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FOREWORD

This report documents work undertaken as part of the federal
government's Permafrost and Terrain Research and Monitoring
Program along the 868 km Norman Wells to Zama oil pipeline. The
324 mm diameter, shallow burial (1 m) pipeline, traverses the
discontinuous permafrost zone of northwestern Canada and began
operation in April 1985. A joint monitoring program with
Interprovincial Pipe Lines (NW) Ltd. was established following
the signing of an environmental agreement between the pipeline
company and the Department of Indian and Northern Affairs (INAC)
in 1983. INAC coordinates the government's monitoring program in
which Energy, Mines and Resources' Geological Survey of Canada,
the National Research Council's 1Institute for Research in
Construction, and Agriculture Canada's Land Resource Research
Institute participate. '

A major component of this research and monitoring program
involves the detailed quantification of changes in the ground
thermal regime and geomorphic conditions at thirteen instrumented
sites along the route. This project was developed in cooperation
with the Permafrost Research Section of the Geological Survey in
order to examine and dquantify the effects of pipeline
construction, operation and maintenance in thaw sensitive
terrain. Many components of this research are contracted out.

The work undertaken in this contract report describes but one
aspect of these site investigations. 1Interpretations contained
herein are often limited to the specific data base under analysis
and may thus not present an integrated or comprehensive analysis
of all site observations. The opinions and views expressed by
the authors are their own and do not necessarily reflect those of
the Geological Survey of Canada or Indian and Northern Affairs.

Funding for the research and analyses reported herein was largely
provided by INAC's Northern Affairs Program, with contributions
from the Northern 0il and Gas Action Program (NOGAP).

Margo Burgess

Scientific Authority
Permafrost Research Section
Geological Survey of Canada
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Analysis of Norman Wells Core Samples

1 Introduction

During 1985, a series of soil specimens were obtained from
boreholes along the right-of-way of the Norman Wells NWT to Zama
Alta oil pipeline. This report summarizes the findings of a
preliminary phase study to determine the physical, thermal and
electrical properties of these specimens.

Table 1.1 gives the location of the boreholes where the
specimens were obtained and the approximate depth of the
borehole. It should be noted that core specimeﬁs were not

necessarily recovered over the entire depth indicated.

Table 1.1 Borehole Locations

Site Distance from Distance from Depth
Norman Wells Pipeline Axis

(km) (m) (m)
Table Mountain 7A 270.8 10.0 West 20.1
7B 271.5 7.3 W 20.3
7C 271.8 7.8 W 18.0
Manner's Creek 8A v 556.9 5.3 W 20.9
8B 557.2 5.9 W 20.9
8C 557.4 5.85 W 20.9
Pump Station 9 582.5 7.8 W 1.4
Mackenzie Highway 10A 587.5 10.2 E 5.6
South 10B 587.9 11.0 E 5.2
Moraine South 11 596.6 8.8 E 14.2
Jean Marie Creek 12a 607.7 9.3 E 10.9
12B 607.8 8.9 E 12.5

The coring and borehole logging was done by Hardy and



Associates (1978). A CRREL corer (see Brockett and Lawson, 1985)

was generally used to recover specimens. A borehole log for the

specimens was obtained during the coring operation.

The specimens were shipped to Ottawa in the frozen state and

are currently stored in a cold room, maintained at -10 C, at

Carleton University.

The tasks undertaken by the authors included:

9.

10.

11.

production of two copies of a photographic record of the
soil specimens;

production of a video record of the soil specimens;

obtaining an initial estimate of total density for all
specimens;

production of a core log and sample description of all
samples using the NRC ice classification system, to
serve as a companion to the field description;

analysis of the potential of non-intrusive TDR
techniques to obtain a dielectric constant record of the
soil specimens;

determination of the apparent dielectric constant

by conventional intrusive TDR methods to complement
other electrical properties testing and to permit phase
composition determination from information obtained in
task 3;

obtaining thermal conductivity data for the soil
specimens using the needle probe technigue;

assess the feasibility of using the EMR needle probe
procedure for routine thermal conductivity measurements
of frozen specimens;

preparation of specimens for electrical properties tests
being done elsewhere;

examination of the feasibility of using a new core
cutting device to facilitate sample preparation for
electrical and acoustical properties testing and for
sample preservation by the resin impregnation technique
(see Frankling and Letavernier, 1986);

production of a database of all data using dBase III+
-software. This particular database management system



was chosen since it is widely used and more
flexible than convention core logging programs.

To facilitate the analysis and rapid location of particular
specimens, the cores were sorted into boxes in sequential order
according to borehole number and specimen number. There are
nineteen boxes of specimens. The box number for all specimens in
indicated in the inventory records in Appendix I so that

particular cores can be retrieved for subsequent analysis.



2. Sample Preparation and Physical Properties Estimates

2.1 Sample Preparation

After the specimens were sorted, a surface was scraped
smooth to remove residual material and to facilitate photography
and description. The width of the scraped surface was about 5 cm
wide by 1 to 1.5 cm deep along the whole length of each specimen.
A drawknife was used to prepare the surfaces after trying
everything from planes to furniture scrapers. The cutting edge
of the drawknife was frequently resharpened using a fine-grained
water stone. Occasionally, the edge was reground with a grinder
when wear was substantial.

In general, the coreé were very difficult to prepare. The
clayey and silty materials offered substantial resistance to
cutting and producing a smooth surface even with a sharp blade
was time-consuming. The organic materials were generally easy to
prepare if the ice content was high. Drier materials tended to
crumble and gouge regardless of the technique used to smooth the
surface. The sandy materials of low ice content were quite easy
to prepare but necessitated freéuent sharpening of the cutting
blade. Other materials which contained stones, tended tc rapidly
ruin the cutting edge of the tools and it was difficult to keep
the surface smooth with stones intact.

Every effort was made to preserve the integrity of ice
lenses found in the specimen. In some cases, ice inclusions were
highly fractured making this task difficult. One should,
therefore, consult the specimen description when viewing the
corresponding photograph.

In general, the specimens were in good physical condition,



however, fracturing along ice lenses was a common occurance. It
should be noted that the sum of the specimen lengths attributed
to a particular depth do not necessarily correspond since it is
possible that material was lost during recovery. The core depths
listed in Appendix I refer to the depths during the coring
procedure; the length recorded for each specimen refers to the
average length of the core accounting for any oblique fractures

which may be present at the ends.

2.2 Physical Properties

Specimen length and mass were recorded prior to preparing
the smoothed surface. All specimens are 11.4 cm in diameter.
The uncertainty in length is within 1 cm since the ends of the
core were generally ragged or fractured at an angle acress the
core length. In some cases, the specimens were highly fractured
resulting in greater uncertainties. Mass was obtained using a
Friple beam balance to within +/- 10 g.

| The uncertainty in specimen length will affect volume, and

hence, estimates of the total frozen density, py (total mass
d:;v1ded by total volume). It isestimated that Py is accurate to
Qithin 6 to 8%. |

Figure 2.1 shows the relationship between total density and
%olumetric ice content for various gravimetric unfrozen water
eentents. This figure assumes that the particle density, pg, is
2,65 ggm'3 and that all void space is filled with either ice or
water. The figure shows that as ice content increases, total

den51ty decreases.

If py is known and the volumetric unfrozen water content,
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o can be determined (eg. via TDR) then volumetric ice

a’
contents, O;, can be estimated. Figure 2.2 shows the
relationship between O, and O; versus p; at saturation for a
soil with a gravimetric unfrozen water content, w, of 0.1 g g'l.
This figure shows that by using total density and unfrozen water
content data it may be possible to estimate maximum ice contents.
Since py is a function of the particle density, total water
content (water and ice) and the degree of saturation, these data

must be obtained in order to interpret the preliminary data

already obtained. If these data are available and the total

volume is assumed to be unity, then the ice volume can be

determined from equation 2.1:

PaVe + Vi = P+ (Vg + Vi, + V)
Ve = d¥s \" t\'Vs ' a (2.1)

py - 0.917

where V denotes volume and the subscripts i, s, w, and a refer to
ice, mineral matter, water and air respectively.

