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1.0 INTRODUCTION

1.1

1.2

General

This report present the results of a site investigation conducted by EBA Engineering
Consultants Ltd. (EBA) at the Snare Hydro Facility along the Snare Riverand near Strutt
Lake, N.W.T. The purpose of the investigation was to evaluate the surficial soil conditions
and identify potential sources of gravel.

Authorization to proceed with the project was given by Northwest Territories Power
Corporation (NWTPC) Service Agreement 105062.

Project Details

The Snare Hydro Facility comprises dams and power generating stations located along the
Snare River approximately 150 km from Yellowknife. The facility is serviced by all-
weather road, approximately 40 km in length. A source of gravel is desired to
upgrade/resurface the road.

There is an existing gravel pit on the east side of Strutt Lake. However, it is only accessible
by winter road. It is also located near the southern end of the all-weather road system. It is
EBA’s understanding that a gravel source located further north and along the all-weather
road would be preferable.

An air photo terrain analysis was previously completed by EBA in which potential sources
of granular material (sand or gravel) were identified. This analysis formed the basis of the
field investigation. EBA’s terrain analysis has been reproduced on 1:50,000 topographic
maps and has been included in Appendix D for reference. EBA’s written report has also
been included in Appendix D.

At the time of report preparation EBA was not aware of a required gradation specification
for the gravel. EBA’s prior experience has indicated that a gravel content in the order of
50 percent is desirable for road surfacing.
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1.3 Scope of Work

EBA’s understanding of the scope of work was outlined in a facsimile sent to NWTPC on

October 6, 1999. It is summarized as follows:

* Complete a visual reconnaissance of several sites, identified in EBA’s terrain analysis.
NWTPC will determine the sites to be investigated;

e Excavate test pits by hand at the requested sites;

e Complete laboratory testing on recovered samples if potentially suitable gravel is

encountered; and

e Prepare a report that documents the results of the investigation and provides estimates

for gravel quantities.

2.0 METHODOLOGY

2.1 Site Investigation

A total of 10 sites were identified by NWTPC for investigation. The site locations are
summarized below. These sites have also been indicated on the terrain analysis maps in

Appendix D.
Area Northing Easting
1 7038 700 545 500
2 7039 200 547 000
3 7021 400 532500
4 7032200 542 000
5 7 033 600 543 000
6 7035 000 545 500
7 7 036 000 544 000
8 7021 100 534700
9 7020 500 535000
10 7038 000 547 800

The sites were investigated on October 7, 8 and 9, 1999 by Mr. Gary Koop, M.I.T., of EBA
and Mr. Sandy Kunst of NWTPC. Due to time constraints, Areas 2, 8, 9 and 10 could not

be investigated. Selected site photographs are included in Appendix C.
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A total of 32 test pits were excavated by hand in 6 areas. Test pit locations are indicated on
Figures 1 through 6. A test pit summary is presented in Table 1. Samples were collected
from the test pits and returned to EBA’s Yellowknife laboratory for further examination
and testing.

2.2 Laboratory Testing

Grain size analyses and moisture contents were completed on selected. Laboratory test
results are included in Appendix B.

For reference, grain size test results have been compared against a typical GNWT road
surfacing specification (C-1).

3.0 SURFACE TOPOGRAPHY AND SOIL CONDITIONS
3.1 Areal

Area 1 is located near the north end of the all-weather road. It is depicted on Figure 1. The
area is approximately 700 m long and runs in a northwest-southeast direction. Most of the
area is located south of the service road with a small portion falling along the north side.

The ground surface slopes down to the southeast for approximately 250 m. The remaining
portion of the site, from approximately Test Pit 4 to Test Pit 6 comprises an elevated ridge
or hill, peaking towards its center.

Vegetation generally comprises pine trees and scattered birch trees. Outcropping bedrock
was observed on the southeastern portion of the area, as indicated in Figure 1. A north-
south trail providing access to the power lines extends from the road for approximately
250 m. A stockpile of sandy material was observed at the end of this trail. Areas of sparse
vegetation were observed in the vicinity of Test Pits 6 and 7.

A total of 7 test pits were excavated in Area 1. Test Pit 3 was inadvertently dug outside the
area perimeter. Test pit observations and subsequent lab testing indicated that the surface
soil generally comprised sand with varying quantities of gravel. Test Pit 1 contained the
largest proportion of gravel. Sieve results indicate 73 percent sand and 26 percent gravel.




0701-99-14092 -4- November, 1999

3.2

3.3

Area 3

Area 3 is located along the winter road, approximately 700 m southwest from the end of the
all-weather road. It’s location is indicated on Figure 2.

A large portion of the area comprises outcropping bedrock, as indicated in Figure 2.
Generally the area is on a topographic high, however elevation variations within the area do
exist.

Local “low” areas are typically located between bedrock outcrops. Vegetation in these
areas is dense and comprises spruce and infrequent birch trees. Short trees and brush are
also frequent. Local “high” areas generally correspond to bedrock outcrops. Pine trees
were observed in these areas.

A total of 5 test pits were excavated in Area 3. Observations indicated the surficial soil to
comprise fine grained sand and silt. No gravel source was identified.

Area 4

Area 4 comprises two areas, designated Area 4A and Area 4B. They are located
approximately 1200 m south of the existing air strip as indicated on Figure 3.

3.3.1 Area 4A

Area 4A is bordered on its east side by an open sand pit. Material in the pit
generally comprises fine grained sand with trace amounts of gravel. A slight
increase in gravel content was observed in the region immediately adjacent to Area
4A.

Area 4A runs from the south extent of the sand pit and curves around a bedrock
outcrop as indicated in Figure 3. The land slopes down to the north from
approximately Test Pit 11 to Test Pit 13. Beyond Test Pit 13 the land is relatively
flat. Vegetation within Area 4A comprises spruce and birch trees.

A total of 3 test pits were excavated in this Area. Gravel and sand was encountered
in Borehole 11 near the ground surface. The sand and gravel layer was 0.2 m thick

i

eoa
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3.4 Areas

and underlain by sand with some gravel. No other gravel was encountered in Area
4A.

