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INTRODUCTION

Hardy Associates (1978) Ltd. was retained by the Department of
Supply and Services, on behalf of the Geological Survey of
Canada, to carry out a program of field drilling in the
vicinity of Illisarvik, Richards Island, Northwest
Territories. Formal authorization to proceed with components
of the investigation was received, on February 26 and on
March 29, 1983, in telexes from Mr. D.A. Wright, Department of

Supply and Services.
SCOPE QF STUDY

In August 1982, Hardy Associates carried out surficial geology
mapping of a 225 km2 area centered on the Illisarvik
experimental site, Richards 1Island, N.W.T. The prime
objective of the present study, which forms a continuation of
the mapping project, 1is to provide additional information
relative to subsurface stratigraphy and permafrost and ground
ice conditions, These data are intended to provide
information on the three-dimensional distribution of these
features and aid in further elucidating the Quaternary
geclogic history of the area. Multi-disciplinary studies of

permafrost growth have been underway at Illisarvik since 1978.
TERMS OF REFERENCE

The requirements of the field program were discussed initially
in a letter submitted as part of the mapping project on
November 25, 1982. Subsequently, following discussions with
Mr. J.A. Heginbottom, Scientific Authority, and receipt of a
request for Proposal from DSS, terms of reference for the
Winter 1983 drilling program were established in our proposal,
dated February, 1983.
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In summary, the program was to comprise (subject to the

availability of funding) the following:

i) Drilling, logging and sampling of up to 26 boreholes in
the vicinity of Illisarvik, Richards Island, N.W.T., to
target depths of 100 m, 30 m, 10 m or 10 m below sea
bed.

ii) Collection, storage and shipment to various destinations
of selected samples (some in frozen state) for

laboratory analysis and testing.

iii) Fabrication, installation and testing of multithermistor
cables for measuring ground temperatures, using

calibrated, high precision, thermistors.

iv) Testing of selected samples for frozen bulk density,
natural water content, grain size distribution,

Atterberg limits, and pore water salinity.

v) Presentation of the results in a short narrative report,
with tabular logs for each borehole, showing surficial
geology, permafrost and ground ice conditions, sample

locations and the results of the laboratory tests.

APPROACH

The four-phase approach, described in detail in subsequent

sections, is summarized below:

Firstly, thermistors were <calibrated, in our Calgary
laboratory, and the multi-thermistor cables were constructed.

Two cables were fabricated, each 100 m long with 40 thermistor
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beads evenly spaced, at 2.5 m intervals, throughout. Details
of thermistor calibration procedures, multi-thermistor cable

fabrication and installation are given in Appendix "E",

The field drilling program was carried out in mid-March, 1983.
Drilling services were retained from Midnight Sun Drilling
Ltd. of Whitehorse, Y.T., with support from a sled-mounted
camp, subcontracted from Beautuk Marine Services of
Tuktoyaktuk, N.W.T. In all, seven boreholes were drilled and
sampled. Two thermistor cables were installed and tested.

Details are provided in Section 3.0.

Samples were returned in the frozen state to the Calgary
laboratory of Hardy Associates (1978) Ltd. for testing. Test
procedures included determination of frozen bulk density,
natural moisture content, grain size distribution, Atterberg
Limits, and pore water salinity. Procedures are described and

results presented in Section 4.0,

This data report was compiled as the final phase of the study.
It provides an account of the field and laboratory testing
programs, and presents the results. Main findings of the

study are summarized in Section 5.0.

SCHEDULE

The schedule for the field investigation, laboratory testing

and report preparation was a tight one.

Authorization to drill two deep boreholes at Illisarvik was
received from DSS on PFebruary 26, 1983. Thermistor cable
fabrication then commenced and preparations for the field

program were finalized.



The drill rig, camp and crews were mobilized to Illisarvik on
March 9, 1983, and drilling operations commenced the following
day. Drilling of two deep boreholes was completed on
March 17, 1983. On March 15 verbal authorization had been
received to drill five additional, medium depth, borings.
This second phase of the program was completed on March 19,
1983, when demobilization commenced. The field program was
completed on March 20, 1983. Formal authorization to proceed
with second drilling phase was received by telex on March 29,
1983,

Laboratory testing was carried out, on selected samples
returned from the field, in late March and early April 1983.

Analysis and report preparation were undertaken concurrently.
STUDY AREA

The 1983 Winter drilling program was carried out within the

same approximately 225 kmz

area, centred on Illisarvik, as was
studied during the 1982 surficial geology mapping program {and
forms a continuation thereto). The area of interest is
defined on the north and south by latitudes 69° 32.5'N and 69°
25'N, and on the east and west by latitudes 134° 22.5'W and
134° 45'W. The location of Illisarvik and the study area is

indicated on Figure 1.

The geological setting for the present investigation has been
described in detail in our report on surficial geclogy (Report
CG10039, dated March, 1983), to which reference should be
nmade. Available information on physiography, surficial
geology and stratigraphy, and permafrost and ground ice is
summarized briefly below, as a framework within which to

present the results of the current study.
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Physiographically, the study area comprises sections of both
the Modern Delta and Pleistocene Coastlands (Tununuk and
Kittigazuit Low Hills subdivisions). The stratigraphy of the
Modern Delta consists of a thick sequence of alluvial silt and
fine sand, locally veneered by organics or recent marine
deposits. Fine to medium sand, of marine-deltaic¢ origin,
occurs throughout the Pleistocene Coastlands., On ridges and
uplands, it is overlain by diamicton (till and/or mudflow
debris), in depressions by organics and recent lacustrine

material.

With a mean annual ground temperature in the range -7° to
-9°C, permafrost is continuous and in excess of 600 m thick in
the Pleistocene Coastlands. It is discontinuous and thinner
in the Modern Delta. Active layer thicknesses range from
30 cm to greater than 100 cm, depending on lithology and
vegetation cover. Ground ice type and distribution are
variagble and frequently related to lithology, ranging from
pore and vein ice, through ice wedges, to massive ground ice.

Pingos are abundant in the Tununuk Low Hills.

Active geomorphic processes are associated with fluvial
erosion and deposition, permafrost and ground ice, and marine
processes. Permafrost-related activities include downslope
movement by soil creep, ground ice formation and ice wedge
growth, and pingo growth and decay. Coastline changes at
Illisarvik has been significant, and is related to: retreat of
coastal bluffs, erosion of tidal flats, and expansion of flats
and spits, Erosion of tidal flats is apparently the dominant

process.
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FIELD INVESTIGATION

The field component of the 1983 winter drilling program was
carried out between March 8 and 20, 1983. As described
briefly below, it involved: mobilization/demobilization of a
drill rig, camp and crews to Illisarvik, drilling of seven
boreholes (including two in which multi-thermistor cable
installations were made), and shipment of frozen samples to

Calgary for laboratory testing.

MOBILIZATION

On March 8, 1983, the drill rig, camp and ancillary equipment
were mobilized, from Inuvik and Tuktoyaktuk, to Bar C. The
following day, this equipment moved, as one unit, via Middle,
Harry and Swan Channels, to Illisarvik, arriving early on
March 10. The Hardy Associates (1978) Ltd. field crew arrived
on-site, following layout of boreholes, on March 9, 1983

(Section 3.3).

ON-SITE LOGISTICS

It was decided, at an early stage in planning for the field
program, that an on-site camp would considerably simplify the
logistics of the field operation, mitigate the anticipated
severe climatic conditions, and permit drilling activities to
be optimized. To this end, a skid-mounted trailer camp was
subcontracted, via Midnight Sun Drilling Ltd., from Beautuk
Marine Services Ltd. of Tuktoyaktuk. The camp was mobilized
to Illisarvik using a 966D loader, that was also used for

access clearance. The ten-man camp, consisting of 2 sleeper
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units, one kitchen unit, a washroom unit, and fuel sloop, was
sited a short disztance south of the borehole HA83-D1l location
(see Figure 2) for the duration of the field program.

BOREHOLE LAYOUT

Borehole locations were laid out and access routes reviewed by
the Hardy field crew on March 9, 1983, Transportation from
Inuvik was provided by a Bell 206 helicopter, retained from
Okanagan Helicopters Ltd. As drilling operations proceeded,
final borehole locations were modified, as required, to
satisfy access constraints and the requirements of the Land

Use authorities.

FIELD DRILLING PROGRAM

Locations of the seven boreholes that were put down during the

winter 1983 program are indicated on Figure 2.

Details of the drilling program were as follows:

Drill Rig

Drilling services were provided by a CME 750 drill, retained
from Midnight Sun Drilling Ltd., of Whitehorse, Y.T. The
drill was mounted on an all-terrain carrier and totally
enclosed in a rig tent., It was capable of drilling using both
the "dry" augering and "wet" rotary techniques. These
procedures were used for the "deep"” and "medium depth"™ borings
respectively. The rig was accompanied by a sled-mounted tool

shed, carrying mud pump, light plant, spare parts, etc.
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Logging and Sampling

On-site supervision of the "double-shift"™ drilling operations
was provided by a Hardy Associates (1978) Ltd. crew,
consisting of a geologist and field technician. These
personnel were also responsible for logging and sampling of

the boreholes.

For each borehole, a detailed field log was compiled,
indicating: soil type, ground ice type and occurence, and
cored and sampled intervals. Soil types and ground ice were
logged using the Unified Soil Classification and NRCC Ice
Classification Systems, respectively (Plates C3 and C4 in

Appendix "C").

Samples were obtained from all the boreholes in permafrost
using a 152 mm I.D. CRREL core barrel, In general, samples
were taken at a 5 m spacing in the medium depth holes and with
a maximum 10 m spacing in the deep boreholes (sample intervals
are indicated on the appropriate borehole logs in Appendix
"a"y. Bulk samples were taken at 5 m intervals in the

unfrozen holes using a split-spoon penetrometer.

Thermistor Cable Installation

Multi-thermistor cables were installed at completion in the
two "deep" boreholes (BH's HAB83-D1 and HAB3-D2). Initially,
it was proposed to install each cable in a 50.8 mm PVC pipe
filled with arctic-grade diesel fuel. Unfortunately, due to
buoyancy effects, this d4id not prove possible and instead, the
PVC pipe was put down to as great a depth as possible. The
thermistor cables was then installed on the outside, weighted

down with sections of "A" rod. In this way, the PVC pipe and
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cable were installed to depths of 50 m and 69 m in borehole

HA83-Dl, and 70 m and 91.4 m in borehole HA83-D2.

Details of the thermistor cable installations are provided in

Appendix "E".

Sample Shipment

On completion of field logging, all samples were sealed for
shipment {without photographing, due to a camera malfunction).
They were then transported in the frozen state (unfrozen
samples were permitted to freeze) to Inuvik at the end of the
program, and then to our laboratory in Calgary by air. On
receipt, all frozen core samples were cleaned and
photographed, A complete photographic record has been

prepared and will be provided separately.

Demobilization

Drilling operations were completed on March 19, 1983, when
demobilization from Illisarvik commenced. In general, the
access route was reversed, so that the equipment and crews
reached Bar C on the same day. On March 20, the loader, camp
and crew were demobilized to Tuktoyaktuk, the drill rig and

Hardy and Midnight Sun crews to Inuvik.

IABORATORY TESTING PROGRAM

A total of 55 samples was returned from the field to our
Calgary laboratory for testing. With the exception of five
unfrozen samples, £from boreholes HA83-M2D and HAB3-M4, the
samples were frozen cores. Material remaining following

testing is being stored in freezers, prior to shipment to
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Ottawa, of selected cores when requested, for further detailed
testing (e.g. thermal conductivity, stable isotopes, acoustic

properties).

Objectives in this section are to briefly describe the test
procedures and the results (presented on the appropriate

borehole logs and summarized on Tables 1 to 7, Appendix "B").