Data to completely characterize the physical properties of
the specimens are to be obtained at a later date. The
preliminary results of the total density determinations are shown
in Figures 2.3 to 2.7. In all cases, the total density near the
surface reflects the high organic content. At lower depths, high

ice contents result in lower total density values.
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Figure 2.4
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Figure 2.5
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Fiqure 2.6
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3. Analysis of Specimens by Time-domain Reflectometry

3.1 Introduction

Time-domain reflectometry (TDR) is a high frequency
electromagnetic method used to obtain measurements of the
apparent dielectric constant, K, of soil materials which can be
used to obtain estimates of the volumetric unfrozen water
content, O,. The intent in this study was to examine the use of
TDR as a routine borehole monitoring tool such that estimates of

K5 (hence 0O,) could be obtained immediately upon core recovery.

a
Rather than doing the assessment in the field, it was felt that
much could be gained by using TDR techniques on the cores
recovered during the 1985 sampling season.

Two approaches to using TDR were examined in this
preliminary phase: non-intrusive TDR and intrusive TDR. The
terms used to denote these approaches refer to the placement of
the balanced parallel rod transmission lines during K,
determination. In conventional (instrusive) TDR, a balanced
parallel rod line is installed in a soil specimen. For non-
intrusive TDR, the parallel rod lines are placed outside of the
specimen but within the electric field of the transmission line.

The disadvantage of using intrusive TDR during a borehole
recovery and logging procedure is that time is required to drill
pilot holes to install the balanced parallel rod lines. The
ambient conditions during logging may either be hostile to the
operator and equipment (temperatures below 0 C) or hostile
towards the specimen (eg. sample is frozen but_ambient'

temperature is above 0 C). In either case, it is desirable to

14



obtain estimates of K, in as short a time as possible. A first
attempt at non-intrusive TDR is discussed in section 3.3 while
section 3.4 discusses aspects of intrusive TDR. The next section
provides a brief review of pertinent information on the use bf

TDR in earth materials.

3.2 Time-domain Reflectometry

Time~domain reflectometry is used to obtain estimates of
the appareﬁt dielectric constant, K,, of earth materials from
measurements of the travel time of a step-voltage along a
transmission line embedded (balanced parallel rod line) or
containing (coaxial) a soil specimen. The authors use a
Tektronics 1502 TDR since it is battery operated and field
portable. v

The cathode ray tube (crt) display of the TDR shows
;gflection coefficient,/o, on the y-axis and distance along the
#;axis. The y-axis is essentially an impedance axis and the x-
;ﬁis can be converted to travel time. Figure 3.1 shows a
étylized crt display of an openécircuited balanced parallel rod

}ine embedded in a material. The A point on the trace denotes

the point where the TDR pulse enters the specimen and the B point’

dénotes the response at the open circuit. The one-way travel
time within the material is determined from the A to Bdistance
és measured along the x-axis and the value of Ky is determined
from equation 3.1: |

—~

Kg = (¢ x tt / L)2 (3.1)

15
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vhere c is the free space velocity (30 cm/nanosecond); tt is the
travel time (determined from the A-B distance and the x-axis
setting on the TDR) and L is the line length in cm.

| The value of K, can be used to determine the volumetric
water content of frozen or unfrozen soils by equation 3.2 (Topp

et al. 1980 and Patterson and Smith 1980, 1985):

Ky = 3.03 + 9.6 O, + 146 0,2 - 76.7 0,,3 (3.2)

a
where O, can be substituted with O,, the volumetric unfrozen
water content, if one is dealing with freezing sdils. This
relationship is generally applicable to within about

+/~ 2.5% in O,, for mineral based soils. An individual
calibration of K, and O,, for a particular soil is preferable if
one wishes greater accuracy. Patterson and Smith (1985) found

that equation 3.3 expressed the K; - O, for a variety of soils

obtained from combined TDR-dilatometer experiments:

- 2 . 3
K, = 3.63 + 8.54 O, + 165.3 0,2 - 136.3 0, (3.3)

The test data were obtained using saturated soils which, when
frozen, consist of mineral matter, unfrozen water and ice.
Equation 3.2, however, is based on two possible components,
mineral matter and water. It is not surprising then that, for a
given wvater content, the specimen containing ice should have a
h;ighez’ K, since ice (K3 = 3.2) has replaced air (K4 = 1).
Equation 3.3 should be considered a tentative substitute to

gguation 3.2 until further data are obtained. The differences

17




between the relationships are minor but seem to account for the
replacement of air by ice as a dielectric medium at low values of
O, (generally cold temperatures in fine-grained materials).
Table 3.1 summarizes the differences assumihg equations 3.2 and
3.3 represent the exact relationships between K, and O, and K,
and O, respectively. The data shown more than covers the range
of expected K; values at the test temperature of -10 C in this

study.

Table 3.1 Possible Differences in Water Content Estimates for
Frozen and Unfrozen Soils Based Upon Equation 3.2 and
Equation 3.3

Ky O, 1 Oy 2 Difference
(cm3 em™3, %) (cm3 cm”3, %) (cm3 cm'3, %)

3.5 3.3 0 3.3

4.0 5.6 2.8 2.8

4.5 7.5 5.2 2.3

5.0 9.0 7.1 2.1

6.0 11.7 10.0 1.7

8.0 16.2 14.7 1.5
10.0 19.8 18.5 1.3
12.5 23.8 22.7 l.1
15.0 27 .4 26.6 0.8
17.5 30.8 30.2 0.6
20.0 34.0 33.6 0.4

1 from equation 3.2 2 from equation 3.3

3.3 Non-intrusive TDR techniques

As mentioned earlier, it was hoped that non-intrusive TDR
could be used to obtain indications of the variability of K,
during borehole logging. The intent of the application was not

to obtain estimates of O, necessarily but to denote areas of

18
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differing dielectric properties when cores are recovered. To
this end, it was decided to examine the feasibility of using
balanced parallel rod lines on the outside of the soil core
running parallel to the core length. Since the balanced parallel
rods are not installed in the specimen, part of the "sensing"
field extends into the soil and part into the surrounding air.
This results in a reduction of the measured dielectric property
compared to that which would be cbtained if the lines were
installed within the specimen.

Initial studies suggested that this reduction in K, could be
in the order of 35-40%. Unfortunately, this was based upon good
contact between the parallel rod lines and the soil specimen.

The specimens to be examined are not ideal in this regard since
small fractures, protrusions and a generally uneven surface make
perfect contact between the probes and the soil impossible.

To test the effects of this uneven surface on K, estimates,
a saturated clay and a sand wvere frozen in plastic bags at about
-12 C. The diameter of the specimens were about 10 cm and the
length was about 25 cm. A 20 cm balanced parallel rod line (line
spacing, 2.5 cm) was installed in the middle of each sample and a
balanced parallel line with 10 cm spacing was taped to the
outside of the bag so that each line was on the axis of the
specimen diameter. No effort was made to ensure perfect contact
between the probes and the soil materials.

A Ky value of 6.5 (O, approximately 11.3 %) was obtained
from the parallel rod line installed within the clay while one of

about 2.9 was obtained from the parallel rod line on the outside.

19



For the sand, values of 3.5 and 1.7 were obtained respectively

for the "within" and "without" parallel rod lines. Since the possible
error in K, is about 0.4 (given the TDR scale setting used and the

crt trace length) it is apparent that the non-intrusive TDR lines

do not produce an acceptable range in Ky with changes in unfrozen
water content. Attempts to smooth out the surfaces produced

somewhat better estimates, however, the long preparation time

negates the utility of non-intrusive TDR techniques. Work is
currently underway to investigate other forms of transmission

lines which may suffer less from the contact problem. The

interim recommendation is to use intrusive TDR.

3.4 Intrusive TDR Techniques

Balanced parallel rod lines can generally be installed in
unfrozen soils with relative ease. Short lines, generally up to
about 25 cm in length can be pushed in, hammered in, or if
necessary, pilot holes can be drilled to accommodate the lines.
In frozen soils, the only option is to drill pilot holes.

Tests were carried out on séveral of the specimens to
determine any difficulties in installing the balanced parallel
rod lines. The materials range from peat materials to stiff
clays and should reflect varying degrees of difficulty in probe
installation. It was decided that TDR probe installation should
be across the core diameter (a maximum of about 11.4 cm).

