"

4.75 No.4

2.36 No.8 100.0

1.180 No. 16 99.9

0.600 No.30 99.8

0.300 No. 50 99.3

0.150 No. 100 97.9

0.075 No. 200 94.5

GRAIN SIZE DISTRIBUTION CURVE

Fines Sand Gravel
Fine ] Medium i Coarse Fine | Medium | Coarse

100 ‘\.‘— § sy 4 ¢

90

80

70

60

50

40

Percent Finer

20

10

0.010 0.100 1.000 10.000 100.000
Grain Diameter, mm




; MATERIALS LABORATORY
GRAIN SIZE DISTRIBUTION : AECOM
. AECOM N
: 99 Commerce Drive, Winnipeg, Manitoba, R3P 0Y7
) tel (204) 477-5381 _ fax (204) 284-2040
Client: Manitoba Hydro Hole No. 09-13
Project:  Keeyask Gen. Stn. - infrastructure Sample No. ES-03
Job No:  0217-200-07-0300 Depth: 22-23m
Date : 18-Sep-09 Sample Description:  Silt and Sand
Sieve (mm.) Sieve No. Total Percent Passing Specification (min - max)
100.0 4"
75.0 3"
50.0 2"
37.5 11/2"
25.0 1"
19.0 3/4"
16.0 5/8"
12.50 1/2"
9.50 3/8"
4.75 No.4
2.36 No.8
1.180 No. 16
0.600 No.30
0.300 No. 50 100.0
0.150 No. 100 96.3
0.075 No. 200 81.0
GRAIN SIZE DISTRIBUTION CURVE
Fines Sand Gravel
Fine | Medium | Coarse Fine | Medium [ Coarse
100 — L 4
90 /‘
80
/
E 70
£ 60 ¢
[T
T 50
o
= 40
(M
o
30
20
10
0
0.010 0.100 1.000 10.000 100.000

Grain Diameter, mm




; MATERIALS LABORATORY
GRAIN SIZE DISTRIBUTION : AECOM
£ ' AECOM R
,% 99 Commerce Drive, Winnipeg, Manitoba, R3P 0Y7
: tel (204) 477-5381 _ fax (204) 284-2040
Client: Manitoba Hydro Hole No. 09-13
Project:  Keeyask Gen. Stn. - Infrastructure Sample No. ES-04
Job No:  0217-200-07-0300 Depth: 30-31m
Date : 18-Sep-09 Sample Description:  Silty Sand
Sieve (mm.) Sieve No. Total Percent Passing Specification  (min - max)
100.0 4"
75.0 3"
50.0 2"
375 11/2"
25.0 1"
19.0 3/4"
16.0 5/8"
12.50 1/2"
950 3/8"
4.75 No.4
2.36 No.8
1.180 No. 16
0.600 No.30 100.0
0.300 No. 50 100.0
0.150 No. 100 74.4
0.075 No. 200 328
GRAIN SIZE DISTRIBUTION CURVE
Fines Sand Gravel
Fine i Medium { Coarse Fine | Medium 1 Caarse
100 /Q < <&
90 /
80 //
o 70
z /
£ 60
L
T 50
Qo
S 40 /
e d
30
20
10
0
0.010 0.100 1.0600 10.000 100.GGG

Grain Diameter, mm




: MATERIALS LABORATORY
GRAIN SIZE DISTRIBUTION : AECOM
% AECOM 99 Commerce Drive, Winnipeg, Manitoba, R3P 0Y7
tel (204) 477-5381 _ fax (204) 284-2040
Client: Manitoba Hydro Hole No. 09-13
Project:  Keeyask Gen. Stn. - Infrastructure Sample No. ES-08
Job No:  0217-200-07-0300 Depth: 45-46m
Date : 18-Sep-09 Sampie Description: Sand, Some silt
Sieve (mm.) Sieve No. Total Percent Passing Specification (min - max)
100.0 4"
75.0 3"
50.0 2"
37.5 11/2"
25.0 1"
19.0 3/4"
16.0 5/8"
12.50 1/2"
9.50 3/8"
4.75 No.4
2.36 No.8
1.180 No. 16
0.600 No.30 100.0
0.300 No. 50 96.4
0.150 No. 100 35.0
0.075 No. 200 11.8
GRAIN SIZE DISTRIBUTION CURVE
Fines Sand Gravel
Fine | Medium ] Coarse Fine | Medium 1 Coarse
100 o
90 /
80 /
o 70
(<]
£ 60
(1
€ 50
2 /
; 40 }
(a1
30 /
20 /
/
10 ¢
. i
0.010 0.100 1.000 10.000 100.000

Grain Diameter, mm




: MATERIALS LABORATORY
GRAIN SIZE DISTRIBUTION ; AECOM
: AECOM o .
; 99 Commerce Drive, Winnipeg, Manitoba, R3P 0Y7
’ tel (204) 477-5381__ fax (204) 284-2040
Client: Manitoba Hydro Hole No. 09-14
Project:  Keeyask Gen. Stn. - Infrastructure Sample No. ES-03
Job No:  0217-200-07-0300 Depth: 22-23m
Date : 18-Sep-09 Sample Description:  Silt, Trace Fine Sand
Sieve (mm.) Sieve No. Total Percent Passing Specification  (min - max)
100.0 4"
75.0 3"
50.0 2"
37.5 11/2"
25.0 1"
19.0 3/4"
16.0 5/8"
12.50 172"
9.50 3/8"
4.75 No.4
2.36 No.8
1.180 No. 16
0.600 No.30 100.0
0.300 No. 50 99.9
0.150 No. 100 99.3
0.075 No. 200 97.5
GRAIN SIZE DISTRIBUTION CURVE
Fines Sand Gravel
Fine { Medium { Coarse Fine | Medium | Coarse
100 ‘
- *——T
90
80
o 70
<}
£ 60
L
T 50
o
ld—, 40
o
30
20
10
0
0.010 0.100 1.000 10.000 100.500