Area 4B

Area 4B is approximately 250 m long and is bordered to the west by bedrock
outcrops and to the east by a low, marshy area. It is approximately 50 m wide.
Vegetation in area 4B generally comprises birch and pine trees.

Three test pits were excavated in this area. Surface soil conditions generally
comprised sand with trace amounts of gravel.

Area 5 consists of three areas located approximately 1100 m east of the existing air strip.
The areas have been designated Area 5A, 5B and 5C and are presented in Figure 4. Area
5 is accessible by a service road branching off the main all-weather road.

3.4.1

342

Area 5A

Area 5A is located approximately 500 m from the service road. It comprises an
elevated ridge or hill, peaking near the center of the area. Vegetation generally
consists of birch and pine trees. Outcropping bedrock in the area is infrequent.

A total of 4 test pits were excavated in Area SA. A gravelly sand was encountered
in Test Pit 16 under 0.3 m of sand. The gravelly sand extended to the termination
depth of the test pit. 75 mm minus gravel was also encountered in the upper 0.3 m
of Test Pit 17. This was underlain by sand with trace gravel. Gravel was not
encountered in the other two test pits dug in Area SA.

Area 5B

Area 5B is located east and adjacent of the service road. Area 5B comprises a
topographic high, peaking towards the center of the area. Bedrock outcrops were
observed on the east side of the area, as indicated on Figure 4. Scattered boulders
were observed near the road, north of Test Pit 23.
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3.5 Area6

3.6 Area’7

Vegetation generally consists of pine and birch trees. A grove of birch trees was
observed on a plateau in the vicinity of Test Pit 25.

Three test pits were excavated in Area 5B Sand and gravel was encountered in Test
Pit 24. Gravel was not encountered in the other two test pits.

Area 5C

Area 5C is located west of the service road, approximately 100 m south of the
beaver dam. It is bordered to the south by bedrock outcrops and to the north by
what appears to be a low-lying area.

Vegetation consists primarily of spruce trees and scattered birch trees in some areas.
Several bedrock outcrops were observed within Area 5C.

Four test pits were dug in this area. All test pits indicated the surface soil to
comprise sand with trace to some gravel.

Area 6 is located approximately 1200 m southeast of the all-weather road. It is
bordered to the west by a low-lying swampy area.

Surface conditions within Area 6 were varied. Outcropping bedrock was observed
towards the center of the area, as indicated in Figure 5. West of the bedrock
outcrops, in the vicinity of Test Pits 26 and 27, the ground surface was hummocky.
Test pits indicated surface soil to comprise peat underlain by silt and clay.
Vegetation in the area generally consisted of spruce trees.

The area east of the bedrock outcrop generally comprised sand. Vegetation
consisted of pine trees. Open, unvegetated areas of sand were also observed in this
portion of Area 6. No gravel was observed in this area.

Area 7 comprises four areas located north and south of the all-weather road. The
four sub-areas have been identified in Figure 6.
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3.6.1 Area 7A

Area 7A is located south of the all-weather road. It comprises a local topographic
high, peaking towards the center of the area. Vegetation comprises a mix of spruce,
pine and birch trees. Scattered boulders were also observed.

A shallow test pit indicated silty sand with a trace of gravel.

3.6.2 Area 7B

Area 7B is located north of the all-weather road. A visual inspection of the area
indicated the soil to generally comprise sand. Vegetation consisted of short willow-
type trees and birch.

3.6.3 Area 7C

Area 7C, located northwest of Area 7B consisted largely of outcropping bedrock.
Test pits were not excavated in this area.

3.6.4 Area 7D

Area 7D, located at the end of area 7B, is located on a local topographic high, south
of a small lake. Bedrock outcrops were observed over a large portion of the site.
Vegetation and surficial soil conditions were similar to those encountered in Area
7A, i.e. silty sand with a trace of gravel.

4.0 GRAVEL SOURCES & VOLUME ESTIMATES

Generally, EBA’s field investigation did not indicate large quantities of gravel. Surface soil
conditions typically comprised sand with a trace of gravel to gravelly sand. Assuming a
surfacing gravel specification, as discussed in the Project Details (Section 1.2) and
Laboratory Testing (Section 2.2), the majority of soils encountered would be unsuitable for
use as road surfacing material.
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Three small areas of gravel were observed during the investigation. Gravel was
encountered in Test Pit 11 of Area 4A. The gravel was contained in seam, 0.2 m thick and
was located 0.2 m below the ground surface. Sieve analysis indicated 45 percent gravel,
53 percent sand and 2 percent fines. Gravel was not encountered at Test Pit 13, the next
closest test pit. Assuming an area of 7500 m” and an average thickness of 0.1 m, the
volume of gravel in Area 4A is estimated to be in the order of 750 m’.

A second source of gravel was identified in Test Pit 17 of Area SA. Sieve analysis of the
upper 0.3 m of the test pit indicated 55 percent gravel, 41 percent sand and 4 percent fines.
A large portion of the gravel (31 percent) was larger than 20 mm in size. Sieve analysis of
soil below 0.3 m indicated a gradation unsuitable for surfacing aggregate (15 percent
gravel, 78 percent sand and 7 percent fines). Based on an assumed thickness of 0.3 m and
area of 3750 m® the volume of gravel in this region is estimated to be in the order of
1125 m®. Because a large portion of the gravel is greater than 20 mm, crushing would be
required to bring the gravel closer to specified gradation limits.

A third source of gravel was identified in Test Pit 24 of Area 5B. Sieve analysis indicated
41 percent gravel, 49 percent sand and 10 percent fines. Assuming an area of 2500 m?* and
an average thickness Of 0.4 m, the volume of gravel in this area is estimated to be in the
order of 1000 m>. Sieve results from Test Pit 24 indicate 15 percent of the material being
greater than 20 mm in size. Crushing would therefore be required to bring the material
closer to specified gradation limits.

In all three cases, the presently identified extent and thickness of the deposits are limited.
Therefore extraction with heavy equipment is not expected to be practical.