The TDR probe consisted of two parallel stainless rods 0.32
cm in diameter (1/8 inch), 20 cm long spaced about 2 cm apart.
Two parallel holes the same diameter and spacing as the lines

were drilled about 10.5 cm deep into the specimen along the

20



length axis. After the holes were drilled, they were reamed
using a slightly undersized rod to ensure they were free of
debris. The specimens were allowed to equilibrate to ambient
temperatures since the drilling would warm (or'melt) the material
around the holes. A TDR probe was then pushed into the pilot
holes to a depth of 10 cm and a trace of the TDR's crt was
recorded on an x-y recorder housed outside the coldroom.

In principle the above procedure should work quite well,
however, the finer-grained materials offered significant
resistance to probe insertion unlike similar unfrozen soils. As
a result, probe insertion was difficult or they would get stuck
before the desired 10 cm installation depth. In some instances
it was impossible to remove them without bending the lines or
damaging the core. If the hole was reamed out slightly oversized
with the electric drill then probe insertion was much easier.

The use of an oversized pilot hole to ease probe insertion
leads to concerns about whether the measured value of K, is the

"true" value since the air gap is unlike the soil material

‘electrically. Annan (1977) discussed the air gap problem around

parallel rod transmission lines. In brief, the measured
dielectric constant of a material will be less than its true
value if an air gap is present. The reduction in value depends
upon the size of the gap, the dielectric constant of the material
in the gap, the dielectric constant of the material being tested
and the probe configuration (line diameter and spacing). More

details are presented in Appendix II.
The calculated deviation of Ky from "true" value is shown in
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Figure 3.2 and in Table 3.2. The data are for the probe
configuration used in the experiments (0.766" line spacing;
0.125" line diameter and a 0.141" (9/64") pilot hole). The cases
of an air filled gap (K =1) and anoil filled gap (Dow Corning
silicon oil K = 2.8) are shown. Further discussion is also
provided in Appendix II.

The probe configuration and the size of the pilot hole was
chosen because parallel rods of this size are fairly rugged; long
drill bits are available in 9/64" size and fairly smali
stratigraphic features (approximately 4 cm) could be examined.
Any variation in the line spacing, diameter or pilot hole size

can be used but must be analysed separately.

Table 3.2 Reduction in Dielectric Constant Due to Gaps
Around Parallel Rod Lines

K actual K for air % of K for oil % of
filled gap actual filled gap actual
20 10.7 53.5 15.6 78.1
18 10.1 56.2 14.4 £0.0
16 9.5 59.3 13.2 82.2
14 8.8 62.6 11.8 84.5
12 8.0 66.5 10.4 86.9
10 7.1 70.8 9.0 89.5
8 6.1 75.8 7.4 92.1
6 4.9 81.3 5.7 95.0
4 3.5 88.0 3.9 98.0
3 2.8 91.2 3.0 99.7

This table applies for one parallel rod line configuration and
gap size, see text.
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In general, the oil filled gap is the better alternative
particularily since the K, is not expected to exceed 10
(0y = 0.20 cm3 cm'3) for these materials and at the ambient
temperature of -10 C.

1f determining O, is of importance then the presence of an
air gap will affect estimates. Table 3.3 shows possible errors
in O, using the data in Table 3.2 and assuming equation 3.3
describes the relationship between dielectric constant and
volumetric unfrozen water content.

Table 3.3 Reduction in Unfrozen Water Content Estimates
Due to Gaps Around Parallel Rod Lines

K actual gu Oy for air 0,. for oil

(cm cm—3) filled gap Y filled gap
20 .336 .197 .275
18 .309 o .187 .257
16 .280 .175 .238
14 .250 .162 .216
12 .219 .146 .1983
10 .185 .127 .166
8 .146 .102 .133
6 .100 .066 .092
5 .071 .040 .065
4 .028 0 .024

This table applies for one parallel rod line configuration and
gap size, see text.

Table 3.2 shows that if the real dielectric constant is
less than 12, then an oil filled gap (given the configuration
discussed previously), will give an estimate of O, to within
2.6 % of "actual".

Tests were performed on a variety of specimens to confirm
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the above analysis. Pilot holes of 1/8" diameter were drilled
and the probes were forced into the specimen. After a K,

determination was made, the probes were removed and the pilct

holes were drilled oversized; filled with silicon oil; the probes

inserted and a K, determination made. In no instance did the
measured Kj data differ by more than 0.3 from the calculated
relationship for an oil-filled gap. This procedure was used to

analyse subsequent specimens.

3.5 Dielectric Constant Variation For Selected Boreholes

The variation in Ky for two boreholes was examined to see

~what variations existed with depth. Figure 3.3 and 3.4 show the

variations in K, for boreholes 7A and 8A respectively. The
patterns shown are inconsistent although the low value of Ky in
the near surface zone can be accounted for by the organic layer
present. The variation in K, at other depths correspond to
differences in unfrozen water content and ice content. It is
impossible to completely analyse the variations exhibited since
complete information on the phase composition is not available at
this stage. Once the total water content, dry density and
particle size analyses are completed at a later date then the
record can be examined with respect to phase composition. 1In
general, low values for K, were obtained in high ice content
materials or sandy materials. The higher values for K, were
found in specimens of silty clay with seemingly low ice contents.
The pattern shown in Figure 3.5 suggests a weak relationship

between dielectric constant and total density. These data though
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Figure 3.3

Dielectric Constant Variation With Depth, Borehole 7A
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Figure 3.5
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do not account for variations in grain-size and mineralogy
etcetera which will affect the phase composition relationship.

It is suggested that K, data be obtained again during subsampling
to determiné total water content (water and ice) and dry bulk
density. The use of TDR in such situations will prove invaluable

to determining phase composition of frozen core specimens.

29



FRC——

AP |

4. The Photographic Record of the Soil Specimens

4.1 8Still Photographic Record

The core specimens were photographed after a surface was
scraped smooth as discussed in section 2.1. The photographs
serve as a basis for examining changes in stratigraphy and to aid
in identifying ice types and form in future studies.

To aid in photographing the specimens, a wooden frame was
constructed which would support the specimens, support the
necessary lighting and provide a flat non-glare surface. The
frame could bg tilted to ensure that the specimen was normal to
the film plane. A PVC trough about 40 cm long and 12 cm in
diameter was installed in the centre of the frame and light
stands were attached at either end of the trough. Photoflood
lamps were used for illumination since surface glare could bé
eliminated more readily by changing the angle of the lamps or by
re-orienting the specimen.

The photos of the specimens were produced to about two
thifds life-size so that ice features could be easily detected.
The contrast in the negatives andon the prints was enhanced to
accentuate these features. Two copies of the photographic record

are housed with the scientific authority.

4.2 YVideo Record

A video record was prepared of all of the frozen cores
delivered to the coldroom. This record of the core materials
provides a quick overview which complements the detailed

information in the photographic and database records.
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A video camera was placed on a tripod inside the coldroom,
connected by cable to the video-recorder unit in the anteroom. A
frame was constructed to hold core material in three tiers,
permitting simultaneous viewing of up to 3 metres of core.

Cores were removed from their plastic storage bags and
placed on the frame with the scraped surfaces exposed. Recording
proceeded sequentially by borehole and depth, with core fragments
having the same core number (eg. c7a, c¢7b, c7c ) sharing each
tier. A wide-angle view of the entire frame was recorded,
followed by a slow close~-up pan of each core. The audio channél
was used to provide a running commentary on the stratigraphy of
each borehole, and to point out changes in soil texture and ice

conditions.
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5. Thermal Conductivity Analysis by the Needle Probe Technique

The thermal conductivity of the core specimens was
determined by the needle probe method, using apparatus supplied
by the scientific authority. This apparatus permits simultaneous
thermal conductivity tests on up to nine separate specimens.
References to the limitations and applicability of the technique
are found in the literature (Weschler, 1966; Slusarchuck and

Watson, 1975)

5.1 Principle of Operation

A needle probe consists of a long thin metal tube containing
a temperature sensor and a wire heater element running along its
length. The probe is placed in a test specimen and heated at a
known constant rate. The temperature at the midpoint of the
probe is monitored, and the thermal conductivity of the test
material is determined by analysis of the temperature-time
relationship obtained during the test. A typical temperature-
time plot is shown in Figure 5.1. The method is based upon aﬁ
analytical equation describing the temperature rise during
constant heating of a heat source of infinite length embedded in
an initially isothermal medium having uniform and constant
thermal properties. The method is only an approximation of the
analytical solution describing it, although the errors resulting
from these approximations can be kept small by appropriate design
of the test apparatus and the testing procedure. If the probe is
considered to be a line heat source, with zero cross section and
heat capacity, then the temperature rise is expressed by equation

5.1 (Carslaw and Jaeger 1959) :
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T = = ——om— . Bi (= =mmm-e- ) (5.1)

where

8

is the exponential integral; k is the specimen thermal
conductivity; g, is heat input per unit length; r, is radial
distance from probe; t, is the time from start of test; T, is the
temperature rise above initial temperaure and ©t¢ , is specimen

thermal diffusivity.