TEST PROCEDURES

In acceordance with the terms of reference, selected samples
from each borehole were tested for: frozen bulk density,
Atterberg Limits, natural moisture content, grain size
distribution, and pore-water salinity. Brief descriptions of
the procedures, carried out where applicable using current

ASTM specifications, follow:

Frozen Bulk Density

The density or unit weight of a core, is determined in the

frozen state using an oil submersion procedure.

In all, frozen bulk density was determined for 32 samples.

Atterberg Limits

Liquid Limit (D423-66)

The liquid limit of a soil is the moisture content, expressed
as a percentage of the weight of oven-dried soil, at the

boundary between liquid and plastic states.
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Plastic Limit (D424-59)

The plastic limit of a soil is the moisture content, expressed
as a percentage of the mass of oven-dried so0il, at the
boundary between the plastic and semi-solid states,

A total of 21 Atterberg Limits determinations were made.

Natural Moisture Content (ASTM D2216-7)

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 solid particles.

In all, 61 natural moisture contents were determined.

Grain Size Distribution or Particle Size Analysis (D422-63)

The grain size analysis is the guantitative determination of
the distribution of particle sizes in soils, The distribution
of particle sizes larger than 75 mm (retained on No. 200
sieve) is determined by sieving, whereas the distribution of
smaller particle sizes 1is determined by a sedimentation

process using a hydrometer.,

In all, grain size distribution was determined for 22 samples,

Porewater Salinity

The conductance of a dilute sample of porewater is firstly
measured using an electric conductance meter, and then

correlated to a salinity. The original in-situ porewater
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salinity is then calculated, taking into account the amount of
distilled water that was initially added to the soil sample.
Porewater salinity was determined for 61 samples.

RESULTS

Laboratory test results are presented on the pertinent
borehole logs in Appendix "A", and summarized for each on a
series of tables (Tables 1 to 7) in Appendix "B". Grain size
curves are also presented in Appendix "B", on Plates Bl to

B23.

The sections that follow summarize and briefly describe the

test results, according to main soil type.

Holocene Marine Sediments

Three samples of recent marine silt were recovered from

borehole HA83-M4, drilled in the centre of Mallik Bay.

As shown on Table 6, the characteristics of the samples are
variable. 1In general, the materials are low to high plastic
clayey silts, with an average composition of: 7 percent sand,
71 percent silt and 22 percent clay. Both natural moisture
content and porewater salinity decrease markedly with depth,
averaging 38 percent (range: 46.4 to 23.6 percent) and 5.48
parts per thousand (ppt) (range: 10.01 to 3,01 ppt).
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Alluvial Silt and Clay

Interbedded silts and silty clays, with minor sand, constitute
the main nearsurface deposits encountered. Two types occur:

those that are organic-rich and those that are not.

Only limited data are available for the organic-rich material.
In summary, it is non to wvery slightly plastic silt, with a
trace to some clay and sand. Moisture content averages about
98 percent (for four samples), while porewater salinity ranges
from 0.86 to 1.19 ppt, averaging 0.98 ppt. For two samples,
averade frozen bulk density was 1235 kg/m3.

Considerably more data exist for the "non organic" silts,
silty clays and minor sands., WNatural moisture content ranges
from 23.7 percent to 76.5 percent, averaging 48.5 percent, and
the average porewater salinity is 2.13 ppt (range: 0.70 ppt to
4.90 ppt). In terms of grain size distribution, the deposits
are variable, ranging from almost pure silt (>90 percent
silt) to silty and clayey sand. Similarly, frozen bulk
density results exhibit wide wvariation, ranging from
1498.2 kg/m> to 1937.1 kg/m> and averaging 1655.3 kg/m>.

Clay Till/Diamicton

The till/diamicton that is widespread in the wvicinity of
Illisarvik is a low to medium plastic, sandy and silty clay.
In general, moisture content is in the range: 16 to 22
percent; in borehole HAB83-Ml, however, two values in excess of
50 percent were recorded. Frozen bulk density averages 1940.9

kg/m3, with a range from 1623 kg/m3 to 2082.3 kg/m3.
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Porewater salinity values are commonly in the range: 2 to 4.5
ppt; however, at a depth of about 5 m in borehole HA83-M2A (in
unfrozen till beneath Swan Channel), a salinity of 22.11 ppt

was measured.

Pleistocene Sand

In the order of 23 samples of sand were tested, distributed at

varving depths throughout the study area.

The results indicate that the deposit consists almost entirely
of fine to medium, silty, sand, with the following average
composition: 79 percent sand, 14.5 percent silt, and 6.5
percent clay. Natural moisture contents are relatively low,
ranging from 19.2 percent to 31.8 percent (average 24.3
percent), while porewater salinities range from 1.05 ppt to
9.62 ppt, with an average of 3.88 ppt. The sand is
non-plastic and has an average frozen bulk density of 1947.2
kg/m3 {range: 1815.6 kg/m3 to 2047.3 k/m3.

Intra=-Sand Clay Layers

A review of the laboratory test data, presented on Tables 1 to
7, indicates that low plastic silty clay seams that occur
within the sand are of some interest. Thus, for three
samples, salinities of 11.39 to 14.39 ppt (average: 13.26 ppt)
were measured. Natural moisture content for the clay averages

about 30 percent.
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SUBSURFACE CONDITIONS

Loys for the borings completed during the 1983 winter program
are presented on Plates Al to A24, in Appendix "A". The
following sections briefly summarize the borehole data, in
terms of: surficial geology and subsurface stratigraphy,
permafrost and ground ice, and (where available) ground
temperatures conditions, for each site. Borehole locations

are indicated on Figure 2.

BOREHOLE HA83-D1

Borehole HA83-D1 was drilled to a depth of 80 m at a site in
the "Alluvial Islands® section of the study area, some 5 km
southwest of Illisarvik (Figure 2). Objective was to provide
information on stratigraphy, permafrost and ground ice in the
Modern Delta. The borehole log is presented on Plates Al to
A7, Appendix "A". Laboratory test data are summarized on

Tabie 1, Appendix "B".

Surficial Geology and Stratigraphy

From the surface to a depth of about 7 m, an interbedded
sequence of gilt c¢lay, and minor sand was intersected. These
sediments are interpreted to be of recent alluvial origin, and
are underlain by 8ilty clay till/diamicton. The
till/diamicton deposit, which is in the order of 4 m thick,
rests in turn on a thick and uniform fine to medium sand
sequence., The sand was drilled and sampled over an interval
of nearly 70 m and is relatively uniform down to a depth of
greater than 80 m below ground surface. Occasional silt and

clay interbeds are distributed throughout.
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Permafrost and Ground Ice

Ice~-bonded permafrost extended from the surface to the limit
of drilling at 80 m; preliminary ground temperature data are

presented on Figure 3 and described in Section 5.1.3.

As far as ground ice is concerned, the near surface alluvial
deposits and till/diamicton typically include 15 to 25 percent
and 5 to 7 percent, respectively, of random, reticulate and
stratified visible ice (Photos 1 and 2, Appendix "D"). The
sands are well bonded but without visible ice, while the
intra-sand clay seams may have very little visible ice or up
to 30 to 40 percent random and reticulate visible ice (Photos
3 and 4).

Ground Temperatures

A multi-thermistor cable was installed to a depth of 69 m in
borehole HA83-DP1 on completion. Details are provided in
Appendix "E". Preliminary (i.e. not yet equilibriated) data,
from the initial two sets of readings are plotted on Figure 3.
These indicate ground temperatures of -4° to -5°C between
depths of 10 m and 65 m, and considerably lower values close

to the ground surface.

BOREHOLE HA83-D2

This boring was completed to a final depth of 95.4 m, at a
site some 300 m northwest of Illisarvik (Figure 2). Prime
objective was to investigate subsurface stratigraphic and
permafrost conditions within the Tununuk Low Hills
(Pleistocene Delta) portion of the study area. Plates A8 to
Al6, in Appendix "A", show the log for the borehole, while
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laboratory test data are summarized on Table 2 (Appendix "B").

Preliminary ground temperature data are presented on Figure 4.

Surficial Geology and Stratigraphy

Beneath a shallow surficial peat and organic silt stratum,
borehole HA83-D2 initially intersected some 4 m of interbedded
silt and minor clay. These deposits are likely of alluvial,
lacustrine or eolian origin, None of the material was
identified, either visually or on the basis of laboratory
testing, as till/diamicton. The silts and clays are underlain
by a thick sequence of fine to medium Pleistocene sand.
Except for a high ice content silty clay lens at a depth of
around 20 m, the sands were logged, apparently without any
great variation to the limit of drilling of 95.4 m (Plates ASB
to Al6).

Permafrost and Ground Ice

Ice-bonded permafrost was encountered throughout the depth

interval drilled in borehole HA83-D2.

In the upper ©part, the interbedded silts and clays
characteristically have visible random and stratified ground
ice (Photo 5, Appendix "D"). Between depths of about 2 to
3 m, some ice crystals were present as well as sections of
pure ice and high ice-content silt (Photo 6). The silty sands
below a depth of about 4.6 m are well-bonded and generally
lack visible ice. One exception is an ice-rich silty clay

zone, at a depth of about 20 m to 22 m (Photo 7).
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Ground Temperatures

A 91.4 m long multi-thermistor cable was installed in this
borehole at the completion of drilling; details of the
installation are provided in Appendix "E"™. Due to the time
constraints of the field program, it was only possible to
measure dground temperatures on two occasions: after
completion of the installation and prior to demobilization
from the site. These initial readings, which have obviously

not equilibriated, are plotted on Figure 4.

BOREHOLE HA83-M1

This borehole was located on an inlier of Pleistocene deltaic
deposits, at a site some 6.5 km northwest of Illisarvik
{Figure 2). The borehole log is presented on Plates Al7 and
Al8, and a summary of the laboratory test data is provided on

Table 3 {Appendix "B").

Surficial Geology and Stratigraphy

From the surface to a depth of about 3 m, borehole HA83-M1
encountered ice-rich alluvial silt. The silt was underlain by
a clay till/diamicton deposit that was some 4 m thick.
Beneath the till/diamicton, greater than 14 m of Pleistocene
sand was intersected, extending to the limit of drilling at a
depth of 21.0 m.

Permafrost and Ground Ice

Ice-bonded permafrost was presented for the full depth of the
borehole. 1In general, random vein ice is characteristic of

the silt and till/diamicton strata, while the sand is well
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bonded and lacking visible ice. Two significant ground ice
masses were also encountered: between 0.6 m and about 3 m, ice
and silt separates the surficial siit and till deposits, and
between 19.5 m and 20.3 m a mass of ice and silty sand occurs

within the Pleistocene sand (Photo 8, Appendix "D").

BOREHOLE HA83-M2

This boring was intended to be located in the centre of Swan
Channel. As shown on Figure 2, however, it was inadvertently
located some 10 m too far east (borehole HA83-M2A was
subsequently put down at the initially considered location).
Subsurface conditions are shown on Plate Al9, and laboratory

testing data summarized on Table 4 (in Appendix "B").

Surficial Geology and Stratigraphy

Silt, of modern alluvial origin, was encountered from the
ground surface at this location. Based on logging of auger
cuttings, the silt is underlain, at a depth of about 3.5 m, by
silty, medium plastic, clay till/diamicten. The
till/diamicton rests in turn, on fine to medium grained silty
Pleistocene sand. A clayey silt layer, likely a thin seam
within the sand, was intersected at the bottom of the

borehole.

Permafrost and Ground Ice

Although situated only a short distance from Swan Channel,
permafrost and ground ice conditions are quite different from

those beneath the channel (in borehole HA83-M2a).
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Ice-bonded permafrost extends from the surface to the limit of
drilling. Stratified ice is characteristic of the
near-surface alluvial silt deposits. At greater depth, the
till/diamicton and Pleistocene sand are well bonded, with no
visible ice. A thin clayey silt seam encountered at the

bottom of the borehole again exhibits stratified ice.

BOREHOLE HA83-MZA

This boring was put down in the centre of Swan Channel, a
small distributary of the Mackenzie River that flows into
Mallik Bay, approximately 4.5 km southwest of Illisarvik
(Figure 2). Objectives were to investigate stratigraphy and
the extent of talik zone development beneath the channel. The
log for ©borehole HAR83-M2A is presented on Plate A20;

laboratory test data are summarized on Table 5, Appendix "B".