5.0 LIMITATIONS

This report presents the findings in 32 test pits at discrete locations in 12 different areas.
Volume estimates are considered to be in the order of £50 percent, due to the limited
number of test pits at each location and the shallow depths of the pits. Additional test pits
would be required to delineate gravel boundaries and refine quantity estimates.

This report has been prepared for the exclusive use of the Northwest Territories Power
Corporation, and their agents, for specific application to the development described in
Section 1 of this report. It has been prepared in accordance with generally accepted soil
engineering practices. No other warranty is made, either expressed or implied.

A
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Reference should be made to the General Conditions attached in Appendix A of this report
for further limitations.

6.0 CLOSURE

We trust that this report satisfies you present requirements. If you require any additional
information or monitoring services, please contact our Yellowknife office.

Respectfully submitted,
EBA ENGINEERING CONSULTANTS LTD.

Prepared by: Reviewed by:

Gary Koop, M.I.T. T.E. Hoeve, P.Eng.
Geotechnical Engineer ' Chief Engineer, N.-W.T.

WSERVER\EBA\0701\Projects\1999199-14092\14092r01.doc
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TERMS USED ON BOREHOLE LOGS

TERMS DESCRIBING CONSISTENCY OR CONDITION

COARSE GRAINED SOILS (major portion retained on 0.075mm sieve): includes (1) clean gravels and sands,
and (2) silty or clayey gravels and sands. Condition is rated according to relative density, as inferred from
laboratory or in situ tests.

DESCRIPTIVE TERM RELATIVE DENSITY N (blows per 0.3m)
Very Loose 0 to 20% Qto4
Loose 20 to 40% 4to 10
Compact 40 to 75% 10 to 30
Dense 75 to 90% 30 to 50
Very Dense 90 to 100% greater than 50

The number of blows, N, on a 51mm O.D. split spoon sampler of a 63.5kg weight falling 0.76m, required to
drive the sampler a distance of 0.3m from 0.15m to 0.45m.

FINE GRAINED SOILS (major portion passing 0.075mm sieve): includes (1) inorganic and organic silts and
clays, (2) gravelly, sandy, or silty clays, and (3) clayey silts. Consistency is rated according to shearing
strength, as estimated from laboratory or in situ tests.

DESCRIPTIVE TERM UNCONFINED COMPRESSIVE
STRENGTH (kPa)

Very Soft Less Than 25
Soft 2510 50
Firm 5010 100
Stift 100 to 200

Very Stiff 200 to 400
Hard Greater Than 400

NOTE: Slickensided and fissured clays may have lower unconfined
compressive strengths than shown above, because of planes of
weakness or cracks in the soil.

GENERAL DESCRIPTIVE TERMS

Slickensided - having inclined planes of weakness that are slick and glossy in appearance.

Fissured - containing shrinkage cracks, frequently filled with fine sand or silt; usually more or
less vertical.

Laminated - composed of thin layers of varying colour and texiure.

Interbedded - composed of alternate layers of different soil types.

Calcareous - containing appreciable quantities of calcium carbonate.

Well Graded - having wide range in grain sizes and substantial amounts of intermediate particle
sizes.

Poorly graded - predominantly of one grain size, or having a range of sizes with some intermediate
size missing.

U=
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UNIFIED SOIL CLASSIFICATIONTY

ice classifications

lags + 5%
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soil [ |

2. Visual estimatas of ice contents indicated on borehole

3. This system of ground ice description has bsen modi-
fiad fram NRC Tuchnical Mema 78, Guide to the
Fisld Doscription of Parmafrost for Engineering