The analytical model may be simplified if tests are run for
an extended period; ‘During the initial period of heating, the
diffusivity of the specimeﬁ and the properties of the probe
dominate the temperature rise. Once the criterion in equation
5.2 is satisfied, temperature rises linearly with the logarithm

of time as shown in equation 5.3:

4 At
“““““ > 1 (5.2)
5 A
a
where a is the probe radius
q
. . 1ln(t) + B (5.3)
4 v k
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where

8

-Ei (-x) = § ----- du

is the exponential integral; k is the specimen thermal
conductivity; g, is heat input per unit length; r, is radial
distance from probe; t, is the time from start of test; T, is the
temperature rise above initial temperaure and Ot , is specimen

thermal diffusivity.

The analytical model may be simplified if tests are run for
an extended period. During the initial period of heating, the
diffusivity of the specimen and the properties of the probe
dominant the temperature rise. Once the criterion in equation
5.2 is satisfied, temperature rises linearly with the logarithm

of time as shown in equation 5.3:

4t

——————— » 1 (5.2)

2

a

where a 1is the probe radius

q ,
T = =creme——— . 1ln (t) + B (5.3)
4 T k
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where B is a constant.

This fomulation eliminates parameters related to the
properties of the probe, aswell as the effect of contact
resistance. This is not valid indefinitely, as axial heat flow
and edge heat loss become increasingly significant. Thermal
conductivity is determined by evaluating the slope of the T vs.

In(t) plot using equation 5.3.

'5.2 Test Setup

The system used for the thermal conductivity tests included:
1. 9 Geotherm needle probes (lmm diameter, 60 mm length, heater
wire resistances between 24 and 35 ohms),

2. current source (Hewlett Packard model 6181C)
(to supply heat to the needle probes)

3. voltmeter (Hewlett Packard model 3456A) (to record the
thermistor resistance in each probe and the voltage drop
across the probe heater wire)

4, multimeter (to monitor current supplied to the probes, this
was not connected to the data aquisition system)

An automatic data acquisition and control unit (Hewlett
Packard model 3497A) and microcomputer (Hewlett Packard model 85)
were used to control timing, current supply, and data storage
during a run. The computer is used in subsequent analysis of the

data, including conversion of thermistor resistance data to

temperature and the calculation of thermal conductivities.

5.3 Experimental Details

Since the experimental apparatus and operation procedures
were provided, the authors were required to develop procedures

for use in frozen specimens. The following aspects were
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examined:
1. temperature stability during tests;
2. methods of probe insertion;

3. selection of suitable contact materials.

A conductivity test manual was prepared by the contractor,
to standardize test procedures when different operators were

involved. A copy of the test manual is supplied in an appendizx.

5.3.1 Data analysis

The computer analysed the heating data after an initial time
lag of approximately 200 seconds. This satisfies the initial
time lag criterion in equation 5.2, which, for a specimen having
a diffusivity of 1 x 107% m2s™! (typical for a frozen clay),
yields a value of 3200 for the left hand side. Inpractice, the
linearity of the temperature rise was evaluated by checking the
correlation coefficient generated by least sqguares analysis of
the temperature data. For most tests this value exceeded 0.9999,
and tests were rejected if the this fell below 0.999 (very few

fell below this value).

5.3.2 Current Supply

During tests, approximately 100 milliamperes of current was
supplied to each probe for 6 minutes. The probe heater wire
resistance was between 24.3 and 34.6 ohms, so that the
temperature rise in the specimens resulting from this combination
ranged from approximately 2.6 celsius degrees in sandy materials
to 6 celsius degrees in peat materials. Since the specimens were

maintained at about -10 C, this temperature rise would not result
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in significant interferences to the thermal conductivity
measurements since phase change would be small in most instances.

Judgement must be exercised in determining the current
supplied to the probes. A higher current will result in higher
temperatures as well as steeper temperature gradients within the
specimen, which may induce moisture migration and phase change in
the specimens. Lower current will alleviate these problems, but
will increase the error in measurement due to temperature drift
and limitations on temperature measurement accuracy.

The scientific authority recommended that the current be set
at 100 ma. This recommendation was followed, although tests of
the effect of current on conductivity results were also carried
out. Repeated thermal conductivity tests were performed on a
variety of soils, with the current supply ranging from 70 to 140
ma, resulting in a fourfold variation in the heat supplied to the
probes (since Q = IZR). The results of these tests are shown in
Figure 5.2. In all but three of the specimens, the effect of
varations in the current supply was negligible., Of the three
specimens whose conductivity exhibited a dependence on heat
input, two (the peat and the icy silt specimens) were known to
contain voids or cracks, while the sandy specimen gave indirect
evidence that it may also have contained these (since the test
thermal conductivity was uncharacteristically low). This suggests
that variations in current will only influence tests in which
this is a problem. The effect is probably due to the influence
of contact resistance, which would be high for these materials if

the contact fluid drained out through the cracks. The high
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contact resistance would increase the test temperature, inducing
phase change and thereby lowering the specimen thermal
conductivity as well as extending the initial time lag for the

test (from equation 5.2).

5.3.3 Temperature Stabalization

Two insulated boxes were constructed to contain the core
specimens during the tests in order to reduce ambient temperature
drift. The boxes were lined with 5 cm of foam insulation and
included a tight-fitting 1id to minimize cyclical or random
temperature changes. Using these boxes, temperature drift could
be kept below 0.0002 degrees per minute, which was considered to
be the acceptable maximum drift allowable before tests could
proceed (see Figures 5.3 and 5.4).

Even though the temperature stability in the cold room is
guite good, variations in the ambient temperature conditions were
of some concern. The chamber goes through defrost cycles on a
regular basis, during which the ambient temperature rises to -1 C
for approximately 10 minutes. This is not sufficient to change
the temperature of the specimens substantially but possibly
sufficient to affect the thermal conductivity tests.

To assess the effect of ambient temperature conditions,
seven specimens were placed in the insulated test boxes and
thermal conductivity was determined during a defrost cycle, and
again 4 hours later at ambient (-10 C). The test values differed
by less than 1 percent, so that it was not considered necessary

to schedule tests around defrost cycles.
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Figure 5.3
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Figure 5.4
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5.3.4 Probe Insertion

The primary concern when inserting the probe in the core is
that there be good, uniform contact between the probe and the
specimen. For undisturbed, unfrozen materials, the usual
procedure for ensuring good contact is to insert the probe
directly into the core, or to insert the probe into an undersized
hole and then mould the material around the probe. Sincethe
core materials were frozen, such procedures could not be
followed.

The needle probes were inserted into pre-drilled holes in
the cores. The holes had to be drilled slightly oversized (1.5
mm diameter), since smaller diameter bits could not be obtained
in the appropriate length. The gap was filled with a highly

conductive material to minimize contact resistance.

5.3.5 Contact Medium

A syringe with a large diameter needle was used to introduce
the contact medium into the pre-drilled holes. 1In practice, the
needle was inserted into the hole and the contact material

released as the needle was extracted. 1Initially, a high thermal

~ conductivity silicon grease (containing metallic oxides) was

tried, unfortunately, this material became quite viscous at the
low ambient temperatures. Dow Corning 200 cs silicon oil was
substituted since it has a high thermal conductivity and remains
fluid.