Surficial Geoclogy and Stratigraphy

The borehole was drilled through 1.7 m of ice and 1 m of water
to the channel bottom, below which some 1.8 m of alluvial silt
wag encountered, overlying approximately 3 m of silty clay
till/diamicton. Logging of the boundary between the two
deposits was difficult due to the soft to firm consistency of
the deposits. Fine to medium, Pleistocene sand was
encountered at a depth of 7.5 m, and extended to the limit of

drilling at 10.6 m below ice surface.

Permafrost and Ground Ice

As shown on Plate A20, ice-bonded permafrost was encountered
in borehole HA83-M2A at a depth of 9 m below ice surface.

This suggests that a talik zone approximately 6.3 m thick is
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present. The sand between a depth of 9 m and the bottom of

the hole was well-bonded, with no visible ice.

BOREHOLE HAB3-M4

This borehole was located close to the centre of Mallik Bay,
some 3 km east of Illisarvik (Figure 2). It was drilled from
the ice surface, through 1.6 m of ice and 10 m of water, into
the sea bottom, which it penetrated to a depth of 11 m. Prime
objective in drilling at this location was to provide data on
the composition of the bottom sediments. The log for borehole
HAB3-M4 is presented on Plates A2l and A22. Laboratory test

data are summarized on Table 6 {Appendix "B").

Surficial Geology and Stratigraphy

This boring intersected soft +to wvery soft clayey silt
deposits, from the sea bed to the 1limit of drilling. The
deposits are dark grey to black in colour, are of variable,
low to high, plasticity and tend ¢tc¢ be organic-rich,
especially close to the sea bed. The clayey silts are

interpreted to be of recent (Holocene) marine origin.

Permafrost and Ground Ice

Ice-bonded permafrost material was not encountered in borehole
HAB3-M4. In view of the depth of water at the gite (11.6 m),
this is to be expected. Indeed, the water depth and width of
Mallik Bay at this point would suggest that a through-going
talik zone may be present beneath this site. At the same
time, it is probable that permafrost underlies the shallower

water around the margins of the bay.
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BOREHOLE HAS3-M8

The log for this boring is presented on Plate A23 and A24
(Appendix "A"). As shown on Figure 2, borehole HA83-M8 was
located on the beach immediately west of the outlet from
Illisarvik to investigate stratigraphy and permafrost
conditions in an area of active coastal retreat. Laboratory

test data are summarized on Table 7, in Appendix "B".

Surficial Geology and Stratigraphy

A uniform sequence of fine to medium sand, with silt
laminations (Photo 9, Appendix "D") and occasional, generally,
thin, silt and clay seamg, was encountered from the surface to
the limit of drilling at 20.8 m. At a depth of about 14 m to
16 m, a thicker lens of silt, low to medium plastic clay was

also intersected.

Permafrost and Ground Ice

Borehole HA83-M8 penetrated frozen ground for its entire
depth. In general, the sands were well bonded with no visible
ice (Photo 9), while random ice veining was characteristic of
the silty clay lens. The ice wveins in the clay were up to
about 10 mm thick, and constituted 15 to 20 percent of the
sample (Photo 10).

CONCLUSIONS AND RECOMMENDATIONS

Overall, the main conclusion to be drawn on the basis of the
results of this study 1is that subsurface stratigraphic,
permafrost and ground ice conditions are similar to those

described in our 1982 report on surficial geology mapping. At
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part of the continuing studies at Illisarvik, the following

additional work is recommended:

i)

ii)

GD:IJ:MS/1t
0.501

Monitoring of the multi-thermistor cables installed in
boreholes HA83-D1 and HAB83-D2 should be continued on a

reqular basis.

In the event, drilling capability again exists at
Illisarvik (for example, the EMR "“jet drill"),
consideration should be given to putting down a number of
additional shallow borings. Possible sites would include:
a site in the Kitigazuit Low Hills (not accessible during
this study), and one within the tidal flats area west of
Illisarvik (to investigate whether the till/diamicton

occurs at this location).

Respectfully Submitted,

HARDY ASSOCIATES (1978) LTD,

Per:

G. Dupuy, P.Geol,

Per:

I. Jones, M,8c¢c., P.Geol,

Per:

M. Stepanek, M.Sc., P.Eng.
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HARDY ASSOCIATES (1978) LTD.
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BOREHOLE NO.
GEOTECHNICAL  DIVISION ILLISARVIK WINTER DRILLING PROGRAM HAB3-DL
LOGGED BY: GD/MM DRAWN BY: ax CHECKED: 1IJ DATE: March, 1983
RIG: cME 750 METHOD:  Tricone/CRREL START: 1800 hrs. March 10 [FINISH: 1900 hrs. March 14
PROJECT NO.- CGI10065 TERRAIN TYPE: £243 LOCATION: UTM 511600E 770510CN
=
- B -0 -4 § (=4
e > O[> [BlEIZ
EME R AT OTHER
a =
(kg/m~)® I wo > w
BULK DENSITY Jka/m™) 91 E 13 |& DESCRIPTION 9 d|Z|~|S|&| INFORMATION
& 8 & 2 X Al |w|w|w
§ ¥ & & (TG g S|8|gid|g
Ry |
[MOISTURE CONTENT% | i |5 |5 z  |WwiZ|Z(2
20 40 60 80 [C|w|® 2i5]|&1 5
q ML —ICE and PEAT fibrous, brown _ /TJICE o en = 0.9%%
oL
SILT 1low plastic, trace fine sand,
@ abundant organics, grey=- black vr cz2 Sn = 1.19%
. 1319 1 1] S— . . 20-25%
race to some organics, laminated, [
grey C3
H!—\ICE + SILT —4 ICE+
SILT as above, some ice veinlets
® ¢ (<1mm thick), grey vr ca Sn = 0.86%
20-25%
Vs Cc5
3 15-20%
Vs 5% Sand Silt Clay
da fg 6 2.5%  90%  7.5%
Sn = 2.42%
® c7
4 Vs
20~-25% o8 Sn - 0.70%
cL [/, CLAY silty, low plastic, little sand,
@ 5 A grey Nbn gn = 1.75%
sp ::-f-: SAND fine to medium grained, trace
L.».]  silt and gravel, brown, dense
ML SILT clayey, low to medium plastic,
- —h1t-, grey :
) »- 6 {CL l i l ‘-trace sand and clay, peaty inclusions, s
(ML . edoriferous, dark grey - En = 2.34%
sM ElE): o °‘Cll
-1 SAND fine to coarse, silty, little ve |%e,
L gravel {(to 15mm¢), trace organic silt [< 3% % ®
7 o o .
Sand Silt Ccl
cL [/} crav (mill) silty, low plastic, sandy, | Vr vy : 2y
A 2¢83. 3 trace fi 1 So7s c12 6% 4ls 23%
“ / ace fine gravel, grey Sn = 4.53%
]
M 8 /"occasional ice lens to 4-5mm 13
CIEJ /—- trace gravel, tc 20mm$, rounded Sn =2.54%
: / Cl4
I
1 /
L 9 / Sn = 2.12%
]
G 7
| /""retlculate ice veining
| / C15
= 3.
& 2¢72.8 i0 % sn 33%
11 _A R . From cuttings
sM f|:|:|{ SAMD fine to medium, silty, dense, grey| Xbn
488 PLATE Al




HARDY ASSOCIATES (1978) LTD.
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BOREHOLE NO.
GEQTECHNICAL  DIVISION ILLISARVIK WINTER DRILLING PROGRAM HAB3-D1
LOGGED BY:  co/me DRAWN BY: CHECKED: 14 DATE: . yarch, 1983
RIG: CME 750 ME THQD: Tricone/CRREL START: 1800 hrs. March 1¢ JFINISH: 1900 hrs. March 14
PROJECT NO.. CGI0065 TERRAIN TYPE: £1d LOCATION: UTM 5116C0E  7705100N
= =T
W-o W-o W e R " 2l12]zla
w| = o a w|=E olw
o> > Q| >|®|E|Z
3ql 2o |2 R
alx L z OTHER
BULK DENSITY (kg/m”)®! £ T W > w
S § @ 8 |z|olE o o|g g n; 5
A Elall E > a
FMOISTURE CONTENT % | w Slo z W g E E
20 40 60 80 Qila v Clnlw]|wv
o SAND fine to medium, silty, dense, Nbn
grey
12 y
2]
14
y ]
5] f ]
p 16 ]
4 HHE e
ARE ;::::}cm] sn = 1.24%
r——- occasional silt laminations 4
17 4
18 13 ] ]
d
19 ok J
20 :EE--- occasional silt layers, to 15mm ::‘_E:. 4
e =l sn = 1.77% ]
o » :
21 : .
dt :
22 it i
PLATE _a2




HARDY ASSOCIATES (1978) LTD.
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BOREHOLE NO.
GEOTECHNICAL  DIVISION ILLISARVIK WINTER DRILLING PROGRAM HAB3-D1
LOGGED BY: gp/mu DRAWN BY: »x CHECKED: 13 DATE: March, 1983
RIG: CME 750 METHOD: Tricone/CRREL START: 1800 hrs. March 10} FiN|SH® 1900 hrs. March 14
PROJECT NO.. CGIO065 TERRAIN TYPE: fad LOCATION: UTM 511600E 7705100N
- =T
wlp’B W-O WL-& - 8 L] w 8 g Z|l oo
w|Z(9 a w|E Olw
B > O|>|B | Z
I R
BULK DENSITY (kg/m”)®| E T w [ Z2>{&iw OTHER
s g 8 g |- § & DESCRIPTION ¢ g|Z|-|S|e INFORMATION
& 8 @ 8 |z|¢8 EAREIEE
- Eia|o x S| a
[MoiSTURE CONTENT % | i |5 | 3 z w232
20 40 60 80 |9 & & ola | &S
23 :" EENEE
SM: SAND fine to medium, silty, dense,
3 grey +
24 Non
e 25 ol Ssand Silt Clay
: Llels 78% 16% 6%
: Sn = 2.99%
26 ]
27 .
28 4
29 -
30 t
o ® F-- occasional silt laminations sn = 3.25% b
e e )
31 .
32 J
33 .
34 §
PLATE _az




HARDY ASSOCIATES (1978) LTD.

BOREHOLE

LOG

CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES BOREHOLE NO.
GEOTECHNICAL  DIVISION ILLISARVIK WINTER DRILLING PROGRAM HAB3-DL
LOGGED BY: gp/me DRAWN BY: AK CHECKED: DATE: march, 1983

RIG: ¢ME 750

METHOD: rricone/CRREL

START: 1800 hrs. March 10

FINISH: 19500 hrs. March 14

PROJECT NO.. CGI0065 TERRAIN TYPE: fad LOCATION: UTM 511600E 7705100W
] = E
W-o W-0 Wl 1R|e N 822c
- 1= a wl|= 9 w
o[>}~ > O | >x|B||Z
MHHE A HEE
BULK DENSITY (kg/m ) @] £ | S| T w L|C(®1Z|0 OTHER
oo oo |=|31% DESCRIPTION © | F|+|8|e INFORMATION
o © © o x|o 2| |
o < ] ] IT|lo|p v i g 5_’ Wt d
J - Eilala a >|¢ a
MOISTURE CONTENT % |w |5 |5 z w E = E
20 40 60 80 Qiplv Ol I &
sME[if}]] sSAND fine to medium, silty, dense, RRR
35 grey |
o) r. .- silt laminations, horizontal Sn = 8.72%
|-- organic layer (4mm) Nbn
36 J
a7
s )
39 s ]
40 : 4
41
Rk
42 ]
43 i
44 J
45 4

PLATE _2a4




BOREHOLE LOG

HARDY ASSOCIATES (1978) LTD.