e [
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0701-99-14092 Table 1 November, 1999
Test Pit Logs
Test Pit Area Dég;h Stratigraphy Comments
0.0 - 04 | SAND — trace gravel, med. grained, brown
0.4-0.8 | SAND - some gravelly, 40m minus
1 1 brown/red - 1 sample collected
0.8 - 1.0 | SAND - some silt, fine grained, grey
1.0 End of Hole
0.0 - 0.3 | SAND - trace gravel, grey, roots in top 0.2 m
2 1 0.3-0.6 | SAND -some gravel, 16 mm minus - 2 samples collected
@0.6 SAND - fine to med. grained, light brown,
0.6 End of Hole
3 , 0@'%_50'5 SgioDn;ir?ﬂtyl,aﬁtril: grained - TP3 outside Area 1 boundary
0 63.5 iEn d ofHoglep s - in low area; hummocky
0.0-0.4 | SAND - trace gravel (10 mm minus), fine to
med. grained, red/brown
4 ! 0.4 -0.5 | SILT - some sand, grey - I sample collected
0.5 End of Hole
0.0 -0.2 | SAND - trace silt, fine grained, roots & trace
5 1 cobbles in top 75 mm
0.2 -0.7 | SAND — trace gravel (Smm minun)
0.7 End of Hole
0.0-0.5 | SAND - trace cobbles, orange - test pit in open area
6 1 0.5-0.8 | SAND - trace fine gravel, grey/brown - on a crest, scattered boulders
@0.8 - decreasing gravel at surface
0.8 End of Hole - 1 sample collected
0.0 - 0.4 | SAND — gravelly, sand med. to coarse grained | - test pit at edge of open area
7 1 @0.4 - decreasing gravel - located on a ridge
0.9 End of Hole - 2 samples collected
- 2 holes dug in area; first hole
3 3 0.0-0.3 | SAND —silty abandoned due to boulders at
0.3 End of Hole — refusat on boulders & cobbles surface
- scattered boulders at surface
A 3 8g ~ 82 gigg - tgrl:; to some gravel, red - surficial hole dug while
0.4 End of Hole walking
0.0-0.3 | PEAT
0.3-0.6 | CLAY —silty .
7 3 los End of Hole — bottom of hole wet at - fest pit wet at bottom
completion
10 3 8(2) B 8? Is)ﬁf}’r__sgl;::zzl;s roots - ground st;)rface hummocky
) ' - willows, birch & spruce
0.5 End of Hole ’
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Test Pit Logs
0.0-0.2 | PEAT - fibrous with moss & roots
0.2-0.4 | SAND and GRAVEL - trace fines
11 4A 0.4 - 0.8 | SAND — some gravel, trace fines, increasing - 2 samples collected
gravel with depth
0.8 End of Hole — refusal on possible bedrock
0.0-0.1 | PEAT
12 4A 0.1 - 0.8 | SAND - fine grained, clean - 1 sample collected
0.8 End of Hole
0.0-0.3 | SAND - some gravel, trace fines, red
13 4A [ (@0.3 SAND - fine grained - 1 sample collected
03 End of Hole
0.0-02 | PEAT
0.2-0.6 | SAND - fine to med. grained, trace fine
14 4B .
gravel intop 0.1 m
0.0 End of Hole
14A 4B similar to TP'14, cobbles in upper 0.2 m below
peat
0.0-0.2 | PEAT
15 4B 0.2-0.7 | SAND - trace gravel, sand fine grained - 1 sample collected
0.7 End of Hole
0.0-0.1 | SAND - organic, black
0.1 -0.3 | SAND — med. grained, red/brown, clean _ test pit on clevated ridge
16 5A 0.3-0.9 | SAND — gravelly, trace fines sand med. to P g
. - 2 samples collected
coarse grained
0.9 End of Hole
0.0-0.3 | GRAVEL and SAND — 75 mm minus - on crest of slope
17 SA 0.0-0.8 | SAND - some gravel, 40 mm minus - 2 samples collzcte d
0.8 End of Hole P
0.0-0.1 | PEAT
13 SA 0.1 -0.2 | SAND — brown/red
0.2 -0.3 | SAND — trace silt, sand fine grained
0.3 End of Hole
0.0-0.1 | PEAT
19 SA 0.1-03 | SAND — trace gravel - 1 sample collected
03 End of Hole
0.0-0.1 | PEAT
0.1 -0.4 | SAND - trace fine gravel, sand fin grained,
red/brown
20 3¢ 0.4-0.6 | SAND — trace fine gravel, sand med. grained, |~ 1 sample collected
grey/brown
0.6 End of Hole
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Test Pit Logs
0.0-0.1 | PEAT
21 5C 0.1-04 | SAND - fine grained, grey/brown
0.4 End of Hole
- probe hole dug while walking
0.0-0.2 | SAND - trace to some gravel - trees less dense than TP19 &
21A 5C 0.2 End of Hole TP20
) - predominantly birch trees
- 20 m from bedrock outcrop
0.0-0.1 i PEAT
22 5C 0.1 —0.4 | SAND - fine grained, clean - spruce & scattered birch
0.4 End of Hole
0.0-0.1 | PEAT
23 5B 0.1 -0.3 | SAND - fine grained, tan
0.3 End of Hole
0.0-0.1 | PEAT .
) - lightly wooded area; boulders &
24 5B 0.1-04 | SAND and GRAVEL — some fines, 40 mm bedrock visible in area
inus - 1 sample collected
0.4 End of Hole P
0.0-0.1 | PEAT —roots
25 5B 0.1 -0.3 | SAND - fine grained, red/brown - test pit in grove of birch trees
0.3 End of Hole
0.0-0.1 | PEAT .
26 6 0.1-02 | SILT— sandy - ‘I’::!raoli?nhole excavated while
0.3 End of Hole &
0.0-0.2 | PEAT .
27 6 02-03 | CLAY —silty - &;01231 hole excavated while
0.3 End of Hole &
28 6 0.0.-0.2 | SAND - probe hole excavated while
0.2 End of Hole walking
29 TA 0.0 - 0.2 | SAND - siltys, trace gravel - 1 sample collected
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Figure 2
Test Pit Locations - Area 3 S%l—
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Figure3 o
Test Pit Locations - Area 4 E
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Figure5
Test Pit Locations - Area 6 !‘E
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EBA Engineering Consultants Ltd. (EBA)
GEOTECHNICAL REPORT - GENERAL CONDITIONS

This report incorporates and is subject to these “General Conditions”.

A.1 USE OF REPORT AND OWNERSHIP

This geotechnical report pertains to a specific site, a
specific development and a specific scope of work. It
is not applicable to any other sites nor should it be
relied upon for types of development other than that to
which it refers. Any variation from the site or
development would necessitate a supplementary
geotechnical assessment.

This report and the recommendations contained in it
are intended for the sole use of EBA's client. EBA
does not accept any responsibility for the accuracy of
any of the data, the analyses or the recommendations
contained or referenced in the report when the report is
used or relied upon by any party other than EBA's
client unless otherwise authorized in writing by EBA.
Any unauthorized use of the report is at the sole risk of
the user.

This report is subject to copyright and shall not be
reproduced either wholly or in part without the prior,
written permission of EBA. Additional copies of the
report, if required, may be obtained upon request.

A.2 NATURE AND EXACTNESS OF SOIL
AND ROCK DESCRIPTIONS

Classification and identification of soils and rocks are
based upon commonly accepted systems and methods
employed in professional geotechnical practice. This
report contains descriptions of the systems and
methods used. Where deviations from the system or
method prevail, they are specifically mentioned.

Classification and identification of geological units are
judgmental in nature as to both type and condition.
EBA does not warrant conditions represented herein as
exact, but infers accuracy only to the extent that is
common in practice.

Where subsurface conditions encountered during
development are different from those described in this
report, qualified geotechnical personnel should revisit
the site and review recommendations in light of the
actual conditions encountered.

A.3 LOGS OF TEST HOLES

The test hole logs are a compilation of conditions and
classification of soils and rocks as obtained from field
observations and laboratory testing of selected
samples. Soil and rock zones have been interpreted.
Change from one geological zone to the other,
indicated on the logs as a distinct line, can be, in fact,
transitional. The extent of transition is interpretive.

Any circumstance which requires precise definition of
soil or rock zone transition elevations may require
further investigation and review.

A4 STRATIGRAPHIC AND GEOLOGICAL
INFORMATION

The stratigraphic and geological information indicated
on drawings contained in this report are inferred from
logs of test holes and/or soilirock exposures.
Stratigraphy is known only at the locations of the test
hole or exposure. Actual geology and stratigraphy
between test holes and/or exposures may vary from
that shown on these drawings. Natural variations in
geological conditions are inherent and are a function of
the historic environment. EBA does not represent the
conditions illustrated as exact but recognizes that
variations will exist. ~Where knowledge of more
precise locations of geological units is necessary,
additional investigation and review may be necessary.