The use of siliconcil rather thansilicon grease as a
contact medium for thermal conductivity tests was assessed before

the thermal properties inventory was started. Three cores were
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ff selected and thermal conductivity was determined using silicon
grease as the contact medium. The experiment was repeated with
silicon oil as the contact medium (reusing the same holes, with
the grease purged). Differences in thermal conductivity values
between tests were less than 1 percent in all cases, so that the

silicon o0il was considered to be an acceptable substitute.

5.4 Results

"} Thermal conductivity data for.selected boreholes are

- shown in Figures 5.5 to 5.9. The data are stored in the database

jk record. A printed output of the conductivity data, together

with other pertinent information from the database, is included

Vl with this report.

- Thermal conductivity values for all sites fall within the

- normal range for frozen soil materials, indicating that no

““““ § unusual minerals predomiant. In general, materials identified as

B being predominantly clay tend to have thermal conductivities in
} the range between 2 and 3 W m'lK'l; sandy materials tend to have

) thermal conductivities between 3 and 4.5 W m 1K™1; and materials
“j identified as silty tend to have thermal conductivities covering

] the ranges of the previous soil types. This variability can be

attributed to the greater variation in excess ice content in the
| silty material, and possibly to a more variable mineralogy for
the silty material. Organic materials tend to have thermal

conductivities between 0.8 and 2.2, with significant variations

due to ice content.
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Figure 5.5

Thermal conductivity data for borehole 7A
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Fiqure 5.6

Thermal conductivity data for borehole 7B
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Figure 5.7

Thermal conductivity data for borehole 7C
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Fiqure 5.8
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Thermal conductivity data for borehole 8A
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Figure 5.9

Thermal conductivity data for borehole 128
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The variability in thermal conductivity values may be due to
natural variation in thermal conductivity, or may be artifacts of
the test situation. Factors contributing to the natural
variation of thermal properties include stratigraphic variation
in mineralogy, density, and ice content. The factors which

relate to test procedure'include placement of the probe adjacent

to anomalies such as gravel inclusions and fractures. The silty

clay with gravel inclusions present in the upper layer at sites
74, 7B, and 7C has a fairly consistent thermal conductivity , with
a mean value of approximately 2.3 W m~1K~1, Scatter in hole 7A is
approximately +/~ 0.2 (with a few outside this range), compared

to +/- 0.4 for 7B and 7C. The difference in scatter may indicate
a more uniform material at site 7A. Alternately, there may be
more gravel in the material at the other two sités, which would

tend to increase the scatter.

5.5 Thermal Diffusivity by the Dual Needle Probe Technique
Drury (1985) has investigated the use of thermal
conductivity probes fof the determination of thermal diffusivity.
In his method, two thermal conductivity probes are inserted side
by side into a specimen. One probe is used as a line heat source,
the other to measure temperature. Thermal diffusivity is then
determined by an iterative procedure in which the measured
temperature rise in the unheated probe is compared to its
predicted temperature rise (using Equation 5.1) with a range of
diffusivity values. According to Drury (1985), the principle
source of error in this method is in the evaluation of the

spacing of the probes. To date this technique has been used on
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unfrozen material. The present work examines the feasibility of

extending this technique to frozen materials.

5.5.1 Test Setup

Data for thermal diffusivity evaluation was obtained during

routine thermal conductivity determinations by employing the

monitor probe as the heat sensor and one of the heated probes as
the heat source. Probe insertion was the same as previously
described but a second hole for the monitor probe was drilled
adjacent to the hole for one of the thermal conductivity
determinations. Probe spacing was measured at the specimen

surface using a steel rule graduated in mm. An iterative

procedure was used to obtain the thermal diffusivity value

which best fit the temperature data.

5.5.2 Results and Discussion

Data for a silty clay soil and a sandy soil were obtained.
Data for the silty clay specimen only are considered. Figure
5.10 shows the measured and predicted temperature/time plots for
the silty clay material. The technique gives a diffusivity value
of 1.376 x 1076 M2571,

While the fit is good, the residuals from this fit are not
randomly distributéd, indicating that the test situation is not
adequately modelled by equation 5.1 alone. Possible sources of
deviation from the simple analytical model include temperature
drift, temperature dependent thermal properties, and contact
resistance. The pattern of residuals suggests that temperature

drift could not be the sole source of error, since suchdrift
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would be expected to be linear, and would therfore produce linear
residuals.

If the diffusivity of the specimen varies significantly over
the temperature range covered during the test, the analytical
model will not represent the test situation. While the
temperature range experienced in the monitor probe was small
(less than 0.4 C), the temperature range at the heat source was
almost 2.8 degrees. The typically high correlation coeifficient
for the thermal conductivity value obtained during this run
suggests that the thermal properties were not significantly
variable in this range, éince the thermal conductivity test would
also be influenced by this effect. The large temperature rise at
the heat source (Figure 5.11) does suggest, however, that
applicability of this approach will be subject to an upper
temperature limit. The limit will be similar to that for thermal
conductivity tests (approximately -2 C in clay materials).

The difference between frozen and unfrozen materials
suggests that contact resistance may be the source of error in
this situation (while the thermal conductivity determination is
sensitive to an uneven or changing contact resistance, test
results are not affected by a uniform and constant contact
resistance, although this influences the test duration).

For tests in unfrozen materials, the probe can be inserted
into an undersized hole, minimizing the contact resistance.
Undersized holes cannot be used for probe installation in frozen
core materials, and in fact they were drilled slightly
oversized. Although the gap was filled with a highly conductive

material to minimize contact resistance, the properties of this
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Figqure 5.11
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space were different from the socil material.

Further work is required to determine the source of the
small residual error in the predicted temperature rise, as well
as the magnitude of the error in the diffusivity value due to it.
This is not possible with the limited data available from the
present investigation, since no independent diffusivity
measurement is available.

Future work should also investigate the potential for error
due to the uncertainty of probe spacing. While Drury (1985)
indicates that 20 mm should be considered an upper limit on probe
spacing in unfrozen materials (because of the decreasing
temperature rise with increasing distance from the heat source),
a greater spacing may be possible in frozen materials because of
their higher diffusivity. Increasing the distance between the
probes will decrease the relative uncertainty in probe spacing.
This potential advantage may be offset by the need to reduce the
temperature rise at the heat source.

Assuming that satisfactory answers can be found to these
questions, our preliminary finding is that this technique is

feasikble for use in frozen materials.
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6. A Guide to the Database for the Borehole Sites

A1l information collected about the core materials was
summarized in a computer database using the dBASE III program.
This progam permits updating, indexing and sorting of the data,
data manipulation, and the preparation of printed data summaries.

At present, the database contains 313 records, one for each
bagged fragment of core material in the coldroom. Records are
subdivided into fields representing individual pieces of
information. The field labels and contents are summarized below.
(In the descriptions below, "fragment" refers to the contents of
individual storage bags, while "pieces" are groups of one to three

fragments with the same number designation.)

Norman Wells Database
Field Labels and Description of Contents

HOLE_NUM Borehole identification number

CORE_NUM Core piece number (from core label)

CORE_ABC Core fragment letter deignation - A,B, or C
(from core label)

BOX_NUM Number designation of box in which core is stored

CORE_TOP Depth of the top of the core piece (feet/inches)
(from core label)

CORE_BOTTM Depth of the bottom of the core piece (feet/inches)
(from core label)

CORE_LENTH Length of core fragment (cm) measured in coldroom

CORE_MASS Mass of core fragment (kg) measured in coldroom

SOIL_TYPE Visual soil type of fragment, determined in
coldroom after scraping

INCLUSIONS Inclusions in core soil matrix (other than ice)

ICE_CLASS NRC ground ice classification for fragment
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ICE_ORIENT spatial orientation of ice bodies in fragment

BEARDNESS hardness of ice bodies in fragment

STRUCTURE structure of ice within ice bodies

ICE_COLOUR colour qf ice in ice bodies

ICE_SHAPE shapes of ice bodies

LENS_THICK thickness of ice lenses or ice veins in fragment
GRAIN_DIAM diameter of ice grains in fragment

COMMENTS comments

CONDY ' thermal conductivity test result (W m~1K™1)

Several database reports were created using these data.