CONSULTING ENGINEERING & PROFESSIONAL SERVICES BOREHOLE NO.
GEOTECHNICAL  DIVISION ILLISARVIK WINTER DRILLING PROGRAM HAB3-D1
LOGGED BY: cp/wm DRAWN BY: ;. CHECKED: 14 DATE: parch, 1083
RIG: CME 750 METHOD: Tricone/CRREL START: 1800 nrs. March 10 [FINISH® 1900 hrs. March 14
PROJECT NOQ.- CGI0065 TERRAIN TYPE: fng LOCATION: UTM 511600E 77051008
] b
- -0 -a Olo
Wo-o W WL - % b w oiz151
w > a w| 2 =z
L5 T AAMIEE
3.0 Bla |2 R P A EIE
I w = = OTHER
BULK DENSITY Ko/ %1 E 13 |2 DESCRIPTION © Z|TIF|S|E INFORMATION
S ¢ 8 8 |=|85 o @ISy Y
- = = = E 2o x > 9:;, T d i
MOISTURE CONTENT % | w o3 z w 3 3 E
20 40 60 80 Qla|w Slunivlw
461 5n . SAND fine to medium, silty, dense, Nbn
R grey e .
a7 ]
48
i
49 3 p
50 | .- occasional peat layers, and silt ::::: J
& b 4 HN laminations ::": 5n = 7.31%
ez J
il & 7. CLAY silty, medium, plastic, trace T 0% i
51 [gp P \ fine sand, grey, some reticwlate ice Nb o -
SAND fine to medium, grey-brown, N St
some silty interbeds, to 40mm, and j::::: .
organic inclusions
52 o
53 .
54 .
55 J
56 -
57 4
3 PLATE a5




HARDY ASSOCIATES (1978) LID.

BOREHOLE

LOG

CONSULTING ENGINEERING & PROFESSIONAL SERVICES
GEQTECHNICAL

ILLISARVIK WINTER DRILLING PROGRAM HAB3-DL

BOREHOLE NO.

LOGGED BY: GD/MM

DRAWN BY:

IJ

DATE: March, 1983

FINISH® 1900 hrs. March 14

RIG: Mg 750 Tricone/CRREL START: 1800 hrs. March 10
PROJECT NO.. CGI0065 | TerrRAIN TYPE: o4 LOCATION: U™ 511600E 7705100N
] g1 .
wp-m W-0 WL"E*ﬂ8o N ngo
e |Z19 o Wi=E olw
o> - > O|>|d|E|Z
30| 2la |2 REE
BULK DENSITY (kg/m~)®| E I w L5 IZ| L OTHER
pe S R DESCRIPTION Q@ g T8 INFORMATION
o] O Q (@) v o Slw|wlw
o rANTE M- Eiola x >|© L|g
[MOISTURE CONTENT% | w (513 z w{Z 2|2
20 40 60 80 Q& |6 ols | & &

wn
o

SAND fine to medium, grey-brown, some | ypn
silt interbeds and organic inclusions

faint foreset bedding

]2z

Sand Silt Clay
93% 6.5% 0.5% k

Sn = 1,93%
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HARDY ASSOCIATES (1978) LTD.

BOREHOLE

LOG

CONSULTING ENGINEERING & PROFESSIONAL SERVICES
GEOTECHNICAL

BOREHOLE NO.

DIVISION ILLISARVIK WINTER DRILLING PROGRAM HAS3-DL

LOGGED BY: Gb/MM

DRAWN BY: AK

CHECKED: 13

DATE: March, 1983

RIG: CME 750G METHOD: Tricone/CRREL START: 1800 hrs. March 10 JFINISH 1900 hrs. March 14
PROJECT NO.. CGIQO6S TERRAIN TYPE: fad LOCATION: UTM 511600E 7705100N
_ = .
- - - (@]
WDBWaw‘-ﬁ‘-\80 w m%go
wiZ |9 a w|=E 1w
L% A HAMEE
I R HEEE
alx w = z OTHER
BULK DENSITY (kg/m~}®| £ - > w
e R DESCRIPTION Q g|F|-|S|c INFORMATION
e 6 © 9 o Ala|lw|wlw
a4 ¢ © @ Tlwlo O Zle il F
IMOISTURE CONTENT % | w oo z w|g 5 E
20 40 60 80 Qila|v CQln|w|n
69|sp |.'.r] SaND fine to medium, grey-brown, some .,
" silt interbeds and organic inclusions
o _SILT—and CLAY trace fine sand, brown-
70 oL | grey, low to medium plastic, wood
o ', fragments to 5mm¢, organic
-lmm ice lens 5n = 15.76%
ic R ) Sand  Silt  Clay
n 3% 72% 258
— ? ? From drilling
SM SAND
72
73
74
75
76
S
79 ey
b

Bottom of Hole at 80.0m

Slmm PVC pipe, filled with-diesel,
instalied to 50.0m

Thermistor cahle installed to €%.0m
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HARDY ASSOCIATES (1978) LTD.
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BOREHOLE NO.
GEOTECHNICAL ~ DIVISION ILLISARVIK WINTER DRILLING PROGRAM HAB3 D2
LOGGED BY: gp/mm DRAWN BY: .. CHECKED: 14 DATE: warcn, 1983
RIG:  cME 750 METHOD: Tricone/CRREL START: 0300 hrs. March 15 |FINISH 0800 hrs. March 17
PROJECT NO.- CGIO0G65 TERRAIN TYPE: aMv/Md-K LOCATION: UTM 3516200E  7708300N
= =1 .
Clo
- - - A
=12 > O|Xx|B|E[Z
$in|g " 8 H"J g & OTHER
3 2la | w 2
BULK DENSITY (kg/m~}®| E |5 g DESCRIPTION O 2T & S w INFORMATION
0 o @ o Cla = 3|
© O © o T (o ol <lw|w|w
N O W OO Tlo|o o T\l o
MOISTURE CONTENT % | w olo z Wi g | gla
20 40 60 80 Oleg|n Clw |dlwu
Pt ',\?“; PEAT fibrous, brown, occasional ice
OL P\}, :‘"‘. lenses, to Smm vr 10% Sn = 0.86%
i “-some organic silt i cl rSand Silt Clay A
L L14.9 VL[| SILT trace clay, non plastic, little Haseite els 923
A © 1 // \_fine sand, trace fine gravel, grey c2 Sn = 1.40% J
cL / CLAY some silt, low plastic, little Vs sand  Siit  Clay
1 an
/ fine sand, brown 10-30% 3 51% 355 353 i
o ° / SILT wvery sandyv, little clay, non Sn o= 1.94%
/ plastic, some rootlets.and peat
2 ba iaclusione, brown - . ca4 1
o |@ ML ‘ vx 10% Sn o= 3.13%
ICE ICE <
1738.4 @ ICE + SILT trace fine sand and gravel, ICE c5 Sn = 0.53%
1° 3 ML brown + ML )
ML SILT sandy, little clay, non plastic, o2} G = 2.B0%
Q. occasional rootlets, shell fragments, r 10% i
1
\ --,‘grey . i ) Sand Silt Clay
Ha \ 4 ~-occasional sand layers, fine to medium c7 44% 184 18% )
BES ‘Q |l .. ice lens, 50mm thick o Sn = 1.22%
. 15-20% Sn = 2.54% 1
é,) SM SAND fine to medium, silty, non plastic] Nbn
5 I brown, faint foreset bedding b
‘-30mm silty clay lens
6 <
7' -- ice in cuttings indicate ice-rich -
zone
8 -
9 J
10 E—-- occasional random ice lenses {lmm-Zmm Sand  Silt Clay T
] and silt laminations 70.7% 23% 6.5%
] Sn = 6.29% 1
o, L] Hx
11 | ]
ik PLATE A2




BOREHOLE LOG

HARDY ASSOCIATES (1978) LTD.

CONSULTING ENGINEERING & PROFESSIONAL SERVICES BOREHOLE NO.
GEOTECHNICAL  DIVISION ILLISARVIK WINTER DRILLING PROGRAM A3-02
LOGGED BY: gp/mm DRAWN BY: AK CHECKED: 15 DATE: mMarch, 1983
RIG: CME 750 METHOQD: Tricone/CRREL START: 9300 hrs. March 15 JFINISH: ©BOO hrs. March 17
PROJECT NO.. CGI0065 TERRAIN TYPE: amv/Ma-E LOCATION: UTM 516200E 7708300N
| - ,
wee w-o w-a| (8l N 2lglzlo
el =] o wl= c|lw
o> |- > O|>|B|E|Z
Se| £l |% - laolg|g|E .
BULK DENSITY (kg/m~)®| £ T w =5 w OTHER
oo o e |=|3i% DESCRIPTION @ g|ZI|r|S|&| INFORMATION
6 6 o o x o 2l lw|w|w
LY - ERECR U] o Vigp 5 g
N o3 B 2 ElolD x >|¢ a
MOISTURE CONTENT % | w Sla z w E = 42'[
20 40 60 80 (O|wl® ClalSle
smbF[] saNpD fine to medium, sitly, non Nbn e
12 11 rplastic, brown h
13 it ]
14 ]
15 ! )
16 |
17|l ;
18 | H 1
L
19 .
5 e 0 |suf[[ff Fime. very silty Sand  Silt Clay
p040.17 1HE N P 66% 2B% 6%
& L Sn = 7.99% 4
CL / ICE + CLAY ICE
21 / + Sn = 14.99% i
% CL
22 —_ 4
SME SAND fine to medium, silty, brown Nbn
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LOGGED BY: cp/mM

RIG: CME 750

BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD.
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BOREHOLE NO.
GEQOTECHNICAL ILLISARVIK WINTER DRILLING PROGRAM HAB3-D2
DRAWN BY: CHECKED: March, 1983
METHOD: Tricone/CRREL START: © 0800 hrs. March 17

PROJECT NO.. CGI10065 TERRAIN TYPE: aMv/Ma-K 516200E 77083008
.| |
WD- e WwW-0 wL'A = 8 o w 8 2 Z|a
e | =9 o wi|= Clw
A > g| =0 |ElZ
BULK DENSITY (kg/m>)® E % LEJ : e g % E OTHER
o o o o |Tl2l% DESCRIPTION v glZIF|S| INFORMATION
S § 28 8 |55 o B8 ﬁ Wiy
- - = = i x > | z|&
IMoiSTURE CONTENT% [ Wi |5 |5 z MEIEIE
20 40 60 80 [C|a|d Olunld|a
su bt sanp  fine to medium, silty, brown Nbn |
24
25
26
27 -
28 o
29 .
30 ,
o ® Sn = 1.18%
31 p
32 p
33 -
34 -
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BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD.
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BOREHOLE NO.
GEOTECHNICAL  DIVISION ILLISARVIK WINTER DRILLING PROGRAM HAS3-D2
LOGGED BY: o&D/MM DRAWN BY: ax CHECKED: 12 DATE: March, 1983
RIG: cme 750 METHOD! Tricone/CREEL START: 0300 hrs. March 15 |JFINISH' 0800 hrs. March 17
PROJECT NO.. CGIDO065 TERRAIN TYPE: auv/Ma-K LOCATION: UTM 516200E 7708300N
] = .
- - - [=]
N N MEHBE
HE > o|>[®|ElZ
WHHE R HHEEE
a | ¥ w = = OTHER
™ > w
BULK DENSITY (kg/m™I®| E{ 3 |a DESCRIPTION Q T|I|F|8|& INFORMATION
o & 9o o9 T e Alelw|lwiw
N ¢ O @ I lo|gs O x| & o
IMOISTURE CONTENT % | w |5 |3 z " |u|Z(2|2
20 40 60 B8O Qln|a g wlwv|wn
a5 | SME SAND fine to medium, silty, brown Nbn |
36 .
37
38 .
39 .
40 J
P {oap @ Sn = 1.14%
T oLz 1
J:F-- 50mm silt layer, brown
41 P13~ 5mm organic laver :Z-‘: 1
o 4
42 J
43 .
44 -
45 .
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HARDY ASSOCIATES (1978) LTD.