A.S SURFACE WATER AND
GROUNDWATER CONDITIONS

Surface and groundwater conditions mentioned in this
report are those observed at the times recorded in the
report. These conditions vary with geological detail
between observation sites; annual, seasonal and special
meteorologic conditions; and with development
activity.  Interpretation of water conditions from
observations and records is judgmental and constitutes
an evaluation of circumstances as influenced by
geology, meteorology and development activity.
Deviations from these observations may occur during
the course of development activities.

A.6 PROTECTION OF EXPOSED GROUND

Excavation and construction operations expose
geological materials to climatic elements (freeze/thaw,
wet/dry) and/or mechanical disturbance which can
cause severe deterioration. Unless otherwise
specifically indicated in this report, the walls and
floors of excavations must be protected from the
elements, particularly moisture, desiccation, frost
action and construction traffic.

A.7 SUPPORT OF ADJACENT GROUND
AND STRUCTURES

Unless otherwise specifically advised, support of
ground and structures adjacent to the anticipated
construction and preservation of adjacent ground and
structures from the adverse impact of construction
activity is required.
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EBA Engineering Consultants Ltd. (EBA)
GEOTECHNICAL REPORT - GENERAL CONDITIONS

A.8 INFLUENCE OF CONSTRUCTION
ACTIVITY

There is a direct correlation between construction
activity and structural performance of adjacent
buildings and other installations. The influence of all
anticipated construction activities should be considered
by the contractor, owner, architect and prime engineer
in consultation with a geotechnical engineer when the
final design and construction techniques are known.

A.9 OBSERVATIONS DURING
CONSTRUCTION

Because of the nature of geological deposits, the
judgmental nature of geotechnical engineering, as well
as the potential of adverse circumstances arising from
construction activity, observations during site
preparation, excavation and construction should be
carried out by a geotechnical engineer. These
observations may then serve as the basis for
confirmation and/or alteration of geotechnical
recommendations or design guidelines presented
herein.

A.10 DRAINAGE SYSTEMS

Where temporary or permanent drainage systems are
installed within or around a structure, the systems
which will be installed must protect the structure from
loss of ground due to internal erosion and must be
designed so as to assure continued performance of the
drains. Specific design detail of such systems should
be developed or reviewed by the geotechnical
engineer. Unless otherwise specified, it is a condition
of this report that effective temporary and permanent
drainage systems are required and that they must be
considered in relation to project purpose and function.

A.11 BEARING CAPACITY

Design bearing capacities, loads and allowable stresses
quoted in this report relate to a specific soil or rock
type and condition.  Construction activity and
environmental circumstances can materially change
the condition of soil or rock. The elevation at which a
soil or rock type occurs is variable. It is a requirement
of this report that structural elements be founded in
and/or upon geological materials of the type and in the
condition assumed. Sufficient observations should be
made by qualified geotechnical personnel during
construction to assure that the soil and/or rock
conditions assumed in this report in fact exist at the
site.

A2 SAMPLES

EBA will retain all soil and rock samples for 30 days
after this report is issued. Further storage or transfer of

samples can be made at the client's expense upon
written request, otherwise samples will be discarded.

A.13 STANDARD OF CARE

Services performed by EBA for this report have been
conducted in a manner consistent with the level of skill
ordinarily exercised by members of the profession
currently practising under similar conditions in the
jurisdiction in which the services are provided.
Engineering judgement has been applied in developing
the conclusions and/or recommendations provided in
this report. No warranty or guarantee, express or
implied, is made concerning the test results,
comments, recommendations, or any other portion of
this report.

A.14 ENVIRONMENTAL AND REGULATORY
ISSUES

Unless stipulated in the report, EBA has not been
retained to investigate, address or consider and has not
investigated, addressed or considered any
environmental or regulatory issues associated with
development on the subject site.

A.15 ALTERNATE REPORT FORMAT

Where EBA submits both electronic file and hard
copy versions of reports, drawings and other
project-related  documents and  deliverables
(collectively termed EBA’s instruments of
professional service), the Client agrees that only the
signed and sealed hard copy versions shall be
considered final and legally binding. The hard copy
versions submitted by EBA shall be the original
documents for record and working purposes, and, in
the event of a dispute or discrepancies, the hard copy
versions shall govern over the electronic versions.
Furthermore, the Client agrees and waives all future
right of dispute that the original hard copy signed
version archived by EBA shall be deemed to be the
overall original for the Project.

The Client agrees that both electronic file and hard
copy versions of EBA’s instruments of professional
service shall not, under any circumstances, no matter
who owns or uses them, be altered by any party
except EBA. The Client warrants that EBA’s
instruments of professional service will be used only
and exactly as submitted by EBA.

The Client recognizes and agrees that electronic files
submitted by EBA have been prepared and submitted
using specific software and hardware systems. EBA
makes no representation about the compatibility of
these files with the Client’s current or future software
and hardware systems.
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EBA Engineering Consultants Lid.

GRAIN SIZE DISTRIBUTION

PERCENTAGE
SIEVE PASSING
Project: Gravel Borrow Search 40 100
Snare Hydro, NW.T. 25 98
Project Number:  0701-99-14092 20 94
Date Tested: October 31, 1999 16 92
Borehole Number: Area 1, TP 01 12.5 89
Depth: 04-075m 10 87
Soil Description:  SAND - gravelly, frace fines 5 74
Cu: 7.7 2.5 60
Cc: 0.3 1.25 53
Natural Moisture Content:  2.8% 0.63 45
Remarks: Sample by EBA on October 7, 1999 0.315 9
Spec band as per GNWT C1 Surfacing Aggregate Specification 0.16 1
0.08 1
CLAY ST SAND GRAVEL
FINE | wmeoum  [coarse FINE COARSE
SIEVE SIZES
100 200 100 B0 40 30 20 16 10 B 4 3812 341 1102 2 3
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80 // L
70 / .
% "' 'l
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e 40 —
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o ’ ,
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10 . 17 A ]
0 | | [ TITTTI [ T TTTIII [ T L1111
.0005 .001 002 005 .01 .02 .05 | 2 5 1 2 5 10 20 50
GRAIN SIZE (millimeters)
Reviewed By: /ﬁ/ P.Eng.
i |

Data presented hereon is for the sole use of the

stipulated client. EBA is nol responsible, nor can be

held liable, for use made of this repart by any other
party, with or without the knowledge of EBA

The testing services reported herein have

be an EBA technician lo recognized
industry standards, unless otherwise noted, No arranty is made. These data do not include

or represent any interpretalion or opinion of specification compliance or material suitability. Should
engineering interoperation be required, EBA will provide it upon written request.




