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1.0 INTRODUCTION

1.1 General

Imperial Oil Limited is currently planning a gas
gathering and processing facility at Taglu in the Mackenzie
Delta, N.W;T. Geotechnical recommendations and design
criteria for the foundations and earth structures gssociated
with the plant facilities are being established by R. M.

Hardy and Associates Ltd. for Fluor Canada Ltd., the design

engineers.

In order to verify and finalize this initial phase
of the geotechnicél studies, it was decided to carry out a
field program in the winter of 1975/76. The areas delineated
for further work within the present study program are out-

lined in the following paragraphs.

1.2 Scope of Work

The scope of work for the 1976 Geotechnical survey
was outlined by Mr. W. L. Smith, Project Difector, Fluor
Canada Ltd., in a letter dated November 20, 1975, and later
confirmed in a telex dated December 11, 1975 from Messrs. R,

Foster and J. Miecik. The scope of work was laid out as

follows:



1.2.1 " Field Drilling Program

R. M. Hardy and Associates were requested to
provide technical personnel to log and sample boreholes, and
to participate in se;ecting borehole locations based on
aerial photograph interpretation and the day-to-day findings
of the drilling program. The drilling program included the

following items:

(a)  Plant site

Borings were to be made in the ice-wedge terrain
at the plant site to define the likely maximum depth of ice
wedges at the site. As ice-wedges are extremely prevalent
at the site, it was considered quite likely that some holes
augered for the installation of piles at the site will
encounter pure ice to a depth equal to the depth of the ice-
wedges. As the embedded length of the pile was a direct
function of the amount of pure ice encountered, it was
important to assess the maximum embedded depth of piling

likely to be required.

(b) Dock site

Additional borings would be made at the dock site,

in order to obtain the necessary geOtechhical data to

_—
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finalize barge dock design criteria. The dock location was
selected by Fluor Canada Ltd; and drilling was concentrated
in this area; Other borings would also be made to the East
of the selected location in the event that unforeseen cir-
cumstances dictated that the barge dock be located elsewhere

in this area.
It was estimated that about 30 holes would be
required at the docksite and plantsite to obtain the neces-

sary information for planning and design purposes.

(c)  Potential Alternate Borrow Source

Additional borings would be made at possible new
borrow sources a few miles southwest of the plantsite.
Based on the terrain information currently available for the
area, and two borings (PB-3 and PB-4 of the E.B.A. Engineering
Consultants report) that apparently encountered granular
material, it was possible that significant deposits of sand

or sandy gravel were present in this area.

It was proposed to examine the terrain information
and aerial photographs currently available for the area, and
to assess the more promising areas in which drilling would

take place. One or more sites were to be selected for



exploratory drilling and sampling to obtain the quantity and
quality of the potential borrow materials. One potential
borrow site was located on the edge of a small lake 3 miles
(5 km) southwest of the plantsite. The possibility of
obtaining suitable granular material from this lake would

be investigated, the extent depending on the results of
preliminary test holes drilled at the beginning of the field

program.

(d) Big Horn Channel

Depending on the results obtained earlier, addi-
tional borings would be made in Harry channel at Big Horn
Point in order to verify properties and quantities of sand

indicated in previous investigations.

(e) Big Horn Bluff

Additional borings in the Big Horn Bluff would be
made to obtain back-up information on quantities and pro-

perties of sand deposits in this area.

It was estimated that about 20 holes approximately
30 feet (9 m) in depth would be required in the river channel

and the adjacent bluff to obtain the necessary information.

.

-
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1.2.2 Laboratory: Testing Program

During the course of the drilling program, soil

samples would be collected for laboratory testing.

No samples were to be collected for testing during
drilling of the ice-wedge terrain at the plant site, as the
primary purpose of this part of the program was to determine

the maximum extent of the ice in the wedges.

Samples would be collected from the dock site,
borrow source, and Big Horn Point drilling programs, to aug-
ment the field logging and testing. Moisture content, grain
size analysis, consistency limits and visual description
would be carried out on disturbed samples collected at
regular intervals from each hole. Strength tests would be
carried out on samples of unfrozen, undisturbed river bed

material at the docksite.

1.3 Authorization

Authorization to proceed with the 1976 Geotechnical
Survey was received from Messrs. R. Foster and J. Miecik of

Fluor Canada Ltd. in a telex dated December 11, 1975.



Details of the contract between Fluor Canada Ltd.
and R. M. Hardy & Associates Ltd. are outlined in Amendments

Number 2 and 3 of Contract Number 65040 C-9-0001.
1.4 Personnel

The work described in this report was carried out
by a project team, with Dr. J. F. Nixon, P.Eng. as Project
Director. The supervision of the field program and the
compilation of field results was carried out by Mr. R. S.
Tenove, P.Eng. The surficial geological work was carried
out by Mr. D. Hora, P.Geol. Mr. S. Munn and Mr. D. Vincent
were field engineers on the project. Laboratory testing was
supervised by Mr. R. Cooper, and drafting of the report was

carried out by Mr. Y. Kunimoto and Mr. L. Bell.

Field logistical support was provided by Imperial
Oil Limited, Field Services Branch, under the direction of

Mr. G. Turnock, Operations Superintendent of Field Support.

Program co-ordination and technical liaison was
provided by Mr. J. C. McDougall of the Beaufort Gas Group,
Imperial 0il Limited, who also arranged for field surveys to
be carried out by Canadian Engineering Surveys Company Limited

of Edmonton.
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Field engineering support was provided by Mr. A.

Gebraad of Fluor Canada Ltd.

2.0 SITE DESCRIPTION. AND SURFICIAL GEOLOGY

2.1 Study Afea - Physiographyrand General Geology

An overview of the general surficial geology of
the area has been presented in a previous report (E.B.A.
Engineering Consultants, 1975). The following discussion is
designed to augment prior work in this area, by concentrating
on the particular areas of interest covered by this report.
The study area extends along the boundary of two Physio-
graphic Regions (MacKay, 1963):

(i) Alluvial Islands of Mackenzie Delta and

(ii) Tununuk Low Hills

The division between the two physiographic regions
forms the boundary between the low alluvial deposits of the
modern delta and the higher area with the Pleistocene
deposits of fluvial and deltaic origin with glacial drift.
Several detached portions of Pleistocene deposits scattered
in the delta alluvium (Kendall, Pelly, Rae, Hooper islands,
etc.) are also considered as part of the Tununuk Low Hills

Region.



The elevation of the Tununuk Low Hills Region is,
in general, from 100 to 200 feet (30 to 60 m) above sea
level (a.s.l.), while the elevation of the Alluvial Islands
of the Mackenzie Delta, excluding pingos, does not exceed 10

feet (3 m) a.s.l.

Geologically, the Tununuk Low Hills Region is an
old Pre-Wisconsin Pleistocene delta whose surface relief has
been greatly modified by:

(1) glacier ice

(2) deposits of glacio-fluvial origin

(3) collapse of kettlehole ice (glacier ice) and

long-continued thermokarst development

(4) Ice-rafted sediments, both of glacial and

nonglacial (ocean ice, Mackenzie River ice)

origin.

As the glacier retreated, the isostatic rebound
lifted the land and exposed these deposits to erosion. Due
to the raised surface, the Mackenzie River system cut into
the older deposits and is building the modern delta over the
underlain lower parts of the Pleistocene sediments and
around the outliers. In the channels of the present outer

delta, 650-700 feet (200-220 m) of Quaternary sediments are
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reported. Of these deposits, a maximum of 200 feet

(60 m) is attributed to post-glacial deltaic deposits

(Kerfoot, 1975).

The irregularities in deposition of any deltaic
sediments is a typical phenomena for the Mackenzie Delta as

well.

Seasonal variations in current velocities and
volumes of discharge, together with the changing amount of
suspended material result in different rates of bank ero-
sion, channel shifting, scouring-and-filling and a changing
rate of gravitational sorting of transported particles.
Abandoned parts of channel system are subject of siltation
in a similar way as the thermokarst lakes. Therefore,
sudden changes in the grain size both in vertical and
horizontal sense are basic characteristics for deltaic

deposits.

The mean grain size of delta surface sediments
appears to decrease from fine and very fine sand in the
southern portion of the delta to silt in the middle and
outer delta. Although minor textural differences have been

recorded between deltaic sub-environments, most sediments



are finer than 0.125 mm and appear to be predominantly
composed of silt with a clay fraction. Very little material
in the upper 100 feet (30 m) of the delta, even in the
channel bottoms, is coarser than fine sand (0.25 mm). No
sources of coarser aggregate have been reported from the

modern delta (Kerfoot, 1975).

The sedimentation process during the Pleistocene
period was not different enough to expect coarse aggregate
deposits in the o0ld deltaic sediments. The only exception
may be glacial outwash, found locally as irregular blankets

overlying the moraine deposits or old deltaic sediments.

A summary of the surficial geology of the study
area has been prepared as shown on Figure 2.1. Geological
units have been grouped into four main categories comprising:
alluvium of the modern delta, lacustrine deposits, glacial

outwash and deltaic glacial till deposits.

2.2 Plant site and Dock

This area is entirely within the deposits of the
modern delta, (see Figure 2.1). The surface pattern observed

on air-photos indicates irregular deposition of material,

- 10 -
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typical for deltaic sediments. 014 channel scars are
distributed at random over the area. This corresponds with
Mackay's (1963) observations of a wandering type of channel
shifting within the Mackenzie River delta. Very well
developed ice-wedge patterned ground on both sides of the
Kuluarpak Channel is an indication that no significant
channel shifting has occured there for at least several
hundreds of years. According to Mackay (1963), development
of the ice-wedge pattern requires several hundreds to
thousands of years. The area does not exhibit well developed

and/or widely distributed thermokarst features.
The deltaic deposits are composed mainly of silt
and clay size particles with less important lenticular

bodies of fine sand.

2.3 Big Horn Point (Channel and Bluff)

This area extends along the boundary of modern
delta and Pleistocene deposits of Tununuk Low Hills Physio-
graphic Region, as shown on Figure 2.1. The deposits of the
modern delta exhibit a very similar pattern of deposition to
those described at the plant site. Patterned ground, old
channel scars and a general absence of thermokarst features

are also typical for these recent alluvial deposits.

- 11 -




Big Horn Bluff, and adjacent areas to the east, is
a completely different type of landform. The surface exhibits
widespread and well developed thermokarst depressions. Some
of these depressions have been infilled with lacustrine
sediments, while most of the others are lake basins with
either internal drainage or integrated by irregular channels

into the Mackenzie River Delta system. The surface and

near-surface soils are mainly sand on highs and level plateaus,

and silt and clay in lows, with occasional thick surficial
organic (peat) layers in the hollows. Glacial till and
Pleistocene deltaic deposits are the main geological units

in the Big Horn Bluff area. Since the deltaic deposits are
the main source of local till and the length of the trans-
port by advancing glacier in this area has not been over
'long distances, it is sometimes very difficult to distinguish

till from deposits of the Pleistocene delta.

Clayey and silty sediments with peat layers have
accumulated in thermokarst depressions and locally overlie
the deposits of till and Pleistocene delta. The pingo is a
typical feature which develops in these lacustrine sedi=-

ments.

- 12 -
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Larger accumulations of fine sand in irregular
lenses extend along the recent river channel, and are
interbedded with subordinate silt and minor clay. While the
sand covers the surface of a large part of Big Horn Bluff,
only minor sand lenses were intersected during the drilling

program.

2.4 Potential Alternate Borrow Source

The potential alternate borrow source area (in
common with the Big Horn area) extends along the boundary of
the modern delta and Pleistocene complex of glacial drift
and deltaic sediments, overlain locally in depresssions by
lacustrine deposits. The area delineated for study is shown

on Figure 2.1.

The surface of the modern delta exhibits a wide-
spread, well developed ice-wedge pattern. 014 channel scars
are less well developed compared with the previous two study
areas. There are indications that the thickness of modern
alluvial deposits is rather limited and the Pleistocene

deposits are present near ground surface. (Test Holes

H76-G2, G5, G6, Gl5).

- 13 -




The complex of Pleistocene deposits in this area
consists of mainly glacial outwash with subordinate lacus-
trine deposits in thermokarst basins and till, with sedi-
ments of the Pleistocene delta. The glacial outwash covers
a large proportion of the tills and deltaic sediments of
this area. The composition of this outwash is classified on
the surficial geoclogy map (Rampton, 1972) as mainly sand

with occasional layers of gravel.

The drilling in this area intersected sand in
layers more than 20 feet (60 m) thick only on elevated areas
of outwash and in one test hole drilled on the 'West Lake'

(see Figure 5.21), immediately adjacent to the outwash area.

The rest of test holes in this area intersected

deltaic deposits with only minor or subordinate amount of

sand layers.

3.0 FIELD PROGRAM

3.1 Scope

The scope of the field drilling program may be

divided into three areas as follows.

- 14 -
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3.1.1 Alternate Borrow Area

To delineate subsoil conditions in a one mile
(1.6 km) square area approximately three miles (5 km)
southwest of the Taglu Plant Site (see Figure 5.13) for the
purpose of evaluating potential granular borrow sources.
Airphoto studies of the area suggested granular deltaic or
outwash deposits may be present. This area was outlined by
Mr. J. C. McDougall, of Imperial 0Oil Limited, as an area of

general interest.

3.1.2 Plant Site

To evaluate subsoil conditions and location of the
permafrost boundary along the channel at the plant site for
the purpose of locating and designing a barge dock, a field
program of 15 test holes was set out within the channel.
Test holes were drilled in the unfrozen sediments to a depth
sufficient to delineate permafrost, and soil samples were
retained. Five additional holes were spaced at 25 foot
(8 m) intervals at the preferred dock location and Dynamic
Cone Penetration tests were conducted to assess the soil
consistency and delineate the permafrost boundary. 1In

addition, penetration tests were conducted at all test holes

- 15 -



drilled over water, to determine soil consistency, scour

depth and the position of permafrost boundary.

In addition to test holes at the barge dock loca-
tion, two test holes were drilled along the realigned air-
strip and several shallow test holes were drilled at three
locations to determine ice thickness at predetermined pos-
sible ice wedge locations near the plant site. The possible
ice wedge locations were flagged by Mr. J. C. McDougall

during site reconnaissance in the summer of 1975.

3.1.3 Big Horn Point

Visual inspections of soil exposures on Big Horn
Point Bluff suggested granular soils may be encountered on
the bluff. A series of six holes were drilled at an approxi-

mate spacing of 400 feet (120 m).

To further delineate sand deposits within Harry
Channel at Big Horn Point, ten test holes were drilled and
sampled. A single test hole was drilled on a mid channel

island.

- 16 -
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3.2 Drilling Equipment

The Field Services Division of Imperial 0Oil

Limited retained Big Indian Drilling, a Division of Kenting
Petrolia Drilling, to provide a drill rig. The drilling
equipment selected was a sleigh mounted Heli-Drill 500 (see
Figure 3.1). This drill rig is equipped with a separately
housed air compressor and pump and is capable of wet or

dry drilling techniques to a depth of approximately 100 feet
(30 m). Both units are fully enclosed to shield equipment

and personnel from the elements.

The drill rig assembly was skidded with a D7
caterpillar tractor. A laboratory trailer was attached to
the end of the drill string to provide for storage and
preparation of the soil samples, maintenance of equipment

and shelter.

A self-contained sleigh-mounted trailer camp was
also provided by Imperial 0Oil Limited, and was set up in

each of the three study areas.

3.3 Sampling Equipment and Methods

Samples of frozen and unfrozen soil in both an

undisturbed and disturbed state were required to properly

- 17 -



assess the engineering properties of the soils encountered

together with soil classification and index tests.

3.3.1 Frozen Soils

Frozen soils were sampled using a CRREL (Cold
Regions Research & Engineering Laboratories) core barrel
equipped with carbide tipped insert teeth. Using the dry
drilling method, the core barrel acts as an auger and can
cut a 3 inch (75 mm) diameter core 2.5 feet (0.8 m) in
length which is retained in the barrel. The core was
hydraulically extruded, labelled, photographed, wrapped and
packaged in an insulated crate for shipment (see Figure
3.2). Where the sample was to be used for moisture content
determination or soil classification, the soil was packaged

and sealed but no attempt was made to prevent thawing.

3.3.2 Unfrozen Soils

Unfrozen soils were sampled using 2 and 3 inch
(50 and 75 mm) diameter split spoon samplers which are

driven into the soil (see Figure 3.1). A driving method

employing 350 foot pounds (475 N-m) was used. The number of

blows required to advance the sampler is recorded and the

- 18 -
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relative density and/of consistency of the soil strata can
be determined (ASTM D1586-64T, Standard Penetration Test).
Disturbed samples were obtained and packaged for soil

classification and index tests.

Relatively undisturbed samples of unfrozen ground
were obtained by hydraulically pushing a 3 inch (75 mm),
diameter Shelby tube into undisturbed soils. The cohe-
sionless nature of most channel deposits made retention of
these samples difficult. A piston sampler was used with
some success to obtain several undisturbed samples of the
more sandy soils. These samples were retained and tested to
evaluate the soil shear strength for the unfrozen sediments

at the proposed barge dock site.

3.3.3 Insitu Testing

At the dock site and in Harry Channel at Big Horn
Point, Dynamic Cone Penetration tests were conducted to
assess the insitu relative density and/or consistency of the
unfrozen sediments encountered. Standard Penetration Tests
were conducted where a soil sample was also desired. A
continuous profile of relative density with depth was obtained

using the Dynamic Cone Penetration test. A driving effort

- 19 -



of 350 ft pounds was also used. The tip of the driving rod
is a solid 2 inch (50 mm) diameter cone tapered to an angle

of 60 degrees at the apex.

All samples were transported to BAR C and shipped
to Edmonton by Imperial 0il Limited aircraft where they were
trucked to the Calgary laboratory of R. M. Hardy & Associates
Ltd. Frozen samples were stored in a freezer until labora-

tory testing was conducted.

3.4 Surveying

All test holes were flagged and staked at the com-

pletion of drilling. Test hole locations were mapped and

recorded on airphotos.

Canadian Engineering Surveys Company Limited of
Edmonton was retained by Imperial 0il Limited to conduct a
survey of all test holes and to provide locations relative
to the UTM coordinate system. Time delays resulted in post-
ponement of the field survey until early March. Location of
test hole stakes was sometimes difficult at that time and a
few stakes could not be located. Survey data was trans-

mitted to R. M. Hardy & Associates Ltd. between March 17 and

- 20 ~-
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22nd, 1976. Interpretation of survey data was closely
referenced to initial test hole positioning using air-
photos. Co-ordinates submitted by Canadian Engineering
Survey, Company Limited are tabulated at the beinning of
each Appendix, together with additional co-ordinates
based on field measurements at the docksite at the time

of drilling.

4.0 LABORATORY TESTING

4.1 Test Description

The majority of soil samples retained from the
field program were visually identified and tests such as
Atterberg Limits and particle size analysis were conducted
to aid in soil classification. The Modified Unified Clas-
sification System for Soils was used and is shown on Figure
F.1l in Appendix F. The NRC Ground Ice Classification
System was used to describe the ice types present in frozen

soil samples, and is shown on Figure F.2 in Appendix F.
Additional laboratory tests were conducted to
determine the index properties of the soil types encountered

relative to foundation design. These tests include moisture
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content, unconfined compressive strength, unit weight,
drained triaxial, frozen bulk density and thaw settlement.
Strength tests were conducted only on unfrozen, relatively

undisturbed soil samples.

Where applicable, tests were carried out using
current ASTM (American Society for Testing and Materials)
Standards. The ASTM Designation and definition of these

tests are as follows:

4.1.1 Moisture Content (ASTM D2216-71)

The moisture content of a soil is the ratio,

expressed as a percentage, of the weight of water in a given

mass of soil to the weight of so0lid particles.

4.1.2 Atterberg Limits

4.1.2.1 Ligquid Limit (D423-66)

The liquid limit of a soil is the moisture con-

tent, expressed as a percentage of the weight of oven-dried

soil, at the boundary between liquid and plastic states.

- 22 -
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4.1.2.2 Plastic Limit (D424-59)

The plastic limit of a soil is the moisture con-
tent, expressed as a percentage of the mass of oven-dried
soil, at the boundary between the plastic and semi-solid

states.

4.1.3 Grainsize Distribution or Particle Size
Analysis (D422-63)

The grainsize analysis is the quantitative deter-
mination of the distribution of particle sizes in soils.
The distribution of particle sizes larger than 75 um
(retained on No. 200 sieve) is determined by sieving whereas
the distribution of smaller particle sizes is determined by

a sedimentation process using a hydrometer.

4.1.4 Unit Weight (D2937-71)

The unit weight or density of a soil sample
obtained by hydraulically pushing a 3 inch (75 mm) thin-
walled Shelby tube into undisturbed soil is determined

without extruding the soil sample from the tube.
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4.1.5 Unconfined Compressive Strength of
Cohesive Soil (D2166-66)

The unconfined compressive strength is the load
per unit area at failure (20 percent axial strain) of an
unconfined cylindrical specimen of soil. The test is carried

out using strain-controlled application of the test load.

4.2 Test Results

Laboratory tests were conducted on soil samples as
an aid to soil classification and to determine the index or
engineering properties of the soil. All test results are
shown on the test hole logs or, in the case of grain size
distribution, the figure number on which the test results
are presented is given. In addition, a summary of all
laboratory tests, excluding moisture content, is given at

the end of each appendix.
Moisture contents recorded in the unfrozen sedi-
ments below the bottom of lakes and river channels often

reflect the normal saturated state of the soil.

In frozen soils where large discrete ice bodies

were present the soil layer between the ground ice was
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sampled; thus the moisture content will be that of the soil
layer only. Visual ice contents are given on the logs and
indicate the percent of ice by volume in excess of that

normally present in the soil type in an unfrozen state.

Shear strength tests (drained triaxial and uncon-
fined compression) were conducted on selected undisturbed
samples of the unfrozen sediments at the barge dock site.
Also, a profile of soil consistency with depth was obtained
by conducting dynamic cone and standard split spoon penetra-
tion tests from which approximate soil shear strengths may

be derived empirically.

Frozen bulk density and two thaw settlement tests
were conducted on frozen cores obtained at the dock site.
These tests provide the settlement characteristics of a
frozen soil. Two samples were placed in consolidation test
devices, and thawed under a small nominal loading, and the
strain recorded. Subsequent load increments were then
placed on the samples to determine the compression char-
acteristics of the thawed soil. The thaw strain was eval-
uated using the method proposed by Watson, Slusarchuk and
Rowley (1973), as shown on Figure B.55, and the thaw strain

and compressibility values so obtained are valid for the
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stress range of 0.3 to 0.8 t.s.f. (32 to 86 kPa). These
test results are included in Appendix B, and are also

shown on the test summary sheets at the end of Appendix B.

5.0 RESULTS OF FIELD PROGRAM AND DISCUSSION OF SUBSOIL
CONDITIONS

5.1 Plant site

The subsurface investigation at the plant site
area was limited to two considerations; (a) to obtain further
information on the depth and lateral extent of ice-wedges at

the site, and (b) to drill two holes at the revised airstrip

location.

5.1.1 Ice Wedges

During the summer of 1975, the locations of some
possible ice wedges on the plant~site were flagged by
Mr. J. C. McDougall of Imperial 0il Limited. Six holes were
drilled at one of these locations (H76 Wl), and the maximum
depth of ice was 2.8 feet (0.85 m). Three holes were drilled
at a second location, H76-W2, about 22 feet (7 m) away, and

the maximum depth of ice recorded was 8.5 feet (2.6 m).
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Another hole H76-W3 was drilled at a third location, but no
ice was found. The positions of these holes are shown on
Figure 5.1, and the drilling logs and test results are given

on Figures A-1 through A-7 in Appendix A.

The maximum depth of ice encountered during this
phase of the study was 8.5 feet (2.6 m). This is not felt
to be representative of the depth of wedges at the site.
The limited time available for this part of the field
program did not permit sufficient holes to be located and
drilled to obtain representative drill-hole data on the

depth of ice-wedges in the Taglu area.

In the context of pile foundations, and the depth
of ice that may be encountered at the site, the following
discussion reviews the available drill-hole information,
provides some estimates of the depth and extent of wedges at
the site, and outlines the surface distribution of ice

wedges based on aerial photographs.

Parts of Richards Island are underlain by massive
tabular blocks of underground ice (Rampton and Mackay,
1971); however, the low lying nature of the Taglu site and
the well-developed ice-wedge polygon system suggest that the

only abundant ice type is wedge ice.
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The available borehole logs record the presence or
absence of ice, but it is difficult to ascertain the genesis
of the ice (i.e., whether wedge ice or not). However, the
infrequent occurrence of ice in the drilling logs indicates
laterally discontinuous ice, and in addition, the polygonal
pattern on air-photos suggest the presence of wedge ice. It
should also be noted that drill-hole records probably do not
give maximum ice depths, as ice-wedges taper downwards and

drill holes may pass through the side of a wedge.

The following drill-holes display abundant ice:
A-6, B-7, F-2, G-11 and 0-6 (E.B.A. Engineering Consultants,
1975), and H76~-W2 drilled during this program. The hole
A-6 may indicate the presence of a buried ice-wedge, as it
records ice from 14-24 feet (4.5-7.5 m). Although there is
no published information specifically for the Taglu site,
there is evidence of a thaw unconformity in the vicinity
(Mackay, 1975) at a depth of 9-12 feet (3-4 m). If this
extends beneath the Taglu area, there may be relic wedges at
depth with no surface expression. If such wedges are pre-
sent, they are unlikely to exceed a depth of 10 feet (3 m)
below such an unconformity. The E.B.A. borehole A-6 prob-
ably indicates a buried wedge, otherwise a vertical borehole

would intercept a vertical wedge above 14 feet (4.3 m).
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Further evidence of ice-wedge depths in the general area is
obtained from test hole log H76-G6, where 17 feet (5.2 m) of
ice was logged during drilling of the alternate borrow

source south of the plant site.

Comparison of drill-hole positions with ice-wedge
distribution is difficult due to the scale of the airphoto-
graphs, but holes with records of abundant ice are close to
wedges shown on photographs. Aerial photographs display
polygons up to 75 feet (23 m) across, thus wedges with
surface expression may comprise a limited proportion of the
terrain, but individual wedges may be several feet across.
Depths of wedges have not been reported in the literature,
but wedges 4-6 feet (1-2 m) across at the top may penetrate
to 15-18 feet (5-6 m). Where wedges have grown syngenetic-
ally with active sedimentation, multiple tiered wedges may
occur, and surface expression may not represent the volume
of ice at depth. However, the width of wedges is minimal
below about 12 feet (4 m). For the Taglu site, therefore,
it should be assumed that ice-wedges are 4-6 feet (1-2 m)
across at the top, and that holes drilled for pile founda-
tions at the site may remain predominantly in ice for depths

of up to 20 feet (6 m);
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An attempt has been made to map ice-wedge polygon
distribution at the Taglu site, in terms of the presence or
absence of wedges, polygon size, and associated wedge size.
The map is based on airphoto interpretation, and is shown on
Figure 5.2. The map displays a zone of large polygons which
probably comprises the largest wedges. Medium polygons
comprise large and medium wedges, while small polygons have
the greatest range of wedge size, and the greatest density.
Large polygons are usually low-centred, whereas the smaller
polygons tend to have high centres. Low-centred polygons
have ridges adjacent to the wedges, whereas in high-centred
polygons the ridges have broadened and the central hollows
have become infilled with peaty material. Frequently this
peat has a high ice content. At Taglu, most polygons are
low-centred, as readily observed on the shore of Big Lake,
where centres are water-filled. 1In addition, zones of
possible new wedges are outlined. These are where an old
channel has been abandoned, and point bars have developed.
No polygons are evident, but thermal contraction cracking

may occur.

From a terrain sensitivity and construction view-

point, the following distinctions may be made between the

two types:
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1. Low-centred polygons may have ponds in their
centres.
2. Low-centred polygons may have ice lenses in the

ridges; in addition high-centred polygons tend to
have high ice contents in their peaty centres.

3. High-centred polygons have thinner active layers
in their centres.

4. High-centred polygons have more ice, both ice

wedge ice and ice in the peaty centre.

5.1.2 Airstrig

Subsequent to the preliminary geotechnical evalua-
tion carried out by E.B.A. Engineering Consultants Ltd., the
location of the STOL airstrip was altered to a more northerly
alignment. The revised location was taken from the most
recent plot plan of the site available (Fluor Drawing No.
650406-SK4-0050) and is shown on Figure 5.1. The original
airstrip alignment is clearly seen from the location of the

nine E.B.A. drill-holes, AS-1 to AS-9.

The preliminary geotechnical evaluation has con-
cluded that the subsurface conditions were relatively uni-
form and typical of conditions over the rest of the site.

Ice-rich silts overlie denser silts or silty sands at depth.
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In order to confirm that subsurface conditions would not be
greatly different under the revised airstrip location, two
drill-holes (H76-Al1 and H76-A2) were drilled. The test hole
logs for these two holes are shown in Appendix A. Sandy

silts were found in both holes to a depth of 25 feet (8 m).
Excess ice contents varied from 60 percent in the top 10

feet (3 m) to little or no excess ice below 20 feet (6 m). In
the depth range 10-20 feet (3-6 m), moisture contents lay

between 20 and 40% by dry weight.

These results are similar to those determined in
the preliminary geotechnical evaluation, (Test Holes AS-1
to AS-9). The high excess ice contents in the near-surface
layers provide further evidence for the requirement to
maintain the permafrost beneath the airstrip pad in the
frozen condition, thereby preventing thaw-settlement in the

underlying soils.

5.2 Barge Dock

5.2.1 General

Prior to the present geotechnical survey, subsur-
face information on the dock site area included four pro-

files of the channel bathymetry reported by Slaney (1976),
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and six test hole logs described in the preliminary geotech-
nical survey (E.B.A. Engineering Consultants, 1975). Of
these six holes drilled in the river channel, five were
located in a relatively shallow area of the river where a
dock might have to extend up to 200 feet (60 m) from the
shoreline in order to attain the required draught for
barges. The remaining test hole was drilled closer to the
existing gravel pad at the river bank, the area now favoured

for a barge dock location (see Figure 5.3).

In order to augment the subsurface information in
the area of the preferred dock site location, some twenty
holes were drilled during the present program. The loca-
tions of these holes are shown on Figure 5.3. The borehole
logs, laboratory test summary sheets and grain size distri-
bution curves are included in Figures B-1 through B-57 of
Appendix B. The field and laboratory logging and testing
programs were designed to provide information on the water
depth, depth of scour, permafrost depth, and the consistency

or strength of the unfrozen sediments above the permafrost

table.

The permafrost table was delineated by either (a)

retrieval of a soil sample containing ice or (b) noting the
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depth at which the resistance to penetration of the dynamic

cone showed a sudden increase in excess of 45 blows/foot.

The "depth of scour" was defined on an empirical
basis as that depth above which the dynamic cone penetration
resistance was less than 5 blows/foot. This definition may
not correspond exactly to the possible scour depth, but
certainly indicates a surficial zone of very soft soil, that
may have been reworked and whose strength should not be

relied upon in the dock design.