BOREHOLE

LOG

CONSULTING ENGINEERING & PROFESSIONAL SERVICES
GECTECHNICAL

DIVISION

ILLISARVIK WINTER DRILLING PROGRAM

BOREHOLE NO.
HAB3-D2

LOGGED BY: gp/mM DRAWN BY: ¢ CHECKED: 140 DATE: March, 1983
RIG: CME 750 METHOD: Tricone/CRREL START: 0300 hrs. March 15 JFIN|SH: 0800 hrs. March 17
PROJECT NO.. CGI0065 TERRAIN TYPE: amv/Md-R LOC{"“OW UIM. 5162005  2708300N
.} .
W-o W-0 w-el |Ble w 2|12lz|a
w29 o wl= Olw
S =
o> > VI >X|BIE|Z
MHAE EEE
BULK DENSITY (kg/m1e| E|S | T w L [2IEIZ2lHE OTHER
L J o - é % DESCRIPTION O g E 18| x INFORMATION
T Elo(o x> o z|d
MOISTURE CONTENT % | w oo z w § = ‘E(
20 40 60 80 |O|a & Cluld|o
smtll:]1 SaND fine to medium, silty, brown ]
47 . .
a8 :
49
50 ' 1
Sand Fines
[ 97% 3%
o ° Sn = 8.46%
51 |sP-frr¥-- fine, very clean, grey 1
JHHE
E: ] Remainder of hole 7
logged from cuttings
52 b -
HHEE
53 b .
54 4
55 4
56 T
57 T
PLATE _aLz___




BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD.
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BOREHOLE NO.
GEOTECHNICAL  DIVISION ILLISARVIK WINTER DRILLING PROGRAM HAB3-D2

LOGGED BY: co/MM DRAWN BY: pp CHECKED: 15 DATE: March, 1983
RIG: CME 750 METHOD: Tricene/CRREL START: 0300 hrs. March 15 [FINiSH: 080C hrs. March 17
PROJECT NO.- CGIO0G5 TERRAIN TYPE: amv/Md-K LOCATION: UTM 516200E 7708300N
| P | .
LA W- 0 wl_-Aﬂgu " 8%213
w | = o a w| = olw
&> > O >[BIE|Z
e AHEEHE
BULK DENSITY (kg/m~)®| E I w L 2>15|w OTHER
o e R =13 1% DESCRIPTION © | Xl |8|x INFORMATION
c & © o x| D o |||
N ¢ © 9 © Tlojs o Y| ]
loiSTURE CONTENT Elaja e S|le|E|g|E
MOISTURE CONTENT % | w olo 2z w E = E
20 40 60 80 Sl |d Ola |Gl &
suf||'i} SAND (cont'd) F logged from cuttings
58 FEE .
59 J
o | I
61 it ]
62 ]
63 J
64 J
RHE -
65 - J
66 [ J
! 4
67 .
68 .

PLATE L3




BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD.
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BOREHOLE NO.
GEOTECHNICAL  DIVISION ILLISARVIK WINTER DRILLING PROGRAM HAS3-D2
LOGGED BY: op/mM DRAWN BY: ¢ CHECKED: 13 DATE: March, 1983
RiG: CME 750 METHOD: Tricone/CRREL START: ©300 hrs. March 15 )F|NISH: 0800 hrs. March 17
PROJECT NO.. CGlO0865 TERRAIN TYPE: dwmv/Md-K LOCATION: uTM 516200E 7708300N
| - | R
wore w-o el (8 EBRE
w29 o wl= Ofw
&> |- > O|l-i®|lZ
NERE amHEAEE
BULK DENSITY (kg/m>1®| € |5 | T w |28l OTHER
L o VS IS8 1Y DESCRIPTION © g|F|-iS| INFORMATION
o 6 © o x| 2l w|wiw
N ¢ © o Tlole o Y| x 27 &
. - Elolo x > |
FMOISTURE CONTENT % | w ala 2 W § = z
20 40 60 B0 [O|al® Olo|&la
SM SAND {cont'd) F Logged from cuttings |
70 1
71 ]
72 i .
|
73 |
74 ] 1
] 0 ]
e
75 ;‘;‘\: ]
3 ek
76 eh i
:'\"_\
77 .
78 ] ]
79 J
80 ]
PLATE _Al4d




BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD.
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BOREHOLE NO.
GEOTECHNICAL  DIVISION ILLISARVIK WINTER DRILLING PROGRAM HAS3-D2
LOGGED BY: gp/mm DRAWN BY: ¢ CHECKED: 17 DATE:  march, 1983
RIG: ¢ME 750 METHOD: Tricone/CRREL START: 0300 hrs. March 15{FINISH: 0800 hrs. March 17
PROJECT NO.- CGI0065 TERRAIN TYPE: dawv/mMd- X LOCATION: UTM 516200E 7708300N
] a7 .
Wooe W-o W mel 1Ble w 8/2|z|o
@ | = o a w| = Oluw
o> » O|>|B||=Z
el 213 |3 AHEEE
BULK DENSITY (kg/m~}®| E I w L |2|F|5|lw OTHER
oo o Ve =3 % DESCRIPTION © g|F|F|8|a INFORMATION
5 & ©°o o r|e 2l ww|w
8 € 0 @ T |ole o ¥l ?gld
- ! r >|¢ @
IMOISTURE CONTENT % | w Slo z w z = 3
20 40 60 80 |(O|&|® Fgwgm
8l | sM SAND (cont'd) F Logged from cuttings
82 ]
83
i
84 : -
ﬁ
85 ] ]
|
86 H: .
87 ]
88 4
89 -
20 iE 1
g1 ' i
PLATE 15




HARDY ASSOCIATES (1978) LTD.

BOREHOLE

LOG

CONSULTING ENGINEERING & PROFESSIONAL SERVICES BOREHOLE NO.
GEOTECHNICAL  DIVISION ILLISARVIK WINTER DRILLING PROGRAM HA83-D2
LOGGED BY: gp/mu DRAWN BY: . CHECKED: 17 DATE: March, 1983
RIG: cME 750 METHOD: fricone/CRREL START: 0300 hrs. March 15 |FINISH' osoo ppo, mapen 17
PROJECT NO.. CGIO0D65 TERRAIN TYPE: 4my/Md-k LOCATION: yrtM 516200E 7708300N
] = .
Wy-o W-o we-el |Be W ggzo
w | = 3 a wl|E olw
o> > L|(>IB || Z
MERE AEHE
o o z OTHER
BULK DENSITY (kg/m~)®| £ T W, > w
K DENSITY (ko/m™)®1 E13 1 DESCRIPTION e g|F|F|38|e INFORMATION
S © 9 o9 xla FlL|lwliwlw
N ¢ © ® T 1Oio o 2|l Jdl g
a = = Elall x > a
IMOISTURE CONTENT % i |5 135 z wiZ(2|2
20 40 60 80 Ol alwv Olw|v|w
gmkb SAND (cont'd} F Logged from cuttings
93
a5
Bottom of Hole at 95.4m
96 50mm PVC pipe installed to 70m
Thermistor cable installed tc 91.5m
97
98
99
100
PLATE s




m HARDY ASSOCIATES (1978) LTD.

BOREHOLE

LLOG

<)

CONSULTING ENGINEERING & PROFESSIONAL SERVICES
GEOTECHNICAL

DIVISION

ILLISARVIK WINTER DRILL ING PROGRAM

BOREHOLE NO.
HA83-M1

LOGGED BY: mm DRAWN BY:  ax CHECKED: 1J DATE: March, 1983
RIG: cME 750 METHOD: ayger/cRREL START: 0200 hrs. March 18 |FINISH: 0720 hrs. March 18
g
PROJECT NO.. CGIOOES TERRAIN TYPE: amv/mMd LOCATION: UTM 512800E  771352N
1 ") e
W -2 W-0 W -a olet=
P L - % 8 & w g Zie 8
o> > Q=B E|Z
M R EIHE
a Qo z OTHER
ULK DENSITY (kg/m”)®| E T wo > w
B e ol o) <3 |% DESCRIPTION Q ||k S| INFORMATION
e} (o] Q [ <
R ¢ & 8 Ew% 3§%¥§§
-
MOISTURE CONTENT % | i |5 |3 z " |w|Z|E]2
20 40 60 80 O iHhin Zlnin|lu
g or |'|] SILT organig, rootlets, brown vr 15% o1 Sn = 0.93%
Q ML, SILT some fine sand, occasional peat VI 20% gn = 1.11% 1
ML \ layers and ice lenses to 10mm /
1
ICE + SILT ICE
+ -
2
3 — —— — e e —— — — From cuttings i
CL / CLAY (Till) silty, sandy, low plastic,
/ trace fine grawvel, grey-brown h
4 ? i
% rSn = 1,96%
5 / | Sand 5ilt Clay -
/ 30% 47% 23%
S g 9 / Vr 20% c2 Sn = 3.05%e -
© e
7 % —_— — = From cuttings |
SM SAND fine to medium, trace to some Nbn
. silt, dense, brown, occasional ice -1
veinlets (to 3mm)
8 -
9 .
10 -4
Sn = 1.24%
o ™
11 -

PLATE Al7Y



/\ HARDY ASSOCIATES (1978) LTD.
CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES BOREHOLE NO.
GEOTECHNICAL  DIVISION ILLISARVIK WINTER DRILLING PROGRAM HABI-ML
LOGGED BY: MM DRAWN BY: AK CHECKED: & DATE: March, 1983
RIG: cmE 750 METHOD: nuger/CRREL START:0200 hrs. March 18 [JFINISH® 0720 hrs, march 18
PROJECT NO.- CGIDOD65 TERRAIN TYPE: amv/Ma LOCATION: UTM 512800E 771352N
] Y
- - -a =1
Wpoo W W ~|8l¢ w 2(z(3|2
w|= 3 a W= ©uw
v > > Qs |BE|Z
3 .E Z 3 " o B"l ‘e— 'S OTHER
K DENSITY (kg/m~)® I w L |L|5% Y
BULE DERSITT X/ 11 E13 |2 DESCRIPTION 2 g|Z|F[8{®| INFORMATION
o © o°o & xr|g 2 g iw|w|w
N § © © IO o 2|4
e - Elo(2 x > |06 g
[MOISTURE CONTENT % | w |5 |5 z wiEl21Z
20 40 60 80 [2i1G]|a IG5 | &S
sml:li:] sanp  fime to medium, trace to some e
R Nbn
silt, brown
12
13
14
15 :Eé“‘fine to medium, some silt lenses, Sand Silt Clay
dense, brown S 83% 12.5% 4.5%
& e Sn = 3.26%
16
17
18
19
ICE with trace of silty sand
20
q Sn = 0.58%
6. B SAND fine to medium, some silt, grey, _
dense, occasional ice veins { ICE + Sn = 3.50%
o » a1 from 20.55 to 20.65m)
Bottom of Hole at 21.0m
22

PLATE AlS8




HARDY ASSOCIATES (1978) LTD.