EBA Engineering Consultants Ltd.

GRAIN SIZE DISTRIBUTION

il

PERCENTAGE
SIEVE PASSING
Project:  Gravel Borrow Search 40
Snare Hydro, NW.T. 25
Project Number: 0701-99-14092 20 100
Date Tested: October 31, 1999 16 100
Borehole Number: Area 1, TP 02 12.5 99
Depth; 0.3-06m 10 98
Soil Description:  SAND - some gravel, trace fines 5 88
P
Cu; 5.2 - 25 72
Cc: 0.9 1.25 50
Natural Moisture Content:  6.1% 0.63 25
Remarks: Sample by EBA on October 7, 1999 0.315
Spec band as per GNWT C1 Surfacing Aggregate Specification 0.16
0.08
CLAY SILT SAND GRAVEL
FINE | weowm  [coarse FINE COARSE
SIEVE SIZES
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GRAIN SIZE (millimeters)
Reviewed By: P.Eng.

Data presented herean is for the sofe use of the
slipulated client. EBA is nol responsible, nor can be
held liable, for use made of this report by any other
party, with or without the knowledge of EBA

The testing services reported herein have been hgrforpéd by an EBA technician 1o recognized
Industry standards, unless otherwise noted, No other warranly is made. These data do not include
or represent any intergretation or apinion of specification compliance or material suitability, Should
engineering interoperation be required, EBA will provide it upon wrilten request.




EBA Engineering Consultants Ltd.

GRAIN SIZE DISTRIBUTION

seve | "isenG
Project:  Gravel Borrow Search 40 100
Snare Hydro, NW.T. 25 98
Project Number:  0701-99-14092 20 95
Date Tested: October 20, 1899 16 91
Borehcle Number: Area 1, TP 07 12.5 88
Depth: 02-04m 10 86
Soil Description:  SAND - gravelly, trace fines 5 78
Cu: 5.7 2.5 66
Cc: 0.7 1.25 50
Natural Moisture Content:  3.4% 0.63 27
Remarks: Sample by EBA on Octcber 7, 1999 0.315
Spec band as per GNWT C1 Surfacing Aggregate Specification 0.16
0.08
CLAY SILT FINE ISANI\.I:ED!UM {COARSE FINE GRAVELCOARSE
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Data presented hereon is for the sole use of the The lesting services reported herein have been FerraFned by an EBA technician to recognized
stiputated ctient. EBA is not responsible, nor can be Indusiry standards, unless otherwise noted, No other warranty is made. These dala do not include
held liable, for use made of this reporl by any other or represent any interpretation or opinion of specification compliance or material suitability. Sheuld

party, with or withoul the knowledge of EBA engineering interoperation be required, EBA will provide it upon writlen request.



EBA Engineering Consultants Ltd.

GRAIN SIZE DISTRIBUTION

PERCENTAGE
SIEVE PASSING
Project:  Gravel Borrow Search 40
Snare Hydro, N.W.T. 25
Project Number:  0701-99-14092 20 100
Date Tested: October 26, 1999 16 99
Borehole Number: Area 4A, TP 11 12.5 99
Depth: 0.2-04m 10 95
Soil Description:  SAND and GRAVEL - trace fines 5 55
Cu: 9.1 2.5 35
Ce: 1.1 1.25 23
Natural Moisture Content:  2.8% 0.63 10
Remarks: Sampled by EBA on October 8, 1999 0.315
Spec band as per GNWT C1 Surfacing Aggregate Specification 0.16
0.08
CLAY ST SAND GRAVEL
FINE | wmebium  [coarse FINE COARSE
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v/

Data presented hereon is for the sole use of the
stipulated client. EBA is nol responsible, nor can be
held liable, for use made of this report by any other
party, with or without the knowledge of EBA

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




EBA Engineering Consultants Lid.

GRAIN SIZE DISTRIBUTION

PERCENTAGE
SIEVE PASSING
Project.  Gravel Borrow Search 40 100
Snare Hydro, NW.T. 25 98
Project Number: 0701-99-14092 20 98
Date Tested: October 26, 1999 16 97
Borehole Number: Area 4A, TP 11 12.5 97
Depth: 04-08m 10 94
Soil Description: SAND - some gravel, trace fines 5 81
Cu: 64 2.5 61
Ce: 141 1.25 36
Natural Moisture Content:  3.5% 0.63 16
Remarks: Sample by EBA on October 8, 15999 0.315
Spec band as per GNWT C1 Surfacing Aggregate Specification 0.16
0.08 2
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% P.Eng.

Reviewed By:
a/

Data presented herecn is for the sole use of the
stipulated client. EBA is not responsible, nor can be
held liable, for use made of this report by any other
parly, with or withoul the knowledge of EBA

The testing services reported herein have been peﬂcﬁéd by an E-BA iechnician ta recognized
Indusiry standards, unless ctherwise noted, No other warranty is made. These data do not include
or represent any interpretation or opinion of specification compliance or material suitability. Should
engineering interoperaticn be required, EBA will provide it upen written request.



EBA Engineering Consultants Lid.