5.2.2 Subsurface Conditions at the Docksite

Based on the drill-hole information and the field
determinations of "scour" depth and permafrost table, cross-
sections A-A through G-G were drawn running in a North-South
direction as shown on Figure 5.3. The sections themselves
are shown on Figures 5.4 through 5.11. In general, the
water (plus ice) depths vary between zero at the river bank
and 15 feet (5 m) within 100 feet (30 m) of the river bank.

Some of the cross-sections, however, indicate a pronounced

reduction in water depth between 80 and 120 feet (25 and 40 m)

from shore. This reduced depth appears to be greater than

about 7 feet (2 m). This same feature is reported by Slaney
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(1976). 1In general, 5 to 15 feet (1.5 to 5 m) of silt or
sandy silt overlies silty sand. Some of the test holes
indicate the presence of silts or clays beneath the sand at

greater depths.

The position of the permafrost table beneath the
river is a typical feature of the thermal regime beneath an
Arctic river at these latitudes. The depth to permafrost
varies from zero at the shoreline to depths of 50-70 feet
(15 to 20 m) a distance of 100 feet (30 m) from shore. The
actual position of the permafrost table may vary a few feet
from that shown, due to the difficulties in logging the
first occurrence of permafrost in the field. No "islands"
of permafrost were delineated during the subsurface inves-
tigation, and although it is unlikely that such islands are
present, the possibility of encountering them over 200-300
feet (60-90 m) of dock installation certainly exists. A
summary of the depths to permafrost below river bed level is

shown on Figure 5.12.

The depth of scour as defined above varies gen-
erally between 5 and 10 feet (1.5 and 3 m) at most locations
investigated. Sections B-B and C-C show an increased scour

depth about 60 feet (18 m) from shore. The maximum scour
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depth below river bed level here was 14.5 feet (4.4 m), and
coincides with an area of deeper water. A summary of the
information on scour depth is presented on Figure 5.13. A
discussion of scour depth in the context of riverbed mor-

phology is included in section 5.2.3.

The consistency or in-situ strength character-
istics of the unfrozen soils at the docksite has been
evaluated using dynamic cone and standard penetration tests.
In addition, laboratory strength tests were carried out on
selected samples of the unfrozen soils to assess soil
strength for design purposes. Plates B-1 through B-37
contain the dynamic cone penetration results for test holes
at the dock site. A summary of the dynamic cone penetration
data recorded for all boreholes is shown on Figure 5.14.
Penetration data are included for sands, silts and clays,
together with data for frozen soils. Considerable scatter
is evident in the data, but a general trend of increasing
strength with depth is observed. No clear distinction can
be made with regard to different soil types. Almost all of
the data points for frozen materials are greater than 45
blows/foot, and this fact was used to assist in defining the
position of the permafrost table in test holes that were

advanced using the dynamic penetration device alone.
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Based on established relationships between dynamic
penetration tests and the relative density or consistency of
soils, the following assessment of the unfrozen sediments at

the dock-site can be made.

Lower bound of
Depth below Dynamic Cone
river bed level Resistance Relative
(feet) (Blows/foot) Density
0-Scour (approx. 8 ft) 2 Very Loose
Scour-20 6 Loose
20-30 18 Medium
30-permafrost 36 Dense

In the depth range greater than 30 feet (9 m),
some of the cone penetration data indicate layers of low
density soils at depth. These are generally confined to
layers of soft clay or organic silt and are probably not

representative of typical conditions at depth at the site.

An unconfined compression test on a sample of
sandy silt from 14 feet (4.3 m) below river bed level gave
an unconfined compressive strength of 920 p.s.f. (44 kPa).

This low compressive strength reflects the sandy non-plastic
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nature of this stratum. Two drained trixial tests on
samples of sandy silt from 8 and 18 feet (2.5 and 5.5 m)
below river bed level provided effective strength parameters

as follows:

Depth below Dry Effective Strength
River bed level| Density Parameters
Sample (feet) {(p.c.f.) |cohesion | friction angle
H76-D4 (U2) 8.0 81 C'=0; @'=35°
H76-D4 (U6G) 18.0 93 C'=0; '=38°

These friction angles are probably representative
of the stronger, more intact samples that could be retained
in the sample tubes, and looser, weaker soils could not be
retained during the sampling operations, and therefore could
not be tested. Consequently, these values represent the
higher strength parameters that might be anticipated for the

sandy silts at this location.

Some limited testing of the permafrost underlying
the unfrozen sediments was carried out to determine the
likely thaw settlement of the permafrost, should long-term

deepening of the permafrost table occur near the outer limit
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of the proposed dock. The frozen bulk densities of the
permafrost lie between 118 and 120 p.s.f. (about 1.9
Mg/m3). Based on thaw strain tests and these bulk density
values, a strain of 2 to 4 percent may be anticipated where

deepening of the permafrost table occurs.

The compressibility of the unfrozen sediments
beneath the dock pad can be estimated from the consolidation
behaviour of similar frozen soils after they have been thawed
in the laboratory. Based on such laboratory tests, the
value for the coefficient of compressibility, m of the

unfrozen sandy silts is estimated to be 0.02 to 0.04 ft2/ton.
The application of this parameter in estimating
dock pad settlement following construction is discussed

later in section 5.2.4.

5.2.3 Riverbank Migration and Channel Scour

Several factors will govern the precise location
and final design the dock. Channel bank migration and
potential scour depth are two of the more important factors
and are discussed in the following paragraphs. It is impor-

tant to recognize that the design of the structure and the
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two phenomena discussed herein are interdependent so that
the potential for migration and scour should be assessed at

each design stage.

5.2.3.1 Channel Bank Migration

The area of interest encompasses the Kuluarpak
Channel of the Mackenzie River Delta from where it deviates
from the Harry Channel to a point approximately 1 3/4 miles

(2.8 km) downstream.

The section of concern within the Kuluarpak
Channel is "S" shaped, 400 to 600 feet (120 to 180 m) wide
and 25 to 50 feet (8 to 15 m) deep. The banks and the
bottom have a shallow slope angle (10° to 20°) with no
apparent river bank erosion. Slow slumping due to the
thermal niching is manifested above the normal high water

line at about elevation 89.5 feet (27.3 m). The normal

fluctuations of the water level in the Kuluarpak Channel are

in the order of 2 feet (0.6 m) with peak levels due to the
spring break-up and summer storm surges up to a possible

elevation of 97.0 feet (29.6 m).
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Comparitive aerial photography techniques have
been used to assess potential river bank migration. Two
different air-photo coverages were employed for this pur-

pose.

The low quality of the older 1:40,000 scale air
photos eliminated the possibility of establishing the water
elevations in relationship to the banks and surrounding
ground and made the determination of the changes in the
river channel difficult. Therefore, a correlation between
the more recent 1:10,000 scale set and the blow-up of
1:40,000 air photos into the 1:10,000 scale was chosen as
the best approach to establish any possible shifting of the
river channel. First, the shoreline from the 1:10,000 scale
photo was traced under the stereoplotter on a transparent
sheet. Subsequently the shoreline from the enlarged
1:40,000 scale air photo was plotted on the same sheet as

shown on Figure 5.15.

A well developed net of ice-wedge polygons on both
sides of the river channel together with two small lakes
(Lake "A" and Lake "B") made it possible to match the air
photo and blow-up, thereby minimizing the influence of the
optical distortion. The following observations were made
comparing the two shorelines as delineated on each set of
air photos:
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For the first mile from the place where the
Kuluarpak Channel splits from the Harry Channel the 1975
channel contours closely follow the channel contours of
1950. The only difference is that the recent air photos
show that the shoreline receded on each side some 33 to 50

feet (10 to 15 m) compared to its position in 1950.

The next 0.5 miles (0.8 km) of the channel indi-
cate a positive shifting of the channel to the west. The
western shoreline remains the same distance from the shore-
line 25 years ago, while the eastern shoreline was moved

some 100 feet (30 m) to the west.

For the last 1,300 feet (400 m) both shorelines on
the recent air photos are once again outside the 1950 channel
limits with 50 feet (15 m) overlap on the western side and

up to 16 feet (5 m) on the eastern side.

These observations lead to the conclusion that the
channel widened over the past 25 years some 15 to 50 feet
(5 to 15 m) along the northern and eastern bank and soﬁe 30
to 50 feet (9 to 15 m) along the southern and western bank
with the exception of a 0.5 mile (0.8 km) section where the
channel shifted 100 feet (30 m) to the west. This would
indicate a rate of widening of approximately 1.2 feet per

year (0.36 m/year).
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However, there are indications that the 1975 air
photos represent the shoreline at the high water mark while
the 1950 air photos represent the channel at the low water
level. Under such circumstances, the actual channel widening
would be considerably smaller than indicated by the above
established differences in the shoreline position. It is
our opinion that the only significant change is represented
by the westward shifting or narrowing of the channel, within
its segment 1.0 to 1.5 miles (1.5 to 2.5 km) from the point

where the Kuluarpak Channel deviates from the Harry Channel.

These estimates of river bank migration confirm
independent field observations by R. M. Hardy & Associates
Ltd. personnel in the summer of 1975 that an average regres-
sion at the dock site of 0.3 to 1.0 feet per year (0.1 to
0.3 m/year) might be expected. The central position of the
channel thalweg, low energy gradient combined with the short
duration of high water coinciding with the thawed bank
probably help to explain the comparatively low rate of
migration.' The construction of the dock structure will very
likely further reduce the erosion along the north bank both
upstream and downstream of the site. Thus we believe that
bank migration will not be of great concern at the proposed

site.
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5.2.3.2 Potential Scour Depth

The bed level at any given time and location will
vary with

- general aggradation

- movement of bed forms

- local scour due to channel bends, structures,
etc.

Given the general nature of the delta, the low
channel slopes, and fine grained bed materials; bed level
changes due to aggradation and movement of bed forms at the
proposed dock site will be relatively minor. The depths to
which the river bed materials are re-worked on a regular
basis to the present time have been estimated during this
program using in-situ testing techniques. The results of
these investigations have been summarized on Figure 5.13. On
the other hand there will be local scour caused by the
structure itself. Depending upon its final shape and extent
it will likely have much the same effect as a spur pro-

jecting into the channel.

Kuluarpak channel has been analysed for local

scour at the proposed dock site. The analysis is based on a

section which is equivalent to station 15 of the Slaney

- 44 -



R.M.HARDY & ASSOCIATES LTD.

(1976) report. Depths are related to the June 10, 1975
water level which may be taken as the bankfull condition.
The corresponding flow in Kuluarpak channel on 10 June 1975
was 28,600 cfs (810 m3/s.). Assuming that the dock projects
approximately 90 feet (27 m) into the channel (i.e., to
station 3+60) at which point the depth is 10 feet (3 m)
below high water, it is estimated that the local scour
effect could result in a scour depth of 50 feet (15 m)

below bankfull stage. Depending on the depth of water at
this time, this suggests potential scour depths of 30-35
feet (9-10.5 m) below present channel bed depth, for the
example cited above (i.e., dock projecting 90 feet into
channel). The present maximum channel depth varies from 40
to 50 feet (12 to 15 m) without any imposed structure, and
it is possible that this low point may migrate in time
towards the North bank of the channel, in view of the fact
that the dock structure constricts channel flow, and imposes
a rigid outside wall in lieu of an erodible bank. This method
of calculating the maximum scour depth is based on the design
approaches outlined for example by Blench (1957 and 1969)
and Neill (1973). Although the permafrost table may offer
temporary resistance to such potential scour, recession of
the permafrost table after partial removal of the unfrozen
sediments may occur. Some design measures are available

which can help to reduce the potential scour. These include
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the alignment of the dock face into the flow at an angle of
10 degrees or less, feathering the dock into the bank and
placement of gravel or larger size stone around the base of

the structure.

If a design approach is adopted where piling for
dock structure is driven to refusal, then the shift of the
thalweg can be monitored annually, and should it become a
cause for concern, an erosion control method (e.g., "Fabri-

form" type apron) can be employed to control further scour.

5.2.4 Soil Parameters‘for Barge Dock Design

5.2.4.1 Dock Pad Settlement

An estimate of the consolidation settlement of the
dock pad surface following construction may be obtained from
the following equation:
S = mv.H.AP (5.1)
where S is settlement in feet

H is the thickness of the unfrozen soil
above the permafrost table (feet)

AP is the increase in vertical effective
stress due to pad construction (tons/ft<“)

and m, is the coefficient of soil compressi-
bility (£t2/ton)
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Two tests were carried out on undisturbed perma-
frost cores in which the samples were thawed and subsequently
consolidated. The compression characteristics of these two
samples are likely to be representative of the behavior of
the overlying unfrozen sediments. Over the stress range
likely to be experienced by the unfrozen soils beneath the

barge dock pad, the tests provided the following results.

Moisture Frozen Thaw

Soil | Content Density | Compressibility, Strain
Sample | Type (%) (p.c.f.) | m, (ft2/ton) (%)
H76D5-Cl | silt 26.9 118.3 0.038 2.4
H76D8-Cl | sand 26.4 119.9 0.014 1.6

In view of the fact that silts predominate beneath
the dock locations, a value of
m, = 0.04 £t/ton
should be used to provide an estimate of total pad settle-

ment following construction.
The stress increase, AP, following construction

can be estimated from the following equation:

AP (in t.s.f.) = (YHl +Y'H2)/2000 (5.2)
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where y is the total unit weight of fill above the
low water level
(Y2125 p.c.f.)

Y' is the submerged unit weight of gravel
(y'=65 p.c.f.)

Hl is the height of fill above low water level
(feet)

H2 is the height of fill below water level

(feet)

The total pad settlement following construction
can therefore be calculated readily. The method of calcu-
lating the rate at which such settlements will develop has
not been presented, but it is likely that up to a year may
elapse before most of the consolidation settlement has been

experienced.

The above estimate of total settlement does not
include the consolidation or possible lateral displacement
of the very soft near surface sediments that may occur
during fill pad placement. Settlements arising from this
source will likely take place during construction, and will
require placement of additional fill material to offset
these effects. In view of these initial settlements and‘
possible lateral soil displacements, it would be advisable
to place the dock pad prior to installation of the dock

structure. If the dock pad is placed subsequent to the dock

-~ 48 -



‘EEEE’ R.M.HARDY & ASSOCIATES LTD.

pad structure, larger settlements of the bed material should

be accounted for in design.

Should deepening of the permafrost table occur
beneath the dock structure adjacent to the river, the thaw
strains measured above indicate that the settlements result-
ing from deepening of the permafrost table by a few feet
will be small in comparison with the pad settlements result-
ing from consolidation of the existing unfrozen sediments.

5.2.4.2 Soil Properties for Design of Dock

Structure

Based on the results of laboratory triaxial tests
and the field dynamic penetration test results, (see Figure
5.14 and section 5.1) the following strength parameters are

recommended for use in barge dock design where sands and

silts are present:

Depth Range Submerged Strength Earth Pressure
below river bed Density | Properties Coefficients

level (feet) (p.c.£.) c' @ Active, K Passive, K
O-scour (approx. 8"} 50 0 0] 1.0 1.0
Scour-20 55 0 28 0.36 3.5
20-permafrost 60 0 32 0.3 4.5
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Should the dock structure be located on an area
where the subsurface investigation delineated significant
clay layers, then the density and strength properties for

the clay layer should be as follows:

For clays, Submerged density y' = 55 p.c.f.
Strength C'=0; @'=28°
Active Earth Pressure Coefficient Ka = 0.36

Passive Earth Pressure Coefficient Kp = 3.5

For sand or gravel fill placed to form the dock

structure, the following soil properties should be assumed:

cC' =20
¢l = 32°
Yiotal = 125 p.c.f.

Y' (submerged) = 62 p.c.f.
Active Earth Pressure Coefficients:
for end-dumped or lightly compacted fill, Ka = 0.4

for compacted fill, Ka = 0.7

Surcharge loadings due to stockpiles, vehicles or
off-loading equipment should be accounted for in design of
dock structures. Methods of estimating the lateral pres-
sures on the dock structures from such loads are outlined,

for example, in the Navfac DM-7 Design Manual (1971).
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5.2.5 Other Geotechnical Considerations

5.2.5.1 Ice Forces

The various forces that ice may exert on the dock

structure may be listed as follows:

(1)

(ii)

(iii)

Impact from floating ice masses. These forces
would normally be experienced at break-up, and
would depend on the thickness of the ice sheet,
the consistency of the ice and the river velocity.
Observations carried out by Slaney (1976) provide
information on this design aspect.

Uplift or downdrag forces caused by ice adhering
to the dock structure. Fluctuations in river
level during the winter period may cause tan-
gential forces to be transmitted to the dock
structure. Such forces will depend on the rate of
fluctuation, and the strength, temperature and
thickness of the ice sheet.

Static lateral pressures imposed by the river ice
sheet. Little information is available on the
likely magnitude of such forces, but experience
gained by Imperial 0il Limited and other agencies

with similar structures in this area should pro-
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vide assistance in this regard. A number of
publications dealing with lateral ice pressures on
structures might be consulted, including Kivisild

(1966), Assur (1966) and Drouin (1966).

5.2.5.2 Frost Action

The near-surface soils at the dock location are
presently in an unfrozen condition, due to the presence of
the river. Placement of the dock pad will change the thermal
regime of the soil surface beneath the dock pad. The ground
surface thermal conditions will then approach those experi-
enced by the adjacent tundra surface, which is underlain by
permafrost. It should therefore be anticipated that perma-
frost will aggrade slowly back into the unfrozen soils

beneath the dock pad.

Assuming that about 10 feet (3 m) of granular fill
overlies the river bed materials, it is estimated that frost
will penetrate through the fill pad within 2 to 3 years.
Subsequently, the frost line will likely continue to descend
into the unfrozen material beneath. Considering the silty
nature of the river-bed materials, there is at least the
potential for ice lensing and some frost heaving to occur.

Although the relatively large surcharge pressures imposed by
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the dock pad will greatly restrain the amount of frost
heaving, it should be anticipated that some heaving will
occur once the frost line penetrates the subsoils. A rigor-
ous estimate of the amount of heaving has not been carried
out, but prior analyses for soils of similar grain size
distribution have indicated heave rates up to several inches
per year may occur. These rates will decrease with time as
the frost line penetrates deeper, and the overburden pres-

sure on the frost line increases.

Deep-seated frost action will likely not affect
the performance of the dock structure itself, as its proxi-
mity to the river will ensure that freezing and consequent
heaving in the unfrozen silts immediately adjacent to the

dock structure will not occur.

Piping, water intake facilities and other per-
manent structures founded on the dock pad should therefore
be designed to accomodate differential movements resulting

from frost heaving.
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5.3 Big Horn Channel

5.3.1 General

Consideration of alternative borrow sources may
provide economic benefits in the general Taglu area, in view
of the high cost of granular material. The presence of
sandy deposits on the riverbank near Big Horn Point, together
with the surficial geological mapping, led Imperial 0il
Limited to drill exploratory holes in the river bed in Harry
Channel in the winter of 1974/75. The results of the pre-
liminary evaluation of the river bed material is reported by
E.B.A. Engineering Consultants (1975). Large deposits of
silty sand overlain by silt overburden were delineated and
it was concluded that a potentially exploitable borrow
resource existed in Harry Channel near Big Horn Point. The
suitability of the material was evaluated in terms of its
acceptability for dredging, handling and placement, but not
in terms of acceptability for heaving capacity, compaction

or frost susceptibility in place.

In order to confirm the quantities of available
material, and augment the existing information on the
quality of the deposit, the present field program included
the drilling of eleven test holes in the areas of Harry
Channel that seemed most promising in terms of material
quality and quantity.
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5.3.2 Subsurface Conditions

The location of the study area in Harry Channel is
about 3 miles (5 km) North-East of the plant site, and is
shown on Figure 5.16. Eleven test holes were drilled at the
locations on this figure, five along the centre of Harry
Channel (section A-A), three parallel to section A-A along
the East bank of the channel (section C-C), two along an
East-West tributary (section B-B) and one hole on an island

in the channel.

The test hole logs are shown on Figures C-1
through C-21 in Appendix C, together with laboratory mois-
ture content data. Grain size distribution curves were
determined in the laboratory for selected soil samples to
assist in delineating the overburden and assessing the
quality of the sand deposits. The grain size curves are
presented on Figure C-22 through C-43 of Appendix C. A sum-
mary of the laboratory tests carried out is included at the

end of this Appendix.

In general, the channel deposits consist of a

variable thickness of silt (0-20 feet (6 m)) overlying a

silty sand. The thickness of silt becomes greater than 20
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feet (6 m) at the extremeties of the study area. The sand

is generally a fine uniform deposit that varies between 10%

and 50% silt content. Using the test hole data obtained

from the previous (E.B.A.) study and the present program,

section A-A, B-B and C-C have been prepared as shown on

Figures 5.17, 5.18 and 5.19.

5.3.3 Borrow Evaluation

In order to evaluate the quality and gquantity of

the borrow from a dredging and handling viewpoint, the fol-

lowing criteria were established following discussion with

Fluor Canada Ltd. and Imperial 0Oil Limited.

(a)

(b)

(c)

The depth of excavation below river bed level

would not exceed 50 feet (5 m), and depths of 25,
35 and 50 feet (7.6, 10.7 and 15.2 m) were to be
considered for calculation purposes.

The limits of the area suitable for borrow recovery
was to be limited to the segments of the river
channel where the depth of silt overburden was
generally less than 20 feet (6 m).

The borrow excavation would be assumed to have

side slopes of 3:1.
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(d) The "volume of material suitable for processing"”
was defined as that material having greater than
50% sand sizes (i.e., less than 50% passing the
#200 sieve).
(e) The "volume of processed £fill" was defined as the -
volume remaining after a separation method was
used to reduce the silt fraction to a maximum of

10%.

Fill material would be lost during dredging and
subsequent separation, but these loss factors have not been
estimated or introduced into the following calculations for
borrow volumes, as these will vary with the dredging,
handling and separation techniques adapted. The cross-
sections shown on Figures 5.17, 5.18 and 5.19, together with
the grain size data included in Appendix C were used to

calculate the potentially exploitable volumes of borrow.

The total volumes of waste, material suitable for
processing, processed material and overburden ratios are
summarized in Table 5.1 for sections A-A and B-B, and are

plotted on Figure 5.20.
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The volume of processed £ill increases with the
depth of excavation (1.4 x 106 cu. yds at 25 feet to 2.9 x
106 cu. yds at 50 feet). The volume of overburden remains
constant however, and when combined with the material wasted
during separation, provides an overburden ratio that decreases
(improves) with increases in the depth of excavation (see
Figure 5.20). Assuming a 35 foot (10.7 m) excavation, a
volume of processed material of 2.2 million cubic yards (1.7
X 106 m3) has been calculated. Assuming, for example, that
a further 30% of this material is lost during dredging

handling and separation, approximately 1.5 million yards (1.1

X lO6 m3) of processed material is available.

The quality of the in-place sand deposit and the
amount of overburden vary considerably with location along
the river channel. Table C-2 in Appendix C shows the
detailed borrow calculations, and this table may be used to
evaluate volumes for different locations in the river
channel. The largest volumes and most favourable overburden
ratios appear to be between Test Holes 14 and BH1 on section

A-A (see Figure 5.16).

This 1200 foot (370 m) segment of the channel

would yield about 514,000 cubic yards (393,000 m3) of processed
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Table 5.1 Summary of Borrow Calculations
Excavation Overburden Volume of Cumulative Volume of Total Average
Depth (yd3) Material Total Waste Processed Waste + Overburden
ft. Suitable for yd3 Fill Overburden Ratio
Processing without overburden yd3 (yds) 3
25 1,330,229 1,807,827 387,722 1,420,105 1,717,951 1.21
35 1,330,229 2,795,494 565,902 2,229,592 1,896,131 0.85
50 1,330,229 3,804,160 814,389 2,989,771 2,144,751 0.72

(No loss factor assumed for handling, processing etc.)

These results are plotted on Figure 5.20.
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material from a 35 foot (10.7 m) excavation, with 103,000
cubic vards (78.000 m3) of waste and 73,000 cubic vyards
(56,000 m3) of overburden. The ratio of overburden and waste

to processed material at this location is therefore 0. 34.

The feasibility of the separation process, and the
geotechnical qualities of the material when placed have not
been considered within the scope of the present work, and
these factors must be considered before this source of
borrow is designated for use as a core material in pads and

roads for this project.

5.4 Big Horn Point Bluff

A total of six test holes were drilled at dif-
ferent locations on the bluff at Big Horn Point. The loca-
tions of those holes are shown on Figure 5.16. The logs for
the test holes are included in Figures D-1 to D-6 of

Appendix D.

The logs indicate that the bluff is comprised of
variable thicknesses of sand, silt and clay. Sand does not
constitute a large proportion of the soil types delineated
in this area. Considerable thicknesses of ground ice were
logged in these test holes, and are indicative of a high

intensity of ice wedges and other ice forms at this site.
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The sand observed on the slopes of the bluff and
on the adjacent beach are likely colluvial deposits derived
from the relatively minor deposits of sand intersected

during the drilling program.

No attempt has been made to draw cross-sections of
the soil profile at this location, because of the high

variability of the subsoils over relatively short distances.

Based on the soil types encountered during this
part of the drilling program, and the large quantities of
ice apparently present in the sub-soils, this site is not
recommended for further consideration as a potential borrow
source. A thaw-strip type of operation would be difficult
to carry out and would produce large quantities of melt-
water, and the material so derived would not be suitable for

use as a non-frost-susceptible f£ill material.

5.5 Potential Alternate Borrow Source

The area outlined for study is about 3 miles (5 km)
South-West of the plant site, and is shown on Figure 5,21.
A total of seventeen holes were drilled in the locations

shown on Figure 5.21. The detailed test hole logs are given
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on Figures E.l1 through E.23 in Appendix E, together with the
laboratory test summary sheets and grain size curves on

Figures E.24 through E.64.

A simplified soil type and ice description is
given for each test hole on Figure 5.21, to assist in the
interpretation of subsurface data. Test holes G3, G3A and
G4 were drilled on the higher ground between the two lakes
shown on Figure 5.21. Test holes Gl and G2 were drilled in
the "East" lake, and G9, G9A, G10, G1l0A, Gl12, Gl1l3, Gl4, G15
and Gl6 were drilled in the "West" lake. A further test
hole, G5, was drilled in the narrow delta channel to the

south.

The test holes in the East lake and the delta
channel indicated up to 40 fegt (12 m) of silts or silty
clays, with minor amounts of sands. The two holes G3 and
G3A, indicated primarily fine sand to 30 feet, with some
silt., This sand deposit is similar in grain size char-
acteristics to the Big Horn Channel deposit. Test holes G9,
G9A and Gl3, drilled on the Eastern edge of the "West" lake
also indicated the presence of significant quantities of

fine sand overlain by 8-10 feet (2.5-3 m) of silt.
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Occasional coarse sand and gravel layers were also
intersected in this area, and some grain size distributions
are presented for samples of these layers. Test holes G-10
and G-10A were predominantly very fine sand and silt, with a

2 foot (0.6 m) gravel layer at 17 feet (5.2 m) in G-10.

The remaining holes drilled in the "West" 1lake
generally contained only minor quantities of fine sand, and

silt comprising the dominant soil type.

Two test holes G-6 and G-6A at the southern edge

of the study area also indicated silt or silty fine sand.

The subsurface investigation at this site covered
a wide area, in an effort to indicate whether potentially
exploitable deposits of suitable borrow material exists.
Because of the large area covered and the widely spaced
boreholes, it is not possible to provide quantitative esti-
mates of the amounts of various materials present. The
original objective of this phase of the drilling program was
to drill a series of preliminary holes at widely spaced
locations. Should any of these holes indicate promising
results, the remainder of the program was to be devoted to

proving out the quality and quantities of such granular
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resources. Although significant depths of fine sand were
encountered in some holes, no test holes indicated large
quantities of material of superior quality to, for example,
the Big Horn Point channel deposit. Consequently, no area
was selected for further subsurface investigation‘on a more

intensive basis.

In summary, it appears that although potentially
exploitable quantities of fine sand may be present in one
section of the study area, the geotechnical properties of
the material for construction pruposes would not be any more
acceptable than the sand deposit present in the channel at
Big Horn Point. 1In view of the geological history of these
deposits, the gravel or coarse sand layers encountered
during the drilling program are likely to be limited in
depth and discontinuous in lateral extent. Such layers
would, therefore, be difficult to delineate accurately, and

would be costly to obtain.

6.0 SUMMARY AND CONCLUSIONS

In order to finalize the geotechnical parameters
for design of the barge dock, and to augment the subsurface

information at the Taglu plant site and potential borrow
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source areas, a geotechnical survey has been carried out by

R. M. Hardy and Associates Ltd.

Soil conditions have been investigated at the
revised airstrip location, and found to be similar to con-
ditions elsewhere at the plant site. Data on the magnitude
and frequency of occurrence of ice wedges have been sum-

marized for the plant site area.

Test holes drilled at the barge dock site have
provided information on soil stratigraphy, water depth,
scour depth and depth to the permafrost table. Recommenda-
tions for soil properties to be used for design purposes

have been presented.

The gquantities of a sand deposit in the river
channel at Big Horn Point have been confirmed. Estimates
indicate that a volume of silty sand in excess of 2 million
cubic yards (1.5 x 106 m3) is suitable for processing at
this location, and that about one-~quarter of this volume
would be wasted during processing, in order to obtain a
material that has greater than 90% sand-sized particles.
This deposit is overlain by an estimated 1.3 million cubic

6

yards (1 x 10 m3) of silt overburden. The suitability of
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this as a fill material for pad construction has not as yet
been determined, and its compaction characteristics, bearing
capacity and frost susceptibility will have to be assessed

before final recommendations can be established.

A limited drilling program on the bluff at Big
Horn Point revealed that this area is underlain by materials

that are not suitable for fill construction.

Subsurface investigation at an area about 3 miles
(5 km) south of the plant site indicated that some parts of
the study area are underlain by significant deposits of
silty sand, with occasional coarse sand or gravel layers.
The pfime objective of this phase of the program was to
determine if potentially exploitable quantities of coarse
sand or gravel were present, and such quantities do not
appear to exist in this area. Based on the limited program
carried out, it is not possible to establish the likely
quantities of the silty sand. It is clear, however, that

the engineering properties of the silty sand delineated in
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this area would not, on average, be superior to the pro-
perties of the sand deposit in the channel at Big Horn

Point.