Because the information in each record was too extensive to fit

completely into column format, the information in each.report was

selected to present the information which would be useful for

particular purposes.

Separate reports were developed which:

1. describe the contents of each storage box;

2. describe the core

3. describe the core
properties of the

4. describe the core
properties of the

5. give the thermal conductivity data for each borehole,

from each borehole in a general way;

from each borehole with an emphas1s on the
soil material;

from each borehole with an emphasis on the
ice inclusions;

potentially pertinent physical data;

6. give the dielectric property data for each borehole, including
potentially pertinent physical data.

Copies of these database reports are incliuded with this

document. They serve as examples only: reports can be modified

or updated, and new reports can be created by the scientific

authority using the dBASE program.
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7. Core Cutting of Frozen Specimens for Sample Preparation
and Sample Preservation

f@ 7.1 Introduction

} The feasibility of using a diamond wire saw (provided by the

i scientific authority) to obtain sections of frozen core with

| minimal damage to the cut surface was invesigated. Cutting

J frozen specimens to length is usually accomplished by means of a

1 sawblade of some form. For most work this is adequate, however,

- blades can induce fracturing in ice structures and the cut is
rarely clean enough for detailed analysis of ice inclusions or

other features.

7.2 Description of the Core Cutting Device

The scientific authority provided a diamond wire saw with
the capability to control cut thickness, cutting rate and the
pressure on the cutting surface. The apparatus was originally
developed for cutting seniconductor materials, and has been used
on frozen soil materials by Osterkamp (1977).

The saw consists of a diamond coated cutting wire and

~ associated hardware (pulleys, capstan and motor) to control wire

speed, a stage with a micrometer adjustment to control the

B thickness of the specimen cut, a balance system to control the
force exerted on the cutting surface, and a system to supply
slurry or lubricant to the cutting surface. Osterkamp (1977)
suggests that the cutting speed be less than 30 cm s~ 1 and that
the pressure on the diamond wire be less than 100 g.

j The apparatus as supplied could not be used for the work

involved in this contract (cutting 3-5 cm sections of frozen core
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from larger core fragments). The stage supplied with the
apparatus was designed to support materials weighing a few
grams, and to permit cuts in thin materials. In contrast, the
frozen core materials weighed up to 5 kg, and a cutting depth of
11 cm was required. As a result, the stage was removed from the
apparatus, and a new stage was designed and built.

While similar in concept to the original stage, it
supports the core on one side of the cutting wire (the original
stage was supported on both sides of the wire). This change was
necessary to give sufficient cutting depth between the diamond
wire and the body of the apparatus, and to provide support for
the core nearer to its centre of mass (to prevent twisting). In
addition, the new stage is less precise and has no micrometer
adjustment.

An addition difficulty with the saw (as delivered) was that
the motor driving the cutting wire was packed with a lubricant
which isunsuitable for use in the coldroom. When the saw was
allowed to cool down to the ambient temperature of the coldroom,
the motor could not overcome the greater viscosity of the
lubricant. The apparatus was warmed up in the anteroom, and then
returned to the coldroom and switched on immediatly, to determine
whether it could maintain its tempefature by keeping it running.
After running for a few minutes, the apparatus slowed down and
behaved as it had when started cold.

Time constraints did not pefmit completion of all nessesary
modifications to the saw before specimen cutting could be
performed on a routine basis. Specimens were cut for

acoustical and electrical properties (carried out elsewhere)
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using the traditional cutting method (a hacksaw).

If this saw is to be used in the coldroom in the future,
some method of lowering the viscosity of the motor lubricant must
be devised. Osterkamp (1977) utilized a low temperature
lubricant, however, using a battery blanket around the motor may

be an acceptable alternative.
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Appendix I

Inventory of Norman Wells Core Samples
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7.00
8.00
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6.

Depth (m)

.30
.61

.22
.68
.13
.44

.05

.66

.42

.18
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.61
1.22
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.44
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Mass

2.32
3.00
2.69
3.88
3.14
6.22
4.88
5.39
5.57
4.98
3.51
4,57
5.16
4.77
5.41
4.52
4.96

5.23
3.53
4.94
4.41
4.76
5.56
4.01
4.34
4.42
3.95
4.70
4.68
4.45
4.78
4.31
2.86
5.52

Total

Length Density

27.00
31.00
26.00
23.00
19.50
32.00
25.00
31.50
30.00
26.50
18.50
23.50
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24.00
26.50
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1.76
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1.80
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1.89
1.91
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1.66
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1.93
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Depth (ft)
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4.23
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4.89
4.68
5.33
4.18
5.72
6.57
3.69
3.45
4.30
4.82
5.19
4.71
4.09
5.55
4,04
4.29
4.78
4.00
4.98
5.75
4.80
5.07
4.03

6.09
4.40
5.41
5.17
5.22
4.98
6.35
5.76
4.87

4.66

6.27
6.69
6.25
7.87

Length De
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22.50
25.00
27.00
26.00
29.00
25.50
27.50
32.00
20.00
22.00
29.00
27.00
26.00
27.00
25.00
28.00
26.00
24.00
24.00
20.00
24.00
29.00
23.00
26.00
19.00

30.00
21.50
28.00
27.50
25.50
25.00
31.50
29.00
24.50
23.70
31.50
44.50
38.00
41.00

Wet
nsity

1.98
1.83
1.77
1.77
1.75
1.79
1.60
2.03
2.00
1.80
1.53
1.45
1.74
1.95
1.70
1.59
1.93
1.51
1.74
1.94
1.95
2.02
1.93
2.03

1.90

2.07

1.98
1.99
1.88
1.83
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1.94
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1.94
1.94
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1.94
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1.60
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Cl2a
Cl2b
Cl2c
Cl3a
Cl3b
Cl3c
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Depth (ft)

8.00
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10.50
11.75
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15.50
18.00
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23.00

25.50

28.00

30.50

33.00

9.25
10.50
11.75
13.00

"15.50

18.00
10.50

23.00

25.50
28.00
30.50
33.00

35.50

Depth (m)

2.44
2.82
3.20
3.58
4,50

9.30

10.06

2.82
3.20
3.58
3.96
4.72

9.30

10.06

10.82

Mass

5.89
8.76
6.61
7.82
7.89
8.31
7.72
6.51
5.03
5.08
4.94
6.12
4.64
5.71
5.23

5.98
5.75
4.39
3.38
5.30
5.47
5.74
5.53
5.24
4.39
4.49
3.35
3.28
3.51
5.60
5.67

Wet

Length Density

31.00
46.00
32.00
38.00
35.00
40.00
37.00
29.00
25.00
25.00
28.00
30.00
21.00
28.00
35.00

28.00
30.00
22.00
15.00
26.00
27.00
30.00
28.00
24.00
22.00
26.00
26.00
19.00
20.00
28.00
28.00

1.85
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2.01
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2.02
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1.98
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1.99
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2.08
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1.99
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1.86
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1.68
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1.71
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1.97



Box

7B
7B
7B
7B
7B
7B
7B
7B
7B
7B
7B
7B

e §
7

7B
7B
7B
7B

Box

7B
7B
7B
7B
7B
7B
7B
7B
7B
7B
7B
7B
7B
7B
7B
7B
7B

Depth (ft)

13

Cl5a
Cl5b
Clsc
Cléa

Cléb -

Cléc
Cl7a
Cl7b
Cl7c
Cls8a
C1l8b
Clsc
Cl9a
Cl9b
C20a
C20b
C20c

12

C21la
C21b
C21lc
C22a
C22b
C22c
C23a
C23b
C23c¢
C24a
C24b
C24c
C25a
C25b
C26a
C26b
C26¢c

35.

38.

40.

43.

45.

47.

50.

52.

55.

57.

60.

62.