BOREHOLE

LOG

CONSULTING ENGINEERING & PROFESSIONAL SERVICES BOREHOLE NO.
GEOTECHNICAL  DIVISION ILLISARVIK WINTER DRILLING PROGRAM HAB3-M2
LOGGED BY: MM DRAWN BY: AKX CHECKED: 17 DATE: March, 1983
RIG: c©ME 750 METHOD: auger/CRREL §TART: 2115 hrs. March 18 JFINISH® 2330 hrs. March 18
PROJECT NO.. CGI10065 TERRAIN TYPE: Mp LOCATION: UTM 513704E  7703750N
)t .
- - - A o
WPBWGWL "%8 gw§zgﬁ
sl5ls EIHEHEE
a2 RAIIHE THER
3| E|SIT w ylol|>|&|lw OTH
BULK DENSITY (ka/m™)®| £\ 312 DESCRIPTION O I|F|F|8|x|  INFORMATION
o & o © x| AlEjwlwiw
N T 0w @ Tle|o o 2|7
MOISTURE CONTENT % |w (5 | & z wig|gla
20 40 60 B0 O | g{lo Olw|wn|w
=/ L] o
o, @ - e .
ML SILT trace clay, non to low plastic, vs 10% ! _
| | occasional fine to medium sand lenses, Sn = 1.47%
| b N grey Sn = 2.32%
\- --¢layey, medium to high plastic,
o oh-17 trace fine gravel, to 1l0mm¢ Sn = 4.9%
2
3
_ o —_— From cuttings
CcI / CLAY (Till) silty, medium plastic, some
4 sand, trace gravel, grey, occasional
ice wveins, to 5-7mm
o) S Nbn 5n = 4,02%
sand S5ilt Clay
30% 48% 22%
> : Sn = 3.00%
6 :
7 —_— ———— . — —— : From cuttings
SAND fine to medium, some silt, trace
clay, dense, grey, cccasional ice
veins tc 4mm
]
- Nbn
9
10
sl 3 Sn = 1.05%
0 HAE N sn = 1.39
['o] ® BHE /SILT clayey, low plastic, trace fine L b
ML, sand, grey Vs 10%
I Bottom of Hole at 10.9m

PLATE A19




BOREHOLE LOG
HARDY ASSOCIATES (1978) LTD.
CONSULTING ENGINEERING & PROFESSIONAL SERVICES BOREHOLE NO.
GEOTECHNICAL DIVISION ILLISARVIK WINTER DRILLING PROGRAM
HAB3-M2A
LOGGED BY: M |orawn BY:  ax CHECKED: 13 DATE: March, 1983
RIG: cME 750 METHOD: auger/CRREL START: 2345 hrs. March 18 |FINISH: 0230 hrs. March 19
PROJECT NO.. CGI0O06&5 TERRAIN TYPE: LOCATION: UTM S13740E 7703750W
- .
- J
Wpno Wro W me 18l w 82|38
»| = o wilx 2y
o> > O|Z(B|EIZ
gl Blal2 A EE OTHER
[ I w 19| w
BULK DENSITY /1% E 13 |5 DESCRIPTION @ q|T|-|8e INFORMATION
8 8 & 8 T Ala|w|wiw
a ¥ v o E LU o 21| |y o
- o
[MOISTURE CONTENT % | i | 5 |3 z T lu|%|2|2
20 40 60 80 Oiqa|n Qlun|lnlwn
[ 2 ﬁ
. -‘.E"
Y IcE ICE R
| 2 iy
2 | B3 =
1 WATER
== Sand 8ilt Clay
Bl 12%  79.3% 8.5%
3 M, SILT trace sand and clay, low plastic, X _ . 1
soft, dark grey, wet uE Sn = 2.61%
4 ]
L — - i
el é CLAY (Till) silty, medium plastic,
o] 5 % little sand, occasional coal particles B2 Sn = 22.11% 1
% firm, brown, moist
6 é ;
7 é |
SM E:E SAND fine to medium, silty, dense,
8 4K grey .
9 iE i
'.. Nbn
- (: sand  Silt Clay
o) e'0| K 63y 27% 5% 1
el Sn = 1.42% J
i Bottom of Hole at l0.6m J

PLATE AZ0



/\ HARDY ASSOCIATES (1978) LTD.
CONSULTING ENGINEERING & PROFESSIONAL SERVICES OREHOLE NO.
U GEOTECHN|CAL D|V|S|0N lLLlSARV'K wlNTER DR'LL'NG PROGRAM BHA83—M4
LOGGED BY: D DRAWN BY: AK CHECKED: 13 DATE:  march 1983
RIG: o 750 METHOD:  auqc START: 1210 hrs March 18] FINISH' 1635 nrs. march 18
PROJECT NO.. CGIOO56 TERRAIN TYPE: LOCATION: UTM 519500E 7707000N
o ]
wp—m W-0 wL-aASQ w 822‘3
w | = 53 a wl= Cluw
v | > > O|x|e|lelZ
3.0 © o |2 " o|]2]|E OTHER
BULK DENSITY (kg/m>”)®] £ T w S|F> w
pei A N EIE DESCRIPTION v |E|F|8|e INFORMATION
& & O o @ o D0y | ww
§ 3 e & |E|o|o ¢ S18|d|&|d
>
MOISTURE CONTENT % { 1y | 5 | 5 z WwiZ|Z|Z
20 40 60 80 [|O]|a|6 Sini&la
o
¢ ICE gg%
23
ICE w
) b
EZ2] wATER =
2| B3 ==
3 f .
! = ]
= =
5 oo = i
o E= = ]
B = -
= =
= == )
u| B3 == 4
% WATER =
ML, SILT organic, trace to some clay, Sand silt Clay
At 12| & black, very soft uF - 0.5% B2.5% 17% 4
€n = 10.0L%
13 .

PLATE A2l




HARDY ASSOCIATES (1978) LTD.
| CONSULTING ENGINEERING & PROFESSIONAL SERVICES BOREHOLE NO.
GEOTECHNICAL  DIVISION ILLISARVIK WINTER DRILL.ING PROGRAM N
LOGGED BY: &P DRAWN BY: AK CHECKED: 17 DATE: March, 1983
RIG: ¢me 750 METHOD: auger START: 1210 hrs. March 18 JFINISH! 1635 hrs. March 18
PROJECT NO.. CGI0056 TERRAIN TYPE: LOCATION: UTM 5195008 7707000N
wd 2 .
wome Woo woel (Blg MREEIEE
w | = Q o WwWis =
o> > Qs (B2
3 .:-; o |2 " 8 &l z s THER
alTx &) Z fs)
. I W > W
BULK DENSITY (ka/m™)®) E1 3 12 DESCRIPTION © I|Z|E|S|&| INFORMATION
& © 2 © T |a 212w lw|w
N © @ §L’>o E;gnﬂaﬂg
IMOISTURE CONTENT% | i | 5 |3 z T lW|Z| 2|2
20 40 60 80 2iplo “lwnlbln
ML SILT orcanic, trace to some clay,
oL black, very scft UF J
14
15 | -- clayey, trace fine sand, high
MH plastic, dark grey, soft Sand 5ilt Clay
o S B2 1.5% 63.5% 30%
5n = 3.34%
16 J
17 4
18 -
12 .
20 .
21 J
|~ / -- clavey, ;:ndy, low plastic, dark sand silt Clay b
oL / grey. so 18% 62% 20%
22 Al
e / Sn = 3.01%
Bottom of Hole at 22.6m i
PLATE A22



HARDY ASSOCIATES (1978) LTD.
CONSULTING ENGINEFRING & PROFESSIONAL SERVICES BOREHOLE NO.
GEOTECHNICAL  DIVISION ILLISARVIK WINTER DRILLING PROGRAM HAC3-MS
LOGGED BY: GD/MM lDRA‘WN BY: AK CHECKED: 1o DATE: March, 1983
RIG:  cme 750 METHOD: ayger/cRREL START: 1800 hrs. March 17 JFINISH 3330 hrs. March 17
PROJECT NO.. CGIO0B5 TERRAIN TYPE: fMp ’ LOCATION: UTM S515850E 7707200N
] 1 .
- - - A [o]
Wo-o W-0 W . % © W 222 o
¢nla IHHEE
3ol £33 w L lo|E2IE THER
SITY (kg/ ® I w 41 =|> = M 0
BULK DENSITY ka/m™® E13 |2 DESCRIPTION e g|E|-|8|a INFORMATION
& © ©O o e Al w wlw
N ¢ © @ E ©lo o 2le|diglg
[MOISTURE CONTENT % | i |5 |3 z " |ulZ|Z %
20 40 60 80 Oiqald =jln|ln|wv
1CE 1CE @
. .'_.:_.’\ SAND fine to medium, trace clay, = ]
4 \ brown, horizontally laminated Nbn {7 Sn = 3.21%
o L ‘-~ 20mm thick organic lens
2 e
3 4
4 i 1
e ]
° F-— fine, trace to some cla E Sand  Silt Clay
N ° . ¥ o] o2 84.5% 3.5% 12%
) t Sn = 3.41% 4
. - ]
7 p
8 4
s -
10 _
9 . Sn = 3.32%
‘é‘}d"‘ .__”" trace to little silt, with occasional h
silt layers to 10mm
11 -1

PLATE A23



HARDY ASSOCIATES (1978) LTD.

BOREHOLE

LOG

CONSULTING ENGINEERING & PROFESSIONAL SERVICES
GEOTECHNICAL  DIVISION

{LLISARVIK WINTER DRILLING PROGRAM

BOREHOLE NO.
HAB3-MB

lorawN BY: ax

LOGGED BY: GD/MM CHECKED: 1J DATE: March, 1983
RIG: cmE 750 METHOD: auger/crRREL START: 1800 hrs. March 17 JFINISH® 2330 hrs. March 17
PROJECT NO.- CGID0D6S TERRAIN TYPE: LOCATION:  uTM 515850E 7707996N
| | .
W -8 W-0 W -2 o0
p L -~ % 3 w |21% sl
o>l > o|E|s|E|Z
MEIME R EEE
| w = = OTHER
BULK DENSITY (kg/m~)®| E - > ]
o o oo [=|3|% DESCRIPTION © g|I|-|S|e INFORMATION
o ©O o [
N g © 2 z|6|5 o 2|3 ﬁ ;f‘ o
iy ~ . E|alD & >|G
MOISTURE CONTENT % | b |5 |5 z w Z 2|3
20 40 60 80 Oflple =lwnlnln
7 Caa .
s5C / SAND fine to medium, trace to little Nbn
silt, with occasional silt layers to b
10mm
CI :; CLAY silty, medium plastic, trace fine
/ sand, grey ]
/ fSand  Silt  Clay
3 : X 1i2% 65.5% 22.5% o
afen 15 E"..—.é"’SAND fine to medium, trace silt, ™ 1 cq Fion = 13.39%0
Q o [//f \ dense. grey s Sn = 11.39% )
: CLAY silty, low plastic, occasionalfj5-20s Sn = 9.62%
16 | cL ice lenses to 10mm, coccasional silt ]
lavers, grey
SM HRE SAND fine to medium, silty, dense, :'_::‘_: -
grey Nbn i
17 ] 1
18 |
19 e 1
20 1
MK SR Sn = 5.45%
Jd::F-- 20mm thick silt lens el]cs ‘ i
b & :
21 Bottom of Hole at 20.8m T
22 N

PLATE A24



APPENDIX "B"

LABORATORY TEST RESULTS



HARDY ASSOCIATES (1978) LTD.

CONSULTING ENGINEERING & PROFESSIONAL  SERVICES

TABLE |

SUMMARY OF LABORATORY TEST RESULTS
BOREHOLE HA83-DI

SHEET 1 OF 3
SAMPLE DATA CLASSIFICATION TESTS OTHER TESTS
ATTERBERG LIMITS TEXTURE (%)
SAMPLE DEPTH | MODIFIED SOIL DESCRIPTION MOISTURE LiQuiD PLASTIC PLASTICITY | SAND SILT CLAY BULK PORE COMMENTS
N2 {m} usc CONTENT (WL} {WP) INDEX DENSITY WATER
{%]) (1P} (kg/m3) |SALINITY
(%oe)
C18 0.35-0.5 | ML-0L SILT trace fine sand, 98.9 0.96
low plastic, abundant
organics, grey-black
C28 0.7-1.0 [ ML-OL SILT trace fine sand, 137. 9 N/P N/P N/P 1199.2 1.19
non plastic, abundant
organics grey
c4 2.15-2,3 1 ML SILT tvace fine sand 55.1 0.86
and organics, laminated,
grey
3.26-3.4 | ML SILT trace fine sand 54.6 22.6 20.7 1,9 2.5 90,5 7.0 1505.9 2.42 Grain Size: Plate Bl
and organics. laminated.
nrpy
c8 4.1-4.4 ML SILT trace fine sand 76.5 0.70
and organhics, laminated
rey
ce 4.9-5.2 Cl CLAY silty, low plastic 45.3 1.75 Top of core wastasled
little sand, grey
€11 6.0-6.6 ML SILT trace sand and 31.7 1818.7 2.34
clay, peaty inglysions
dark, grey
c12 7.2-7.5 CL CLAY (Ti11) silty, sandy| 16.3 29.6 13.4 16.2 36,0 {41.0 23.0 |2082.3 4,53 Grain 5ize: Plate B2
trace fine gravel, low
plastic, grey




HARDY ASSOCIATES (1978) LTD.