R. M.
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APPENDIX A

PLANT SITE AREA
BOREHOLE AND LABORATORY DATA



TABLE A-~1 TEST HOLE CO-ORDINATES FOR PLANTSITE AREA
(U.T.M. Zone 8)

Test
Hole N (Metres) E
H76 Al 7695890 501335
A2 7696065 5012590
H76 W1/W2 7695895 502260
W3 7696020 502210




TEST HOLE LOG

R.MHARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE

TAGLU GAS PLANT NO. _ize-az
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TES

T
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LOG

PROJECT

TEST HOLE

CONSULTING ENGINEERING & TESTING
¢
TAGLU GAS PLANT NO. _#76-22 _
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CONSULTING ENGINEERING & TESTING

TEST

HOLE

LOG

PROJECT

TAGLU GAS PLANT

TEST HOLE
NO. E76-k1

LOGGED BY MR DRAWN BY BT CHECKED RST DATE February, 1976
RIG Hell Drill METHOD START FINISH
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"TEST

HOLE

LOG

CONSULTING ENGINEERING & TESTING

PROJECT

TAGLU GAS PLANT

TEST HOLE
NO. _H76-W2

occasional lenses of ice to 1/8"
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TEST HOLE LOG

CONSULTING ENGINEERING & TESTING

PROJECT
TAGLU GAS PLANT

TEST HOLE
NO. _H76-W3
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BARGE DOCK SITE
BOREHOLE AND LABORATORY TEST DATA



TABLE B-1 TEST HOLE CO-ORDINATES FOR
DOCKSITE AREA

(U.T.M. Zone 8)

R. M. Hardy C.E.S.
Test
Hole N (metres) E N (metres) E

D1 7,695,137 501,905 7,695,120 501,900
2 7,695,152 501,905 7,695,145 501,905
3 7,695,168 501,915 7,695,165 501,910
4 7,695,128 501,927 7,695,115 501,925
5 7,695,138 501,927 7,695,135 501,925
6 7,695,158 501,927 7,695,155 501,930
7 7,695,118 501,957 7,695,110 501,955
8 7,695,133 501,957 7,695,125 501,955
9 7,695,148 501,957 7,695,145 501,960

10 7,695,098 502,017 7,695,080 502,015.

11 7,695,115 502,017 7,695,100 502,015

12 7,695,076 502,077 7,695,065 502,075

13 7,695,091 502,077 7,695,075 502,080
14 7,695,060 502,130 7,695,035 502,125

15 7,695,075 502,130 7,695,045 502,130

18 7,695,123 501,944

19 7,695,132 501,944 7,695,115 501,945

20 7,695,138 501,944 7,695,135 501,940

21 7,695,146 501,944

22 7,695,153 501,944 7,695,145 501,945
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LOG

R.M.HARDY & ASSOCIATES LTD. PROJECT .
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. gz6=n2
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TEST HOLE
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Il - ganic material L
,,1 -~ layers of fine to medium sand H
5 20 sizes S6 100 Nel6blows/foot |
| SP *
L]
l\ f..0} -~~~ medium sand sizes n
& a5 -y ) 57 100 N=21 blows/foot U
I (sp 3
l eei|—~ —gravel sizes |
T N i -
I
o le -~ clean,medium grey .
: . 81N/1100 .
9! 50 [ |-~ - gilty layers f.p - N=64 blows/foot 1
: e
=ys3.5 i
ML SILT clayey,traces of gravel and vr 2
55 sand, brown to grey thick
layering 10%) d
.0 & B
Bottom of Hole at 58.0 Feet.
PLATE __B-2

D IR |

]

R

-

—

v

-

N |

B EEDUUN B

™

-1



R.M.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT

CONSULTING ENGINEERING & TESTING

TAGLU GAS PLANT

TEST HOLE
NO. f76-b2

LOGGED BY som DRAWN BY pr CHECKED  rsT DATE February,1976
. . Spli
RIG Heli prill METHOD ‘,ip;':us‘:::z ISTART January 6,1976. FINISH January 7,1976
PROJECT NO. CS 3161 ELEVATION AIR TEMPERATURE
o]
- - - o
WpmO W -0 WAl _ g8 gl §g>g
e 2| o ol> g Sl =
® -Dynamic Cone Sl T & LABORATORY 3 g 22 S
Penetration S5 E p e wd O1Z0 &
(Blows/Foot) |8 ! DESCRIPTION T t’lq TEST DATA 2o 2 3] REMARKS
1 20 30 |F |66 o 29 gl
MOISTURE CONTENT| W | i YIE HELE:
ol o - -
20 %o e 23 %[O
ICE ICE] :
. 4
i
]
5 5.0 2
WATER ur
F
=7.6 1
ML SILT trace of clav,trace of sand, sl 0% §
non plastic,dark-grey,sénsitive i
to:shaking;, wet' .
52 k00
> 10 % <+
,\ ™
T i
N H
l ‘ i
‘ itel and ,dark u i
o 15 |e~—=little coarse s ,dark grey, -+
coarse gravel siz M T142.2pcf o
‘. arse grave es =113.1pcf v? 0% |
I é -—--strftified',,fine layers of or-| v ®103.0pcf | U3 0% Gr. Size
Ll 17,0 ganic.medium grey = | =80.2pct Plate B-39 »
© | saND trace of silt,fine-grained, Yw-106.9pcf vé o0
— . Y =78.8pcf 1 .
non plastic,dark grey,very sen- d b
? sitive to .shaking (rapid S us 0x |
| dilatancy) U6
! 20 gom- wet 0% H
| . i
|
| U7 1N\ lox
i I
) Y =132.2pcf |u8 x
é‘J 25 ::|l~=~=~=numerous gravef sizes to 1/4" y:-104.5pcf 60 44
-
N fill== =-finely laminated with dark . i
- X ¢ 6") . silty layers, very silty 2
- ~ Yw = 110.6 pcf
(<) BE frozen cl 80%| 114, = 80,7 pcf
30 J:ll-—— isolated cobble PLATE .___E.> -_.I___-




TEST HOLE LOG

_—

O R

1

-

ed

ed o o o)

U

RMHARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. #76-D2(Contt
LOGGED BY SGM DRAWN BY BT CHECKED RST DATE  February, 1976
Split S
RIG  Heli Drill METHOD Shelby Tabe START January 6€,1976 FINISH January 7,1976
PROJECT NO. €S3161 |ELEVATION AIR TEMPERATURE
- - - )
Wp-O W OWLAﬁgS §wﬂ, " §° z
s | > a Lul == O
®© [’} o >u — g 45 I~
S < T |- LABORATORY 2.8 s
T ] w9 OlZ0
St a o jw 20 ©
ol & DESCRIPTION n:g&j TEST DATA [ a 2J o REMARKS
e x S =2 w| &
o R o Z 3 glw | ¥
MOISTURE CONTENT| & | .} WiT> ” | 3% S
ol o = q4|9 | ©
20 40 60 n| o 2]
vu Pl sawp . very silty, .fine-grained, “iwbn .
non plastic,dark grey, wet ]
L -
35r SILT sandy, wet 4
l—=—slightly clayey,fine-grained, -
39.0t'.ine1y laminated s c2 S0%i v
- Bottom of Hole at 39.0 Feet. :
40 +
2
:
s 4
i
, 4
-1
|PLATE __B-¢




TEST HOLE

LOG

RMHARDY & ASSOCIATES LYD.
PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO.#z6-03
LOGGED BY SGM DRAWN BY BT CHECKED RST DATE  February,l1976
RIG Heli prill METHOD 3" Creel START Januaru 11,1976 FINISH January 12,1976
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE
WP-B wW-0 WL-A g 4 8 Ll g z
s 33 =g o i E[2>] 8
® | w QP - 219Xl =
ho o Q 5 % LABORATORY cz: S g
T : Iy w3 OfZ
a « S0 ©
x é a DESCRIPTION e 3;‘4 TEST DATA EL"c g9 o REMARKS
ol & 17 S22 w| @
Y © 0@ Tq Jlu | @
MOISTURE CONTENT| & | L| L wiE> HEILE:
31 3 s o
20 40 60 213 alo
o GRAVEL (FILL) F
SILT trace of organic material ]
J 95.9pcf
o cL // CLAY silty,low plastic,grey 1":62 2§f H
/ da c1 58% IV
5 / : -+
ML SILT trace of fine sand,trace of L
clay,low to non plastic, -
50%} Cc2 8031V
.
-
SAND finely stratified,thin vr e
laminae of sandy silt 5-1b%
c3 50%II1] ]
ML SILT trace of sand,non plastic vz 2
15 20% 4+
c4 20%IV
-
CLAY silty,low plastic “ Nblf I
SAND silty,fine-grained,non 1 |wmi16.9 por [t
] plastic,dark grey- - Yg= 88.4 pcf Ccé 1008IX -+
\ ] :
! ::' 1
! :
\ ool Yy~113.1 pcf a
1 «]= =~ laminated with organic materidl!:.] Yg= 77.1 pcf
5’; " crossbedded,stratified o Yw=106.1 pef |, g0 ]
3 25 L " Yg= 74.4 pcf [
Bottom of Hole at 25.0 Feet.
rl =
PLATE __B-5




R.M.HARDY & ASSOCIATES LTD.

CONSULTING ENGINEERING & TESTING

TEST

HOLE

LOG

PROJECT

TAGLU GAS PLANT

TEST HOLE
NO _H76-D4

LOGGED BY sci DRAWN BY BT CHECKED RST DATE February,1976
RIG Heli Drill METHOD Shelby Tube START January 7,1976 FINISH January 7,1976
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE
WP‘ Ow-0 WL-A g (4] 8 " (3 o z
PO ‘e Co el olxl D Siax| =
ynamic cone | = o T [~ LABORATORY IR
Penetration gl X .DE CRIPTI % u] w3 O go g
a O
(Blows/Foot) 12 X SCR ON x gg TEST DATA & 29 o REMARKS
0 20 30 Fl%e o @ 23 4l w
MOISTURE CONTENT| & | i w1z > “ | Sl o
2 < o < ©
20 40 60 3 3 »|©
ICE CE
5 VS.O A
=] WATER urF
= i
= |
=19.0 i
ML SILT sandy,very sensitive to 1
10 shaking - .
-
1
15 — H
1743 0%
Y, =114.4pcf |0 00 Drained Triaxial |
& ~——very sandy,non plastic, dark Y =81 .3pct x c'=0 $%=35° =
grey,stratified d Plate B-47
i ]
Il 20 4+
I U3} \ jox i
-
I v4 0% i
us| \ |ox i
l 25 4
- ined Triaxial [
[ -~= very sandy,fine-grained,non Yw 116.0pct Us 100 2:":;ne¢'=;;°x1a
plastic dark grey,sensitive to | , Yg=93-0pct % Plate B-48 i
| shaking, moist
1 ) §
1 - -
\ . PLATE _p-6
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R.M.HARDY & ASSOCIATES LTD.

HOLE

LOG

CONSULTING ENGINEERING & TESTING

TEST
PROJECT |
TAGLU GAS PLANT

TEST HOLE
NO .HZ6-Dd(Tont X

LOGGED BY SGM DRAWN BY BT CHECKED gs? DATE rebruary,b1976
RIG Heli Drill METHOD Shelby Tube START Januaru7,1976 FINISH January 7,1976
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE
e
We-B W-0 W-al _ | 8]g 8, o 8lo | 2
s | >~ o LUl izl Q
© o > - (=] <$ =
. > 12 T I~ & LABORATORY 21 % e
® Dynamic Cone ~“lalx al = " 8 z 2
Penetration 3| & DESCRIPTION =40 . 29l 8| REMARKS
e ©q] TEST DATA |a -4
\}_Blows/!‘oot)_ Foll x o =3 w| &
0o 20 30 a (3L ad Jw | B
MoisTURE “CONTENT| & | o o u | > WEELE:
51 © P <5 (8
20 40 &0 IR w
\ ML SILT sandy, “non plastic,dark - 112.5pcf
grey,stratiried,very sensitive :":86.;1:; UL 100 1]
35 to shaking, wet: d *
v 14
cL / CLAY silty,low to medium plastic, Yw'114-7PCf u9 100
/ medium grey,stratified,traces Yd'35-4PC'f % 1
% of organics,moist |
) 5 é I
l %——-fine—grained sand,lense,non W
A Y =118.0pct
? é plastic,dark grey - Y:-%.dpcf ulg 120 L
| az.0 |
\ | L | STLT trace of clay,low plastic, Y, 7122.1pet vl 100
' dark grey,wet Y d-98.8pct' % -
iR -3pct B
su ||'l§ sA¥D trace of silt,non plastic, zw:igf ;if ul 100
\s. 1 fine-grained,dark grey,pockets a ) x 4]
-~ 45 - of coarse-grained sand,saturated .
N HE
I I H
g |
: g
50 T
a
hod
a
55 - - finei ;c; co;rse grained, - 44
-ibg.g Possible slough b e 1
P69 + Jo%) c1]\/hoos™ ]
CLAY silty,trace of sand,soft,. r_'_ J
™\ grey-brown,gravel sizes to 1%, |
\ wet +
\-occasional ice crystals and coa -
particles. j . .
Bottom of Hole at 58.0 Feet. PLATE _B-2____
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R.MHARDY & ASSOCIATES LTD. PROJECT . !
CONSULTING ENGINEERING & TESTING TEST HOLE .
TAGLU GAS PLANT “NO H76=D5
~ - -
LOGGED 8Y SGM DRAWN BY BT CHECKED RST DATE February,1976 !
RIG _Heli Drill METHOD START January 9,976 FINISH - -
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE ol
o]
Wp-O W-0 W - L]
P LAl 185 8lw d x éo z —
® Dynamic Cone [ IS ols ~a 5%z = !
Penetration S x (- LaBORATORY [ 2| 4| & ;
¥ a| = Z
(5lows/Foot) 3z DESCRIPTION < jw i & © £9 5 REMARKS
r | &ls @ [OF TEST DATA & v
20 40 60 Elo g (] a E u @ . —
. Y 132, w i
MOISTURE CONTENT| & | J| 5 wle> Rk Su‘fl S d
20 40 60 3|3 = 3o
ICE ICE]
H -
1
2 i
5 o]
WATER B
H !
]
| ]
- .
10 Ur 4 T
& ]
1 7
§ 4
-
15 1
SAND silty,fine-grained,finely : 1
laminated . L4
”»
oy
H !
1 ~ 4
20 Bs -
1
.4
1 i
P 25 : S1 50% 1 —
., H
.:. - d
{ - |
I ‘
1 :I:: - =~ uniform, fine-grained . 1 1
| ' .
L SILT sandu, non plastic, grey Gr. Size : ’ Vo
‘ 30 ’ ! Plate B-40 |52 PLATE _B=8

. |



TEST HOLE LOG

R.M.HARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
H76-D5
TAGLU GAS PLANT NO. -
(Cont.)
LOGGED BY SCM DRAWN BY pr CHECKED rsT DATE  February,l1976
RIG Heli bprill METHOD START January 9,1976 FINISH
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE
: 3 .
Wo-B W-0 W -a| _ |82 8|, §o >
FR R - ol =] :t":: 0-9-
® pynamic Cone S ) ¥ |~ B LABORATORY Zl Wa
Penetration =~ 9 E ESCRIPTI nd. w | 8 Z g
e }
{plgws/ract) | gla DESCRIPTION |03 TesT pata fag |2 ©| REMARKS
20 40 &0 | £ |06 o g4l w
MOISTURE CONTENT| w | f o W x> gl §
20 40 60 3| 2 - &[o
ML SILT sandy, non plastic,grey UF 52
\
1
A ‘\,\ — —silt layer interbedded,trace 53
? 35 of organics,finely laminated, ]
| medium grey ‘
]
40 . i -4
e = F S
rozean boy
I} SEINCTAC N=45 blows/foot
i - -
1
T
L -
) ‘ )
! 45 : - 1
] ’ oo .
} w1 \thaw strain Thaw Strain =
- il |Figure 49 i 2.4 % .
< o] Y1283 per |SHUAROF IO, Co 0,038 o2y,
el |Ya= 93.2 pef
: o5
50 pe..o 4
) S XY
Bottom of Hole at 51.0 Feet.
[
PLATE __B-92 _




RMHARDY & ASSOCIATES LYD.

TES

T

HOLE

LOG

PROJECT

CONSULTING ENGINEERING & TESTING . TEST HOLE
TAGLU GAS PLANT NO. 1z6=06
LOGGED 8Y SGM DRAWN BY BT CHECKED RST DATE February, 1976
Splitspoon, 3
RIG Heli Drill METHOD s ; he, 3°cnpeEz) START January 8, 1976 FINISH
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE
Wp-B W-0 W -a oo 8 I ]
—~ (] w =lo 4
% E ] - g."?e g‘_ Elz> ©
© (2] [$] >-l.d — Q|<X|
® DYNAMIC CONE = e 4 X |-G LABORATORY | S g Y g
PENETRATION 5z , %l w3 G0 &
blows/ft. 2l DESCRIPTION %10 TesT oata 5o |Za O] REMARKS
T r [Tl =2 w| @
20 40 60 Eloe o EEIN w
MOISTURE CONTENT Wl ol g 3 §> o % 5,& 8
o[ O = <
20 40 60 22 Slo
IcE TCE
ML SILT sandy, fine-grained '!'+‘Vx
+ - by
-+
pr 1
s ) sanp fine grained, silty, brown— <
ish grey, loose, wet
o
e - 51 20% i
: 10 A
X :,'\ pees
| '}~~~ fine grained, minor silt 52| X leox 1
t - laminations, medium grey L
% | | i
| . .- 923 psf 1
! 15 I"'l';;‘i pef] Hole sloughing
{ -4 C
l L Srii'ndgrey, non plastzg, trace of Gf: Size u3 100 L]
Plate B-4l1 X |
\ \\
% "'\-\‘
oy gt -~ fine grained, cross-bedded, ~r et L
\,_1 with laminae of darker silt Y, ~113.6 pcf
~ o ~ == laminae of silt and organic [Yg= 80.5 pef |c2 ool r I
20 matter crossbedded Yw=100.9 pcf ] 13 1
) Y= 65,3 pcf 1
Refusal
Bottom of Hole at 23.0 Feet. Il
25 4
4 p=e
PLATE _B-l0
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RM.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

CONSULTING ENGINEERING & TESTING

PROJECT

TAGLU GAS PLANT

TEST HOLE
NO. #Z6-07

LOGGED BY MR DRAWN BY BT CHECKED RST DATE  February, 1976
RIG Heli Drill METHOD START January &, 1976 FINISH
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE
o]
Wo-O W-0 w - 1
P L 4 puy g 8 § w § o)- g
® DYNAMIC CONE g | of> - g Sgl =
- (8] =i =
PENETRATION ~lalzx & [~ LABORATORY Slz2l 2
blows/ft. a3l & DESCRIPTION e TEST A 29 S REMARKS
20 40 60 ElE 3 o= ST DAT =3l o
a O [}
MOISTURE CONTENT| w | .| 4 w > §5 §
20 40 60 313 = 3o
ICE CE
5 WATER P 4
_'__§ _~ bottom of channel a
SILT fine sandy, brown, non ¥
plastic, occasional layers to i
ML 3/8" of organics, wet
1o H
Gr. Size
51 Plate B-42 sl 67% ]
-
\\ is H
‘ -
\ s2 67
- i
l 20 pu
‘ SM|:L1] SAND silty, non plastic Ywe110.6 pcf | )1 &) 54
= Yd- 76.7 pcf % R
bz, SIL? 1little sand, brown, non 1
/ plastic, soft
7 25 e
b
¢ 4
13’2‘) 10d N = 5 blows/foot |
. .
| x ‘
I 10 PLATE __B-11




R.M.HARDY & ASSOCIATES LTD.

TES

T

HOLE

LOG

PROJECT

CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. 176207
{cont.)
LOGGED BY MR DRAWN B8Y BT CHECKED RST DATE February, 1976
RIG  Heli Drill METHOD START Jamuary, 1976 FINISH
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE
Wp-0 W-0 W -4 gg |, od 1o | 2
- oo 2
® DYNAMIC CONE $lo - of> s E 2z g
< Qe T |[FHLABORATORY[ 3§ 2| Y &
PENETRATION el ¥ al = w3 Slz3dl 2
blows/ft. 3 % DESCRIPTION g 3;14 TEST DATA & 29 S REMARKS
20 40 60 I |lEla s[=3 ATA 1a o u
) 0D =9 Hl | @
MOISTURE CONTENT| & | | 13 S §
= = o <
20 40 60 al s Slo
]
1 HL SILT fine sandy, brown, non UF .
i plastic, medium dense, wet 1
g 54 | X oo N = 12 blows/foot]
’ P e
! 3 Il
|
| ’ |
- -~~~ sand lenses interbedded , fine. .
’ grained ' S5 100
1 : “
[ 40 L -
-
f 6r. si i
r. Size 5
X Plate B-43 SP6T 120 N = 26 blows/fool]
\ ﬁ\ 5p (7] SAND fine grained, Yery silty, ﬂ
‘5 brown, wet A
}1\ ML SILT? fine sandy, brown, faintly s7 100
T laminated, dilatant, one 3/8" % -
layer containing organics, wet
50 4+
~-—~ stratified layers of silt, 4
sand, soft, wet s8 1000
% L
-
55 -+
. a
a |~ probable start -of permafrost PLATE BR-12
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R.M.HARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. #76-57
(cont.)
LOGGED BY MR DRAWN BY BT CHECKED RST DATE Februaru, 1976
RIG » Heli Drill METHOD START . Januaru 8, 1976 FINISH
PROJECT NO. cs 3161 lELEVATION AIR TEMPERATURE
o
Wo-O W-0 W, -~ @l o
P LA~ 139 §g §‘§> 3
el I |- LABORATORY F3 23| S
a P o (W o 30 [o]
. é é DESCRIPTION 593 TEST DATA 5 29 o REMARKS
E Qo 03 ?( w mc: w
MOISTURE CONTENT| i | Ll o 13 iz §
53 ot o
20 40 60 33 alo
ML SILT fine sandy, brown, wet, é's,
(cont.) ==41 ]
= Y~103.1 £
== -4 peC.
o, “Ner P/ /CLAY silty, trace of sand, dark =5 \yw: 69.8 pcf i
6 %: grey, medium plastic, frozen ==  [|vy=110.4 pef |C1 80%] IT L
71 ' } . =2 |vg= 81.0 pef
% - in;:éus;;ns to 3/4 ’of flne = [v,~106.2 pcf s
sand, brown, occasional or- g Y4~ 77.2 pcf
65 % ganics to 1/8", occasional ice == a TT
% crystals to 1/8" = |
% = L
70 é = ji
/ _l,—- possible gravel or cobbles g i
Bottom of Hole\gt 71.0 Feet. L]
H
75 +
-

PLATE __3-13




R.M.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. Hz6-08
LOGGED BY MR DRAWN BY BT CHECKED RST paTE February, 1976
RIG Heli 7rill METHOD START January 7, 1976 FINISH
PROJECT NO. cs 3161 lELEVATlON AIR TEMPERATURE -25% ¢
o]
Wo-O W-0 W ~-A ml ol
I ol >4 5% £
2, a - -
somecom | 210l 2 i amonarony [ 3 2181 5
+ 5 w3 0|20
blows/ft. ol & DESCRIPTION S84 tesT oata & 29 8 REMARKS
X [ o= (&
20 40 60 - | Ol G 2 =3 w| =
a S1, ad Jlw | ¥
MOISTURE CONTENT! W | | o g §> | g 53%‘ z
&1 O = Q
20 40 60 33 ale
N ICE ICE|
b
-
=
5 = WATER o i
o
10 -+
H
15 % -+
% I bottom of channel ¥
ML SILT fine sandy, brown, non
plastic, occasional fine orwanick, 1
20 highly dilatgnt, wet 1
o ' el
II sl 334
25 BN
y Y, ~115.6 pcf | Ul 104
R Yg= 89.3 pef. % |
< 1 , 1
f g
{ £ PLATE __8-14

.
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R.M.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT

CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. H76-08
(cont.)
LOGGED BY MR DRAWN BY BT CHECKED RST OATE February, 1976
RIG Heli Drill ME THOD START January 7, 1976 FINISH
PROJECT NO. cs 316l JELEVAT!ON‘ AR TEMPERATURE  ~25°C
o z
Wp-O W-0 W - @i O
P L4 |89 gg_‘ £ S &
© o = =
® DYNAMIC CONE K4 0 [ >uJ g <E =
PENETRATION 1ol Z [~ QLABORATORY S22 8
bl ft. 2l a o fud g 2 o
ows/ a1 % DESCRIPTION x 03 TesT pata B a 25 o REMARKS
20 40 60 I [ (TR [
9o o9 EE e | w
MOISTURE CONTENT| W | | wic> 3z §
20 40 60 REIR - &lo
ML SILT fine sandy, brown, non Ur Ss2 baz N = 6 Llows/foot
plastic, quick,wet (cont.) L]
‘ i
1
\ \
3
- 35 —-1
4 --- 2" sand lense , medium grained v2 53% L
® N
MMM L . +
SM HHR SAND siltg' fine grazned, less + Vx $3 7% N = 33 blOWS/fOOE'
N coal and shell fragments, possib4t+ I
' ice crystals, silty layers +
\ L+
I <+ ;1
{ ) +
1 40 + -+
+
1 '\' ++ I
‘ HHN +
Jililw == fine grained, silty, brown, o IND: &
é : frozen, occasional small shelll- {"PMrpaw strain Thaw Strain = 1.6%
fragments Figure 50 €l HOOIT |y = 0.016 ftzé“T
Yw=119.9 pcf % v
Yg= 94.9 pcf I
45 N
50 H
a
Bottom of Hole at 52.0 Feet. L
-
55

PLATE __B-15

—— e




R.M.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. HZ6-D9
LOGGED BY MR DRAWN BY BT CHECKED RST DATE February, 1976
RIG Heli Drill METHOD START January 10, 1976 FINISH
PROJECT NO. cs 3161 [ELEVATION ) AIR TEMPERATURE -30° C
5
- - - o)
We-O w-o0 w-al _[a3|g ~8“*‘3J o 8l | 2
3|50 o FHAE
o | @ o> -
® DYNAMIC CONE e o F-4iasoratory| J 2| W 5
PENETRATION al al .2 Siz3 z
£t % < W _¢ o’
blows/ft L 12l= DESCRIPTION z 04 TesT oata [ 4 2S5 O REMARKS
20 40 60 x QT = @
- (L] © ) w
a |32 < Jhw | ¥
MOISTURE CONTENT| W | ol wik> IS E:
=z 5 o O
20 40 60 3 3 a°
IcE ICE]
-
ML SILT fine sandy, brown, frozen + {Vx
++ 10% 'y
~~= Soft to firm, ice crystals to [t |
q 1/4" Lt vl [N Box
f 5 + -+
| +
+ -
| ]
+
+ .
| ~-- fine sandy, brown, soft, & F
moderate dilatancy, wet v sl k7% H
\ I
‘\ 10 4
1| . d
| - -~ slightly sandier sz [ Y72 ]
| 5 o
.‘ !
f i
} - -~ fine sand, brown, non plastic, L
J\ ML moist to wet s3]\ ltoo N = 10 blows/foo
o to (SPT % 1
SH
20 H
\ Hole drilled to 20.0 Feet. .
\- oy
Hole compl'eted to 23.0 Feet by
means of Dynamic Cone Penetration} i
25 4
‘ M
R -
30 PLATE __B-16
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R.M.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

CONSULTING ENGINEERING & TESTING

PROJECT

TAGLU GAS PLANT

TEST HOLE
NO. H76-n10

LOGGED BY MR DRAWN BY BT CHECKED RST DATE  February, 1976
RIG  FHeli Drill METHOD START  January 9, 1976 FINISH January 9, 1976
PROJECT NO. cs 3lél ELEVATION AIR TEMPERATURE -30° F
o]
- - - O
We-B w-o w-al _ |8l 8l §a z
A ol 5|32 B
® DYNAMIC CONE 5 o T |- LABORATORY - 4 W s
PENETRATION alz ESCRIPTION al.” WE RS z
o
blows/ft. 18 3 DESC z O TesT pata g 29 © REMARKS
20 40 60 Elos o) 24 4l.” w
MOISTURE CONTENT| W | ) 4 wiE> ? | iz S
o] o = <ig'| o
20 40 60 al o b3
s ICE ICE]
L
L
-
s WATER urF ﬂ
L
=
-
-
10 pu
]
= |
15 | ES T
= ~bottom of channel
= r
kﬂ. SILT soft, brown -1
20 +
-
s1 67%
1aY 25 - =~ brown, non plastic, numerous 4
\ thin laminations of organics,
\ wet H
\ - —— sandy layers, brown, non -1
plastic ¢
y : ]
0 vi| M¥1  [PLATE _8-17
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TEST HOLE LOG -
RMHARDY & ASSOCIATES LTD.
PROJECT L
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _H76-D10 —
(cont.) i
H
LOGGED BY MR DRAWN BY BT CHECKED RST DATE February, 1976
RIG Heli Drill METHOD START January 9, 1976 FINISH Januaru 9, 1976 —!
PROJECT NO. cs 3161 ) ELEVATION AR TEMPERATURE -30° F
Wp-0O W-0 W, -A @l Qo
P Sl = 1zl8 &l I«‘i’ AN -
® DYNAMIC CONE $ |5 of> -g 53 £ ;
hot e T |- ¥} LABORATORY Z| Ya
PENETRATION gl x DESCRIP N i w3 Siz3 2
a = >
blows/ft. - 8 % SCRIPTIO %03 TEST DATA = 25 © REMARKS —
20 40 60 &l o= =9 Ll & ,
Y © o ] oy | W :
MOISTURE CONTENT| W | LI w & > 2 | S e § .
20 40 60 313 - &lo
= w—
4 .  SILT sandy, brown, non plastic, - ur| Vo= 87.6 por| U 1‘
Vi AL numerous thin laminations of NYg 49.5 pef i :
/ organics, wet
4 -
—
3
/] ] ;
X N SP 1 SAND fine grained, silty, brown, u2 100
f \ 35 <::]  non plastic, moderate dilatancy, x| - T —
sl wet : | !
i i
i =
e | ;
40 :::.: 4+ —
I o ' i :
i 4 -~~~ fine grained, silty, brown, H
\‘ Pores non plastic, moist to wet, ) 52 804 N = 43 blows/ft. =
? ~ o moderate.dilatancy SP1T ) B :
,[ N ) ] ;
45 T1 "1;
H
-—— lenses and distorted layers B
to 1/2" of silt, fine sandy, . 100 —’
& brown : cl « |IT & :
l 50 . Hd
| . !
g2 "
55 0 i 1
; o
V =1
CL/ CLAY silty, little sand, low
% plastic, soft to firm, occas- | ¢ v i
& / ional gravel sizes 2 104 | ;
E!?'-q& /-—— — stiff, frequent coarse sand |’ ¥ : .
/ and coal particles (till-like)
| sot ¥/ ' PLATE _a-18 | =