50

00

50

00

50

50

00

50

00

50

00

50

38.00

40.50

43.00

45.50

47.50

50.00

52.50

55.00

57.50

60.00

62.50

65.00

Depth (m)

10.82

11.58

12.34

13.11

13.87

14.48

15.24

16.00

16.76

17.53

18.29

19.05

11.58

12.34

13.11

13.87

14.48

15.24

16.00

16.76
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Mass
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4.61
5.04
4.78
4.72
5.53
4.90
5.22
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4.62
5.55
5.93
6.19
5.25
4.53
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26.50
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28.00
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. 2.12
2.07
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2.16
1.97
2.04
1.89
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l1.98
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2.08
2.09
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1.94
2.00
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65.00 66.80 19.81 20.36 5.98 30.00 1.94
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12.50 15.00 3.81 4.57 4.49 22.00 1.99
5.97 30.00 1.94
5.91 28.50 2.02
15.00 17.50 4.57 5.33 4.94 26.00 1.85
4.77 24.00 1.94
5.22 28.00 l1.82

17.50 20.00 5.33 6.10 5.75 28.00  2.00
4.31 20.00 2.10

6.05 29.00 2.03

20.00 22.50 6.10 6.86 5.96 29.00 2.00
5.93 28.50 2.03

: 5.91 28.00 2.06

22.50 24.00 6.86 7.32 6.54 30.50 2.09
35.00 37.50 10.67 11.43 5.88 26.00 2.20
5.43 27.00 1.96
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5.32
6.46
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6.07
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2.84
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4.35
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5.15
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.39
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.55
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23.50
27.00
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28.00
30.00
23.00
31.50
28.00
15.50
29.00
28.00
22.00
25.00
22.00
26.00
27.00
17.00

22.50
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24.00
22.00
25.00
21.00
32.00
22.00
23.00
26.00
29.50
20.50
25.00
26.50
18.00
26.00
25.50

2.07
1.92
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1.99
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1.88
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1.90
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Mass

5.31
4.07
5.46
5.52
4.93
5.99
5.49
4.84
5.30
4.17
5.78
5.28
4.62
3.99
5.55

6.18

6.20
4.90
3.85
2.90
4.49
4.66
4.95
3.26
4.75
5.57
1.33
2.16
3.27
2.46

28.00
21.00
28.50
31.00
26.00
30.50
29.00
27.00
30.00
25.50
29.00
29.00
23.00
27.50
27.00
30.00

35.00
29.00
29.00
27.00
26.00
27.00
31.00
25.00
26.00
32.00
14.00
22.00
33.00
29.00

Wet
Length Density

1

-~

1.
.87
.74
.85
.91
.84
.75
.72
.59
.94
77
.96
.41
.00
.01

1
1
1
1
1
1
1
1
-1
1
1
1
2
2

1
1
1
1
1
1
1
1
1
1

85
89

.73
.65

.29
.05
.68
.68
.56
.27
.78
.70
.93
.96
.97
.83
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Box

8C
8C
8A
8A
8A
8C
8C
8C
8C
8C

WYY

Box

10a
10Aa
10B
10B
10B
10B
10B
10B
10B
10B
10B
11

Box

11
11
11
11
11
11
11
11
11
12Aa
12A
122
12A
12A
12A

5

C2b
C2c
C3a
C3b
C3c
C4a
Céb
C4c
Cha
Cbb
C5¢
Cla
Clb
C2a
C2b

Cla
Clb
Cla
Clb
Clc
C2a
C2b
C2c
C3a
C3b
C3c
Cla

Clb
Clc
C2a
C2b
C2c
C3a
C3b
C3c
C4

Cla
Clb
Clc
C2a
C2b
C2c

Depth (ft)

.50

.50

.50

7.50
.50

10.50

Depth (m)

1.98

.15

.76

«15

.15

’91

1.68

.15

.76

2.29
015

.91

3.20

.76

.76

.91

2.59
.91

Mass

.75
.69
.65
.59
.96
.53
.72
.60

.17
.39
.88
.24
.01
.83

A WWWNNDNNPRPWWNDNE

3.73
3.78
4.17
4.01
6.90
4.23
5.94
5.98
5.75
2.82
3.81
5.15
5.19
6.70
4.92

Wet

Length Density.

27.00
30.00
23.50
24.50
25.00
29.00
19.00
21.50
16.00
20.00
28.00
29.00
34.00
25.00
23.00

39.00
35.00
30.00
25.00
34.00
23.50
26.50
30.50
34.00
29.00
29.00
38.00

23.00
23.50
22.50
21.50
35.00
22.00
30.00
31.00
28.50
30.00
22.50
27.00
27.00
34.00
25.00

.63

.87
1.10
1.43
1.54
1.52
1.40
1.18
1.46
1.54
1.18
1.30
1.50
1.95
2.08

77
1.12
.69
.85
.84
.80
.76
.85
.79
.75
.85
.87

1.58
1.57
1.81
1.82
1.92
1.87
1.93
1.88
1.97

.92
1.65
1.86
1.87
1.92
1.92



Box

124
12A
12A
12B
12B
12B
12B
12B
12B
12B
12B
12B
12B
12B

Box

128
12B
128
12B
12B
12B
12B
12B
12B
12B
12B
12B
12B
12B
12B
128
12B
12B
12B
12B

Depth (ft)

2

C3a
C3b
C3c
Cla
Clb
Clc
C2a
C2b
C2c
C3a
C3b
Caa
C4b
C4c

C5a
CSb
C5¢c
Céa
Céb
C7a
C7b
C7c
C8a
C8b
C8c
C9a
C9b
C9c
Clo0a
Cl0b
Cl0c
Clla
Cllb
Cllc

.00

9.00

10.50

12.50

15.50

18.00

20.50

10.50

12.50

15.50

18.50

20.50

24.00

Depth (m)

1.68

.00

'61

2.74

3.81

2.29

Mass

5.02
5.66
6.59
2.10
1.97
1.92
1.77
2.14
2.25
2.06
2.11
2.60
2.01
1.79

2.35
1.90
2.55
2.91
4.49
2.95
4.70
4.75
5.34
5.40
4.80
5.33
5.31
5.16
3.87
4.45
5.07
4.75
7.11
6.20

Wet

Length Density

25.00
28.50
31.50
30.00
28.00
24.50
20.50
30.00
29.00
27.00
24.00
33.00
21.00
21.00

28.50
24.00
25.50
23.00
37.00
19.00
30.00
29.00
30.00
30.00
30.00
33.50
29.00
29.00
26.00
26.00
26.50
23.70
35.00
35.00

1.96
1.94
2.04
.68
.69
.76
.84
.70
.76
.74
.86
.77
.93
.83

.80

<77

.97
1.23
1.18
1.51
1.53
1.60
1.73
1.75
1.56
1.55
1.78
1.73
1.45
1.67
1.86
1.95
1.98
1.73



Appendix II

Determining the Effect of Gaps Around Parallel
Rod Transmission Lines

The dielectric constant of a parallel rod line installed in
a soil in an oversized pilot hole can be determined if one knows
the physical dimensions of the transmission and the size of the
pilot hole. The resultant dielectric constant, K, will be
different than the actual dielectric constant, "K,.,53, by some
factor, F, which depends upon the configuration of the line, the

size of the gap and material in the gap:

K = Kpgg) X F (1)

The F factor is found from equation (2):

F =2 coemmrrmrerierrrrr e - (2)

ky (eg — ;) + ky e;

where k; is the dielectric constant of the material in the gap

and ko is the dielectric constant of the soil material and

e, = cosh'l(c/d) | (3)

eqg = cosh—l(a/b) _ (4)
where :

ja L @R x e e Ty e

10




where a is one-half the line spacing, b is the line radius and

n = average gap size / b (6)

In practice the average gap size is determined from the
difference in transmission line diameter and pilot hole size and
the equations are solved in reverse order than presented. The
analysis can easily be set up on commercial spreadsheet programs
to permit rapid analysis of changing conditions. One should be
cautioned that one may £ind an optimum pilot hole size for a
given line configuration only to find that drill bits are not

available in the desired diameter or necessary length.