CONSULTING ENGINEERING & PROFESSIONAL  SERVICES

TABLE |
SUMMARY OF LABORATORY TEST RESULTS

BOREHOLE HA83-DlI

SHEET 2 OF 3

SAMPLE DATA CLASSIFICATION TESTS OTHER TESTS
ATTERBERG LIMITS TEXTURE (%)
SAMPLE DEPTH | MCDIFLIED SOIL DESCRIPTION MOISTURE LIQUID PLASTIC PLASTICITY | SAND SILT CLAY BULK PORE COMMENTS
Ne {m)} usc CONTENT (WL} (WP} INDEX DENSITY | WATER
{%) (1p) (xg/m3) {SALINITY
{%a}

Cl4A 8,.0-8.4 Ct CLAY (Ti11) silty, sandyl, 18,0 2.54
trace fine gravel, low
plastic, grey

154 9.0-%9.4 Ll CLAY {Ti11) <ibty, sandyl 18,7 2,12
trace fine gravel, low
plastic, grey

C158 9,6-10.01 CL CLAY (Ti§l1) silty, sandyl 17.7 2072.8 3.33
trace fine gravel, low
plastic, grey

C16A 16.0-16.1] SH SAND fine to medium, 28.2 1,23
silty, occasional silt
laminations

Ci7¢ 20.65-20.p SM SAND fine to medium, 25.8 1912.3 1.77
silty, occasional silt
laminations

C18 25.0-25.3] SM SAND fine to medium, 19.2 N/P N/P N/P 78.0 16,0 6,0 2.99 Grain Size: Plate B3
silty, occasional sift
laminations

C19A 30.0-30.2| SM SAND fine to medium 19.7 2044.7 3.25
silty, occasional silt
laminations

C204 35 0-35 6] SM SAND_ fine to wedium 31.8 1815,6 8.72
silty, occasionatl silt

TdinmaLTon:




HARDY ASSOCIATES (1978) LTD.

CONSULTING  ENGINEEANG

A& PROFESSIONAL  SERWCES

TABLE |
SUMMARY OF LABORATORY TEST RESULTS

BOREHOLE HA83-DI

SHEET 3 0OF 3

SAMPLE DATA CLASSIFICATION TESTS OTHER TESTS
ATTERBERG LIMITS TEXTURE (%)
SAMPLE DEPTH | MCDIFIED SOIL DESCRIPTION MOISTURE LIQUID PLASTIC PLASTICITY | SAND SILT CLAY BULK PORE COMMENTS
NE (m) usc CONTENRT (wL) (WP INDE X DENSITY WATER
(%) (ip) {kg/m3) |SALINITY
(%e)
L21A 50,.0-50,2] SM SAND fine to medium, 22.8 2006.0 7.31
silty, occasional silt
laminations
C22B A0, 8-60.99 SP SAND fine to medium, 31.3 93.0 6.5 0.5 18541 1,83 Grain Size: Plate B4
clean, qrey
C23B |70 8.71.0] OL-OH SO T and CLAY. trace 39 8 55.8 47.3 8.5 3.0 72.0 125,90 1665,83 19,76 Grain Size: Plate B5

fine sand low to medium

plastic, grey-brown,

organic, wood tc 5 mm @




HARDY ASSOCIATES (1978) LTD.

CONSULTING  ENGINEERING & PROFESSIONAL  SERVICES

TABLE 2

SUMMARY OF LABORATORY TEST RESULTS
BOREHOLE HA83-D2

SHEET 1 OF 2
SAMPLE DATA CLASSIFICATION TESTS OTHER TESTS
ATTERBERG LIMITS TEXTURE (%)
SAMPLE DEPTH { MODIFIED SOIL DESCRIPTION MOISTURE LiQuip PLASTIC PLASTICITY | SAND SILT CLAY BULK PORE COMMENTS
NE {m} usc CONTENRT {WL) (WP) INDE X DENSITY WATER
(%) (LP) {kg/m3) |SALINITY
[Yas)
C1B 0.5-0.7 0L SILT organic, brown 114.9 1270.8 0.86
w3 0.7-1.0 : ML SILT trace clay non 42.7 25.9 15.15 10,75 17.0 61.0 22.0 1.40 Grain Size:
plastic little fine sandl, Plate BA
trace gravel, grey
c3C 1.6-1.8 CL CLAY some silt, low 23.7 25.3 20.4 4.9 51.0 27.0 22,0 1937.1 1.94 Grain Size:
plastic, 1ittle fine Plate B7
sand, brown
CaA 2.0-2.3 b oL CLAY some silt, low 47.1 1640.7 3.13
plastic, little fipe
sand, brown
c5 2.7-2.9 | ML ICE + SIIT trace fine 1758.4 0.53
sand and gravel, brown
[ :] 3.2-3.5 CL ML SILT sandy, trace clay, 54.7 1599.5 2,89
non to low plastic, grey
(78 3.9-42 | ¢-Mp SILT sandy, trace clay,| g].8 22.3 13.5 8.8 44,0 | 38.0 18,0 | 1498,2 1,22 Grain Size: Plate B8
non to low plastic, grey
L8C 4.8-5.0 CL-ML SILT sandy, trace clay, 67.1 2.54
non to low plastic, grey
£9c 10,0-10.9t SM SAND fine tc medium, 27.4 70.5 23.0 6.5 1874.4 6,29 Grain Size: Plate 89
silty, brown
C10A 20.0-20.21 SM SAND fine to medium, 19.5 N/P N/P N/P 66.0 28.0 6.0 2040.7 7.99 orain Size: Plate B0
silty, brown
C10B 20.7-21.0§ CL CLAY silty, trace 29.9 14,99
sand, low plastic, grey-
hrown




HARDY ASSOCIATES (1978) LTD.

=

CONSULTING ENGINEERING & PROFESSIONAL  SERVICES

TABLE 2

SUMMARY OF LABORATORY TEST RESULTS
BOREHOLE HA83-D2

SHEET 2 QF 2

SAMPLE DATA CLASSIFICATION TESTS OTHER TESTS
. ATTERBERG LIMITS TEXTURE (%)
SAMPLE DEPTH | MODIFIED SOIL DESCRIPTION MOISTURE LIQUID PLASTIC PLASTICITY | SAND SILT CLAY BULK PORE COMMENTS
NE {m) Usc CONTENT (WL} (WP) INDEX DENSITY WATER
(%} {IP} {kg/m¥) |SALINITY
(You!)
Cll 30.7-31.40 SK SAND fine to medium, 24,5 1944.9 1,18
silty, grey '
C12A 40,1-40.3 SM SAND fine to medium, 20,7 2047.3 1.14
silty, grey )
Cl3B 50.5-51.0 5P SAND fine, very clean, 24.0 97.0 [--- 3.0 --- 1959,1 B.46 Grain Size: Plate Bl

qrey




HARDY ASSOCIATES (1978) LTD.

CONSULTING  ENGIWEERING & PHOFEESIONAL SERVICES

TABLE 3
SUMMARY OF LABORATORY TEST RESULTS

BOREHOLE HA83-MI

SHEET 1 OF 1

SAMPLE DATA CLASSIFICATION TESTS OTHER TESTS
ATTERBERG LIMITS TEXTURE {%)
SAMPLE DEPTH | MODIFIED SOIL DESCRIPTION MOISTURE LIQuUID PLASTIC PLASTICITY | SAND SILT CLAY BULK PORE COMMENTS
N2 [m] USC CONTENT ({wL} (WP) INDEX DENSITY WATER
(%) (131 (kg/m3} |SALINITY
{ %)
C1A G,0-0.7 oL SILT organic, trace 42,0 0.93
clay, brown
C1B 6.2-0.6 ML SILT some fine sand 47.6 38.9 29,7 9.2 1.11
and organics. Jow
nlastic
C2B 5.3-6.5 CL CLAY (?TILL) silty, 58.2 29.3 16.9 12.4 30.0 47.0 23,0 1.96 Grain Size: Plate Bl2
sandy, low plastig. :
trace fine gravel,
grey-brown
cz2c 5.5-5.8 CL CLAY (?TILL) silty, 52.4 1623.0 3.08
sandy, low pilastic,
trace fine gravel,
grey-brown
30 10.5-10.85] M SAND fine to medium, 27.0 1860.0 1.24
silty, grey
C4  [15.3-15.75] op SAND fine to medium, 20.9 83.0 | 12.5 | 4.5 3.26 Grain Size; Plate BI3
silty, grey
CRA 0.0-70.4 SM i ICE + SAND, silty 316.3 G.58
C5C £0.7-21.0 | <p SAND, fine to medium 25.3 1502.5 3.50
silty, grey




HARDY ASSOCIATES (1978) LTD.

CONSULTING ENGINEERING & PROFESSIONAL SERVICES

SUMMARY OF LABORATORY TEST RESULTS
BOREHOLE HAB83-M2

TABLE 4

SHEET 1 OF 1
SAMPLE DATA CLASSIFICATION TESTS OTHER TESTS
ATTERBERG LIMITS TEXTURE (%)
SAMPLE | DEPTH | MODIFIED SOIL DESCRIPTION MOISTURE]  LIQUID PLASTIC PLASTICITY | SAND | SILT | CLAY BULK PORE COMMENTS
N2 [m) usc CONTENT (WL} (wp) INDEX DENSITY WATER
{%) {1p) {kg/m3) |SALINITY
(%)
ClA 0.3-0.6 ML SILT trace clay, non to 47.7 N/P N/P N/P 0 89.0 11.0 1647.5 1.47 Grain Size: Plate Bl4
low plastic grey, occas
sand lens
ClB 0.9-1.2 ML SILT trace clay, non to 49.1 2.32
low plastic grey, occas
sand leps
c1C 1.2-1.5 MH SILT clayey, medium 32.8 91.9 80.3 11.6 1758.0 4.90
to high plastic
c2a 5.0-5.4 | ¢f CLAY (Ti?1) silty, 20.9 3.00
ium plastic, trace
graun'ly grey
c28 5.6-5.9 CI CLAY (Till) silty, 21.7 32.7 15.4 17.3 30.0 48,0 22.0 1985.6 4,02 Grain Size: Plate B15
medium plastic, trace
gravel, grey
€3n  Jio.3-10.55] <M SAND fine to medium, 27.9 1.05
some silt and trace
¢iay, grey
C3B 10.55-10.9f SM SAND fine to medium, 24.5 1941.0 1.39
some silt and trace
clay, grey




HARDY ASSOCIATES (1978) LTD.

CONSULTING  ENGINEERING & PROFESSIONAL  SERVICES

TABLE S
SUMMARY OF LABORATORY TEST RESULTS

BOREHOLE HAB83-2A

SHEET 1 OF 1

SAMPLE DATA CLASSIFICATION TESTS OTHER TESTS
ATTERBERG LIMITS TEXTURE (%}
SAMPLE DEPTH | MODIFIED S0IL DESCRIPTION MOISTURE LIQuID PLASTIC PLASTICITY | SAND SILT CLAY BULK PORE COMMENTS
N2 {m) UsScC CONTENT (WL} (WP} INDEX DENSITY WATER
(%) (IP) (kg/m3) [sALINITY
{(You)
Bl 2.7-3.15 | ML SILT trace sand and 28.8 26.5 23.7 2.8 12.0 79.5 8.5 2.61 Unfrozen
clay, low plastic, soft, Grain Size: Plate B16
dark grey
B2 5.0-5.15 | CI CLAY (Ti11) silty, little 21.7 22.11 Unfrozen
sand, low plastic, firm,
brown
ClA 10.0-10.3] SM SAND fine to medium, 25.7 N/P N/P N/P 67.5 27.0 4.5 1998.6 1.42 Unfrozen

silty, dense, grey

Grain Size: Plate B17




HARDY ASSOCIATES (1978) LTD.