TEST

HOLE

LOG

RM.HARDY & ASSOCIATES LTD.
PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _H76-p10_
(cont.)
LOGGED BY MR DRAWN BY BT CHECKED RST DATE  February, 1976
RIG Heli Drill METHOD START  January 9, 1976 FINISH January 9, 1976
PROJECT NO. cs 3161 ELEVATION AlR TEMPERATURE -30°
Fel 3
Wo-O W-0 W - o 9
° el = 1218 8 w,J wel Slo | 2
o | > a > = (€2 &
o ) Q >'u.| - Q <$ [
= o 3] I & LABORATORY g 22 g
e o
2 a < |w g witl R =15 ]
- 8 e DESCRIPTION =0 TeEST DATA E.Ja 29 © REMARKS
ol & L =2 w| &
Y © LD g Ji | W
MOISTURE CONTENT| W | 4| 4 w x> LG E:
20 40 60 33 = &0
[ Lt/ ciay (til1-1ike) silty, little ur
+ / sand, brownish-grey, stiff, a
/ low to medium plastic
I / -~-- occasional particles of gravel ¥
B % to 1" diameter c3 1:0 H
% Ir ]
65 é L
Z L
70 é H
é H
75 / 4
4 S estimated interface
O + M
SP|-.".7] S8ANR fine grained, silty, damp, | ?ZZ: cd 809 1T |
. grey to medium brown, distorted _++
S layering +
:»]7" " thin layer of clayey silt and '+"‘ i1
fine sand, trace of fine gravedl 4 ]
+
K,
80 + <+
x
+ "
b H
+ -
b A
+
.++ L]
~—— thin clay lense interbedded '++ a
P # CH 604 111
85 |+ H
Bottom of Hole at 85.5 Feet. 2
&
PLATE __8-29 '




R.M.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _rzs=pil
LOGGED BY SGM DRAWN BY BT‘ CHECKED RST DATE February, 1976
Splitspoon,
RIG Heli Drill METHOD 3" Shelby Tube START January 7, 1976 FINISH
PROJECT NO. cs 3161 lELEVATION AIR TEMPERATURE
Wo-O W-0 W -a 3l o 8 8
y <z |23 - e o N
® DYNAMIC CONE R T} >ﬁ >3 Slax| =
PENETRATION = e I - LABORATORY 3% 8
blows/ft. 3la DESCRIPTION % |w w3 828 | cemarks
10 20 30 r |8l €O TEST DATA o |Ew O
-9 L3 23 4 T
a 1oy, g Jw | ¥
MOISTURE CONTENT Ic‘:" gl g §> 4 s %Bﬁ S
A o O
20 40 60 R &[°
& ICE ICE
_j |
—{
s = T
== WATER UF
= 1
10 — i
= H
ML SILT some fine sand, brownish 181 5% u
grey, very soft ]
Gr. Size
O\ plate B-d44 |7 5% H
15 . e
\ --— sandy, laminated, sensitive to
A """ shaking : - i
Ne. \ i
(s . 3
© OLRY SILT very sandy, fine-grained s 50 14
[ &“’ sand sizes, numerous organic
i ‘:\rn“l lenses to 1/8", saturated -
< 20 | [fs "
Ne. ML SILT fine sand sizes i
\r.
I ‘ L
l ' Yy=108.2 pcf
S SP{"..| SAND fine grained, trace to littlp Y4~ 74.6 pcf v4 0% L
T iy silt
\'\,l 25 4
\Q'foz‘ .- - i
< ML SILT fine sand, trace of organic [.:- ]Nb{ 55 50% H
material, saturated I
DY .
--— sandv layers, finely laminatekd. ..
10 e PLATE __B-20
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TEST HOLE LOG

R.MHARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGIMEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. Ez6=D11
) {cont.)
LOGGED BY sGM DRAWN BY BT CHECKED RST DATE February, 1976
. Splitspoon, .
RIG Heli Drill METHOD 3" Shelby Tube START January 7, 1976 FINISH
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE
'z
- - - I3
WerB W-0 W -a|l (@8 3\, L:goz
- - a2 Elz> @
el >4 S laa
° | » op | -3 2<% £
= o T |- LABORATORY HEE
& Q" w3 Oj{Zo
21 4 g lw S o
5l % DESCRIPTION - g&’ TEST DATA B o 28 o REMARKS
Z|&a (T] i =2 w| @
: Y o LD < gl | W
MOISTURE CONTENT| W | | wlx> ® | 3|59 S
o © = <9 ©
20 40 60 | n ©
' : " SILT sandy, finely laminated, [::luypp
ML Y.,~108.1 pcf
2 crossbedded, poorly graded (cont).- Y:: 78.8 pcf L
Y,~111.8 pef 100 L
5 ——— brown to grey bedding, sand Y;" 81.4 pcf cl1 s 17
layers Yy=107.1 pcf i
Ya =80.5 pcf
35 -+~
r "
-—=- occasional thin organic lensed
40 c2 80%yII e
Bottom of Hole at 41.0 Feet. M
45 o+
a
a
. n
PLATE ___B-21




TEST HOLE LOG

roots

R.MHARDY & ASSOCIATES LTD. ,
PROJECT .
CONSULTING ENGINEERING & TESTING ) TEST HOLE
TAGLU GAS PLANT NO. _r76-D12
LOGGED BY sGH DRAWN BY BT CHECKED RST patg  February, 1976
. . Splitspoon, 3" Shelbu
RIG Heli Drill METHOD Tube, 3" ID CRREL START January 10, 1976 FINISH January 10, 1976
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE
Wo-O W-0 W -A 8l e g z
—_ (o] w = <
|3 ot THEE
® DYNAMIC CONE o Q> - k-
[ 'S} - 4 L
PENETRATION ~lalE oF 5 Z [ g LABORATORY .3 Slz3 %
[«% | < W _y o)
blows/ft. - 12l SCRIPTION z |03 TesT pATA B4 |29 © REMARKS
20 40 60 gl S |= 5 s3 | @
Yy © (37, 45 Hlw | ¥
MOISTURE CONTENT| W | | Wi > ® | Sz S
313 o o
20 40 60 313 &|°
ICE CE
.
5 =% WATER UF 1
ML, SILT some fine sand, soft ¥ 1
10 4
-
H
' s1
b 15 11 bor |
\\ oL b‘% QRGANIC SILT spongey, ‘wood, leavesi 8
=

-
T
3.1 'a}

o

52 80%

20

‘V\r’ ]
YIS
AN

1

4
T

AR,
1

M7,
X

~
VA
W

1

2N

~3<
TR
]

s3 80%,

Y
‘\
%,

D

~

[
A6
o

\J

ML SILT sandy, non to low plastic,

stratified M

20 sa| X lsox] |PLATE ___B-22
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TEST

HOLE

LOG

R.M.HARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. __H76-B12
(cont.)
LOGGED BY ScM DRAWN BY BT CHECKED RST DATE February, 1976
. i Splitspocn, 3 Shelb
RiG Helli Drill METHOD Tybe, 3" 7D CRREL START January 10, 1976 FINISH January 10, 1976
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE
Wo-8 W-0 W -a alo 8 ’J &
— s/ O o |uws =10 Z
® DYNAMIC CONE § ; - © %w E é EE g
DrwaNIC coN SINE I|-YLasoratory " 5 8| ¥ 2
o o jw
blows/ft. S DESCRIPTION &8 TesT oata i@ 29 8 REMARKS
20 40 60 o -4 (Tl e =2 w|
E1%oe o < Jiy | @
MOISTURE CONTENT| & | _| o w (> ? | Sz ©
=l 5 0 o
20 40 60 2l a al°
\. ML SILT sandy, non to low plastic, Uk ¥=1 blow/foot
A : stratified - 1
A VA b Y T
g~ 76-3 pe . I
} Gr. Size ]
l plate B-45 .
!
: _ 1
o) 35 |sp|-:] SAND fine grained, silty, dense, oot H
; I ]
0 medium brown Yw=111.5 pef ce i
. Yq~ 81.7 pef o%| v
o» - H
ZamN
0 = T
u
Bottom of Hole at 48.0 Feet. u
50 4

PLATE 15-23 '




R.M.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. #z6=p13
LOGGED B8Y HR DRAWN BY BT CHECKED RST DATE February,1976
RIG  go1i prill METHOD START January 10,1976 FINISH January 10,1976
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE L2 F,
el
- - - ©
WPGWOWLA" go §u‘ k Sc: z
= bl B a2y > sz e
. @ [} (S Rp b Q|qx} -
® Dynamic Cone - ) T~ LABORATORY] § 2| W B
Penetration = % E % wg b 2] 8 Z<>3 g
(Blows/Foot ) 3| & DESCRIPTION 218 TesT oata B4 |28 S| REMARKS
I @l g (L) :J @
20 40 60 - ol E o §<zt w w
o = w
MOISTURE CONTENT| W | | W& > © | Sz §
20 40 60 313 - &0
| ICE ICH
5 T
SILT sandy, non plastic, brown, UF 1
occasional layer of organic
material, moderate dilatancy, wef 1
L4
H
10 -H
15 --— clayey,low plastic,dark grey, . T
] o2 ’ ’ - Ss1 80% N=4 blows/foot 2
/ (BPT
H
_I | $2 67% N=3 blows/foot
¢ 1= (5PT B
4 20 H
——-thin laminations,more organics I
N s3| X {534 g
——-low to non plastic
25 4
'\4\
sM SAND silty,fine, non plastic, - Ived s4V Loos N=45 blows/foot
1R hard, brown, numerous thin 0 B P H
(1. laminations containing organics{ ...
frozen ) RN ) . ‘
30 PLATE _B-24
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1

TEST HOLE

LOG

R.M.HARDY & ASSOCIATES LTD. PROJECT

CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO #76-D13
{Cont.)
LOGGED BY MR DRAWN BY BT JCHECKED =~ RST DATE  February,1976
RIG  Heli prill METHOD START  Januarv 10,1976 FINISH January 10,1976
PROJECT NO. s 316l IELEVATION ' AIR TEMPERATURE  -~25° F
We-B w-0 w-al §g 3 &8I, |
z | £|S a Eiz> ©
°|w o> > g Slaa| =
Sl I |- LABORATORY 5.5 s
X = Q|2
2l a d |w S Q
185 DESCRIPTION = 8] test oata |7 29 8 REMARKS
&l ] ' @
5 |°° 02 R
MOISTURE CONTENT| & | L} o W > %Y 9
20 40 60 3 & - dlo
sul|'} saND siltu,fine; mon plastic, ::::;an
Lt brown, numerous thin laminationsi- 2
4 containing organics, frozen .
a Y,~104.5 pcf
L Yg= 69.9 pcf M
Y,=113.0 pcf|
Yg= 82.5 pef i
25 e Yuw=113.0 pcf] A
. + Ya= 82.7 pcf] oj
o) +++ Vx| Y,~110.4 pcficl 00% I s
' 2% ¥gr 81.4 pofl
2
Bottom of Hole at 36.5 Feet.
-
40 1




RMHARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT

CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. xz6-pl4
LOGGED BY SGM DRAWN BY BT CHECKED RST DATE February, 1976
RIG Heli Drill METHOD STARY  January 10, 1976 FINISH January 10, 1976
PROJECT NO. cs 3161 ELEVATION AR TEMPERATURE
o
We-B W-0 W-al 88 8l L;’ §c z
e | >~ a > EiZ> e
o | o> > g Sl<x| =
® DYNAMIC CONE .08 T LABORATORY[ J &| 4% S
PENETRATION 51 & lw wg o0 §
blows/ft. r|& & DESCRIPTION (03 TesT oata £ |@y ©| REMARKS
20 40 60 A oD 23 9% w
MOISTURE CONTENT| u | Ll 4 W& > ] Sz S
ol o - g5 (84
20 40 60 I3 ) (]
ICE TCE|
5 — ] .
% WATER Ur
ML SILT some fine sand, brownish
grey
10 -
15 o d b
f ~—asilt, stratified, grey, trace s1
D of organics . 80%
20 b
J
i L} 52 paz
l . ':gm fine grained, stratified
I 2 i-.Jb~~ trace of ‘organics, grey b
¢
1 , ,
[ p ——- trace to little silt . s3] lsox
20 PLATE __3-26
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R.M.HARDY & ASSOCIATES LTD.
PROJECT
CONSULTING ENGINEERING & TESTING _ TEST HOLE
TAGLU GAS PLANT NO. _uz6-D14
(cont.)
LOGGED BY SGM DRAWN BY BT CHECKED RST DATE February, 1976
RIG Heli Drill ME THOD START January 10, 1976 FINISH January 10, 1976
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE
-a - - © ,
WpoO W-0 wi-al _ gg _3“”.!{ §°,_§
~ ® DYNAMIC CONE g o °>'w 5l3e &
PENETRATION = lal2 : T |~ g LABORATORY § - g
blows/ft. a S jw g
2 ow:‘/J o . § & DESCRIPTION 523 TEST DATA [ 29 8 REMARKS
F %o N ;m w
MOISTURE CONTENT| & | LI ' te T S
R 2 38" s
20. 40 60 1K
\ P :S:; SAND fine grained, stratified
r e (cont.) 2
L \ ——— fine grained 1
el ud 0% L)
o) > -—- occasional silt lense Yw=111.4 pof 1
‘ . . Yg~ 81.4 pof] .o o0
35 e Yy=112.1 pef| 8 |17} as
5 Yo~ 84.1 pct |
: Yu=115.1 pef|
: Yg= 85.3 pef i
-
H
‘0 1'—
- L
=~ = gravel sizes
77 _ o H
4 CI V) CGAX (Till-like) silty, litele.- 4] s6 | X [sos 1]
/1 sand, occasional ‘cea¥se and fi
\ gravel .sizes :
a5 Bottam of Hole at 43.5 Feet. -

PLATE _3-27




R.M.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT

CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _uzg=nls.
LOGGED BY ScM DRAWN BY BT CHECKED RST DATE February, 1976
RIG Heli Drill METHOD Splitspoon START Januarw 9, 1976 FINISH January 10, 1976
PROJECT NO. cs 3161 lELEVATlON AIR TEMPERATURE
We-0 W-0 W -4 &l o 3 g
— (@] w =10 Z
Atk o[£ FHEE
© w -
© DYNAUIC COnE = 0 £ [-ylLaBoraTorY [T 2| Y| 5
T Tows/Ee. 5| DESCRIFTION < we o158 8
st | 8lg %8 Test oata [54 |25 ©| REMARKS
- | ol b =2 i @
o (834 << i l&J
MOISTURE CONTENT| W | i w I& > HESE
20 40 60 HE - &
ICE ICH
L
spi-{ sayp fine, silty, medium brown— vr
..'. greq =y
5 o+
-
Ur
: L
1 ML SILT sandy, grey, laminated | |
! fine grained sand sizes
10 -
L
15 'J
Gr. Size s 00
& Plate B-46 x 8
--= little fine sand; medium grey-
brown, non plastic, wet H
S2 (4 1
20 ? +
L
L]
_ sp:] sawp fine grained, stratified,
: trace of organics, medium grey [T 1
T~ to brown ’ - q b |
E Tfor {6" :
i b 2 53 809 N = 18 plows/ft
T Pl 1
&- S4 60% . -
w0 Bottom of Hole at 29.5 Feet. PLATE _ B-28




R.M.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT

CONSULTING ENGINEERING & TESTING TEST HOLE
LOGGED 8Y SGM DRAWN BY BT CHECKED RST DATE February, 1976
RIG  Heli Drill METHOD binotration Test |START January 11, 1976 FINISH January 11, 1976
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE
we-B W-0 W-al _ [8|¢ 8l " 8l | =
s | > a Eiz> e
® DYNAMIC CONE S|w ol >d Slaz| &
PENETRATION =z =4 T |~ Gl LABORATORY g g (=}
alx o m 0|20 cZ)
blows/ft. 3% DESCRIPTION 24 ) 29 & REMARKS
20 40 60 T |l &= TEST DATA |o.d b
E o (S 34 35 3 w '&J
MOISTURE CONTENT g ] g §> & % g S
G| © - <o [8)
20 40 &0 a0 7]
ICE ICE]
’ .
L 1
5 WAIER UF i
rbottom of channel -
el
. H
10 +H
r-
15 4
|
y . 1_
25 ot
_* , l
\ O
[ 30 PLATE _B-29 _




TEST HOLE LOG
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R.MHARDY & ASSOCIATES LYD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLﬁE
{cont.)
LOGGED B8Y SGM DRAWN 8Y BT CHECKED RST DATE - February, 1976
Dynamic Cone
RIG Heli Drill METHQD Pznetration Test |START January 11,1976 FINISH January 11, 1976
PROJECT NO. cs 3161 [ELEVAT!ON AIR TEMPERATURE
el
- - - o
WesB W-0 WAl | 88 §“’;& ,5.0,_3
s |a o> >4 513 £
® DYNAMIC CONE 2 o _ 2 [FlLasoraToRY | 3 HEE
PENETRATION ol I &l w2 S|z3 z
blows/ft. - 8 % DESCRIPTION . ‘-_2&1 TEST DATA E‘o 29 o REMARKS
20 40 60 Il%le Tl S3 w| «
a © o) g e | @
MOISTURE CONTENT| W | | Y1z L E
S| o - al5 1 @
20 40 60 3% w
UF
N
\¢ .-~ possible permafrost interface
-i 55| .
./>
«]
40 .
45 .
\& /4 permafrost
=L
50 Bottom of Hole at 49.0 Feet. 1
¢
PLATE _B-30




R.M.HMARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. z6-pl2
LOGGED BY SGM - DRAWN BY BT CHECKED RST DATE February, 1976
RiG Heli Drill METHOD ggmggrgégtgoﬂnez'ggt START _ January 11, 1976 FINISH Janvary 11, 1976
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE
Wo-O W-0 W ~ § 3] ‘
. ik o T HE
© > o] = o
® DYNAMIC CONE ® | » o[> - = Qe =
PENETRATION S l1el2 I |- Y LABORATORY " § z% 2
bl ft. 2] a < |w 50| €
20 o::/ v . 5 é DESCRIPTION g S__,g-l TEST DATA & 29 o REMARKS
MOISTURE CONTENT| w | i w fo > 1S §
20 40 60 R = Slo
ICE ICE
-
5 -\r
WATER UF
10| BB 4
= :
E r bottom of channel .
15 <+
i
:
20 4
-
25 o4
, ]
30 PLATE __B-31




TEST HOLE LOG

RMHARDY & ASSOCIATES LYD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _H76-D19_
(cont.)
LOGGED BY SGM ‘ DRAWN BY BT CHECKED RST DATE  February, 1976
. . Dynamic Cone "
RIG Hell Drill METHOD Penetration Test |[START January 11, 1976 FINISH January 11, 1976
PROJECT NO. cs 3161 lELEVATION AIR TEMPERATURE
o] z
- - - (&)
WemD W-0 WAl _ | 8|8 §N,J I&Sog
® DYNAMIC CONE s | & " of> >4 5|3 &
D & p—4 u - —
PENETRATION - la % Py " of LABORATORY wg § z3 2
bl ft. 2o < fu _g S0 @
20 o:.(s)/ o . S é DESCRIPTION 594 TEST DATA B o 29 o REMARKS
= =3 w| @
E1°o oD =< dl, | W
MOISTURE CONTENT| 4 | Ll Wiz > ? 13|z O
20 40 60 33 - alo
uF
I\ 35 e
40 .

/

~. | 374

~—= permafrost interface

Bottom of Hole at 47.5 Feet.

50 . 1

S

-

-

s

-

—

el

PLATE __ p-32




RMHARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
LOGGED BY SGM DRAWN BY BT CHECKED RST DATE February, 1976
. . Dynamic Cone
RIG Heli prill METHOD  Penetration Test |START January 11, 1976 |fFINISH January 11, 1976
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE
- F
Wo-O W~-0 W, - o
P LA - g S § NQJ k ?. oz
® > a - = |Z> 9
® DYNAMIC CONE gl o> 3 3= =
PENETRATION 1.2 I [ o LABORATORY Slz2 8
blows/ft. 2l a o jw ut S& o
20 40 60 r | &g DESCRIPTION gea‘ TEST DATA ja Ty O REMARKS
= | Ol U% =23yl T,
MOISTURE CONTENT| & | LI 812 Ak £ &
al o - (8]
20 40 60 313 | &lo
ICE CE|
|
5 i
WATER ur
i
-
10 -{-
15 N
r bottom of channel A
ol
]
20 +
25 H
. ]
L ™1
30 PLATE ___8-33
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RM.HARDY & ASSOCIATES LTD. PROJECT )
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. H76-D20_
(cont.) -13
LOGGED BY SGM DRAWN BY BT CHECKED RST DATE Februaru, 1976 ‘
. . Dynamic Cone
RIG Heli Drill METHOD  Penetration Test |START  .January 11, 1976 FINISH  January 11, 1976 -~
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE .
3 "
- - - o
We-B W-0 w-al _ |88 3|, l&’é"% -
AR ol >4 5|3zl = f
® DYNAMIC CONE 2 o 2 |- Lasoratory "3 2{7y 5 .
PENETRATION ol x DESCRIPTIO al = L, 2 Siz3 2
blows/ft. ale RIPTION < | J 20 5 REMARKS
20 40 &0 r | & & Z 23] TEST DATA aq |y —
E Clo (832, ol <] d (] g
MOISTURE CONTENT| & | | wE > 71 =l59 S
20 40 60 2 3 - Ao
B | R
- - H
i -
35 Ea

A
1

\‘e\ H .
N
40 -~~~ permafrost -+ —
Bottom of Hole at 40.5 Feet.

.
H
45 . .. H -
=
o H
i ;

PLATE __B-34




R.M.HARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING : TEST HOLE
TAGLU GAS PLANT NO. mzs-p21_
LOGGED BY SGM DRAWN BY BT CHECKED RST DATE  February, 1976
RIG METHOD START January 11, 1976 FINISH
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE
5
- - - ©
We-@ W-o0 W-a| _j8le 8, Sog
|5 o g.aﬁ "c:a Zx &
® pYNAMIC CZNE‘ S : ) I |~ Y LABORATORY 8l.3 8
PENETRATION I b .
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RM.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT
CONSULTING ENGINEERING & TESTING ) TEST HOLE
TAGLU GAS PLANT NO. H76-D21
(cont.)
LOGGED BY SGM DRAWN BY BT CHECKED RST DATE February, 1976
RIG METHOD START January 11, 1976 FINISH
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE
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TEST HOLE LOG

R.M.HARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE

TAGLU GAS PLANT NO. #76-D22

LOGGED BY sGM DRAWN BY BT CHECKED RST DATE  February, 1976
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MTL-4
PROJECT Taglu Gas Plant
LAB. ORDER CS3161
R.M.HARDY & ASSOCIATES LTD. |[SAMPLE cl
CONSULTING ENGINEERING & TesTING |LOCATION Barge Dock Site
HOLE H76-D5 DEPTH 47-47.3"
L TECHNICIAN _ RC DATE April 1974

Void Ratio e (End) s

Specific Gravity of Soil Solids G5 =2:70(eStHeignt of Soi) Solids Hy=

913 ins.

Yoid Ratio e(Start) =

€(End) = W%I(End) x Gg

Void Ratio e (Stazt Dimenslons) =

.769

o (oSl Yine.

€ = previous ¢ + -Q-g;'—

Time Load on Corr. Dial Deflection | Defl cii;n Void Ratio| Pressure
interval Pan (gms) | Readingl(ins) tins.) H; e Kg/cmfsT/ft-"
1.487 0 0 .769
.96 psi| 1.470 .017 .019 .750 .07
5.0 psi 1.456 .014 .015 .735 .36
11.3 psi 1.441 .015 .016 .719 .81
24,9 psi | 1.432 .009 .010 .709 1.79
Core Sanmple Tegt Sample
Bulk Dengity (pcf.) 118.3 120.0
Dry Density (pcf) 93.2 96.5
Moisture |Content (3} 26.9 4.3
Moisture [Content :
L~ est) (%) 25.8
i
Comprassive Iindex =
Sweliing Pressure = Tm:
Pre-Cons. Load = .
| o —
‘ »
2
°
x
‘ Y
; 1
>
gg
0.0l 0-i -0 10 100}
Pressure Kg./cm’(Tons/#t)

Plate849



MTL-4

PROJECT Taglu Gas plant
LAB. ORDER CS3161
RM.HARDY & ASSOCIATES LTD. |SAMPLE Cl
CONSULTING ENGINEERING & TESTING |LOCATION Barge Dock Site
HOLE H76-D8 DEPTH 42-43.5'"
TECHNICIAN RC DATE April/76
Specific Gravity of Soil Solids Gg =2.70 (estHeight of Soil Solids Hg=_.897 _ins.
Void Ratio e (End) s
Void Ratio e(Start) = :
Void Ratio e (Start Dimensions)= __.775
e(End) = W%(End) x Gg Hy: (g Ares o 57 )ins e = previous ¢ + D3l
Time toad on Corr. Dial Deflection | Deflgction | Void Ratio| Pressure
interval Pan (gms) | Readinglins) {ins.) Fi‘; e Kg/cm'.‘zT/ft-"
0 1.552 0 0 .775 0
.92 psi| 1.537 .015 L017 .758 .07
4.88 psi}] 1.499 .038 .042 .706 35
10.2 psi| 1.487 .012 .013 .683 .13
25.3 psi 1.465 .022 .025 .658 1.82
Core Sample Test S le
Bulk Density(pcf) 119.9 118.2
Dry Density (pcf) 94.9 94,2
'Molsture Content (%) 26.4 5.5
Moisture Content
{after test) (%) 5.5
Compressive index =
Swelling Pressure = Tﬁf
Pre-Cons. Load T,
®
2
s =
ot
2 T
001 O-i 0 10 1004
Pressure  Kg./7cm’(Tons/tt})

PlatefS0
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RMHARDY & ASBOCIATES LT

=

consuLTInG

e

SUMMARY OF

QIECT

Paglu Gas Plant

| \QCATION Rarge Dock Site ~—_

January, 1976

LABORATORY TESTING |mu
CLASSIFICATION
SAMPLE DATA TESTS OTHER TESTS
§ ATTERBERG | TEXTURE
w | & LIMITS (%) - > | .
%> s |20l ¥ SOIL DESCRIPTION =l E cEclieZz|SEL
- O [ EZ| = = - o Xl e - > |ewwu e Y] me gt
=F |87 |3 |3 3| 2lsg| 5|z 3% %5788
b < S € |<E| - ol ) a a gu
- a |
. %
H76-Dp1 | 15- | S1 { ML| SILT, sandy,fine grained, non 4 | 881 8
16.5 plastic,dark grey,layered, wet
H76~-D2 | 15- | U2 | ML| SILT, sandy,trace clay,occ.gravel 142.2 ]113.1]25.7

16 sizes,non plastic,layered, occ.

organic stringers,grey
H76-D2 | 16- |U3 | ML| SILT, sandy,trace clay, occ.gravell 3| 9216 HO03.0| 80.2]28.4
17 sizes ,non plastic,layered, occ.
organic stringers,grey
H76-D2 | 17~ | U4 | sSM| SAND, fine grained,silty,non 106.9| 78.8| 34.7
18 plastic,grey,wet
H76-D2 | 24~ | U8 | SM| SAND, fine grained,silty,non 132.21104.6]| 26.4
24.5 plastic,grey,wet ,numerous gravel
sizes to %" diameter
H76-D2 | 28- 1 Cl | SM]| 58ND, silty,fine grained,non HI10.61 80.7131.7] frozen ]
29 plastic,dark grey, frozen sample
B76-D3 | 4-5 | Cl | CL} CLAY, silty, low plastic,grey 95.9} 62.2| 54.0
H76-D3 | 19.5]1C6 | SP}| SAND, silty, fine grained,non 116.9| 88.4| 32.2 | frozen
-20.5 plastic, dark grey sample -
H76-D3 | 24~ | C7 | SP| SAND, silty,fine grained, non 113.1| 77.11 46.6| frozen

24.8 plastic,dark grey, laminated with B sample

organic material, stratified .
H76-D3 | 24.8 .