Grain Diameter, mm




MATERIALS LABORATORY

AECOM “=o¥

99 Commerce Drive, Winnipeg, Manitoba, R3P 0Y7
tel (204) 477-5381  fax (204) 284-2040

GRAIN SIZE DISTRIBUTION

Client: Manitoba Hydro Hole No. 09-14
Project:  Keeyask Gen. Stn. - Infrastructure Sample No. ES-04
Job No:  0217-200-07-0300 Depth: 3.0-31m
Date : 18-Sep-09 Sample Description:  Silt, Trace Fine Sand
Sieve (mm.) Sieve No. Total Percent Passing Specification  (min - max)

100.0 4"

75.0 3"

50.0 2"

37.5 112"

25.0 1"

19.0 3/4"

16.0 5/8"

12.50 1/2"

9.50 3/8"

4.75 No.4

2.36 No.8

1.180 No. 16 100.0

0.600 No.30 100.0

0.300 No. 50 99.9

0.150 No. 100 99.8

0.075 No. 200 96.6

GRAIN SIZE DISTRIBUTION CURVE

Fines Sand Gravel
Fine | Medium | Coarse Fine I Medium I Coarse

100 o
’,,/0 4 ¢ ¢ 4

0

80

70

60

50

40

Percent Finer

30

20

10

0.010 0.100 1.000 10.000 100.000
Grain Diameter, mm




; MATERIALS LABORATORY
GRAIN SIZE DISTRIBUTION AECOM
B  AECOM g
: 99 Commerce Drive, Winnipeg, Manitoba, R3P 0Y7
: tel (204) 477-5381__ fax (204) 284-2040
Client: Manitoba Hydro Hole No. 09-14
Project:  Keeyask Gen. Stn. - Infrastructure Sample No. ES-05
Job No:  0217-200-07-0300 Depth: 3.7-3.8m
Date : 18-Sep-09 Sample Description:  Silt and Sand
Sieve (mm.) Sieve No. Total Percent Passing Specification  (min - max)
100.0 4"
75.0 3"
50.0 2"
37.5 11/2"
25.0 1"
19.0 3/4"
16.0 5/8"
12.50 1/2"
9.50 3/8"
4.75 No.4
2.36 No.8
1.180 No. 16
0.600 No.30
0.300 No. 50 100.0
0.150 No. 100 97.2
0.075 No. 200 575
GRAIN SIZE DISTRIBUTION CURVE
Fines Sand Gravel
Fine | Medium { Coarse Fine | Medium | Coarse
100 r ol L
90 /
80 /
L 70 /
g /
— 60
i ¢
T 50
S
3 40
(a W
30
20
10
0
0.010 0.100 1.000 10.000 100.000

Grain Diameter, mm




MATERIALS LABORATORY

;
GRAIN SIZE DISTRIBUTION ; AECOM
DISTRIB . AECOM o
H 99 Commerce Drive, Winnipeg, Manitoba, R3P 0Y7
: tel (204) 477-5381 _ fax (204) 284-2040
Client: Manitoba Hydro Hole No. 09-15
Project: Keeyask Gen. Stn. - Infrastructure Sample No. ES-03
Job No:  0217-200-07-0300 Depth: 22-23m
Date : 18-Sep-09 Sample Description:  Silty Sand
Sieve (mm.) Sieve No. Total Percent Passing Specification  (min - max)
100.0 4"
75.0 3"
50.0 2"
37.5 11/2"
25.0 1"
19.0 3/4"
16.0 5/8"
12.50 1/2"
9.50 3/8"
4.75 No.4
2.36 No.8
1.180 No. 16 100.0
0.600 No.30 100.0
0.300 No. 50 99.9
0.150 No. 100 92.4
0.075 No. 200 32.3
GRAIN SIZE DISTRIBUTION CURVE
Fines Gravel
Fine | | Coarse Fine 1 Medium | Coarse
100 AT
% /o/
80 /
o 70
: /
£ 60 /
il
T 50
3 /
j
o 40
a é
30
20
10
0
0.010 0.100 1.000 10.000 100.000

Grain Diameter, mm




; MATERIALS LABORATCRY
GRAIN SIZE DISTRIBUTION : AECOM
42 - AECOM .
g 99 Commerce Drive, Winnipeg, Manitoba, R3P 0Y7
tel (204) 477-5381 _ fax (204) 284-2040
Client: Manitoba Hydro Hole No. 09-15
Project:  Keeyask Gen. Stn. - Infrastructure Sampie No. ES-04
Job No:  0217-200-07-0300 Depth: 3.0-31m
Date : 18-Sep-09 Sample Description:  Silty Sand
Sieve (mm.) Sieve No. Total Percent Passing Specification  (min - max)
100.0 4"
75.0 3"
50.0 2"
37.5 11/2"
25.0 1"
19.0 3/4"
16.0 5/8"
12.50 1/2"
9.50 3/8"
4.75 No.4
2.36 No.8
1.180 No. 16 100.0
0.600 No.30 100.0
0.300 No. 50 99.9
0.150 No. 100 66.0
0.075 No. 200 26.6
GRAIN SIZE DISTRIBUTION CURVE
Fines Sand Gravel
Fine | Medium | Coarse Fine | Medium I Coarse
100 / L L 4 ¢
90
80
o 70
: /
S 60
- /
e
c 50
3 /
e 40 /
@ /
0.
30
20
10
0
0.010 0.100 1.000 16.000 100.000

Grain Diameter, mm