GRAIN SIZE DISTRIBUTION

sEve | e
Project: Gravel Borrow Search 40
Snare Hydro, NW.T. 25
Project Number:  0701-99-14092 20 100
Date Tested: QOctober 26, 1999 16 100
Borehole Number: Area 4A, TP 13 12.5 98
Depth:  0.1-0.3m 10 96
Soil Description:  SAND - some gravel, trace fines 5 84
Cu; 119 2.5 56
Cc: 1.0 1.25 38
Natural Moisture Content:  2.6% 0.63 26
Remarks: Sampled by EBA on October 8, 1999 0.315 15
Spec band as per GNWT C1 Surfacing Aggregate Specification 0.16 4
0.08 1
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FINE MEDIUM _ |COARSE FINE COARSE
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Reviewed By: P.Eng.
)
Data presented hereon is for the sole use of the The testing services reported herein have been performed by an EBA technician to recognized
slipulated client. EBA is not responsible, nor can be Indusiry standards, unless olherwise noted, No other wacranty is made. These data do notinclude
held liable, for use made of this report by any other or represent any interprelation or opinion of specification compliance or material suitability. Should

party, with or without the knowledge of EBA engineering interoperation e required, EBA will provide it upon written request.




EBA Engineering Consultants Lid.

GRAIN SIZE DISTRIBUTION

PERCENTAGE
SIEVE PASSING
Project:  Gravel Borrow Search 75 100
Snare Hydro, NW.T. 50 M
Project Number:  0701-99-14082 40 88
Date Tested: October 20, 1999 25 86
Borehole Number: Area 5A, TP 16 20 86
Depth: 04-06m 16 83
Soil Description:  SAND - gravelly, trace fines 12.5 81
Cu: 41 10 79
Ce: 06 5 70
Natural Moisture Content:  1.8% 2.5 59
Remarks: Sampled by EBA on October 8, 1999 1.25 37
Spec band as per GNWT C1 Surfacing Aggregate Specification 0.63 8
0.315 3
0.16 2
0.08 1
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held liable, for use made of this repart by any other or represent any interpretation or opinion of specification compliance or matersal suitability. Should

party, wilh or without the knowledge of EBA

engineering interoperation be required, EBA will provide it upon written request.



EBA Engineering Consultants Lid.

GRAIN SIZE DISTRIBUTION

Seve | "paseG
Project:  Gravel Borrow Search 75 100
Snare Hydro, NW.T. 50 83
Project Number:  0701-89-14092 40 78
Date Tested: October 20, 1989 25 74
Borehole Number: Area 5A, TP 17 20 69
Depth:  0-03m 16 65
Soil Description: GRAVEL and SAND - trace fines 12.5 61
Cu: 412 10 57
Cc. 03 5 45
Natural Moisture Content:  3.0% 25 39
Remarks: Sampled by EBA on October 8, 1999 1.25 33
Spec band as per GNWT C1 Surfacing Aggregate Specification 0.63 21
0.315 11
0.16
0.08
CLAY SILT FINE SANI\.[:EDIUM [coarse FINE GRTVELCOARSE
SIEVE SIZES

stipulated clien. EBA is not respensible, nor can be
hetd liable, for use made of this report by any other
party, with or without the knowledge of EBA

Indusiry standards, unless otherwise noted, No other warranty is made. These data do not include
of represent any interpretation or opinian of specification compliance or material suitability. Shoutd
engineering interoperation be required, EBA will provide it upon written request.
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EBA Engineering Consultants Lid.

GRAIN SIZE DISTRIBUTION

PERCENTAGE
SIEVE PASSING
Project:  Gravel Borrow Search 40 100
Snare Hydro, N.W.T. 25 97
Project Number; 0701-99-14092 20 97
Date Tested: October 20, 1999 16 95
Borehole Nurnber: Area 5A, TP 17 12.5 93
Depth: 0.8m 10 91
Soil Description:  SAND - some gravel, trace fines 85
Cu: 105 2.5 77
Cc: 156 1.25 66
Natural Moisture Content:  2.3% 0.63 45
Remarks: Sampled by EBA on October 8, 1999 0.315 23
Spec band as per GNWT C1 Surfacting Aggregate Specification 0.16 16
0.08 7
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Data presented herecn is for the sole use of the
slipulated client. EBA is not responsible, nor can be
held liable, for use made of this report by any other
parly, wilth or withaut the knowledge of EBA

The tesling services reported herein have been pevtantied by an EBA technician to recognized
Industry standards, unless otherwise noled, No other warranty is made, These dala do not include
or represent any interprelation or opinion of specification compliance or material suttability. Should
engineering interoperalion be required, EBA will provide it upon writien request.




EBA Engineering Consultants Lid.

GRAIN SIZE DISTRIBUTION

PERCENTAGE
SIEVE PASSING
Project: Gravel Borrow Search 40 100
Snare Hydro, NW.T. 25 90
Project Number:  0701-89-14092 20 85
Date Tested: October 31, 1999 16 77
Borehole Number: Area 5B, TP 24 12.5 72
Depth: 0.0-04m 10 67
Soil Description:  SAND and GRAVEL - some fines 5 58
Cu: 659 2.5 55
Cc: 01 1.25 53
Natural Moisture Content:  4.9% 0.63 50
Remarks: Sample by EBA on October 9, 1999 0.315 44
Spec band as per GNWT C1 Surfacing Aggregate Specification 0.16 32
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Data presented hereon is for the sole use of the
stipulated client. EBA is not responsible, nor can be
held liable, for use made of this repor by any ather
party, with or without the knowledge of EBA

The {esting services reporled herein have been penorhied by an EBA technician fo recognized
Industry standards, unless oltherwise noted, No other warranty is made. These data do not include
or represent any interpretation or opinion of specification compliance or material suitability. Should
engineering intercperation be required, EBA will provide it upon wrillen request.

24—

eQ



EBA Engineering Consultants Lid.
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Natural Moisture Content:  5.3% 0.63 56
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0701-99-14092 Northwest Territories Power Corporation November, 1999
Gravel Borrow Search, Snare Hydro, N.W.T.

Photo |
-

Area 1, facing south from all-weather road. Trail leading to powerline visible in cenefoto. Test Pit 2
visible to left of photo.

Photo 2
A . S e~
Area 1, facing southeast. Test Pit 7 visible to left of photo.