-25 | C7 | SP} SAND, silty, fine grained, non 106.1} 74.4]| 42.6| frozen
plastic,dark grey,laminated with . cample
organic material, stratified

H76~D4 | 16~ | U2 | ML| SILT, sandy, non plastic,dark 114.4; 81.31 40.7} Drained
17.5 grey, stratified triaxial
c’-o,lijsoJ
H767D4 26~ | U6 | ML| SILT, very sandy, fine yrained 116.0{ 93.0| 24.7| Drained
28 non plastic,dark grey triaxial
c'=0 ,@= 350
H76-D4 | 30- | U8 | ML| SILT, very sandy, fine grained, 112.5| 86.7] 29.8
.32 non plastic,dark grey
BH76-D4 | 32~ U9 | CL} CLAY, silty, low to medium plastic 114.7| 86.4 32.8
33.4 stratified, grey, trace of
organics ‘
H76-~-D4 | 37.5| 0101 CL}{ CLAY, silty, low to medium plastic * 118.0; 94.4 25.0
-38.5 stratified, grey, trace of .
organics,occ.fine grained sand PLATE B-51I




SUMMARY OF 2Royict Taglu Gas Plant
R.M.MARDY & ASSOCIATES LTD. lracarionBarge Dock Site 1
ConsuL viee & eror . J'
LABORATORY TESTING |oan J2nuary, 1976
CS3161 -
CLASSIFICATION .
SAMPLE DATA sTES‘l‘S OTHER TESTS H
s ATTERBERG| TEXTURE
- |z LIMITS (%) - » | %, —
=" F-laol ¢ SOIL DESCRIPTION sl vk rielaSal 82 \
=0 al | E2] & sl ojc&l 8] w| »jwaviagel =pn i
-z e | « a ] nlecel 2 - < |[2z&taZs) vz~ .
a " ] [ < |»z| < o - - a 00
< - - [ €S| » bl ] a [}
ot -’ a wd x
= —
H76-D4 | 42~ [ UI1l| ML]| SILT, trace clay, low plastic,dark 222.1 | 98.6|23.6 !
43.4 grey, wet H
—y
B76-D4 | 43.5| Ul2| sM| SAND, fine grained, trace silt, 122.3 }101.3)20.7 !
~-45 non plastic, dark grey,saturated o
H76-D5 | 29- | 52 | ML| SILT, trace sand, non plastic, 41| 56| 3 =
30.5 grey ' u
B76-D5 | 47- {C1 | ML|{ SILT, sandy, non plastic,grey, 120.0) 96.5{ 24.3 | Thaw Strailp™
47.3 frozen . *2.4% 3
Mv~0.038 © ¢
ft.z/tan
B76-D6 § 15.5] U3 | ML | SILT, trace sand, non plastic, 8717 1114.3| 92.4|23.7 -
-17 grey !
H76-D6 | 18.5] C2 | ML| SILT, trace sand, non plastic, 113.6| 80.5| 41.1 |frozen —
~19.3 grey, cross~bedded sample '2
B76~D6 | 19.3 SILT, trace sand, non plastic,grey, ’ 100.9) 65.3] 54.4 |frozen -
-20 C2 | ML | cross-bedded, laminae of silt sample !
and organic matter . ';
B76-D7 | 12 S1 | ML) SILT, sandy, fine grained,non
-13.5 plastic , 23 60{ 4 !
#76~Dp7 | 22- | Ul | SM| SAND, silty, non plastic 110.6}) 76.7| 44.2
23.5 : =
. j
H76~D7 | 42~ {S6 | ML} SILT,sandy,fine grained,non
43.5 plastic,brown,wet : 34 60} 4 -w
Cd
876-p7 | 62+ [ c1 | cz | cLAY, siltg'tijceféf Séﬂdédétkl . 103.1| 69.8) 47.8|frozen
. grey,med.plastic,fine sand incl. 1
62.6 to 3/4" ,brown,occ.organic sand sample -?
and ice crystals ;
B76-D7 | 62.6iCl | CI|{ CLAY,s8ilty,trace of sand,dark 110.4}) 81.0] 36.3|frozen
-63.1 grey,med.plastic,fine sand incl. sample
to 3/4%, brown,occ.organic sand ) =
and ice crystals . .
H76-D7 | 63.1i1C1 |CI| CLAY, silty,trace.of.sand,dark 106.2| 77.2| 37.6|frozen ’
-63.8 grey,med.plastic,fine sand incl. ) gample
to 3/4" ,brown,occ.organic sand N '1
and ice crystals i
H76-D8 | 25~ | vl ML SILT,sandy,fine grained,non 115.6| 89.31 29.5 :
26.5 plastic,occasional organics,wet _|
q
‘ L !
1
BE76-D8 | 42~ | c1 | s¥| sawp, silty,fine grained,ccc. 118.2) %4.2 25.5{Thaw Strqin -
43.5 coal and shale fragments,brown =1.6%
frozen - M= 0,014 ° ey
SV ft.$/tag 1

PLATE B-5.°+



’ SU MMARY OF pROJMECY Taglu Gas Plant
- MM HARDY & ASSOCIATES LTD. Liocarion B279e Dock Site
: o LABORATORY TESTING |nan  January, 1976
i CLASSIFICATION
SAMPLE DATA TESTS OTHER TESTS
ATTERBERG| TEXTURE
« | % LIMITS (%) - » | 2w
=l == z |iof @ SOIL DESCRIPTION el v |E A
: =0 el tE2| = ' s|=le8l gl =] z]pmglxzoiog”
-z == !« @ - 3=z |l 2| <322 fu=| 2Z-
: “ 13 el<l3z) 55| 3| 87| a7|¢g¢e
-l - & | =
g B
™1 876-p10| 29- | vl | ML| SILT,non plastic,brown,laminated 7.6 49.5177.0
30.5 occasional organics, wet
Pt H76-D10| 52- | Cc2 | cL] CLAY, silty,sandy,low plastic 27 | 141 13
59 occasional gravel sizes
1 B76-D111 13- {S2 | ML| sILT,sandy, fine grained,grey~ 2 ) 88110
i 14.5 brown
- B76-D11} 22~ U4 | SP| SAND, fine grained,trace silt l108.2 | 74.6| 45.0
i 24
- H76~-D11] 31~ {Cl1 | ML | SILT,sandy,finely laminated,cross 108.1| 78.8{ 37.1 {frozen
f 31.8 bedded ,poorly graded - |sample
H#76-D11] 31.8|Cl1 | ML | SILT,sandy, finely laminated . 111.1| 81.4]| 37.4 |frozen
Lo -32.4 cross-bedded ,poorly graded . sample
H76-D11) 32.4|/ C1 | ML | SILT,sandy,finely laminated, . 107.1) 80.5| 33.1 |frozen
o ~33 cross-baedded, poorly graded,brown sample
; to grey bedding, sand layers
#76-p12| 31.5{ U5 | ML | sILT,sandy, non to low plastic 14 ) 81| 51107.4} 76.3}{ 40.8
™ -32.5 stratified .
» H76~D12| 35~ | C6 | SP| SAND, fine grained,silty,dense 111.5| 81.7| 36.4 |frozen
rJ 35.7 medium brown sample
H?76~-D13| 35- |C1 {SM| SAND, silty,fine grained,non 104.5| 69.9{ 49.5 |frozen
35.5 plastic,brown,occ.organics, sample
:F frozen :
#76-D13] 35.5|C1 | sM| SAND, silty,fine grained, non 113.0| 82.5] 39.6 |frozen
p -35.8 plastic,brown, occasional sample
: organics ,frozen
"f B76-p13] 35.8l c1 | sm SAND, silty, fine grained,non 113.0} 82.7| 36.7 |frozen
-36.1 plastic,brown,occasional organic sample
r frozen T
. H76-D13| 36.1{C1 | sM]| SAND, silty,fine grained,non 110.4| 81.4] 35.6
-36.5 plastic,brown, occasional
J organics,frozen
“y B76-D14| 34.3|{C5 | SP| SAND, fine grained,stratified 111.4| 81.4 36.8|frozen
-34.8 occasional silt lense sample
r |
. H?76-D14} 34.8| C5 | SP| SAND, fine grained, stratified 112.1| 84.1 33.3|frozen
-35.3 occasional silt lense . sample

PLATE B-5:



RMHARDY & ASSOCIATES LYD.

SUMMARY OF

=

COMBULTIRG

PROJECY

Taglu Gas Plant

AQCATION Barge Dock Site

January, 1976

NI B |

LABORATORY TESTING }eau

CS3161 -
CLASSIFICATION
SAMPLE DATA TESTS OTHER TESTS i

S ATTERBERG | TEXTURE
. « | & LIMITS {%) - > | &% -
- - - - :
¥ S AFHE SOIL DESCRIPTION eleEulal.].|u58 22828z
-z == | < H F wlea 2|l = <3z aZs 25" ‘

- 5 = E 3! " » v a o gu
"] . 3

RH76-D14| 35.31 C5 | SP| SAND, fine grained, stratified 115.1} 85.3}34.9 |frozen !
-36 occasional silt lense rample i
H76-D15| 15- |51 | ML} SILT,sandy, fine grained 6 | 82112 ?
16.5 laminated, grey j

N

l....m.,-.mJ Lw«.—J

B

N

l..,«-nmJ

A

O |

|

R |

P |

PLATE B~54




-

I |

LB

8 SAMPLE
/ H76 D5-Cl
_ ’/
32 M,:0.014
Z //
< 4 —
o /
- —
(7]
SAMPLE
Ao=2.4°/o/ H 76 D8-ClI
2
Ao:].6°/o
STRESS RANGE
. OF INTEREST
™ P
0 ]
0] 0.4 0.8 1.2 |.6 2.0
EFFECTIVE STRESS (t.s.f.)

RM.HARDY & ASSOCIATES LTD.

=

CONSULTING ENGINEERING & TESTING

PLATE B 55

EVALUATION OF THAW STRAIN AND

SOIL COMPRESSIBILITY




APPENDIX C

BIGHORN CHANNEL BORROW AREA
BOREHOLE AND LABORATORY TEST DATA



. |

TABLE C-1 TEST HOLE CO-ORDINATES;

BIG HORN CHANNEL AREA

(U.T.M. Zone 8)
Test
Hole N (metres) E

H76 BH1 7,697,680 505,580
2 7,697,890 505,850
3 7,697,985 506,005
4 7,698,170 506,090
5 7,698,220 505,850
6 7,698,515 505,865
7 7,698,110 505,915
8 7,697,880 506,140
9 7,697,630 505,715
10 7,697,560 505,515
11 7,698,890 505,805




R.M.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT

CONSULTING ENGINEERING & TESTING

TAGLU GAS PLANT

TEST HOLE
NO. _H76-BH1

LOGGED BY SGM DRAWN BY BT CHECKED RST DATYE February, 1976
RIG Heli Drill METHOD START January 13, 1976 FINISH
PROJECT NO. cs 3161 TELEVATION AR TEMPERATURE
o w-onal _ 1]z .
WeO W-0 W-al |8 3 3l | " § |z
et > a N > —jZz>
@ [72] o >-U - Qg -
hot o T S LABORATORY [ S g Y a
A DESCRIPTION % fw w3 128 8| ReMARK
eld x O] TEST DATA B4 |®w © S
b o @ [T} e =2 w| @
El1%o o9 g oy | W
MOISTURE CONTENT| W | L} 5 w|x> ® | Sz ©
o| o - qi5 (5]
20 40 60 hi . (2]
ICE ICH
.
5 == HATER uF +
= :
ML SILT little fine sand, saturated, ]
rapid dilatancy
10 1 -+
~ . Gr. Size S1 :0
< ~~=- trace fine sand plate C-22 M
)
T -
i
Ll g et
I ..b'
t SM{1dl SAND fine, silty, trace to littlq . »
'e) 11 medium sand, layered, wet o2 box
+ 15 i i T
! L1 f
1 i
'l
5% -
! 1
T L1l-~- fine to medium grained, little 50 5
Q R silt, dark grey, very silty 6r. size is3
\ 20 FT layer, wet : Plate C-23 % ks
Loo B
c? 54 % i
\
‘L : 100 B
T o 55
i b3 x i
I H oo
n , ) 100
b 25 1+ §~~~- trace of silt, non plastic, 56 -+
'l F::: occasional gravel sizes %
! -1 M
l 1. -
] C10
1 L] H -
| X!
> ol HH s7 X bos| |PLATE __cu




TEST HOLE LOG

R.MHARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _#76-
(cont.)
LOGGED BY SGM DRAWN BY BT CHECKED RST DATE February, 1976
RIG Heli Drill METHOD START January 13, 1976 FINISH
PROJECT NO. .o 3761 ELEVATION AR TEMPERATURE
o z
Wp-0 W - - o |
PENTO A S 1518 Sl wel Bl 3
: b Q.3 ~ —jZz> Q
* | > -3 <Xl =
hal a o T |- S LABORATORY | 5 CZ) b~ %
X Q = 2 20
21 o < {w_y L o S [#]
8 e DESCRIPTION =93] TesT pATA B A 2g o REMARKS
T C o1 =2 w| X
Y © o 9 2 Jdlu | ¥
MOISTURE CONTENT| & | Ll iz © | (% ©
ol o - a5 Q
20 40 60 wn| n v
sMltl sawp trace of silt, medium bz'c:wn,__.,'_N[;)lp l_
2 fine grained.sand sizes' pen ’-
)y , , i
Y- -~ occasional gravel sizes H
; vl 20% i
] i
35 +H u2 100 +
¥ S
1 DT TS r
tH--- medium grained
2 mediam g c2 1:c v F
40 bt .%_
”'E _ __ --medium grained .:'-::_’ S8 0% ""
.
1
Bottom of Hole at 41.5 Feet. L
1
45 .. +

PLATE _¢-2

- |

N |

wed

-

1 3 1 1 1 3 .1 1

-

- |

N |

weed

— |



TEST HOLE

LOG

RM.HARDY & ASSOCIATES LTD.

PROJECT

CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _xzé-pxz2
LOGGED BY SGM DRAWN BY BT CHECKED RST DATE February, 1976
. R Splitspoon,
RIG Heli Drill METHOD  shelby Tube STARY  January 13, 1976 FINISH
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE -30° C
Wp-O W-0 W -A 3l o 8 ol 8
= | 2|9 -l CH =2y 8
s | > a s Bz @
© w (53 >-w — Q <$ [
> o O { =& LABORATORY [ 5 (z) 2 g
I = & e
2l a g (W _3 uJ © D [S]
- ol 3 DESCRIPTION =03 TesT oarta = Fo © REMARKS
o [+ (L) o =3 w a .
Y © oD < Jlw | W
MOISTURE CONTENT{ W | L w §> S &9 8
20 40 60 33 - @
ICE ICE
I
=V 73
s | B 1
= i
ML SILT low plastic, grey, wet
10 -~~~  sandy, dark grey, low to e
p medium plastic, layered, wet Gr. Size S1 30% |
S Plate C-24
ﬂ
B
15 ; 4]
® CcL 7 CLAY silty, trace of sand, low §2 20%
// to medium plastic, brown to 1
% grey, soft to firm H
é J
7 “
| 20 %——- medium plastic, silty, trace -
% of medium sand, soft to firm
j % 53 90% -
N 4 i
\ 25 smi{i| SAND fine grained, silty, grey
) Ir to brown b
1 N
bk =
é :::E--- some silt, layered, brown Gr. Size s4
) T Plate C-25 H
' X
- X r ded bbl
- : 1" roun pe e . s5 a
I {1
t1'H"~- medium to fine grained fron
20 11 ¢l PLATE ___¢c-3




TEST HOLE LOG

RM.HARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING . . TEST HOLE
TAGLU GAS PLANT NO. _76-582
fcont.)
LOGGED BY SGM DRAWN BY BT CHECKED RST DAYTE February, 1976
. . Split ,
RIG  Heli Drill METHOD  Shelby . Tube START __ January 13, 1976 _ |FINISH
PROJECT NO. cs 3161 ‘ELEVATlON AIR TEMPERATURE -30° C
Wp-0 W-0 W -A 2l o 8 ool 8
=129 - w i = =N
'Y > a - Tz @
. v 2 >w y — alax =
=l.0e T |- LaBoRaTORY "3 2| Y S
I = 2 z23)
3l a o |u g w9 58 ©
- ol g DESCR!PTlON_ x93 TesT pata o 2o o REMARKS
5] @« [ e =3 w| X
- ] o O Qd Jdlw | W
MOISTURE CONTENT| & | 4| o ut |& > HEESE:
20 40 60 3 8 - S°
sm 11l SAYD medium to fine grained, c2 oz |v
"l medium grey, non plastic, wet
[ Z:-—-occasional clay pocket and c3 75%| 1
+ pebbles to 1/2" dia.
== thin organic laminae
§i--- uniform, medium grained c4 0% |V
35 -~ -fine grained, silty layers, R
’ brown, frozen
e 100
t ] C5 % Ir
40 ' 4

Bottom of Hole at 40.0 Feet.

-1

- |

O

. |

N R

1

P

d 1

-

-t

p-

AU U BN

-

PO



|

Y

RM.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _H76-BH3
LOGGED BY v DRAWN BY BT CHECKED RST DATE February, 1976
RIG Heli Drill METHOD CRREL START  Januaruy 12, 1976 FINISH
PROJECT NO. cs 3161 IELEVATION AIR TEMPERATURE ~30° ¢
o
Wp-O W-0 W, -A 2| e 8 8
P L S EE ) Y El12,] 3
® > Q. b = [Z =
o | » QP — =} 45 [t
< 3] I |-G LABORATORY [ 5§ Z| 4 =
al T af = w3 GlZo
21 o < (w4 20| Q
ol % DESCRIPTION z |04 TesT para [ d v ) REMARKS
I [ [ - = wi @
E ®lo o g E E_J w g
MOISTURE CONTENT| W | | | wiE> “ | 3|59 o
o| o st <5 (8
20 40 60 n| n w
grass cover
ML SILT low plastic, grey, trace of | ]
fine sard
O =
!ZK i1 50%
~+ 5 ~-- sandier +
|
y .-~ clay lense ]
1 cz.// CLAY silty, brown, low to medium | o1 104, i
to / plastic , layered [
CI% .
‘ 7 ﬂ
1 10 / okl ]
; / = c2 | X b3x| v
g /——- ice crystals to 1/8" diameter,E= v, ~
| % thin ice lenses = |
! / =
Il / E -
. % =
| y ] -
i % =
; - i " B < b
¢ 15 % pattl.c_lle: of organics to 1/2", F={<5% Gr. Size )
n / very silty E= | plate Cc-26 |C3 golzz H
! 7, =
: % = I
1 % ——
'; %"' silty, dark grev, medium to =5 - 5
high plastir, occasional ice =]
% lenses to 1/8" == Vs c4 pI%| IV u
20 / . — 4]
%r‘“ silty, low to medium plastich=S A
/ occasional gravel sizes .to = cs
1 1 1/2" dia., brown o —_— I
' am
Bottom of Hole at 22.0 Feet. i
25

PLATE _c-5




RMHARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT

CONSULTING ENGINEERING & TESTING

TAGLU GAS PLANT

HOLE

H76-BH4

TEST
NO.

LOGGED BY MR DRAWN BY Br CHECKED RST DATE  February, 1976
RIG Heli nrill METHOD START  Januaru 13, 1976 FINISH
PROJECT NO cs 3162 IELEVATION AIR TEMPERATURE
Wp~O W-0 W -a gg 3 wol 8o | 2
s | == aag ey iz 5
@ | @© Q> -3 2140 &
- o o I & LABORATORY 5 S 2 =}
X g O
3la DE IPTION < w g il B =15 I A
|82 SCRIPTIO %18 test oata g4 [ ©| REMARKS
o a (L] b =3 w @
by © w9 g Jlw | W
MOISTURE CONTENT| & | | 4 wlE S 27 Ei2d &
313 © o
20 40 &0 313 o
ICE ICB
WATER UF
5 4
Pt PEVA\T amorphous granular, silty, 2
non woody
—& 10 . an
/’ ML SILT and sand, grey.brown, non 51 679
va to plastic, fine grained sand -
/ SM sizes, layered
: 8
[4 / L‘
! i
/
A 15 --- greyish brown, non plastic, ; .. T
/ soft to firm, wet , sandy Gr. Size 52 aod
%0 Plate C-27 H
[
[
L
20 +1
CL% CLAY silty, little sand, brown,
by S— S3 339 -
4 / low plastic, soft
. 7 '
sMitt| SAND fine to medium grained, . I
X ¥ tra~e to little silt, brown, Gr. Size <4 2oo
> 1 moderate dialtancy, wet Plate C-28 % 1
! 2| FE A
! +
| - i
) + B
1 N
| ! £5 53
- .
30 1 PLATE C~6

N

e.yooo 1 o ¥y oy o) Y .} 1 ..} oy ¥ 1 __]

.

3 1

-



1

o~ -
s

TEST

HOLE

LOG

R.M.HARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _uz&-pud
(cont.)
LOGGED BY MR DRAWN B8Y BT CHECKED RST DATE February, 1976
RIG Heli Drill METHOD START Januaru 13, 1976 FINISH
PROJECT NO. cs 3161 JELEVATION AIR TEMPERATURE
Wp-G0 W-0 W -a 2l o 8 o &
poll I ~ e Il L= B
s | > a S| EZxl 8
2| 21 -3 2|90 &
*= o o E ~ & LABORATORY % S|y %
I - 0|20
3l a P o jw_g i 50| 8
- g DESCRIPTION 5‘-"‘ TEST DATA & o 29 o REMARKS
1) 2 S w| &
Y © o T Jlw | ¥
MOISTURE CONTENT| W | L YIE> BERE
ol O = <
20 40 60 313 73
sM-E{1] SAND fine to medium grained, UF
By +rsce to little <ilt, brown, : 56 AR H
| moderate dilatancy, wet (cont.)
by 104
i H 7 % I
] 35 }--- occasional gravel sizes to 2" o
! H diameter '
2 f 58 75% 2
Bottom of Hole at 37.0 Feet. i
40 e
-
s
i
H
[
PLATE __c¢c-7




-

TEST HOLE

LOG

R.M.HARDY & ASSOCIATES LTD.
PROJECT T OLE
CONSULTING ENGINEERING & TESTING TES H
TAGLU GAS PLANT NO. _H76-BHS
LOGGED BY SGM DRAWN BY BT CHECKED R=T DATE February, 1976
RIG Helli Drill METHOD START Januaruv 14, 1976 FINISH Januaru 14, 1976
PROJECT NO. cs 3161 ]ELEVATION AIR TEMPERATURE -40°C
Wp-O W-0 W -a| sl §m " 50 >
s | >~ a L Eizsl O
D L] o >'u..l - o 45 -
ot b=t T FELABORATORY| 3 3! 41 S
3| & DESCRIPTION 3 | w3 38 8| REMARKS
E-1E aloa TEST 0ATA oo (®uwl © .
@ o7 =3 w| X
E19e 1337, g Jw | ¥
MOISTURE CONTENT| W | L] o 3 §> R 8 O
S| © = <5 ()
20 40 60 al o ©
Ice ICH
5 |- H
= WATER UF |
] |
ML SILT and medium to fine sand,
10 trace of clay, grey -+
~—— clayey »
Gr. Size s1 koo .
o Plate 0-29 1 2
1 L
f
’ -
15 g
l--- clayey n
L 00
g 52 % i
'| 5P :Z::: SAND fine to medium grained,
R trace of silt ) I
- H
1 ML, SILT some fine to medium grained
T 20 sand, trace of clay 00 by
, . N s3
sml{Lf SAMD siltw, fine grained, greu, % »
: t.;.: trace of clay, occasional gravel |
1 rth sizes to 1" dia. layered
] b b M
| i3
| bt H--~ medium to fine grained Gr. Size 54 so%
- 25 Plate C~30 i
{ e
! bt 5
| bl i
i 34 .
' -
; A-- = trace of silt, fFine to medium |
D ; grained $5 50% -
1 a0 : PLATE _c-e

vt

—J3 ]

RO RO |

w1

)

-

) 3 o1 ..

vt

AU RS R

-

ed

N |



TEST HOLE LOG

-9

R.M.HARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _H76-BH5_
(cont.)
LOGGED BY 864 DRAWN BY BT CHECKED RST DATE February, 1976
RIG Heli Drill METHOD START Januaru 14, 1976 FINISH January 14, 1976
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE -40° C
Wp-B W-0 W -a 3| o 8 ol B =
= |29 ~aeg Syl Ei2>f &
® | > a. 3y > Sz o
| ¥ o> -3 298 &
o e T |- G| LABORATORY gl % g
=1 DESCRIPTION & fu 3 ©133 8
O
|8 g |03 TesT oata [§d [ ©| REMARKS
@ O =3 w| T
E @lo 1532 L g |y g:"
MOISTURE CONTENT| w | LI wiz> HESE
20 40 &0 33 - &[°
sp{::’| SAND fine to medium grained, UF
' trace of silt
[- IS6 504
I .
] -
-
35 O E
’ h‘ .- .
+ b:iif--= fine, light brown, poorly
I Le graded, clean Gr. Size ls7 104
S Lelel Plate C-31 %
: o .
A ::
- [
}-
A L
‘ e
40 koo
\ 10d ole sloughed in T
\ hoele S8 . i
% ome 10 feet. [
Bottom of Hole at 41.5 Feet.
45 .. b

PLATE _ c-9




TEST HOLE LOG
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- |

PR

O

1

ooy oy oy o) L]

N

—
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.
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Ao

R.MHARDY & ASSOCIATES LTD.
PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _H76-BHE
LOGGED BY MR DRAWN BY BT CHECKED RST DATE February, 1976
RIG Heli Drill METHOD START January 14, 1976 FINISH January 14, 1976
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE ~40° C
o z
Wo-O W-0 W - @M ©
P LAl 128 §w wa 2o | 2
s | >0~ a S Sz 8
o | ® o> | -3 Si<g| £
SHINE T [~¢jLaBoraToRY [T F 2| Wl 5
T a = 2 8izd
Sl a ip < |w_ 1 3ol 8
.18 X DESCRIPTION %gg TEST DATA B o Che o REMARKS
E ©lo 0 ‘§1<2§ -w-’ w g
MOISTURE CONTENT| & | L | Wz HESE
20 40 60 a3 = 3|0
b rce ICE
z
3
e
5 = WATER UF
—
=
=
=
==
0| B
15 | B3
=
=
==
=
20 g - bottom of channel
w || SAND fine to coarse g'ta.?ned, s2 7%
,D oo id brown, occasional particles of
»>:]  rounded gravel to 1/2" dia., wef
=
r, o
.'.:J--— some gravel te 1 1/2" did. - Gr. Size s3 E7%
\ i Plate (-32
\
\ CLaY silty, little sand, s1 1\ b3s
! occasional gravel sizes
|
] s X : . 100
A |__Sanp silty, medium to coarse 54
= "\ grained, occasional gravel sizesg %
\ “ - very silty
% s5 0% PLATE __¢-10

-1



—1 2

. |

TEST HOLE LOG

R.M.HARDY & ASSOCIATES LTD.

-

PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _H76-58H6
(cont.)
LOGGED BY MR DRAWN BY BT CHECKED RST DATE February, 1976
RIG Heli Drill METHOD START  Jaruary 14, 1976 FINISH January 14, 1976
PROJECT NO. cs 3161 ]?LEVATION ) AIR TEMPERATURE -40° C
Wp-GHW - O W -A gl o 8 8
ol 1 IS dlw Fle |z
o | >~ a S Bz e
R o>, &l =
o o T = & LABORATORY g ';‘ =)
=1 DESCRIPTION < | e o139 8
Q
|8 g (03] TesT oata [gq (@G © REMARKS
E 9o P 55 wi E oy
a [ & Bk el =4 lw T
MOISTURE CONTENT| & | | Wiz > ® | S|z S
20 40 60 33 - &
SM F SAND fine to medium grained, grey UF S5 50%
::::]
Zt? L
o -L
tH--- fipa grained, silty, brown ‘—
:[:: Gr. Size |
£ Plate C-33 kg 25% |
: | I r
, 55| i
1 e
] ' 1
I o
%
! 1
.' i 1
l .-.-
57 0% =
I
! e g (o graned, b e |
j 40 i:ge to med::lir:i:es rown, Gr. Size ] Hole sloughing .
) » SOmMe g. - Plate C-34 158 67 in 7 feet. H
Bottom of Hole at 41.5 Feet. [
45 H
T
bl
PLATE __cC-11




-

RM.HARDY & ASSOCIATES LTD. :
PROJECT ;
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _Hz6-BH? --1
LOGGED BY 4R DRAWN BY BT CHECKED RET DATE February, 1976
RIG Heli Drill METHOD START _ January 14, 1976  |FINISH _January 14, 1976 -
PROJECT NO. cs 3161 IELEVATION AIR TEMPERATURE ~40° C -
o] [z
Wp-O W-0 W_-A alo 8 o &
—~ =0 z
3 | £13 = faag Sy =1z © —x
SENE I [~ L ABORATORY 3.9 s g
b ol - Z0
Sia < |w W Qs ©
. 12|% DESCRIPTION e 183 TesT oata [ g9 © REMARKS -
ol & O =2 wi @ i
& @ o O < Jw | W |
MOISTURE CONTENT g al 3 §> [ = gaal 8 V.
&l o _ 4
20 40 60 313 ale
H
ICE ICE !
1R
L] d
5 ,_%_ WATER Ur lin
= i
= 15
10 == 4_ _1
ML SILT sandy, brown, non plastic, - * 51 50% H . :
' layered , wet to saturated,
7 trace of organics B
i - -
s cr H
! to/ 3
4 CH% CLAY silty, brown, mottled, dark : 1
9 / grey, medium to high plastic, 52 B7%
T 15 / firm to stiff, occasional ™ ™
i % inclusions-to 1/4" of organics H
' / ;
L / =
! / -
7 1]
'1‘*? cr% CLAY (till-like) silty, brown to o s3| Y oo o
! . / dark grey, medium plastic, % B
20 / firm to stiff, occasional 14
% particles to 1/4" of coal, 1
% fine sand layers ..
s % i
s4 67% o
4 Z -
25 % 4
*
Z I j
< 1=
.-..| SAYD fine grained, grey brown, ‘livn g !
4 trace of silt, rapid dilatancy,| <5 67% o
non plastic i
30 Sé 0% PLATE _¢=12 —
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TEST HOLE LOG

RMHARDY & ASSOCIATES LTD.
PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _#76-BH7
(cont.)
LOGGED BY MR DRAWN BY BT CHECKED RST DATE February, 1976
RIG Heli prill METHOD START January 14, 1976 FINISH January 14, 1976
PROJECT NO. cs 3161 IELEVATION AR TEMPERATURE -40° C
o] z
- - - o
WeB W-0 w-al _ fdlo 3l wel 8l | 2
e | =" a > Elz> @
o | » Q> -3 2<X =
= 3] I |-YLABORATORY [ Z| Y &
3l DESCRIPTION & Ju w3 o|38 3
x| 8| @0l TEST DATA [ |Fg © REMARKS
® x (& o s w a
1Y © [8%2. Z3 Y w | W
MOISTURE CONTENT| & | _| 4 wiE> WML E:
20 40 60 3l = ale
sP || SAND Fine grained, non plastic, bn VTM core barrel
1 layered, wet, trace of silt .J
e : cl 0% | III] L
| 5
| ." d
e L
| -
+ 35 - |
| - T
I =] c2| 0% 117 |
| _f:H L
] .:.:. |
[ i
1 ::::1 L]
i T
! 40
] | T
] c3 508 rrq
1 - ]
1 vi:l-~- occasional gravel sizes to 1/2 — o
[« 54 50%
u
Bottom of Hole at 43.0 Feet.
45 <+
n
-
-
|
PLATE _c-13__




TEST

HOLE

LOG

R.M.HARDY & ASSOCIATES LTD. PROJECT )
CONSULTING ENGINEERING & TESTING ) TEST HOLE
TAGLU GAS PLANT NO. _H76-BHS_
LOGGED BY -  SGM DRAWN BY BT CHECKED RST DATE  February, 1976
RIG Heli prill METHOD START January 15, 1976 FINISH January 16, 1976
PROJECT NO. cs 3161 [ELEVATION AIR TEMPERATURE
] z
we-B w-0 w-a| _|8lg 8|, wol 8lo | 2
s | =~ a9 Sy Elz> ©
© 0N L >'u_| - < = <$ =
= o I |- & LABORATORY 3 A =}
alT o = "] O Z 0O 5
3 o |w 20
L |2 g DESCRIPTION x t_,g TEST DATA %Jg u:g:_. o REMARKS
: o1 o g‘t g W ‘t':ll:J
MOISTURE CONTENT| W | ol L Wi > 2159 8
20 40 60 2l a 0 |©
4 ICE CE
i a
H
5 = WATER vr 1
ML SILT trace of fine sand, dark ]
grey, clayey
"
S1
c 10 1
]
] e
T
| L
]
: --- dry, stiff, trace of fine H
A sand, layered Gr. Size s2 1:0 i
1 -=-- little organics, medium brown| Plate C-35
“ 15 peat layers to 1/2" thick -+
\ a
A 1
E) IcT // CLAY silty, low to medium plastid, S3 100
to / dark grey , layered X M
F ICL %
[ /
1 / <+
] 277
1 .
1 %“' trace of medium sand, soft, g
‘D % silty, medium plastic S4 50% .
1
Z -1
i /
n 25 // 4
] 4 s5 | X pox |
N SM {.1-1{ SAND fine to medium grained,
L T trace of silt , layered H
{ I |
1
‘l
o 30 A}~ some silt, trace of organics 56 po% PLATE __C-l14

S

.