CONSULTING  ENGINEERAING & PROFESSIONAL  SERVICES

TABLE €

SUMMARY OF LABORATORY TEST RESULTS
BOREHOLE HAB3-M4

SHEET 1 OF 1

SAMPLE DATA CLASSIFICATION TESTS OTHER TESTS
ATTERBERG LIMITS TEXTURE (%)
SAMPLE DEPTH | MODIFIED SOIL DESCRIPTION MOISTURE LIQuUID PLASTIC PLASTICITY | SAND SILT CLAY BULK PORE COMMENTS
N2 {m} usc CONTENT (WL) (WP} INDEX DENSITY WATER
(%) (1P} {kg/m3) |SALINITY
(Yoe)
Bl 11.6-14.6| ML SILT organic, trace to 46.4 31.9 23.0 8.9 0.5 a2 5 120 10,01 Unfrozen
-0L some ciav, low plastic, Grain Size:
very soft Plate B-18
B2 12.0-16.0{ MH SILT clayey, trace fine | 44 0 16.7 38.5 382 1.5 68,5 30,0 3.34 Unfrozen
sand, high plastic, dark Qrain Size:
grey, soft Plate B-1Y
Al 21.6-22.6 | CL SILT clayey, sandy, low | 23.6 24,6 16,3 8.3 18.0 62,0 20,0 1m Unfrozen
Grain Size:

plastic, dark grey, soft

Plate B-20




HARDY ASSOCIATES (1978) LTD.

CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES TABLE 7
SUMMARY OF LABORATORY TEST RESULTS
SHEET 1 OF 1
SAMPLE DATA CLASSIFICATION TESTS OTHER TESTS
ATTERBERG LIMITS TEXTURE (%)
SAMPLE DEPTH | MODIFIED SOIL DESCRIPTION MOISTURE LIQuID PLASTIC PLASTICITY | SAND SILT CLAY BULK PORE COMMENTS
N2 {m) usc CONTENT {WL) {WP) INDEX DENSITY WATER
(%) (1P} (kg/m3) | SALINITY
(%ou)
ClB 1,0-1.8 SC SAND fine to medium, 21,8 3.21
trace clay, brown
C2B 5.3-5.55 | SC SAND fine to medium. 23.9 84.5 1.5 12.0 1953 2 3.41 Grain Size: Plate B21
trace clay, brown
C3A 10.1-10.29 SC SAND fine to medium, 22,0 3.32
trace clay, brown
C4A 15.0-15.15 €1 CLAY very silty, medium | 29,9 32.7 21.0 11.7 2.0 |55 pas 1230 Grain Size: Plate 22
plastic. grey
C43 15.15-15. 4 SP SAND fine to medium, 26,1 9.62
trace sili, grey
cac 15.4-15.7 | CL CLAY silty, low plastic, | 32.1 28.8 21.7 7.1 1847,0 11,39
dense, grey
£58 20.4-20,7 | SM SAND fine to medium, 2004 1805 7 546
silty, dense, grey
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HARDY ASSOCIATES (1978) LTD.

PROJECT NO. CG k0065
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CONSULTING ENGINEERING & PROFESSIONAL SERVICES
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APPENDIX "D"

PHOTOGRAPHS



PHOTO 1: Low ice content core (Nbn), showing sharp,
horizontal, contact between silty, low plastic,
clay and fine to medium sand (Borehole HA83-Dl,

Sample C9).

PHOTO 2: Siity clay till/diamicton, with reticulate ice
veins (vr) (Borehole HA83~Dl, Sample C15).



PHOTO 3:

PHOTO 4;

Medium plastic silty clay lens, with random and
reticulate ice veins (Vr), overlying fine to
medium, low ice content (Nbn) sand with silt
interbeds and organic inclusions (Borehole
HA83-Cl, Sample C21).

Organic-rich clay with silt interbeds and organic
inclusions (predominantly wood) (Boerehole HA83-D1,
Sample C23).



PHOTO 5: Silty low plastic clay, with prominent stratified
visible ice (Vs) (Borehole HA83-D2, Sample C3).

PHOTO 6: Massive ground ice (ICE), with wvery minor
inclusions of soil {Borehole HA83-D2, Sample C4).



PHOTO 7: 1Ice-rich silty, low plastic, clay (ICE+); upper 5
cm of core consists of ice-rich sand. Note: light
brown, organic-rich interbeds towards bottom of
core (Borehole HA83-D2 Sample Cl0).

PHOTO B: Ice-rich core of silty, fine to medium, sand
(ICE+), Bottom of core has no visible ice (Nbn)
{Borehole HA83-Ml, Sample C5).



PHOTO 9: Fine to medium silty sand, with prominent
horizontal silt laminations (dark grey), and
inclusions of organic material. This core has no
visible ice (Nbn) (Borehcole HA83-M8, Sample Cl).

PHOTQ 10: Silty clay, with brown silt lenses and random ice
veins, up to 10 mm thick (Vr) (Borehole HA83-MB,
Sample C4).
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APPENDIX "E"

THERMISTOR CALIBRATION, MULTI-THERMISTCR
CABLE FABRICATION AND INSTALLATION,
AND INITIAL READINGS

This Appendix details the work undertaken leading to the

successful installation of multi-thermistor cables in boreholes HA83-D1
and HA83-D2.

El.

E2.

MULTI-THERMISTOR CABLE FABRICATION

Two, 100 m long, cables were fabricated in our <Calgary
laboratory for installation at Illisarvik. In each instance,
$10993-50 (RP99-3) thermistor beads, supplied by York
Instruments, and 15-c¢onductor (GC-16-TCW-21) cable, from
Geophysical Cable Mfg. Alberta Ltd., were used. The
fabrication procedure was in agreement with the guidelines
attached to the D55 proposal request. In all, 40 thermistor
beads, at 2.5 m gpacing, were included in each cable. A

switch-box was attached for reading purposes.

THERMISTOR CALIBRATION

Once cable fabrication was completed, the thermistors were
calibrated by immersion of the cable in a crushed ice bath.
The bath was mechanically agitated, so that its temperature
would approach, as «closely as possible, an isothermal
steady-state condition at 09, After the cable had been
immersed for at 1least 3 hours, a series of resistance
measurements were taken, at approximately 30 minute intervals.
Tables El1 and E2 present the resistance measurements, and

average values that may be used for conversion purposes.



TABLE E1: ILLISARVIK THERMISTOR CALIBRATIONS

BOREHOLE HA83-D1 CABLE

Thermistor Reading Reading Reading Average
No. No. 1 No. 2 No. 3 Reading
1 16.23 16.23 16.24 16.23
2 16.25 16.25 16.25 16.25
3 16.25 16.25 16.25 16.25
4 16.23 16.24 16.23 16,23
5 16.21 16.21 16.21 16.21
6 16.19 16,20 16.19 16.19
7 16.18 16.18 16.18 16.18
8 16.23 16.23 16.23 16,23
9 16.23 16.23 16.23 16.23

10 16.25 16.24 16.25 16.25
11 16.23 16.23 16.22 16,23
12 16.20 16.20 16.19 16.20
13 16.23 16,23 16.23 16.23
14 16.26 16.27 16,26 16.26
15 16.23 16.24 16.23 16,23
16 16.29 16.28 16.28 16,28
17 16.25 16.26 16.26 16,26
18 18.18 16.19 16.18 16.18
19 16.27 16.26 16,27 16.27
20 16.24 16.24 16.24 16.24
21 16.24 16.24 16.24 16.24
22 16.23 16.23 16.23 16.23
23 16.26 16.26 16.25 16.26
24 16.24 16.24 16.24 16.24
25 16.24 16.24 16.24 16.24
26 16.25 16.25 16,26 16.25
27 16.22 16.22 16.22 16.22
28 16,24 16.24 16.24 16.24
29 16.23 16.23 16.22 16.23
30 16,21 16,22 16.21 16.21
31 16.23 16,23 16.23 16.23
32 16.25 16.25 16.25 16.25
33 16.26 16.25 16.26 16.26
34 16.25 16.25 16.25 16,25
35 16.23 16.23 16.23 16.23
36 16.24 16.24 16.23 16.24
37 16.23 16.23 16.23 16.23
38 16.24 16.24 16.24 16.24
39 16,25 16.25 16.24 16.25
40 16.24 16.25 16.24 16.24

Note: Numbers are thermistor counts from box, not depths.



TABLE EZ2: ILLISARVIK THERMISTOR CALIBRATIONS

BOREHOLE HA&3-D2 CABLE -

Thermistor Reading Reading Reading Average
No. No. 1 No, 2 No. 3 Reading
1 16,22 16.22 16.22 16,22
2 16.21 16.21 16.22 16.21
3 16.21 16.21 16.21 16.21
4 16.21 16.21 16.21 16.21
5 16.18 16.19 16.20 16.19
6 16.16 16.17 16.17 16.17
7 16.21 16.21 16.21 16.21
8 16.24 16.23 16.22 16.23
9 16,24 16.24 16.23 16.24

10 16.26 16.26 16.25 16.26
11 16.24 16.24 16.24 16.24
12 16.26 16.26 16.26 16.26
13 16.25 16.25 16.25 16.25
14 16.25 16.25 16.24 16.25
15 16.20 16.20 16.19 16.20
16 16.25 16.24 16.25 16.25
17 16.23 16.22 16.23 16.23
18 16,23 16.23 16.23 16.23
19 16.26 16.25 16.26 16.26
20 16.28 16.27 16,28 16,28
21 16.24 16.25 16.24 16.24
22 16.24 16,24 16.24 16.24
23 16.24 16.24 16.24 16.24
24 16.22 16.21 16.22 16.22
25 16,30 16.29 16.29 16.29
26 16.24 16,24 16.24 16.24
27 16.22 16.22 16.23 16,22
28 16.27 16.27 16,28 16.27
29 16.23 16.24 16.23 16.23
30 16.24 16.24 16.24 16,24
31 16,22 16.22 16.22 16,22
32 16.23 16.23 16.23 16.23
33 16.27 16.27 16.27 16.27
34 16.26 16.26 16.26 16.26
35 16.24 16.24 16.24 16.24
36 16.23 16.23 16.23 16.23
37 16.24 16.24 16.24 16.24
38 16.28 16.27 16.28 16.28
39 16.25 16.24 16.25 16.25
40 16.25 16.25 16.25 16.25

Note: Numbers are thermistor counts from box, not depths.



E3.

E4.

0,527

CABLE INSTALLATION

The cables were installed at the completion of drilling, to
depths of 69 m and 91.5 m, in borings HA83-D1 and HA83-D2,
respectively. Simultaneously, 50.8 mm PVC pipes, filled with
arctic diesel fuel, were installed to depths of 50 m and 70 m

in the two boreholes.

The surface installation at each site was essentially the
same. About 50 cm of PVC pipe protrudes from the ground, and
the thermistor string, pipe and switching box are covered by a
5 gallon pail. Connecting wires for the switching boxes are
provided at borehole HAB83-D1 (the second set, intended for
borehole HA83-D2 malfunctioned at the site). The connecting
wires allow use of a Fluke ohm-meter which plugs into the
switching box or, alternatively, may be connected by means of
alligator clips (to the type of resistance bridge used by the
Geological Survey and EMR).

Figures E1 and E2 illustrate the multi-thermistor cable
installations at each site and switchbox configuration

respectively.

INTITIAL READINGS

Two sets of readings have been measured for each
multi-thermistor cable installation. These were taken on
completion of cable installation and prior to demobilization
from the site. Ground temperatures are shown plotted, for
boreholes HA83-D1 and HA83-D2, on PFigures 3 and 4,

respectively, in the main text.
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