EA0701\Projects\ 999199130923 PHOTO. doc _[AE



0701-99-14092 Northwest Territories Power Corporation

Gravel Borrow Search, Snare Hydro, N.W.T.

November, 1999

Photo 3

Photo 4

Area 4B looking north from access road. Low area to left of photo. Area 4B visible to right of photo

E:A0701\Projects\1 999199-14092\PHOTO.doc
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0701-99-14092 Northwest Territories Power Corporation
Gravel Borrow Search, Snare Hydro, NNW.T.

November, 1999

Photo 3

Photo 6

Test Pit 24 (Area 5B) facing east,
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0701-99-14092

Northwest Territories Power Corporation
Gravel Borrow Search, Snare Hydro, N.W.T,

November, 1999

Photo 7

RN e

Photo &

Area 7A, facing southeast from Test

Uhere

{ Pit 29.
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EBA Engineering Consultants Ltd.

September 25, 1999 EBA File: 0701-99-14092

Northwest Territories Power Corporation
4 Capital Drive
Hay River, NT, X0E 1G2

Attention: Mr. Greg Haist, P.Eng.
Manager, Civil Section

Subject: Identification of Potential Granular Borrow Sources
Snare Hydro Area, NNW.T.

Introduction

As requested, EBA has examined air photos and identified potential sources of granular material.
This letter presents our results and comments. Two topographic maps of the area, that have
potential sources of granular material indicated on them, are enclosed.

The work was completed in general accordance with a proposal faxed to the Northwest
Territories Power Corporation (NWTPC) on August 17, 1999. Authorization to proceed was
received by e-mail on August 22, 1999.

Background

NWTPC is intending to upgrade its all-weather road network at its Snare Hydro facilities. It is
understood that the road system is approximately 40 km long. Primarily resurfacing will occur
but there will also be some minor realignment.

NWTPC arranged for aerial photography of the area this summer. The road network was shot at
a scale of 1:5,000 and the general area was shot at a scale of 1:20,000.

Scope of Work

EBA was requested to examine air photos and identify potential sources of granular material.
The area of examination was to be within about 5 km of the present road, as this was considered
to be the approximate range for practical access. The range of examination could be broadened
at locations where winter crossing of water bodies was feasible.

Ground truthing of the interpretation is expected to follow but was not included in the present
scope of work.

=
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0701-99-14092 -2- November 16, 1999

Methodology
Review of Available Information

Information in EBA’s files and geological information was collected and reviewed
concurrently with the air photo examination. The Bibliography provides a complete
listing of the documents examined. The following information is relevant to this study.

Kelly and Associates (1975) reports: “The southern part of the basin has ice-rich
lacustrine clays in low lying areas, with beach-like formations of sand at higher
elevation. Thin glacial wash deposits have been identified in the area east of
Strutt Lake.”

Thurber {1991) reports: “Borrow sources were not specifically samples as part of this
investigation; however, it can be recorded that there are substantial quantities of
sand along the all-weather road from Snare Rapids to Snare Cascades. In
particular there are large quantities of medium sand in the immediate vicinity of
the electrical substation at Snare Falls.

There is an existing gravel pit near Strutt Lake which appears to have a wide
range of sizes up to cobbles and boulders”.

Jackson (1998) is a map of bedrock geology, but four Quaternary (sand and gravel)
deposits are indicated east of Strutt Lake, excluding a previously developed area.

Girvan (1999) was involved with dam construction at Snare Forks in the mid 1970’s. He
reports that potential sources indicated in the vicinity of the abandoned airstrip
near Snare Forks may have been depleted. The pit east of Strutt Lake was used
for concrete aggregate at that time.

Air Photo Interpretation

Air photos were received directly from the photography Contractor, Geographic Air
Survey Ltd., in early September. The desired study area was superimposed on a copy of
the Flight Line map. Of the 160 air photos received, approximately 85 were determined
to be within the area of interest and were examined.

Mr. Viad Roujanski, a geomorphologist in EBA’s Edmonton office, completed the air
photo interpretation. Potential sources of granular material were identified on the air
photos. This information was then transferred to overlays for 1:50,000 scale topographic
maps.

Air photos have been forwarded to TGIT Geomatics Ltd., for mapping purposes.
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0701-99-14092 -3- November 16, 1999

Conclusions and Recommendations

Two maps fall within the study area: Strutt Lake (85 N/8) and Shoti Lake (85 N/1). Copies of
these maps have been enclosed with this letter, with approximate locations of potential sources
of granular material indicated on them. The sources have been placed into two categories: those
interpreted to offer potential with a “high degree of probability” and those with “assumed”
potential, i.e., a lower degree of probability. The potential for gravel versus sand could not be
reliably discerned from the air photos. However, this was a consideration and deposits assigned
a “high probability” are judged to have a greater potential for gravel than “assumed” deposits.

The Strutt Lake map sheet covers the majority of the road network and also covers the area
considered to have the greatest potential for granular material. Further investigation is
recommended in order to confirm the quantities and characteristics of the granular material.
Two areas are recommended as priorities for further investigation:

¢ The area east of Strutt Lake is considered to offer the greatest potential for a large quantity of
gravel. The largest deposit in the area is on the east shore of a bay at the north end of Strutt
Lake. While somewhat centrally located, from north to south, with respect to the all-weather
road network, it is approximately four to six kilometers east of the all-weather road This area
has been accessed in the past by winter road across the lake. Three pits and a local road
network are evident in these deposits.

e There is a small potential deposit along the existing all-weather road, approximately 5 km
south of the Snare Rapids powerhouse and dam. This is towards the north end of the overall
road network. Based on an estimated requirement of 30,000 m® to 40,000 m*, sufficient
quantity should exist if the average depth of the deposit is at least 1 m.

Closure

EBA appreciates being retained to complete this interpretation. We look forward to continuing
to assist NWTPC on this interesting project. Please contact the undersigned if you have
questions or comments.

Respectfully submitted,
EBA ENGINEERING CONSULTANTS LTD.

T.E. Hoeve, P.Eng.
Chief Engineer, N.-W.T.

TEH/Ieh\SERVER\EBAT0 1 \Prajects\1999\99-14092114092101.doc
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