N

.

s

NS R |

e

el

-

ed 1

A1 a1 1 ]

ol

.1



TEST HOLE LOG

R.MHARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _H76-BHS
{cont.)
LOGGED BY_ ) SGM DRAWN BY BT CHECKED RST DATE Februaru, 1976
RIG  Heli Drill METHOD START _ January 15, 1976 FINISH January 16, 1976
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE
o]
- - - o
s> a L ul El1z>l ©
@ |© Q> -5 2T =
= o o 2 & LABORATORY % 2 Z‘;’ g
X ] o
2 & | < w4 w9 @I58 o
-2 § DESCRIPTION & O3 TeEST DATA [P o 25 o REMARKS
() P = w| @
MOISTURE CONTENT| W | L| wiz> | Sz S
20 40 60 3 3 = @|o
SMYFH SAND fine to medium grained, UF S6 80%
el trace of silt , layered - H
:E:E,--- 3" clay layer interbedded L
100,
o 7 IX's 1
$
) 35 H
:
1 ‘ L
é ---~ organic clay lumps in fine ]
1 sand matrix, silty sg 100
! - L3 -
: :0..-0 bm
T L ]
1 b . [
40 »': M BJ- b
" IH-=~- organic clay layer interbedde -
4 [ , sol\/]209
+ s silty, trace of fine and % =
" bt coarse gravel at interface
i 11 i
1 r ] 5
i (441
: 45 [{{]-~- occasional OH lumps to 1/8" 1 y
. t3-~~ trace of fine and coarse 3 %1.0 SOJ L
L1 gravel : ]
1
Bottom of Hole at 46.5 Feet. -
50 ' ) 4.
L]
Lj
PLATE .___c-15




R.M.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

CONSULTING ENGINEERING & TESTING

PROJECT
TAGLU GAS PLANT

TEST HOLE
NO. _uz6-gno

4
LOGGED BY sGH DRAWN BY BT CHECKED RST DATE  February, 1976
RiG Heli Drill METHOD START _ January 15, 1976 FINISH January 15, 1976 =
PROJECT NO. cs 3161 ELEVATION AR TEMPERATURE .
Wp-0 W-0 W, - @l © [C]
P LA sl o 9w § ol z
s | >+ a2y Su Elz>
o | P g ol<x| =
hot ol 2 T [FYLABORATORY| 5 Z| 4 g .
I o - = z
2la o |w wq |58 o
- ol g DESCRIPTION s 2&4 TEST DATA io g3 o REMARKS
ol & g =3 w|
E © 183 < Qg J Iy tI‘IJ
MOISTURE CONTENT| & | | Wiz > “ 13559 S 4
20 40 60 33 = ale
ICE ICE —,
1. 4
ML SILT medium brown, trace of fine _+'+Vx, L '1
sand + |vr o
L H o
5 ++
: 17
~=-« clayey, trace of sand, wet ] !
’ Gr. Size -
plate c-36|°% | X PO% .
]
! s
1
] ]
y - 4
1
' 10 H
] - T
+ sulif| SaND fine to medium grained, o P
! trace of silt, coal and gravel ]
; ; sizes to 1/2" dia.,
r g . 1
. Gr. Size
o} 5 Al 50%
! : very silty Plate (C-37 o
] o
! 15 . +
,' +H--- medium to fine grained, pebbles|. —!
T . to 1/4" dia. H . |
<) . A2 50%
1 :
. : | _7
: 4[|~~~ gravel sizes .
T : B
! .
+ 20 . +H -1
{? +4:H--- more silty A3 50% |
i + 1
] of- ]
t i+
| o .t 1
T 1t 1
| £ v
[ - : B
b . .: ~=~= trace of fine gravel, siltu Ad 50%
' 25| PRt H™
! i+ !
1 ., -b
1 N » b
! T L]
!
'{ £ f|==~ trace of silt, wet a -?
> T A5 50% 4
30 5 PLATE ___c-16

-



TEST HOLE LOG

RMHARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _H76-BHY
(cont.)
LOGGED BY SGM DRAWN BY BT CHECKED BST DATE February, 1976
RIG Heli Drill ME THOD START January 15, 1976 FINISH January 15, 1976
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE
o ' =
- - - o
We-O W-0 W-al i 8lg _SJwJ La‘.?o >
r R a > Sz @
o | w» o > g Si<x| =
Z1al8 I |- G|LABORATORY "3 2 Zg g
» A O|Z0
2 IP < Jus g ] 59| S
- g DESCRIPTION z gg TEST DATA § u:§ S REMARKS
=9 7 g Y w
o (Y% s 3y,
MOISTURE CONTENT! & | L| wiE > 2| Sz &
3! & Q o
20 40 60 3 a0
SM ﬂ{ SAND fine to medium grained, tracé::::wb
[ === ° n
+ of silt -
1! i
©) :;'.:—-- medium to fine grained a6 0%
) iy 5
1 3
T b .
[} o of
t 35 {4 -
l £
| oo 4
fo) : ZE A7 50%
Bottom of Hole at 37.0 Feet. i
40 ) 4
—1
r-l
¥
an
H
‘ s
) 1
PLATE c-17




4
R.M.HARDY & ASSOCIATES LTD. =
PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE 5
, R
LOGGED By 5S¢ & MR DRAWN BY BT CHECKED RST DATE  Februaru, 1976 e
RIG HELT DRILL . ME THOD START JANUARY 15, 1976 FINISH —
PROJECT NO. cs 3161 ELEVATION AR TEMPERATURE -~ 40° C ,
Wo-0 W-0 W -A 3l o 8 o] 8 >
= |9 Jw ol =125 8 —
oD ic C sl ol >4 5 Za| & :
ynamic Cone = o) T - LABORATORY [ 5 Z| ¥ &
Penetration ol T b % = wad O|2Zo (z) '
a iy 2
Blows/Ft. -1 DESCRIPTION S 92‘ TEST DATA [F o 29 o REMARKS
20 40 60 gl |~ > S74 w| © —
o © oD 23 Flw | & 1
MOISTURE CONTENT| & | L} Wiz HELE f‘
2 2 =d g *
20 40 60 313 o [©
ICE CE -
3] 1 -+
17
. H o
—=— paren UF
5 F -+
ML SILT little fine sand, trace of "1
clau, low to non plastic, wet a |
i
Gr. Size sl 100
4 ? Plate C-38 % 5
! g
! -
]
+ 10 H
'
AL iia
l 4
! -
[
) grey to brown, layered ) 1:q L] -y
i !
H o
’5 dbl
.4
2
q - —=— sandy 53 100
% H T
1
20 ﬁ _ i -!
SM 114 SAND fine grained, trace of silt H !
1{- wet c
|\ ,:j: Gr. Size s4 1104
=N ) Plate C-39 % H
| o
! g I
i N, - b s e
[} _‘: n H
[ ‘\ 2K ?
! 10 I R
I
I n‘-. 3 ™
| r£f|-~-- fine grained, brown, wet ’ S5 100 -
b} % M i
™ 1 . : ;
L A A B
0 | M PLATE _c-18




TEST HOLE LOG

RM.HARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _H76-BH10
(cont.)
LOGGED BY SGM & MR DRAWN BY BT CHECKED RST DATE Februaruy, 1976
RIG Heli Drill METHOD START Januaru 15, 1976  |FINISH
PROJECT NO. cs 3161 lELEVATION AIR TEMPERATURE -40° C
ol
Wo-O W-0 W, -A G| o
P L =129 .8.l w o § o, 12
epynamic Cone 2 QP — wl =
Penetration ~1|a :L-E) z G LABORATORY wg § 23 2
Bl Ft. 2 a < |w 58 ©
ows/. 5| & DESCRIPTION b 2# TEST DATA Fdf 29 o REMARKS
20 40 60 E 5 g (T3 = i wl| @
a (32, = =3 ul
MOISTURE CONTENT| W | | Yz e gae S
53 o o
20 40 60 2l 3 S[o
\\ SH »L SAND fine grained, brown, wet UF|
11
11 M
b 1T s6 | X p7% 1
1 L% |
1 L1
T (1t .
! 35 -IFZ. i
. i 1
! X
| LT =
! 11
1 :.Eq--- fine grained, brewn, wet Gr. Size
I Plate C-40 |S7| A [53% H
, o
' 1 H
40 :;:::--- layer of clay, medium plastic 41
8
[ Tt 2
! ) H
o 1 . : s8 | X |sos -
o« possibly permafrost interface } . H
Bottom of Hole at 43.2 Feet. i
45 H
H
-
H
+
L
H
bed
-
¢
PLATE __c-19
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TEST HOLE LOG

R.M.HARDY & ASSOCIATES LTD. PROJECT —’
CONSULTING ENGINEERING & TESTING TEST HOLE |
TAGLU GAS PLANT NO. A76-5111 | =
: i
v Fl
LOGGED BY ur DRAWN BY BT . CHECKED 'RST DATE Februarv, 1976
RIG HELI DRILL METHOD START JANUZRY 15, 1976 FINISH —'«
PROJECT NO. cs 3181 JELEVATION AIR TEMPERATURE *
Wp-O W-0 W, - g © g
P LA —_ s] O § W g l&J S o 2 —
s | >~ a S S iz 9 !
® DYNAMIC CONE 3 R R 2w a8 -5 2<% = :
PENETPATION TEST - lalz I |9 -ABORATORY .3 S|z3 z
blows/ft. 21 o CRIP o i _y 50| ©
- 8 o DESCRIPTION z 0 TEST DATA io 29 o REMARKS -
@ [0 el s = @ !
20 40 60 Elols oA CERI T j
MOISTURE CONTENT| W | | w | > 2 | Slee S o
2 < Q 2 S
20 40 60 3| 3 $lo
- 8 ICE ICH !
: [ -
o }
= - g -
= ur '
5 % WATER -
= ! |
= 4
= H
=— .~ bottom of channel [ I
10 ML SILT fine, sandu, brown, occasional -+
layers of fine sand, trace of clay, —‘
wet I 3{
A --~ trace of sand ! GRAIN SIZE Pl 1049 1 ""
k : PLATE C-41 % |
: |
i\
-~
. 15 _1
| |
T s
1
0 - -~ fine sandy, brown, wet Ny
Is2 47 i
1 % ~
1 v 4
T r
- -~ gravel to 1" dia. ssible
1‘ 20 boulder sizes . o U -
f ’ Redrilled hole to) !
CL% CLAY silty, trace of sand, brown ls3 75 get nast boulder H . "
/ grey mottling, low plastic, -. % sizes
/ firm,occasional inclusions of |- o
/ organics
\ Z B
! .
L / -
i
(') 25 | ML SILT, little sand, dark grey to s4d 104 1 "'1
! 1 brown, low plastic, firm, % !
‘l AV sponecent B i
1 N &
SMRLLl sauL, trace of silt, rust, fine ‘ . . —
.'r_ grained , layered Grain Size i |
iF . Plate C-42 |gs| Y |s0% ]
] — _ . very silty, dark greu to brown
39 X PLATE __c-20

B J
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|

R.M.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _z76-8u11
{con't)
LOGGED BY "R DRAWN BY BT CHECKED  RST DATE  February, 1976
RIG HELT DRILL METHOD START JANUAnY 15, 1976 FINISH
PROJECT NO. €5 3161 ELEVATION AIR TEMPERATURE
B ©
- - - o
Wp-B W-o w-a| _ | 8lg 3. ‘&,502
|5 o &aﬂ > gg; 2
® DYNAMIC CONE 2 o T [-¢LaBoRATORY [~ F 2| 4l &
PENETRATION TEST ol ¥ - Tl &l L Sizd Z2
a. w4 2
blows/ft. L lg 3 SCRIPTION g 25‘ TEST DATA B4 |29 O REMARKS
20- 40 60 Elolo oD 23 9w
MOISTURE CONTENT| | Ll wES S §
al & e =4
20 40 60 313 *|(©
sM E::. SA'D fine grained, silty, layered, |UF
L4 brown and dark grey, wet -
T : 35 T 4
it ]
o .:
+ Gr. Size
4 Plate c-43 |5° 0%
40| 1 H
45 1 H
:'»::
% L4
/ b i
e
4
50 p
4
Bottom of Hole at 50.0 Feet.
i
|
4
PLATE __C-21
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11vid

44

PERCENT FINER THAN

100

90

80

70

60

50

40

30

20

10

GRAVEL SIZES

SAND

SIZES

COARSE [ FINE

COAISE[ MEDIUM l

FINE

(SILT OR CLAY)

g qu

U.S. STANDARD SIEVE SIZES

1% 1" %~ K"

e

#o

20

#

#g0 th # #325
ey o 200

NE

T

REMARKS:

b e

0.0t
i

MILLIMETYRES

O.r'

-

v
-

GRAIN SIZE

INCHES

NOTE: UNIFIED SOIL CLASSIFICATION SYSTEM

JAdNY 3ZIS NIVE)

DNILSIL '® ONIHIINIDONI ONILTINSNOD

‘AL SALVIDOOSSY P ACRIVH WM

110K
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R.M.HARDY & ASSOCIATES LTD.

CONSULTING ENGINEERING & TESTING

GRAIN SIZE CURVE

LAB ORDER NO. (S3161

CLIENY Taglu Gas Plant
SAMPLS S 3

sourcs

HOLE  H76-RBH1 @ 19-20.5'

TECHNICIAN M. G DATE TESTED )y /76

GU202-0373

— WoHNn
SR 8§00
" _ aoavy
o ch
- !
° -
- Y A
3 t |3
2 : 3
b+ .
z i 5
M
-8
8 4 -
#* r ] 1 ] N
- e = -
4 44— 4 T
* \\.\\.\. ] 4
8 \\1\\ &
z - - u
« ] . U
" o 3 B - -3
N N 2
wl | v o«
Qi w
z2| > &® %
« 0 % - -
"' g w -
° -
T e e e e e e e e e e = : 5
pes ] &3 o
<| <« B z
[+] -] <
s B N = v
< -
W, [ ] ; "
NZ| Y % . <
- . -l
3 v ] v
ﬂl 5 ¥ -
°
- < = 8
° N = n
5 . b H
o - .
8 o o © o o w o o o o - < -
-] o ® ~ © n - ~ - z o
- z
NVYHL ¥32NId 1LNID¥3d
PLATE__ C-23




€LEOZTOTNOD

RAVEL SIZES SAND SIZES -
GRA S FINES (SILT OR CLAY)
COARSE FINE cousq MEDIUM [ FINE
U.S. STANDARD SIEVE SIZES
100 e L R i - #q #10 #ag # __:‘60 100 *200 *325 8 m
h o oS
o |I
90 = |2
-
80 m 3
\ o Z|*
\\ —— 9 >
z 70 \ M~ 0
g \ m m 8
\ 3
" 60 € 710
o 1 \ = I|»
; T = ~|d
T 30 \ m |0
- : il L
§ 40 }w\ A 1
= \ “|zlwlw|lnl~
e 3 HHHHEE
Sefi- SEHHHE
20 i s :
z =
s z
10 § t E °
2 u'u ~1Q
o Rl s
N i @]
It' , : i ||° : : : 01-| : l.l°| MILLIMBTRES .T‘ 0080 C) m
3 2 ¥ [ X 3 L A} o.M 0.001 INCHES ° m g Ll'g
9
e GRAIN SIZE AT R
-’I REMARKS: - ; l‘-»-'
[ ] D]o— MM : - b
D”— MM = Fi—' it
D= Lo itz {1
Q@ Cy an
N Cc S| -
NOTE: UNIFIED SOIL CLASSIFICATION SYSTEM o
A D R U S RS RN RS RGNS RGNS SEDOR R R -3 -1 3 .1 2y .



LAD ORDER NO. Cs3lel
o= CLIENT Taglu Ga
. R.M.HARDY & ASSOCIATES LTD. |, —=d1 638 Flant
CONSULTING ENGINEERING & TESTING SOURCE
HOLE H76-BH2 /A 26' - 27.5°
p— " -
ﬂ”_z W—Nm ﬁ——xcm TECKNICIAN M.S. DATE TESTED Feb. /76
- b .
-
H
. _ oo
- 28 8ow
< aaavv
- - m..
: (¥
: - N
o -
- “ \ bl 4
“ 3 14 HIE
: < sz
- 2 - F *
! r 4 1= 8-
Py )
& 1Y
n’ -
” - B
i IS
= N [ ]
k. —— - L
- i3 = = H
# Tk e I T e o i e o -
\l\\ 7 N
"] w \\l\ i
. IR====ni <
: w . O
: wo |83 - - N -8
N | N
- al w3
B g 3 ] o
225> g -
S - .
p— Visi ow ot
. . -
HERE & z
= € b o
- ol a -
H [ * ) N .w“ H [* ]
, K= :
- o . “
land m m * = e .h
} " w [ -1 -2 o
¢ -1 D % 2
“ w b { o
- < . "
olsl  * 2
(%] m‘ o "
- h " n >
[+ (-] [+] o [~ _ L n w
e & &8 R 8 8 § 88 & @& -~ £ o
- ™ E4
- NVHLI ¥3NId LN3IDNId
PLATE___©C-25

GUZ02-0373




£4€0°202N9

1
GRAVEL SIZES SAND SIZES FINES (SILT OR CLAY)
COARSE ] FINE n:oussl MEDIUM [ FINE
U.S. STANDARD SIEVE SIZES
100 372¢ 1% 10 %~ %~ ‘f4 #10 #20 Hap *eo %100 F200 #3285 8 3
i z
% 1 < o i3
|
90 H 1 i ] = r ;
=
——— Y4
\ = ° 3
80 m
A » z|®
[ o T4
5 70 1 = ®
X i ol §
* 60 | @ Zlo
= | ; o < I»
'z' [ = = a
- 50 | : Ll -
- ‘ | m o '“_’
- ! Sl
£ 40 | zlg
2 k
[™] iy : Xlwiw|nlr
a 30 \ 2 el ; z -
N z|" : : 5 [+
n - |- »
20 > -
10 ? g
a !
wE| lolgla
w Wiolon
0 to]
|r ‘I. : Ol.l ‘].l MmiLLImETRES .rl I.’.| ’E“’i‘)
; ; : .!.l o1 .‘Ll ..I.l INCHES ° g’) S
v » .
r GRAIN SIZE a2 [0)
> o [
po REMARKS: Dyo= oy E — :E
Dyo= ", = |V g
) D= Y o o+
N Cy b |
- cc 28
NOTE: UNIFIED $OIL CLASSIFICATION SYSTEM \lU:
0 R | | N R N RS RS RGNS RN R R R B R o - |



LAS ORDER NO. CS 3161
CLIENT Taglu Gas Plan
- R.M.HARDV & ASSOCIATES LYD. 00— = 2 £
\ CONSULTING ENGINEERING & TESTING soutcl
. _d wowe H76-BH4 at 15' - 16.5°
- ﬂ”—z M—NM 0——"” TECHNICIAN MS oars rasteo Feb/76]
™ w..
lon
— ..0:”:“
ﬂ I Y-1-X'I S
- i i-
! o
. « !
ol - * m -
: - ‘ - | =z
: » ] E
- - V4 =
- “ )
2 B &
£ y ‘
— -
, y -8
\\
: - :
- m B e =
# o g -
o] 7 F 4
PR | - <
- z # -
M w O
. " o3 1= B O -3
N N
- w | 3 _
o/ w T
zZ(2| > ! )
S]] W ] 7 -
P "z v : H
. -
HE- Z - z
- e o
«| <€ -
p= o n L <
P L") N t‘ (%]
< o <
2y h :
— ™ ._mr *F = 2 <
. " v - e o
g2 3 * s
o %2 - - -
-l S s -
Vo - L =
v T . J z
- s " z >
H o6 © 6 6 e © e of < -
8 & » 4 1 " < “ N - x 6
- ] z
-~ NVHL ¥INId LIN2D¥dd
-
- PLATE___C-27

GU202.037a



R.M.HARDY & ASSOCIATES LTD.

LAB ORDER NO. g 3161

CLIENT TAGLU GAS PLANT

CONSULTING ENGINEERING & TESTING

GRAIN SIZE CURVE

SAMPLE

sS4

SOURCE

HOLE

H76-BH4 at 23 - 24.5"

TECHNICIAN

DATE TESTED FFER./76

GU202-0373

{SILT OR CLAY)

FINES

SAND SIZES

MEDIUM l FINE

COAISE{

GRAVEL SIZES

COARSE I

FINE

U.S. STANDARD SIEVE SIZES

i
$11

INCHES

MILLIMETRES

.
\"’%u--m....
0.00
1

#200 328

*e0 100

9.
{
GRAIN SIZE

#a0

#20

#10

#4

14

%~

"“

32 1%

100

90
80

o o ©
~ L "

o
<

o
[ ]

NVYHL ¥3NId LN3ID¥Id

[~
~

'r

(-] o
-

10
i
NOTE: UNIFIED SOIL CLASSIFICATION SYSTEM

REMARKS:

PLATE __C-28
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e

LAB oarpER NO. CS3161
CLIENT
r R.M.HARDY & ASSOCIATES LTD. [T —TagluGas Blant
. CONSULTING ENGINEERING & TESTING souRCE
HOLE  H76-BHS @ 17.0'- 13.5'
- g >
ﬂ”—z M—Nm ﬂ:"m TECHNICIAN MS, DATE TESTED 2/76
~ I
| 1% ||
-
. w.: :o:n:w
< _ saaauy
L -l ul
U v
[ . \
o - -
—— T \ " -
N ol [ -
- - r
w v
~— ==
4 ERE
- “ - - 4-— 7/ £
: r 4 B S -
. - i
= \ -
{ -8
; do1 g
L 2 .
- - T o N
| ; PEanas >
) \\ R “ z
! R .l -
i w 8 . U
] W ] ] ] s
N oLy
- w ow I
M 0 w 1 . ] ) T
o 22| » R
s w* - :
P~ L B v ..N
: >
M w1 a 2 »
o) = 7 -3 S
< « °
[
r “ Z 3
, ol & :
) N — “
- m : "ok 2+ <
vi s. 4 .IM ﬂ
‘ ai | B 2
“ w L L °
-~ < 2 :
¢ of < M “
. Vo Lo -
y . z
- ® ] “ >
_,, e o © © o o 3 < -
-] o © ~ 0 " w -4 & e ° ¥ | 5
- z
.- NVYHI ¥INId 1LN3ID¥3d
c-29
PLATE
=

GU202-0373




€LEO-ZOZND

GRAVEL SIZES SAND SIZES FINES (SILT OR CLAY)
COARSE ] FINE coussl MEDIUM FINE
U.S. STANDARD SIEVE SIIZES
100 342% 1w 1* % e~ #q #10 #eo Hg4o0 feo 00  H200 325 8 m
s o ¢
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RMHARDY & ASSOCIATES LYD.

=

CONIULTInG

aowoe

SUMMARY OF

osxcyTaglu Gas Plant

‘4

 Locavion Big Horn Po.int-channe_:.!

H
'

LABORATORY TESTING |aaa  7anuery: 1976 1
108_NO cs3161
CLASSIFICATION f
SAMPLE DATA TESTS OTHER TESTS o
| ]
s ATTERBERG| TEXTURE
- .:. LIMITS (%) - > > =
- x _ - - - 1
Ea. £3 ;g E SOIL DESC_RIPTION o E Exl o R :ES =;3 2:.( z
-z =- | < a 3| elzel 3] 2| <s13z2}°a &< z- .
“ |2 elsigzy 3| s3] 1 s /28 |
-l & |
¥ X n
H76-BH1 | 10~ |51 | ML]| SILT, little fine sand,saturated 3 |85}12 ’
11.5 4
H76-BH1 | 19~ | 53 | SM| SAND, fine to medium grained, 70 | 22| 8 !
20.5 silty,layered, wet i
.
K76-BH2 | 10~ 1 S1 | ML ]| SILT, sandy, ‘low‘plastic,dark 18 72|10 :
11.5 grey, layered H
H76-BH2 | 21~ |S3 | CI | CLAY, silty,trace sand, low to 27114 | 13 1,
22.5 medium plastic,brown to grey, :
soft to firm N
H76-BH2 | 26~ |S4 |SM | SAND, fine grained, silty,grey 64 | 29 7 1
27.5 to brown, layered : :
H76-BH3 | 4-5 |Wl | ML | SILT, trace sand, low plastic, 26 |22 | 4 -
grey :
‘H76-BH3 | 15- lc3 {cL | cLAY, very silty,low to medium 16 | 72|12 -
16.5 to| plastic,brown, layered,trace :
CI | organics R
N76-BH4 | 15- | §2 | ML | SILT, very sandy,fine grained, 37 | 54| 9 ~
16.5 -| to | non plastic,layered !
sM hi
H76~BH4 | 22~ |54 | SM} SAND, fine to medium grained, 73| 20| 7
24.5 silty,brown,wet 1
M
H76-BHS | 12- |S1 | ML | SILT, very sandy,fine to medium 40} 42|18
13.5 grained, trace to little clay, !
grey f
H
H76-BH5 | 24~ |S4 | SM| SAND, fine grained, silty, trace 61| 28} 11
25.5 clay, occasional gravel sizes,
. layered, grey .
H76-BR5 | 36~ |57 | SP | SAND, fine grained, silty 91 9
37.5 ;.!
H76-BH6 | 22- | S3 | sM| SAND, fine to coarse gralined, 86 12 2
24 gravel sizes to 2" diameter,
silty,brown,wet 1
H76-BH6 | 33- |56 | SM| SAND, fine grained, silty,brown 72| 28 )
35
. ‘ 1
H76-BH6 | 40~ | S8 | sP | SAND, fine grained, silty,brown ¢ 97 3 .
41.5 - some gravel sizes
PLATE C-44 |




PROIECT Taglu Gas Plant

SUMMARY OF

N : H N - I
RM.HARDY & ASSOCIATES LTD. 1ocarion Big Horn Point-Channel

A LABORATORY TESTING |waxe  January, 1976

13

CLASSIFICATION :
SAMPLE DATA TESTS OTHER TESTS
& ATTERBERG | TEXTURE
“ | LIMITS {%) - > s
- I-|iof g SOIL DESCRIPTION o] v E N
w O [ EZ| = - = [ & 8 - > lgwyleEzdl ozt
-3 - < @ 3 w =B 5 - : 2z all —év
a ™ 2 g : 35 " - v} a a g”
el i Y
H76-B47 {| 18- | S3 | CI| cLAY, silty,fine sand layers, 30117 13
19.5 medium plastic,grey to brown,
stiff, coal particles
H76-BH8 | 13- | S2 | ML} SILT, sandy, fine grained, 3182115
14.5 layered, organics
H76-BH9 | 6- S1 ML} SILT, clayey, trace sand,brown, 318114
7.5 wet
H76-BH9 | 13- |Al |SM | SAND, fine to medium grained, 52 [ 42) 6
14 trace silt, occasional gravel
sizes
H76-BH1O| 7~ S$1 |ML| SsILT, sandy, clayey, low to non 16 77} 7
8.5 plastic, wet .
H76~BH10| 22~ |S4 |SM | SAND, fine grained, silty, wet 70 | 24| 6
23.5 .
H76-BE10| 37- |S7 |SM | SAND, fine grained, silty, wet 82 | 18
38.5
H76-BH11| 12~ |51 |ML | SILT, sandy, fine grained,trace 2| 88|10
13.5
H76-BH11| 20- |S3 |CL | CLAY, silty,trace sand, low 27 417 |10
22 plastic, occasional organics, ,
H76-BH11{28.5|55 |SM | SAND, fine grained, silty,layered 63 | 37
30
H76-BH11} 38~ (|56 |SM | SAND, fine grained, silty,layered 75 | 25
39.5
PLATE C-45




TABLE C-2. BORROW CALCULATIONS FOR BIG HORN POINT CHANNEL

Section Volume Base of overburden 25' 25'-35" 35'-50

of OéB Processed Vol. of Processed Vol. of Processed Vol. of
yd Volune Waste Volume Waste Volu?e Waste

0-X yd yd3 yas3 yd yd yd3
9-BH4 83,844 184,527 55,119 91,031 19,310 95,762 49,332
B-B BH4-11 73,889 114,400 45,600 57,933 12,289 66,275 14,058
11-BHS8 59,496 88,721 18,820 47,363 3,896 52,995 7,227
2-2 100,837 74,875 5,205 50,336 6,864 53,554 15,996
2-BH6 14,963 131,022 9,108 37,482 5,111 35,521 7,535
BH6-1 30,707 57,165 7,795 27,378 0 24,255 5,145
1-8 92,250 35,640 18,360 29,040 18,960 33,413 27,337
8-BH5 98,963 86,973 44,805 59,091 17,650 75,802 22,642
BH5-10 38,080 22,511 8,973 23,548 0 23,669 7,070
A-A 10-13 223,243 38,214 24,950 85,758 11,694 91,408 36,436
13-16 129,956 37,453 16,591 40,363 20,792 0 0
14-18 52,080 200,459 36,211 75,075 15,925 45,680 9,690
10-BH1 21,837 178,189 37,798 60,836 12,905 72,348 15,346
BH1-BH10 74,667 71,803 21,447 40,975 8,692 40,605 12,128
BH10-19 19,556 12,952 4,622 9,044 1,919 3,996 1,515
19-20 215,861 85,201 32,318 74,234 22,173 44,896 17,030
Totals 1,330,229 1,420,105 387,722 809,487 178,180 760,179 248,487

For 50' excavation:

Total Volume of Processed Material 2,989,771
Total Volume of Waste 814,389
Total Volume of Material Suitable for Processing 3,804,160

1 1 .2 1 .3y .y .y .2 1 ) 1 .1 1 ¥ 1 1 1



APPENDIX D

BIGHORN BLUFF AREA
BOREHOLE AND LABORATORY TEST DATA



1

TABLE D-1 TEST HOLE CO-ORDINATES FOR

BIG HORN BLUFF AREA

(U.T.M. Zone 8)

Test

Hole N (metres) E

H76 BBl 7,698,550 505,470
2 7,698,713 506,185
3 7,699,030 506,230
4 7,698,995 506,440
5 7,699,125 506,365
6 7,698,820 506,115
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1

RM.HARDY & ASSOCIATES LTD.

TEST HOLE:

LOG

PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. uz6=8BZ .
LOGGED 8Y v ORAWN BY BT CHECKED RST DATE February, 1976
] ] CRREL and Air -
RIG Heli Drill METHOD Wash START January 16, 1976 FINISH
PROJECT NO. cs 3161 IELEVATION AlR TEMPERATURE -40° C
Wp-0 W-0 W -a 3 Q 8 wod 8l | 2
3 | £3 s 2t Bl O
S| 2> -3 290 £
~la o E - & LABORATORY g S35 g
X - wd O|Z0
o < |us_§ o0 ©
. é % DESCRIPTION z 95‘ TEST DATA [F o 2y o REMARKS
MOISTURE CONTENT| W | | Wz > o 1 & gﬂ S
ol © - <
20 40 60 3 ] n |
IsM | SAND and silty, fine, medium beeseWbn
brown, low plastic, low moisturd ’-- — cl 120 v i
ICE massive, vertical stringers 2 (95¢%) -
(silt < 5%)
L
Vo 5 ML SILT some medium to fine sand .. Whbe c2 go II1] T
Q’ --~ clayey, low plastic, pebbles ‘ 20% OTTTT
DN . Gr. Size c3 % %
ICE CE} Plate D~7
10 4
ML “ SILT sandy, fine grained, trace - ICEW L
of coarse sand, brown, low 1
- % plastic I Hyx M
\ cL / + 20 cd 00| rr
A / CLAY (Till) silty, sandy, medium '++‘ - 2 i
“ / plastic, brown, occasional L
Y / gravel sizes,/ some fine to ++' M
/ coarse sand il
15 % ice content ddcreasing =- - ++JN +
\ ¥
A % <H <
\ +
\ / b+ .
Y / +
9 % ’++ -
T =
/ / ++
/ 47 1
! 3 .
20 % ++‘ w2 +
/ P
Bottom of Hole at 21.0 Feet.
25 e
r
20 PLATE _p-1




TEST HOLE

LOG

L1

R.M.HARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT | \o Lzcam
LOGGED B8Y DV ] DRAWN BY BT CHECKED RST DATE February, 1976
RIG Heli Drill METHOD - 3" CPREL START January 16, 1976 FINISH
PROJECT NO. cs 3161 1ELEVATION AIR TEMPERATURE -40° C
8 z
Wo-O W-0 W, -A @l © 8 ) gz
P L - | 5|9 w.d e cle,| 3
v | > a ~8 S|25 2
o | ©» QP> l— <I.u [
= o o T [~ & LABORATORY g g 9 g
I o b g O 120
21 o o ) _{ 20 @
5| % DESCRIPTION =103 TeEST DATA B 29 o REMARKS
x o (T =2 wi X
El1°le o9 < Dl | @
MOISTURE CONTENT| W | I o uw §> » |5 %agj ol
8| o 2 23"l o
20 40 60 3R] 7]
ML SILT sandy, trace clay, brown, ,..T. vx
layered r10- s
~ . +.:ag‘ 100
3 7] c1 % | 1T ]
3 ICE ICE} C 00%IT i
20% soil--- c3 004111
ML SILT 1little sand, trace clay, — L
brown, layered E==—130%} c4 00%IV
5 =—150% s
= c5 00%I1
=g 3
= c6 003TI
= c7 00%I1 i
. = i
Vr
9 10 R Javered s c8 ‘looi I1 i
-—- rey brown, layer: —t <
grey g +|vx c9 00% I
) {20 .
4 + 404 at 11.5’ c1d 400y 17
ICE silt layers, 30-40% soil ICE|+ cl 00% I |
C13 00%I1I H
15 T
=
Q ML SILT clayey, trace of sand, finef==7s4
h 20 occasional coarse sand, trace o;Vs’ €14 0%} 11T -
lo] organics, dark grey, = ]
-~- medium brown, lictle sand, fige= 1
ICE silt inclusions (ML) ICE i
25 4]
CI/ CLAY medium plastic, trace of h-:-yx a
medium sand, trace of coal, * 104 )
é grey brown +'+ Cc14 00%II i
20 Bottom of Hole at 28.5 Feet. PLATE : .

U B |

I |

1

Lo

-

N

- |

A |

- |

P

vl

.

-

..l



-1

“

. |

R.M.HARDY & ASSOCIATES LTD.

TEST HOLE

LOG

CONSULTING ENGINEERING & TESTING

PROJECT

TAGLU GAS PLANT

TEST HOLE
NO. H76-BB3

LOGGED BY v DRAWN BY BT CHECKED- RST DATE February, 1976
RIG Heli Drill METHQD CRREL/AIR START January 16, 1976 FINISH
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE -40° C
Wp-O W-0 W -A 8| v 8 8
e |7 Fa >4 5% =
o | » QP> -3 SI<S &
ho! Qo T |+ & LABORATORY 8.3 8
alx at = w3 OZ0
2 a <{ |\ _g DO [
. 5 g DESCRIPTION x gg TEST DATA & m‘&_’ O REMARKS
E 9o L@ 2 R= I
MOISTURE CONTENT| W | LI w1 > > Z(8 S
20 40 60 38 B »|©
< +
(VL MOSS grass cover r} 4 ::‘
S + H
SILr F+{0¥ .
5 Pt PEAT silty, black L Al 50% 1
+
,I’ ML SILT clayey, sandy, trace of A 5
’ organics, low plastic |,++ u
’ +
I F 1
)2 ’ o
L --- trace of organics, occasional | + =
o) gravel sizes to 1/2" dia. F A2
i - bt
) .
© Lt c1| MR |
cI // CLAY silty, trace of fine sand, _++ vx Wi 10
/ low plastic, gravel sizes to + PO% H
/ 1/4" dia., brown_to grey B ""
10 / Lt +
/ -~ gravel sizes +
--  (till-ldke F 4 i
% " ( ) + c2 0031I1]
 H =
% K
/ -=~ ~brown to Yrey, low to medium | + |40% »
% plastic, silty, sand, occasion  *- |
/ al gravel sizes 5
+
- -
15 % [ & .
/ 9 c3 00%1 |
/ *
/ S
L
ICE clay soil inclusions ICE+
920% a
ICE clay, trace of sand IcE+ 1
709
20 Lp ;| SAND fine grained, light brown, |..::|Nba
- clean, non plastic . -
. brown-grey, fine grained, .
1 el silty : w3 L 00% M
! .
+ tele increasing grey color, more S iwe ¥ 001 2
,0 . silty
i X -
1 25 lw_s g 001 ]
L CI |//1 QLAY silty, snady, low plastic, : 6 009 L]
r c 1] grey to brown e -
- b SAND clayey, silty, dark grey [ - 2
boel
Bottom of Hole at 27.0 Feet. , .
10 . PLATE _p=2




RM.HARDOY & ASSOCIATES LTD.

TEST

HOLE

LOG

CONSULTING ENGINEERING & TESTING

PROJECT

. TAGLU GAS PLANT

TEST HOLE
NO. _H76-BB4

LOGGED BY SGM DRAWN BY YK CHECKED RST DATE February, 1976
RIG Heli Drill METHOD 3 3/8, Air Flush START January 17, 1976 FINISH Janaury 17, 1976
PROJECT NO. cs 3161 IELEVATION AIR TEMPERATURE -50° C
o] z
- - - ©
s | >- a sH iz e
: n > — Qlax =
= ol 2 I [FYLABORATORY| J 3| Y =
X al = = Zol
=10 o |us_j wil L RS
- 8 & DESCRIPTION = |OF TEST DATA ic: 29 o REMARKS
ol % : = = w| @
e © o9 < i | ¥
MOISTURE CONTENT| i | | Yz HESE
o| o - <3 ©
20 40 60 n| v L2
[T, e g
SILT 1little fine to medium sand,++*4o* B
clayey, occasional gravel sizesy A il
brown ++4
+ Gr. Size H
o] ++* Plate D-8 Al
zones of ice rich soil ---, 4 1
+
5 - 4 -+
+
~-~ trace of clay ++420* |
o} - 4 A2
+ =
- 4
+
. - 4 1
A --— low to medium plastic clay + 5
B layers i-+-l -
- 4
10 + -4
b 478
1+ L
4
+ -
ey’ CLAY (till-like) silty, little | . lqod {z4
/// fine to medium sand, occasionalt 4 L
;;; gravel sizes to 1/2" dia., **4 .
//’ dark grey, low to medium + .
/ plastic 4
15 / + |354 - +
- 4 AS
o / -+
% o a
+
/ - 4 . .
/ +
/ ]
3
% 2 a6
/ . + ]
- 4
/ +
20 /—-- high ice content |-+<| +
/___ sandy .‘+* 1
O % - A7
-+ b
/ 4
% 2R
;;; ++4 M
S {404 4
5;; very sandy + 25
Q -
25 / + -+
7
7 ok i
;;:__- some fine to coarse sand L {25% . g
o / + A9
/ o i
+
2 o
/ ++ - - -
30 // + {209 PLATE _Dp-¢
o Al

Bottom of Hole at 30.5 Feet.
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R.M.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT

CONSULTING ENGINEERING & TESTING

TAGLU GAS PLANT

TEST HOLE
NO. _H76-BB5;

LOGGED BY SGM DRAWN BY YX CHECKED RST DATE  Frebruary, 1976
RIG Heli Drill METHOD  Air-Flush START _ January 16, 1976 FINISH January 16, 1976
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE
a -4
- - -A ©
WPBWOWLA'_go §w a*‘;’og
N = a a9 > =22 2
© v QP> - g <E| [
= & T {+ & LABORATORY o Z> %
al T afl = s L |< O
81 £ < fw_g 20| 9
. 5l 3 DESCRIPTION x (04 TeEST DATA [Fa g2d o REMARKS
a O =3 w| &
- l°le o 9 < Sw | @
MOISTURE CONTENT| i | J| o wiz> BHESE
20 40 60 3| @ = 3|0
Pt PEAT fine fibrous, dark brown, vr
high ice content 50%
to
-—— isolated cobble 60%
Ccl 1008IX
Al
’I'I
4" f
- 5 ML SILT very sandy, clayey, medium|+ |yy, T
1~ to to low plastic, medium brown, -++Vs
3 ICL high ice content -++40” Gr. Size A2
“ L Plate D-9 |2 100R1I
+
\ P H
: = -- isolated cobble +
L ---  high ice content P
---  trace of medium sand +
b _ A3
L 10 Lt .
| +
' b
1 +
‘, - trace of medium coarse sand, -++ A4
(i] high ice content '+"‘ c3 100RIT
1 - H70¥
} +
i L
] ++
s 15 [ T
"L + 3
3 L+, A5
: + c4d 10081
' —— very clayey, trace of sand, .++ .l
T low plastic, dark grey, wet, | H
! occasional coarse sand sizes |* |50%
5 - - : + Gr. Size a6
i clayey, less sand ! +"' Plate D-10
:
* 20 . b
n ++ A7
o) +
i +
1 . .
1 b = clayey, low to medium plastic +4.
A dark grey, wet, occasional +
: coarse sand particle +* c5 0%
[ b
9 25 +-0< ‘ -
4 1 ' .
[ + >
[} b M
1 +
J  H
; +
. 4 il
: L+ 209 cs oogrrr
\ +
T P ) >
L . _"'* PLATE D=5
+ Al

Bottom of Hole at 30.5 Feet.




R.MHARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT

CONSULTING ENGINEERING & TESTING

TAGLU GAS PLANT

TEST HOLE
NO. _B76-BB6

LOGGED BY v DRAWN 8Y BT CHECKED RST DATE February, 1976
. s CRREL and
RIG Heli Drill METHOD Air Wash START January 16, 1976 FINISH
PROJECT NO. cs 3161 lELEVATlON AIR TEMPERATURE -40° C
o]
W~ W-0O W, ~ @l
| >- o o A C e
e|© QP - = 2 |<& =
hod Q T i+ & LABORATORY g =]
3z DESCRIPTION 2 s 43 ©138 8| ReEMARK
r |88 /6 rest pata [ (FW © RKS
MOISTURE CONTENT| W | il wiE> HEEE:
= = = - ¢
20 40 60 1R 3o
SP SAND silty, trace of organics, .. .i¥bn
ML fine to medium grained, light| E==yg c1 o011 | ]
lo brown — 304
SILT sandy, clayey, medium — .
N brown, low plastic, trace of - sz
|- w3 -
A -\ coarse snad, grat./el to 2"-3"dia 20% c2 00k rv
// \ \ - gravel to 1" dia. ]
CL/ ;VS'
5 / CLAY (till-like) sandu, silty, loE=—y, L
%--\ plastic, gravel sizes =nn
/ - . gravel encountered, low plastg r4
—_—
%--- 3"-4" dia. rock = =
/--- silty, sandy, occasional =
% gravel sizes = Il
0 g i
% - - dark brown to dark grey I
% Jow to medium plastic, grey, 304 Wi F0% |
h / silty, trace of fine sand,
15 / occasional gravel sizes to 1)
% 1/2" dia. .
/--- grey
72 “
b 20| U . ) WA |SZ80% 1
/--- little fine sand .
é--- 3% thick gravel layer
et
%ﬁ =
4, ="
Bottom of Hole at 27.0 Feet. 1
20 PLATE ___D-6
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1

GU202-0373

NVH1 ¥iNIi LINID¥id

. LAB_ORDER NO. cs 3161
CLIENT Taglu Gas Plant
R.M.HARDY & ASSOCIATES LTD. |~ o
CONSULTING ENGINEERING & TESTING souRcCE WH.Q Horn w.NE..Wﬂ.
ﬁ”—z M_NM ﬁ——"m HOLE H76-BB1 at 5,2'-6.0!"
TECHNICIAN MS DATE TESTED m.mv\upx
- :o__n__n
- >
ﬂ . (-N-¥-E*A%)
- i
(3]
-«
o :
T - -
= ==
w HE
- %
]
£ 5
-
B
8 w
s N
8 — "
# - -
5+
_ . ] z
2 f :
v n s -3
- N
N - g
b T
0% w L
Z 2| > Reped )
IR ™7 -
“wizx|l v -
-
o
= e 2 : :
- s )
«| « :
ol a <
(% N “ﬂ v
< -
il -
NZl YR o] )
w| " v -3 °
-l b u. 3 H
“ "] ul -~ m
I H
© ° . L o -
™~ -
R e ) H
x .
- « -
g 8§ 8 ® 8 8 § 8 | &g °© : :
- t 4

PLATE___D-7




€LEo-TOoZND

GRAVEL SIZES SAND SIZES FINES (SILT OR CLAY)
COARSE [ FINE couszl MEDIUM l FINE
U.S. STANDARD SIEVE SIZES
100l 2 mr 1 % yue  #g #10 #g9 Hap Heo Hi00 Ha00 Hazs 8 p ]
o |3
90 =™ r ;

_‘
=zl
=

%0 \ °12
o Z|»
70 N 2
':_: ™ zlo
60 ol
o = >
- o ¢|d
Z 50 - I
" | ™ n
| o e
= i = a
Z a0 N :
g X
2 30 LN HHEHEE
x|nlS E "
~e 2l |al= 2 s
20 25 e
=
[ 19, |z
10 g e |°
-~ o
: v 0
0 a @
lt 10 1 0.3 0.01 MILLIMETRES .00 [T 'U =
1 i i 1 1 =1
; ; : o': Ofl u'n o.Jm INCHES ° [} g Lt
v »lw ot
Ly GRAIN SIZIE 3 2
» 2=
: REMARKS: D= M “ d.;
Dn— MW = :ﬂ
Dg,= M -
o Cy N
@ c.c ~
o
NOTE: UNIFIED $SOIL CLASSIFICATION SYSTEM
] 1 .1 1 .. 1 1 -3y .1 .31 .1 .1 .1 1 1 .1 I .




€Leo0-ZozNO

M | 1 1 1 1 1 1 M 1 1 11 1 1 1 1
GRAVEL SIZES SAND SIZES FINES (SILT OR CLAY)
COARSE I FINE co:use{ MEDIUM I FINE
U.S. STANDARD SIEVE SIZES
32 1% 10 W ~ e #10 #20 Heo %60 Hi00 H200 ¥325 0
100 Sy 8 ;
ey o
%0 N ;™ -
N = 3
== °
80 m 2
N | w» P
[ ] et )
z 70 ; ~ 2
< N\ m 2%
- < AV 2
= 60 © Zi0
o — ]
- = H
z N -
50 -
= \ M m [
N wn r
z ‘ HE
& 4 g
v
z ~“lxjw|lwlan|m
2 30 Le HHHHEE
e HEHHE
20 ~—l > S
z »
10 § g o
= u'u N
|3 —
° n =
It 'I. } ll.l ‘.l'l MitLimarnes .4’.’ m
T T & ] o= Py . ot
v » N
- GRAIN SIZE 2 [ Sl
» stetl | (o
'-.I REMARKS: D= forey E o =)
D= LS ol o
o D= ey g °©
&,‘ Cy ol
Cc o'loy
\.
~J|ot
NOTE: UNIFIED SOIL CLASSIFICATION SYSTEM V] =




B4LEO-ZOZND

GRAVEL SIZES SAND SIZES FINES (SILT OR CLAY)
COARSE ] FINE cous:{ MEDIUM I FINE
U.S. STANDARD SIEVE SIZES
CRETN ¥ - # #e0 oo Ha200 H32s 0
100} LF 1 1 % 2% *‘ #10 #20 40 g x
—L LD ] o é 2
» r
90 "
= 3 %
= °
80 m
o Zih
70 [ o T
f m g
- 4 2
* 60 € Zlo
« — >
z \\ =0 rﬁ
= 3 —
'z- NG g g
g :
& N AHEBHEE
a 30 g g : Zim|™
z ole _z. o
n |- »
20 > °
r 4 m' w‘g »
~3 z
10 Y CEl°
= | =
o |5 @
) - 0 R
| " 1 [ A} [T ) MiLyiMmsTRES 9,000 [T ]
t - r - IJ . 1 Y 1 Y i 1 f‘” "‘g [N
3 2 1 os (X} o 0001 INCHES t+ o ko
v : - (?r ’5\‘
"~ GRAIN SIZE |0 =
> = -
: REMARKS: D)= [Ty - 1
D”— M = i~
v] D= o Nt
rTd jon
L Cy o |-
= Cc 9
J
NOTE: UNIFIED SOIL CLASSIFICATION SYSTEM iox
4 -1 .1 _1 1 .1 ¥y ..y ..1 .1 .1 .1 .1 .1 1 .1 21



SUMMARY OF prosxcy Ta8glu Gas Plant
RMHARDY & ASBOCIATES LYD. ' : L 1ocanionBig Horn Point - Channe
LABORATORY TESTING |eax  zanuare, 1976
CW3161
CLASSIFICATION
SAMPLE DATA TESTS OTHER TESTS
§ ATTERBERG | TEXTURE
- | = umng {%) - | e
- xz _ ' - 2= z ..
Es G ;g H SOlL DESCRIPTION a :_-, Sxl o . =T :gE E""
>z we | < @ 2|l wfzal 2| 2| «}3z8]802 —g"
a " ] el «lezl 3| s} O - AR
-t o4 - -t
e - - " } —
H76-BBl'| 5.2-{C3 | ML | SILT, sandy, fine to medium 27 |13 (14|41 {3623
6.0 grained, occasional gravel sizes,
low plastic, clayey
H76-BB4 , 3- Al | ML | SILT, sandy, fine to medium 28 | 48126
4.5 grained, clayey, occasional gravel

sizes

H76-BB4 .| 8- A3 | ML | SILT, sandy, fine to medium grainpgd
clayey, occasional gravel sizes, | 32115 |17
more clayey

H76~-BB: .| 6~ A2 | ML | SILT, very sandy, clayey, low to 41 | 37{22
6.5 to | medium plastic, brown
cL '
H76-BB5 {18~ |A6 | ML | SILT, less sandy, clayey, low to 29 | 46|25
18.5 to | medium plastic,brown :
CL

H76~BB6 2.5-|¢2 (cL | CLAY, sandy, silty, low plastic, |25{14 {11
4 occasional gravel sizes

PLATE Dp-11




APPENDIX E

POTENTIAL ALTERNATE BORROW SOURCE
BOREHOLE AND LABORATORY TEST DATA



|

. |

I |

-1

TABLE E-1

TEST HOLE CO-ORDINATES;

POTENTIAL ALTERNATE BORROW SOURCE

(U.T.M. Zone 8)
Test

Hole N (metres) E
H76 G-1 7,642,240 498,360
2 7,692,460 498,450
3/3A 7,692,490 498,210
4 7,691,630 497,650
5 7,691,170 497,765
6 7,690,805 497,790
6A 7,690,820 497,755
9/9A 7,692,040 497,690
12 7,692,300 497,660
13 7,691,850 497,630
13A 7,691,960 497,580
14 7,691,280 497,280
15 7,691,860 497,300
16 7,692,060 497,360




R.M.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT

CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. mzs-c1
LOGGED BY S5GM & DV DRAWN BY BT CHECKED RST DATE February, 1976
47 ID CRREL
RIG Heli Drill METHOD 112 rspac ! START December 19, 1975  |FINISH December 19, 1975
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE -30° C
Pl
Wo-O W-0 W, - @l o
P L A - =|C § waJ IOJ_J § o 2z
e >~ a 3 Elz> ©
- ) ol 9 Siax| =
= o o T {+ & LABORATORY g ';' %
p o a. = p-d
ala P w4 L 2158 o
.12 % DESCRIPTION x gg TEST DATA B4 B © REMARKS
N o3 2 4l w
MOISTURE CONTENT| W | | w 2> S §
20 40 60 3l 3 = o
ICE CE|
1
ML SILT clayey, trace to little fine s c1 10 Cuttings freezir!yg
sand, medium grey, occasional 0~ L % above bit-problen
2 lense of fine sand to 1" thick 20%p 1001 [ th
c2 771 ¥ith compressor
%
-+
3 o
4 .
oL // CLAY silty, low plastic, trace
/ of fine sand, grey H
5 é 4
7 é 2
10 4 =

Bottom of Hole at 10.0 Feet.

PLATE __x-1




HOLE LOG

TEST

R.M.HARDY & ASSOCIATES LTD.

&

1

e

o

PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _uz6-c2._
LOGGED BY MR DRAWN BY BT CHECKED RST DATE  February, 1976
RIG Heli Drill METHOD START Januayy 3, 1976 FINISH
PROJECT NO. cs 3161 ELEVATION AR TEMPERATURE -30° C
WO W-0 W -al 28 8 'u 8l | =2
2| QP -3 2 (|<X =
= o % I - LABORATORY [ § g% g
) 24 o200
aia DESCRIPTION | _g - 50 ©
r | &g SCRIPTIO |03 TEST DATA gcz: zy © REMARKS
- ol o I o w
a 3 aq -
MOISTURE CONTENT| w | | WIES AR E
g1 o %)
20 40 60 33 o
ICE ICH
5 +
WATER UF 2
H
10 g SILT clayey, greyish brown, non s1 7%| -+
to very low plastic, very soft
=== slight dilatancy H
Grain Size 52 100 H
Plate E- 24 %
SM :::: SAND fine grained, silty, brown, 1
15 b3S non plastic, medium dense, wet +
}}|--- with thin (to 1/2") layers
11 of silt, brown Grain Size : 8
::: Plate E- 25 53 3%
1 ]
1.1 a
—d cT / CLAY silty, trace to little fine a
/ sand, brown greu, medium plastic 54 167%
20 % firm to stiff (till-like) 4
2 I
/ S5 53% N = 9 blows/foot
/ SP
Z F
25 %‘.‘ - as above s6| X |533| | N = 14 blows/footH
/ SP
é ‘ -
/ | s7| Y 67% N = 13 blows/footf]
%-_ -~ as above : SP -
30 /| PLATE _r-2

wd .1

- |

—

A



R.M.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT

CONSULTING ENGINEERING & TESTING TEST HOLE
. TAGLU GAS PLANT NO. _#z6-G2
(cont.)
LOGGED BY MR DRAWN BY BT CHECKED DATE February, 1976
RIG  Heli Drill METHOD STARY __ Janmuary 3, 1976 FINISH
PROJECT NO. cs 3161 IELEVATION AIR TEMPERATURE -30° ¢
ol
Wp-01 W - - ©
P © WA - g S §Lu oy §_D 3
v | > a Suslzx e
o | » op- > g Qlax| =
N - T |- & LABORATORY 5. 9 g
p o - Z0
3la ESCRIPT! < |w wil s
. o g DESCRIPTION mg&! TEST DATA [Fa 25 o REMARKS
Zla O™ =2 w| «
MOISTURE CONTENT| & | | 4 Wiz EILE:
38 o o
20 40 &0 3 3 ale
cI Y/ cray silty, trace to little fine
ML sand, brown-greu, medium plasti ks 100 N = 8 blows/foot H
firm to stiff (till-like) spbA\ %
=
SILT very sandy, trace of clay,
dark grey, non plastic, clay
lenses interbedded, wet
59 53 N = 8 blows/foot
35 SP +H
- ‘trace of coarse sand k10| X |67% N = 8 blows/foot []
SPY) : o
40

Bottom of Hole at 40.0 Feet.




RM.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT

CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. Hz6-G3/43A
LOGGED BY SGM DRAWN BY BT CHECKED RST DATE  Febrauru, 1976
s . 4 3/4 WALMAC,
RIG  Heli Dprill METHOD 3" CRREL START January 3, 1976 FINISH
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE -25° ¢
Wp-O W-0 W -a &l o 8 J 8
— o u =lo z
® g3 e ul > O
e | QP - 5 Q<&| =
= 154 T -G LABORATORY| J 2| Y &
3 DESCRIPTION S fw w3 S|z3 &
-
|8l @ |0 TEST DATA B4 |E9 © REMARKS
ol & o s2 w|
Y © o? 59 Jlw | ¥
ol o = a5 | @
20 40 60 n| v 2]
pr PEAT fine fibrous, medium brown, "’+ Vx
e L\ reindeer moss, grass e i
st [Fihmn
tI:1:} saNp fine to medium grained,silty -
grey, poorly graded , layered
: : . . Grain Size 00 1
5 light grey, silty, fine grainef Plate E-26 |Cl o 17
:: 00% T T
I : c2 o%|v -
A e 00
M e Cc3 % I H
:: R ]
. =T H
i -~ - clay lense . . == = ce 0% |V
10 E:l:l-—- fine to medium grained, light [...Jbn SN
15 grey to brown o cs s | v
; S 100 -
3 drier, trace of clay, mottled,| . cé % Iv
L101- brown . L]
4N M c7 00¥II
HRR cs v
15 - gravel piece (1" diameter) - 1L 3 -+
HHH o CIN\Jjox |v
Ll % CRREL barrel B
ol t10 oy |y |Sheared off when U
iR _ ] 1 frozen in (hole
dH - :lcittom of Holle H76-G3 . e redrilled — i
RHM gravel pieces Loroed F76-32)
MMM . . 3 S i
/ i1t dy, medi b Grain Size 00 3
cr CLAY very s Yy, sandy, 1um Ly yy, o1 1T
20 / plastic, occasional gravel + | yp) Plate E=27 |7 % H
/ sizes to 1/2" diameter’ -++(30- 12 0% |v
/ -4 40%) X
7 N
L * s
7 +
/ 47
% : l
/---— more ice rich + |V
% I Hvs C13 0% |ITI =
25 /--— grading to fine sand, silty ,++(50'5) 1
Sc|-;#4| SAND fine grained, clagey, low ++
: plastic - 1+ ¥
. _ Fine grained, silty, trace of ++ 1
clay, dark grey +
+
+ =
+
+ c14 \Jox| v
*+ PLATE
20 vl Bottom of Hole at 30.4 Feet. + 14 00 —E=4
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R.M.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _z6-cq_
LOGGED BY SGM DRAWN BY BT CHECKED BST DATE February, 1976
, . WALMAC i
RIG Heli Drill METHQD 3" CRREL START January 4, 1976 FINISH
PROJECT NO. cs 3161 lELEVATION AIR TEMPERATURE =-30° C
o] z
- - - o
WesB@ W-0 W-al | 3|o gl wu 8o | 2
>~ a & =[Z> @
o | » QP 5 ol<x] =
= o Q E =& LABORATORY [ I g W %
X - - Z0
ale iP < fus w9 LS8 o
. |8l& DESCRIPTION 282 rest oata 84 |25 8| REMARKS
= O @ oa 3<zt u Hw
a = w
MOISTURE CONTENT| & | | | 8127 HHSE
2 o o
20 40 &0 33 30
ML r +|Vx
SILT little fine sand, trace of | JI5%) H
small pebbles ( fine gravel), + i
medium grey, ice rich ++'
L 4 -
<] +
sull''l SAND  silty, non plastic, fine o — L
) grained sand sizes, brown, tracel" C1 s IV
5 of organics T
o -
,~ grading to silt
o =2 -
ML SILT little clay, brown. =
= 1
I~ Vs
—— ’ -
JO!LJ C2 locITI
10 f——t +
-— = medium grey vx, 1
Ve -
154
=== ice lenses to 1/2" 209 M
/2 c3 l: IV
ls e
[~~~ becoming very clayey, darker a
grey
cq 4Eoo|rr
20 — -~ very clavey - 4
- -~ rounded cobble to'l 1/2" dia. } cs v i
ford
Cr// CLAY silt, trace of sand, brown, - 00F 111
/ medium plastic cé w H
25 /—-- vertical ice fissures to 1/8" 1
/ thick
%_-- silty, trace of sand, brown, s
/ gravel sizes to 1”7 dia.
é c7 100| rr |
Bottom of Hole at 28.5 Feet. : :
10 PLATE _£-5




R.MHARDY & ASSOCIATES LTD.

TEST HOLE

LOG

PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. nz6-G5
LOGGED BY MR DRAWN BY BT CHECKED RST DATE  February, 1976
RIG Heli Drill METHOD START January 4, 1976 FINISH
PROJECT NO. cs 316l ELEVATION AIR TEMPERATURE  -20° ¢
I+ z
we-B w-o w-al _ | Ble 8l o] Bl | 2
- b e a. Filz>]
-1 (>I; o ?.‘ : alaxj =
Si.le T |- LABORATORY [ § Z z‘;‘ =
X ai = w & O[|Z0)
2| o (] 20 @
L l8l% DESCRIPTION a ga.q TEST DATA B o gg o REMARKS
[+ 4 © pu s w o
E1°e od e KL &
MOISTURE CONTENT| W | Ll Wiz > ® | 2|59 o
Sl O - gl5 | ©
20 40 60 ala »
ICE ICH
1
5 HATER, UF -+
__E_: r bottom of channel 3
r——— .
P lOOF
ML SILT clayey, fine sand, brown, -{
10 soft, non to very low plastic, _L
wet
=
--- fine sand, brown, wet, soft, s
non plastic, medium dilatancy, gi:i’; ii;: s2 100] 1
highly plastic clay layer x ] J
15 interbedded
F
ol
CLAY ™ S1ITY, mealium to NIgNm PIastiy, 14
CH //, firm to stiff s3( X |200
20 {OL 5 ]- 2 +
g'wﬁ SILT organic, black~grey, piece 1
52‘_‘ of non-woody peat, soft i
o X $4 679 N = 8 blows/ fool
&¢}--— dark brown, organic, odour,
i 7
?’-{‘ crumbly (FP H
- -
A
&4
25 &~ ded
7
5F 1
(ST SAND —SITEy, —trace of clay, dack .
cLlt brown, non to very low plastic = B
CH,// spongey. moiet Y e dit S5 6749 |v = 12 blows/foot
/ CLAY brown, highly plastic, stiff -
é to very stiff .
Y. -
dolcrl/d qrax (ri1i-likel cont. PLATE _E-6_
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TEST HOLE LOG

RM.HARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. Hzé=G5__
{cont.)
LOGGED BY MR DRAWN BY BT CHECKED RST DATE February, 1976
RIG Heli Drill METHOD START January 4, 1976 FINISH
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE =20° ¢
5
We-0O W-0 W -A 2l g 8 8
- (o] =10 Z
3 | 2|~ - & B8 10, 8
© | » Q- > = ol<dx] =
z o (-4 LaBoraTORY ["F Z| W &
3|2 DESCRIPTION % | w3 OiZ9) 8
L %184 vest oata o [z ©| (REMARKS
- {0leo A =2 wl o
MOISTURE CONTENT| W | | o w & > R
5l 8 o o
20 40 60 33 o
cr 7 CLAY (till-like) silty, trace of| - Grain Size |56 X le7y N = 19 blows/foot
/ sand, brown, occasional gravel | Plate E-29(3ET
/ sizes to 3/8" dia., medium , -
Z‘ plastic, stiff to very stiff H
%—-- dark greyish brown with occa- 1
35 % sional layersof wet sand, s7 H
/ medium plastic clay lenses, leox N = 22 blows/foot
interbedded , trace of organic (BT, .
material
7 |
40 %——— as above _ H
% ~
!
Bottom of Hole at 42.0 Feet. ' . H
45 H
H
<+
-
-
=
[}
PLATE __E-7




R.M.HARDY & ASSOCIATES LTD.

TEST HOLE

LOG

vl

-

PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. -
LOGGED BY MR DRAWN BY BT CHECKED RST DATE February, 1976
RIG Beli Drill METHOD START FINISH
PROJECT NO. c¢s 3161 ELEVATION AIR TEMPERATURE -20° ¢
>
Wp-0O W-0 W, - 8| o 8
P LA = 29 §'&’ G =12, 8
-3 I o> ' Sl [
SH.le Z |- 4 - ABORATORY =R
X - W O|€£0
3l a < W S50 @
. 5 é DESCRIPTION 59 TEST DATA § c:§ o REMARKS
- O o b i
o (8] e =t lw o
MOISTURE CONTENT| w | | yle | Sige S
Q| © = <! o
20 40 60 AR L
Pt [\l PEAT
ML | SILT |
MASSIVE ICE T M
B . 1
5 1
% c1 | Y7s|v
hﬂ
10 -t
-
B
15 T
° -
SAND fine grained, silty, brown o Jvc
L“q =
s : c2 ool rr F
. CI |/ /| CLAY very silty, sandy il Vx (70%) %
20 [sM H SAND fine grained, siltu, brown, |t [lve|rs0%) c3 00| rr i
cr// | clay inclusions + [ | « |
/ S ++Vx~
/ CLAY (till-like) silty, trace of 0% ) I~
% sand, dark brown, medium plastic ++
% + e 00 i
/ + x 1
-+
2 2
25 / . <4
% +F .
+
/ + H
7 ;
/ -—-— occasional rounded particles bt - ey
/ of gravel to 1" dia., one 3/8"|+ 'Vx" Vs
% ice lense ++ 5% C5 00irr ) .
14 A _Battom of Hole at 29,8 Feet. + 5 PLATE _&-8
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.



TEST HOLE LOG

RM.HARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE

TAGLU GAS PLANT NO. _uzs-can

LOGGED BY SGM DRAWN BY Yx CHECKED RST. DAYE February, 1976
RiG Heli Drill METHOD WALMAC, CRREL START January 4, 1976 FINISH
PROJECT NO. cs 316l . lELEVATION AIR TEMPERATURE
' el
Wp-O W-0 W, - ol @
P La =129 §“‘.J §o 8
| > a -d = 2> €
o (2] 9 >-N O | t
hod a Q E & LABORATORY g ‘;’ g
X - ol
[ D P < i _g d 30 9
. § 3 ESCRIPTION x|8a TesT pATA = 29 o REMARKS
=190 08 =3 Yy um w
MOISTURE CONTENT| W | | wlE> HEESE
= o O
20 40 60 33 alo
PEAT fibrous Tl vx
- 7,
ML SILT clayey, medium brown, -0-(20’;
some organic inclusions , fine |+ +
grained sand sizes, trace +
organic material, low plastic _""'
+
+
++ -
5 + . E
--= occasional gravel sizes ++
+
=
=" a1 | pos (v
30~
d0%) g_ 0% |IX
10 -
-~=  trace of clay, grey
Vs c3 KOX | IV
ssir»
15 ‘ -
-~~ ' grey brown, rock fragments "'+ Vx
+ (20%) - lce | Mloox]| 1z
-+
+
W
+
- dark grey, clayey ++
+
20 ++ ::: J
+ c5 oxt Iv
-H?Uﬂ)
+ .
<+
-
sp SAND  fine, brown grey, trace _:;:::
. of silt and clay e
: P c6 ox | v
sk =58 c7{\Jox | v "
] o
.y eel c8 os| v
clayey silt laminations == Vgi
===
by c9 70%| IT
Bottom of Hole at 28.0 Feet.
30 PLATE __2-9




RMHARDY & ASSOCIATES LTD.

TEST - HOLE

LOG

PROJECT

CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _H76-C9 _
LOGGED BY SGM DRAWN BY BT CHECKED RST DATE February, 1976
RIG Heli Drill METHOD  splitspoon START January 5, 1976 FINISH
PROJECT NO. cs 3161 lELEVATION AIR TEMPERATURE -30° ¢
Wo-O W-0 W, -A @l © 2 gl
P el |38 Sl wel 2o, 8
© > Q. S - Zm =
© | v O[> - =) x| =
hol Q T [~ G LABORATORY (Z) ==
3l DESCRIPTION < fu 4 138 8| REmARKS
ol g _ x|OF TEST DATA g |Euwl ©
Il o =23 w| @
E SNo (232, e < i w g
MOISTURE CONTENT| i | L] 81271 " 13189
o| © - - S 15 ©
20 40 60 0| n L]
ICE CE
==1 WAIER UF
= H
= i
5 = +
= I
=
= !
ML SILT medium grey, low plastic, "
uniform, trace of organic
10 matter at top, wet M
S1 1040% "'J
el
~ == clayey
15 ped
Gr. Size 82 100%
S 1:|11 SAND fine grained, trace to Plate E~30 -
€ little silt
L]
SAND fine to coarse, very silty, -
gravelly, well graded, dense,
wet n
g Gr. Size 83 100%
§:i] SAND fine grained, very silty, Plate E-.31 : Rg
‘13 clayey, poorly graded, dark sS4 0% i
::3 grey, wet, layered
‘i —~ rapid dilatancy Gr. Size S5 100 [
Plate E-.32 r =
25 EN
‘ .
- - - trace of medium sand, clayey | -
-~~~ clayey, silt layers
Gr. Size 56 1100%
10 fine sand, clean Plate E-33= PLATE _£-12

_—
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el
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el
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R.M.HARDY & ASSOCIATES LTD.

TEST HOLE

LOG

PROJECT

CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _H#76-69
(cont.)
LOGGED BY SGM DRAWN BY BT CHECKED RST DATE February, 1976
RIG Heli Drill METHOD Splitspoon START January 5, 1976 FINISH
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE -30° ¢C
WO W-0 W, - @l 9
. cal - (e 8, 4 WE oz
e f{w o> > Slax| &
1.8 -y LABORATORY 3 =)
X = ko) olZ
a IPTI < [ _} 30| @
:: é e DESCRIPTION z 104 1esT pATA B A 29 o REMARKS
b g e~ S 2 w
El°e o S Sl | w
MOISTURE CONTENT| & | L L wE> | S|z o
20 40 60 3 3 = S0
SMILH SAND medium to fine grained,- uF
5 g silty , dark grey, wet - 1
£ i
L1 57 100
10 % H
35 - T
'::: ~~~ some fine gravel! , cdlayey § J0 H
i . 58 1\ |o% i
40 }: . H
1 ~- fine grained, poorly graded
T - i
.S‘WZ“: Sag:?ze:ell graded, fine to coarse 59 st ]
SM :E SAND fine, poorly graded, silty o
45 Bottom of Hole at 44.0 Feet. T
q
=
1
-1
..1,

B-11 -

PLATE




TEST HOLE LOG

R.M.HARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _uza-gon. T
« &
LOGGED BY SGM DRAWN BY YX CHECKED RST DATE  February, 1976
RIG Heli Drill METHOD START January 5, 1976 FINISH -1‘
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE ~-30° C -
Wp-0 W-0 W -a gg 8l | od 8l | 2 '1
s | =" . asd o ul E o> S !
e | © o el a 45 = .4
1.8 -9 {ABORATORY 3 4 »2 2
2] a o ju jud © 30 (o}
. o é DESCRIPTION ggé TEST DATA [ a 2o o REMARKS "j
- | o 7 =4 w| © ;
py © 0D cE glu | & -
MOISTURE CONTENT| W | i} g‘z‘> B 29 8
20 40 &0 3 - o —
i
IXE CE 3,
|
1 i
b
5 H 7
WATER UF i i
1 =
I
= _ . d
ML SILT grey, some sand and clay, wef 1
10 ' 44 T
| j
1
i
-
15 _ . A g
/-estimated interface g
oM :::j SAND fine, silty, medium grey,wet 314 0% 1

)

1 1' layer of grayelly sand, Gr. Size s1 75% ]
S 2R gravel sizes to 3/4" dia. Plate E-34 -
20 14 g i
: 3

o -

[{ 1] k1B 0%
}H--- occasional gravel sizes ] =
Bottom of Hole at 22.5 Feet.

|
1
15 e !
¢ & ﬂ
k!
8 1 I

PLATE _£-22 " |
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R.M.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT

CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. HZ6-5
LOGGED BY HR DRAWN BY BT CHECKED RST DATE February, 1976
RIG Heli prill METHOD START FINISH
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE
o]
- - - ©
WP Ow-0 WL A - g b3 §u §O z
s | >~ a > =1z ©
@ w O >~ — O |« X -
ho! =4 T (- & LABORATORY g Y a
REE DESCRIPTION 2 Jw w3 o551 8 EMA
- |83 g[0F TesT oata g (@4 O REMARKS
- | ol s W w
a 09 << |
MOISTURE CONTENT| & | Lf o wiE A TE
o| o -— =4 8 (8
20 40 60 R 0
o Ic
" . H
“
i
-i’i- =
§ WAT, UF
5 = +
é s~ bottom of channel
Tt -
SM |} sanp very silty, brown, saturated, L
" fine grained sand sizes
10 e
H
15 4nd
jsi 40% 1
GRAVEL sandy, little silt, dense, 521 <20%]
wet avel sizes to 3/4" dia. Gr. Size -
- grav / e Plate E-35 :
» Gr. Size S3 75% A
SAND silty, trace of clay, dark Plate<E-36
brownish grey, soft, spongey, 4+
non plastic l
Bottom of Hole at 20.0 Feet, X
¢ B
PLATE _E-13




TEST HOLE LOG

P

|

LA

- |

-

- |

ed

|

R.M.HARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. dzs=510a.
LOGGED BY MR DRAWN BY Yx CHECKED RFT DATE February, 1976
RIG Heli prill METHOD START January 5, 1976 FINISH January 5, 1976
PROJECT NO. cs 3161 lELEVATION AIR TEMPERATURE
8 i Al
- - - ©
We-B W-0 w-al _ (8|9 31, Eé"z
| >~ a3y S s> ©
o | n o -3 Slagl &
Slle X |- L ABORATORY [~ 3 2l %3
X = Z £0
2 a aw w9 <158l ©
. 12l% DESCRIPTION mg# TEST DATA [T o 25 © REMARKS
@x [ = =2 w| T
P B 0D 2 3 Flw | @
MOISTURE CONTENT| i | | Wiz REELE:
20 40 60 33 = Sl
ICE CE
s WATER [uF
SM SAND very silty,brown,fine grained
-l sand sizes, saturated .
10 HHE A 4
15—k '
SP ::I:I SAND medium to coarse grained, s1 sonl
tats] trace of silt, brown, particles
of sub-rounded .gravel to 1" dia y
| wet to saturated I
SM SAND very silty, fine grained, 52 754
L brown, trace of clay, layered
20 | Bottom of Hole at 19.0 Feet.
[}
PLATE _E-14

—
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R.M.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT

CONSULTING ENGINEERING & TESTING

TAGLU GAS PLANT

TEST HOLE
NO. H#78-G12

LOGGED BY v DRAWN BY BT CHECKED RST DATE February, 1976
RIG Heli Drill METHOD START  January 17, 1976 FINISH
PROJECT NO. cs 3161 ELEVATION AIR TEMPERATURE  ~20° C
Wp"m w-0 WL-A § o 8 k 50 z
= | 2|9 > Elzxl e
S| 5 o> =g o< =
s ) T |- ¢ LABORATORY 51518
S|z DESCRIPTION 2 w3 G128 81 REMARKS
|8l ; |2 TEST DATA @g  |Eu
b‘; 9l (534, 35 gu‘ t&’
MOISTURE CONTENT| i | | 4 ] 3 1589 3
20 40 60 3 3 - e
ICE IC,E!
5 == WATER UF T
=
= 1
= il
0| B T
fq -
orf¥Y SUT organic: ’ 1
=
!ﬁ n
z=
373 . §
ML SILT trace of sand, non to low Gr. Size sl 67% -
3 plastic, grey, wet Plate E-'37
] 15 +
x
~~= trace of sand, rapid dilité;:cy i
A grey, low plastic - - s2| X l67%]. i
K
' -
[
!
20 --- grey, some fine sand, little Ti
‘; clay, low plastic | 83 80% ]
) a
)
1 -
1
'
' '
1 25 / - g
_’\ CH / CLAY highly plastic, stiff, grey- S8 100
P /"\ blue % 1
/ . sand lenses interbedded
/ ¢ ul 100| r ’1
/ X ’-1
Bottom of Hole at 28.0 Feet.
10 PLATE __E-15




R.M.HARDY & ASSOCIATES LTD.

TEST HOLE

LOG

CONSULTING ENGINEERING & TESTING

PROJECT

TAGLU GAS PLANT

TEST HOLE
NO. uza=g13 .

CHECKED RST DATE

February, 1976

START Januvary 17, 1976 FINISH

PROJECT NO. cs 3161 AIR TEMPERATURE -20° C
Wp-0 W-0 W -a 3l o 8l | ol B >
= | &9 - ool 12> &
e | > o239 Cuw iz O
° ©n 9 >m — ola t
= o o E & LABORATORY [ 3 (23 W g
X = - O 20
2| a < [ _jg ul DO Q
- 8 a DESCRIPTION x 03] TesT paTaA = A 29 o REMARKS
- lol% o S 2 w| T
a @ Yz Qo w w
MOISTURE CONTENT| W | | W iE > EIEGE:
S| O - <5 (&
Al n n
= uF
= H
=
= g
= i
5 = 4
= i
=
= g
= |
—
0| B H
== / estimated lake bottom
= 1
SILT trace of organics, stratified,
mecium grey, trace of sand H
H
15 Gr. Size 51 0% 44
[Plate E-38
M SAND fine, siltu, 172" layér... . 52 y 0% |
! B | of medium sand sizes - -
' 20 SILT wmedium grey 4
; ::_: SAND fine, medium grey, silty M
N I 1
1. ::E:‘--—— silt lense Gr. Size 53 407 i
, Lt U _ - trace of fine gravel Plate E-39
HO- +] n
\ , — s4 408
- 25 7 .~ medium - to low plastic, i
: / trace of fine sand, medium greuv,
P / stratified,sandy lenses to 1/2" -4
L ' % thick, soft
. &
! %
; A ’ 609 I
o f SAND fine grained, silty s5
20 CLAY 1little fine sand (cont.) PLATE _E-16 .

wed ol
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RMHARDY & ASSOCIATES LTD. PROJECT Bl
CONSULTING ENGINEERING & TESTING _ TEST HOLE
TAGLU GAS PLANT NO. _mzs-g13.
(cont.)
LOGGED BY SGM DRAWN BY BT CHECKED RST DATE February, 1976
RIG Heli Drill METHOD Splitspoon START January 17, 1976 FINISH
PROJECT NO. cs 3161 ELEVATION AR TEMPERATURE ~20° C
2
- - - @
w-a w-o wioal |8l B *HAF
: > - i o S ciz> 9
e | w o> - Qlax|
Sl z -4 LaBoRATORY "5 2| 4 5
T a o
T d|w will =1
|2 & DESCRIPTION ggﬂ TEST DATA § mg, o REMARKS
- Ol 17 Yy w
1532, ad S
MOISTURE CONTENT| & | .| wlE " | Size §
20 40 60 3| = &[0
cr Vs CLAY little fine sand, . medium ~ UF|
./_ plastic (cont.) e 1
SP |-
'y SAND fine to medium grained, trace 4
: of silt, grey
. 4
-]
3: H
2) . S6 509
35 .l 4+
] .
] e
; i
. . 57 508
14 : i
] . H
b el .
40 :}-- fine,grained, grey -h
e s8 504
g s
: 4
Bottom of Hole at 41.5 Feet. |
& T

PLATE __F-17 .




RM.HARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. _zz6=614
LOGGED BY v DRAWN BY BT CHECKED RST DATE February, 1976
RIG Heli Drill METHOD START January 18, 1976 FINISH
PROJECT NO. cs 3161 |ELEVATION AIR TEMPERATURE
Wp-0 W-0 W -A 8l o 8l | ol 8
~— =10 z
s g 9 e L ul 2> ©
SHEN T - ¥ LABORATORY 3% S
I al = ko4 O|Z0
D o {w [&]
- 8 a DESCRIPTION o _L_’&‘ TEST DATA Z A ‘:z’ O REMARKS
o) 4 © P, =2 w [+ 4
Y © 1Y% g Jl | &
MOISTURE CONTENT} W | Ll o 8 %> o 1 & % 8
3l o = <
20 40 60 33 »|©
ICE IcH
5 % WATER UF H
=
= -
= !
= -
10 E +H
= - . 1
ML SILT non puséiu.;. trace of sand .
15 T
cT / CLAY silty, medium plastic, s2 1100
ﬂ / medium grey 3 ]
']
M / 4100 Piston samples ||
; % v2| 'S
’ 20 A v3| d7o% Shelby tube L
E" sp l-.-| SAND medium grained, dark brown, ]
\ little gravel to 3/4" dia., sS4 70%
G, subrounded -
: IML SILT sandy, grey, low plastic, [
" trace of clay
) L
L
25 . - P
| o e - -
4 SMirl SAND  some gravel, sub-angular Gr. Size S5 20%| IV L
1] to sub-rounded, light brown, Plate B~ 40
1 fine to medium grained, silty . =
11 . , 2
10 ) PLATE __E-18 -
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TEST HOLE LOG

R.MHARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
TAGLU GAS PLANT NO. ze=al14.
{cont.)
LOGGED BY DV DRAWN BY BT CHECKED RST DATE February, 1976
RIG Heli Drill METHOD START January 18, 1976 FINISH
PROJECT NO. cs 3161 rELEVATION AIR TEMPERATURE
We-O W-0 W_-a 8l o ' 2 mE
s | > a S Elz> ©
® {0 o> - Q |« =
Slalg I ¢} LABORATORY ! 5.5 8
X - olZo
=1y o jw ¢ 20| Q
< 8 E DESCRIPTION 5 O TesT para & 29 o REMARKS
190 Ua ¥ B wm w
MOISTURE CONTENT| & | I 8% dEHSE
20 40 & 3] - al°e
sm |11 savp (cont.) UF
r
:::::--- fine to medium, little gravel
E ::O;/’tl dia., trace of silt, <6 7% |
! -1
‘\ j:::
\‘ 35 5 -+
ML SILT grey brown, some fine sand,
slightly sensitive to ghaking s7 S0%
) .
'
f |
--~- sandy, little clay, layered :
' i
: b S8 100
% 40 % -+

Bottom of Hole at 40.5 Feet.

1

) AR

PLATE __£-19




RMHARDY & ASSOCIATES LTD.

TEST

HOLE

LOG

PROJECT

CONSULTING ENGINEERING & TESTING

TAGLU GAS PLANT

TEST HOLE
NO. nze=glz.

LOGGED BY SGM DRAWN BY 3T CHECKED RST DATE  February, 1976
RIG Heli Drill METHOD Splitspoon START January 18, 1976 FINISH
PROJECT NO. cs 3161 lELEVAfION AIR TEMPERATURE -25° ¢
Wo-D W-0 W, - @l 9
P La odll -1 B § w.d E § o |1z
s | > a Sl Tlz>] ©
3 n QP - [} <E =
ol I I |- & LABORATORY 2. Y3
X 7 wd OlZ0
21 o o (w _y = [*]
. |8l DESCRIPTION 2183 TesT pata B4 29 o REMARKS
ol & A =22 w| T
by © o dd Sl | ¥
MOISTURE CONTENT! W | i w1 > A S
20 40 60 38 = o
ICE CE
L]
5 e WATER UF H
=
= -
= i
= §
10 = -+
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RMHARDY & ASSOCIATES LTD. PROJECT
CONSULTING ENGINEERING & TESTING TEST HOLE
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LAS ORDER NO. CS NHOH

CLIENT Taglu Gas .
R.M.HARDY & ASSOCIATES LTD. [Coumir 5o Prant
CONSULTING ENGINEERING & TESTING SOURCE

HOLE - -
GRAIN SIZE CURVE T N YT ST PRV

Gl1202.0A27%

$14

<
-l -
d §
« I
(o] -
= [ R
= iz
" % v
" %
w
z 5-
“-
L§
-]
8 -
* o
: \ -
\\\ 7 z
w 8 <
: * Ve o
“ o 2 y.4i -5
N2 g w4
v o 4
£ w
22| > &
<c| W -
VwiEl v
inum
o = B
«| «
- - |
"
s:-
~TEI R ; 2
ﬂ...& -3
g— 3 *
ol % x
Qo -
(%] ml had
S .
| =
“ [~ Q o Q o [ ] [~ -] (-] [ - Jia
o -] ® ~ © " « (] ™~ -

NVHL1 ¥iNId LN3IOURd

NOTE: UNIFIED $SOIL CLASSIFICATION SYSTEM

REMARKS:

PLATE___E-34

3

-

O |

A UV R |

- |

[

wdoo )y 1 o ) 1 o) ]

-l

—



LAB ORDER NO. CS 316l
— CLIENT  Taglu Gas Plant
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Y OF pgosecy Taglu Gas Plant
" aA wro. SUMMAR ' Alternate Borrow Area
- reer
LABORATORY TESTING |oas January, 1976
CLASSIFICATION
SAMPLE DATA §TESTS OTHER TESTS
& ATTERBERG| TEXTURE
- | = LIMITS (%) - > | =e
- iz liol ¥ SOIL DESCRIPTION a| v lE rts|>Zs| 28
-0 se |E2] = - - IC X%l o ]l = |wau]®2U] =e
-z we | e - >l Lls8| 2| S| «<|{3z8|0Zs) 2z~
a- |3 |8 gl <|zz|3 |5 3| s s |g¢2
-l -l ~ ry 3
") -
H76~G2 | 12.5[{ 82 | ML} SILT,clayey,greyish brown, non to 13 16918
14 very low plastic,very soft,
glight dilatancy
H76-G2 | 15.5{ 53 | SM| SAND,fine grained, silty,brown, 50 | 4010
17 non plastic,medium dense,wet
HB76-G3 | 4-5 | C1 | SM| SAND, fine grained, silty,light 78 1 14) 8
grey
H76~G3A| 19~ | C1l1i CT } CLAY , silty, sandy layer ,medium 32 ) 41127
20 plastic,occasional gravel sizes
to %" diameter
H76-G5 | 13.5,52 | ML} SILT,fine sand, brown,soft,non 2] 81117
15.0 plastic,highly plastic clay layer
interbedded ,wet
H76-G5 | 29.5| 56 | cI| cLay(till-like),silty,trace of 28 | 44| 28
31 sand ,brown,oc-asional gravel
sizes to 3/8" g,med.plastic,stiff]
to very stiff
#76-G9 | 15~ | S2 | SM| SAND,fine grained, silty,grey 50| 42 8
16 .
H76-G9 | 19- | s3 | sW| SAND, fine to coarse, very silty, 77| 18} 5
20
H76-G9 | 22~ | S5 | SM]| SAND,fine grained,very silty, 45| 42] 13
25 clayey, layered
#76-69 | 28 | s6 | sm| saND, fine grained, very silty, 46 |39 | 15
-30 clayey, layered .
B76~G9A| 19~ | S1 | SM| SAND, fine grained, silty,wet 701 22 &
19.9 occaslional gravel sizes to 1"
diameter
H76-10 | 18- | 53 | GW| GRAVEL, well graded, sandy, 89| 11 72;‘;:“‘1
19 little silt,gravel sizes to 1k" 19% Sand
diameter 11% Silt
B76~-G10| 19- | 3 | SM| SAND, fine to coarse,silty, 67| 20f{ 13
20 clayey
B76-G12| 13- | S1 | ML]| SILT,clayey,trace sand,layered 1| 87 11
14.5
‘
¥76-G13 14- | s1 | ML| sILT,clayey,trace sand,layered * 2] 87 12
14.5 .
PLATE E-43




.M HARDY & ASSOCIATES LTO.

coOnNBIULTING

SUMMARY OF

prosecy Taglu Gas Plant

. a Alternate Borrow Area

LABORATORY TESTING |osaxe Januazy, 1976
cs3161
CLASSIFICATION
SAMPLE DATA TESTS OTHER TESTS
ATTERBERG| TEXTURE
- | E LIMITS (%) - > |4
- s iz 2o & SOIL DESCRIPTION =1 v et laszl 82
] el | sz = S| = |e8l 8] = | »|eay|agiose
-3 - | < - 3|l e|Eel 3| 2] «|3z2j00= =zZ=
b < z CISZ| w| @ o a gu
-l Y L
. g 3
H76-~G13] 22~ |S3 | SM| SAND ,fine grained,very silty, 65 | 31| 4
23.5 layered
#76~G14] 25~ | S5 | SM| SAND,fine grained, gravelly,silty 83 |13 4
26.5 gravel sizes to 3/4" diameter
H76~G15] 19~ |S2 | ML | SILT,clayey,trace sand 2 )90 8
20.5
H76~Gl6é, 28-;s4a]| SM | SAND, fine grained,silty,clayey 57 | 27|16
30 grey
¢
.
|IPLATE E-~ 44
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APPENDIX F

SOIL AND ICE CLASSIFICATION SYSTEMS
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MODIFIED UNIFIED CLASSIFICATION SYS:'[EM FOR SOILS

-
LABORATORY
P PH |COLOR
MAJOR DIVISION GROUP | GRA o TYPICAL DESCRIPTION CLASSIFICATION
SYMBOL|SYMBOL| COD CRITERIA
2
W RED WELL GRADED GRAVELS, UTTLE OR NO cu=2ﬁ’> 4cc=_9%  _1w3
. FINES Dio Do X Dgo
8, CLEAN GRAVELS
< LITTLE OR NO FI '
g R ‘ ) o RED POORLY GRADED GRAVELS, AND GRAVEL- NOT MEETING
2 vuial . SAND MIXTURES, LITTLE OR NO FINES ABOVE REQUIREMENTS
W aha
g | SEE¢
4 25 SAND. ATTERBERG LIMITS
z E3.¢ M YELOW | Y GRAVELS, GRAVEL-SAND-SUT CONTENT BELOW “A" LINE OR
E wg DIRTY GRAVELS OF FINES P.. LESS THAN 4
[ ou (WITH SOME FINES) i EXCEEDS
"y z CLAYEY GRAVELS; GRAVEL-SAND- 12% ATTERBERG LIMITS
ok 6C YELLOW ABOVE “A” LINE
£3 CLAY MIXTURES P.. MORE THAN 7
2z ;
x o
3& WELL GRADED SANDS, GRAVELLY SANDS, _ Dso _bx)” _
a2 sw RED LITTLE OR NO FINES Cu=pgp 28 Cc=5 0 X n;‘ o3
& H yz CLEAN SANFDS
£ (LITTLE OR NO FINES)
93 cE. . RED POORLY GRADED SANDS, LITTiE OR NO NOT MEETING
z w22 FINES ABOVE REQUIREMENTS
| g5
= 233~ ATTERBERG LIMITS
3 3 sM YELLOW | SILTY SANDS, SAND-SILT MIXTURES CONTENT BELOW “A" LINE
g $Z P.. LESS THAN 4
- § 5 (w?::7:039§|235) E;CFE?DESS -
ATTERBERG LIMITS
> CLAYEY SANDS, SAND-CLAY 12% e
sc e yewow | R TES ABOVE “A" LINE
e elss) P.l. MORE THAN 7
- INORGANIC SILTS AND VERY FINE SANDS,
L w, <50% ML GREEN | ROCK FLOUR, SILTY SANDS OF SLIGHT
o 39Z PLASTICITY CLASSIFICATION
c | 57258 1S BASED UPON
H “2EES . INORGARNIC SILTS, MICACEOUS OR DIATO- PLASTICITY CHART
2 gz ° W, > 50% MH BLUE MACEOUS, FINE SANDY OR SILTY SONLS (see beiow)
3
o INORGANIC CLAYS OF LOW PLASTICITY,
wil W, < 30% c GREEN | GRAVELLY, SANDY, OR SILTY CLAYS, LEAN
=29 z, g L . s
-H ;EE A CLAYS
23 ;‘3‘:5% / GREEN- INORGANIC CLAYS OF MEDIUM PLASTI-
25 | TxEug 0% W L 50% c BLUE CITY, SILTY CLAYS
2% | oToe3 / ‘
&z wp2° v ~
e 828 , / INORGANIC CLAYS OF HIGH PLASTICITY,
£3 W, >50% CH BLUE FAT CLAYS
=z )
E f
z WHENEVER THE NATURE OF THE FINE
- |
e |l o £ W, < 50% ot i1 1] Green | ORGANIC SILTS AND ORGANIC SILTY | conrent HaS NOT BEEN DETERMINED,
§ | Z9pE t il CLAYS OF LOW PLasTICITY (T IS DESIGNATED BY THE LETTER “F", E.G.
2| geetd SF IS A MIXTURE OF SAND WITH SILT OR
20z cLAY
5723 W, > 50% OH BLUE ORGANIC CLAYS OF HIGH PLASTICITY
=
HIGHLY ORGANIC SOILS Pt [TTTTIITTT] ORANGE | PEAT AND OTHER HIGHLY ORGANIC SOILS | STRONG COLOR OR GDOR. AND OFTEN
1 v
SPECIAL SYMBOLS PLASTICITY CHART CH /
40‘—- /
SOILS PASSING NO. 40 SIEVE
BEDROCK OVERBURDEN 3 &5
(UNDIFFERENTIATED) (UNDIFFERENTIATED) - 30 .;
- ;
w MH
2 a P
> 20
SANDSTONE s a / OH
3 pat
; 10
7
A AT ML
SHALE s
0 0 20 30 40 50 60 70 8 9%
LIQUID LIMIT (%)
LIMESTONE 1. é\lil. SIEVE SIZES MENTIONED ON THIS CHART ARE U.S. STANDARD, A.S.T.M.
1.
2. BOUNDARY CLASSIFICATIONS POSSESSING CHARACTERISTICS OF TWO
GROUPS ARE GIVEN COMBINED GROUP SYMBOLS, E.G. GW-GC IS A WELL
GRADED GRAVEL SAND MIXTURE WITH CLAY BINDER BETWEEN 5% AND
CONGLOMERATE 12%.
COAL R.M.HARDY & ASSOCIATES LTD.

Figure F.1




GROUP SUBGROUP | GRAPHIC .
CATEGORY SYMBOL SYMBOL SYMBOL DESCRIPTION
F Undifferentiated
Poorly bonded or friable
Nf .
frozen soil
.. . W ded i
Hon-visible ice N Nbn ?ll bonde frogen soil
with no excess ice
Well bonded frozen soil
with excess ice. TFree
Nbe
water present when
sample thawed
Vx Individual ice crystals
or inclusions
Ice coatings on
ve articles
Visible Ice v b
less than
one inch thick Random or irregularly
Vr . . .
oriented ice formations
Stratified or distinctly
Vs . . .
oriented ice formations
ICE + ;ce greéter Fhan o§e
soil tvpe inch thick with soil
Visible Ice YP inclusions
greater than ICE
one inch thick ICE Ice greater than one

inch thick without
soil inclusions

R.M.HARDY & ASSOCIATES LTD.

CONSULTING ENGINEERING & TESTING

Figure F.2

GROUND ICE CLASSIFICATION
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