11




Appendix III

Procedure for Thermal Conductivity Tests in Frozen Soils
Using the EMR Needle Probe and Data Acquisition System

1. Installing the Needle Probe into Frozen Soil Specimens

1.1 Materials Required

The materials described here are for the Geotherm
needle probes. These probes have a length of 60 mm and a
diameter of 1. mm. The following equipment is required for
proper installation of the needle probe into frozen soil
specimens:

1. the appropriate number of Geotherm needle probes;

2. insulated specimen box(es) to contain specimens during
‘tests;

3. electric drill and an extra long 1.5 x 70 mm drill bit;
4. a syringe equiped with a large diameter needle
filled with silicon grease or silicon oil (eg. Dow
Corning 200 cs) '

5. a beaker full of warm water to remove residue from the
drill bit (replace water after probes are inserted);

6. a small diameter wire to clean the hypodermic needle;
7. a wire to clean the hole drilled in the soil specimen;

8. data sheets thermal conductivity test;

1.2 Procedure

Since the data acquisition system and associated hardware
are located outside the coldroom ensure that the specimen box is
appropriately located so that the needle probe's wire leads
reach outside the coldroom and that there is no tension on the

leads after insertion in the specimens.




1.2.1 Probe Insertion

There are several general guidelines regarding the

installation of the needle probes and the location within a

specimen where tests will be made:

1.

The needle probes should be at least 5 cm from the end
of the core and spacing between probes should be

at least 10 cm. It follows then that only one test can
be made if the specimen length is less than 20 and two
is if it is 30 cm. If increased spatial resolution is
required then the tests will have to be done at
different times. ,

The needle probes should be inserted into reasonable
homgenous soil and ice units within the specimen. Treat
fractures and obvious voids in the core as if they

were core ends. These act as barriers to heat flow
which can invalidate results.

The needle probes are usually inserted normal to the
core length and not in the ends. It is preferable to
the drill on the previously scraped surface since one
has a better idea of the underlying material.

The specimen does not have to be removed from its bag
for the thermal conductivity test and holes are drilled
through the bag.

The recommended installation procedure is as follows:

l.

2.

assemble materials and test specimens in the coldroom;

drill a hole perpendicular to the specimen length using
light pressure.

a. never allow the bit tovstop moving while it is still
in the hole since it will freeze in place;

b. void spaces or changes in soil texture or structure
beneath the surface can be detected by variations in
the penetration rate of the drill bit. These
changes should be recorded on the test data sheet in
the comments column beside the appropriate probe #.

Withdraw the drill bit with the drill still turning to
prevent freeze-up and insert the cleaner wire into the
drilled hole (since the cuttings tend to melt, they must
be removed or packed to the bottom cf the access hole
before they refreeze). Ensure that the hole is of the
appropriate depth; ‘

Clean the drill bit by immersing it in a beaker of warm




water while the bit is still turning. Residue should be
removed in this way after every hole is drilled. Dry
of f any excess water on the bit to prevent ice
formation, '

4. Squeeze some silicon grease/oil out of the hypodermic
needle to make sure that it is clear of blockage.
Insert the needle into the hole and squeeze in the
grease/oil as the needle is slowly withdrawn. If the
procedure has been properly carried out the grease/oil
should be evident at the surface of the hole. If no
compound is evident, then check the hypodermic needle
for blockage. If the needle is not the problem, then
there may be large voids in the specimen.

5. 1Insert a probe in the hole. If there is sufficient heat
sink compound in the hole, the probe should slide into
the hole easily until it is almost fully inserted.

Push the probe firmly in the hole the rest of the way to
ensure that it is fully seated in the hole and to expel
any excess heat sink compound.

6. record the core number and core depth beside the
appropriate probe number on the thermal conductivity
test data sheet. Indicate the position along the
specimen where the needle probe(s) is installed using
the end of the specimen closest to the soil surface as
the reference. A probe placed 10 cm from near-surface
end would be recorded as "+ 10 cm ". Any relevant
comments about apparent voids or inhomogeneities should
be recorded also.

7. When the probe(s) is inserted in a core, place it in the
insulated sample box and proceed to the next core. Make
sure that there no specimen rests on a needle probe or
the lead wires are stressed in any way.

8. 'When all cores are instrumented and in the box, cover
them with insulation and close the box.

1.2.2 Assessing Temperature Stability

The specimens should be allowed to come to thermal
equilibrium for at least one hour, preferably longer. To check
for thermal equilibrium, perform the test as outlined in the next
section, but leave the current source turned off. The resultant print

of the test will show the temperature drift in the specimens over

W
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a ten minute period. If in doubt, wait.

2.

Test Procedures

The test procedure is as follows:

ll

Turn on all relevant devices (the disk drive on this
particular computer should be turned on first). Be sure
that all devices, (including the printer) are on before
starting, since inter-device communications can get
fouled up if a new device gets switched on in the middle
of the run.

Adjust the current source to the appropriate level
(usually 100 ma). The particular multimeter being
used for the current defaults to dc volts on power up.
This must be changed to dc amps before the test
proceeds.

Type in LOAD "NEEDLEl" on the computer and press
RETURN. When the disk drive stops, press the RUN key.

The computer will ask for a filename to store raw dats,
and another to store temperature data. When you enter
these, be sure that they are not filenames already on
the disk by including the hole and core numbers of one
of the tested cores in the name, for example:

C7A19BR for the raw data
C7A19BT for the temperature-data

Record these file names on the data sheet.

The programwill ask you to choose between the NOW
option and the DRIFT option, choose NOW. At present, a
bug in the DRIFT subroutine causes the system to hang

up.

After pressing the NOW key, the probes are heated for
approximately 5 minutes.

a. record the current supplied by the current source

The rest is automated, including printing out of raw
data and temperature data. After the heaters are turned
off, the computer continues to monitor probe temperature
for another 5 minutes. The entire run procedure takes
15-20 minutes. Save the printouts for future reference.

b. record the voltage drop across each probe on the
data sheet




—

7.

This information is asked for in the conductivity
calculation program.

Return to step 3 for subsequent runs.




Appendix IV

Sample Database Reports

including:
1. Description by soil and ice
2, Indexed by box
3. Description of ice
4, Thermal conductivity and related data

5. Description of soil
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Fage Ho. i

03730787
Horman He
dascr
fors  BOY Dapih (g Visual Bpil Tvee Incl. ice
i top bot. {in Cold Reoom Type
#% Borehole Humber 108
i&8 & 0.2 0.8 PEAT HFH
13 & 0.2 0.5 PERT/SILTY FINE 38MD NBH
## Horehole Number 108
ia 4 0.2 &9 PEAT VR
iR 4 0. 0.9 PEAT NEH
P04 0.7 0.9 PEAT HEN
28 4 4.9 17 PEMT NEH
2B & 0.9 1.7 REAT Ve
20 & 0.9 1.7 PERT V3
Ia 4 L7 b REAT ¥5
IB 4 1.7 2.6 PEAT Ve
38 4 LT 2.6 PEAT HEH
#% Borehole Number If
P& 4 0.2 £.8 PEAT/FINE SAND HBR
P2 3 ¢.2 0.8 FINE SAND ORERYICE VS
VEOOF 0.2 0.8 FINE GARD/SILTY Samp ¥
28 3 4.8 1.5 FINE SAND REH
I8 3 0B 1.5 FINE 5a4D B
20 3 0.8 1.5 FINE Saup HEH
ia 3 1.5 2.3 FINE 5RMD CALLERDU NEH
IR O3 LS 2.3 BILTY CLAY CALL/ERA VS
303 1.8 2.3 BILTY fiay GRAV/CAL V5
i 3 2.3 2.6 BILTY CLay DAL/GRAY VB
£+ Borehole Nusber 128 _
P4 3 7 0.9 PEAT/SBILTY CLaY v
PEOO3 6.2 0.9 SILT FE¥ GRAV V8
f003 0.2 4% 5L Vs
28 % 4.9 1.7 5LLT ¥5
2F 3 0% 1.7 SILT/SILTY GAHD GRAVEL VY
20 3 8.9 1.7 BILTY FINE S8HB GRAVEL VS
Ih 2 L7 25507 Ve
38 2 L7 2,5 BILT/SILTY GaRD ¥5
JE 2 1% %5 BILTY FINE SAND GRAVEL 8

Permafrost Core data

is
iptian by 50

Tce shape

BRAINS

YEIN

LENS
LEHGES
LENB/VEIN
LENG/YEIN
LEHE/VETN
LEHB/VEIN

-LERR/VEIN

LENSAVETH
LENG/VETY

gil and ice

Comments
BROKEH
PEAT/HIHERAL CONTADT/BRONEN

BROKEN
BROKEN
COLOUR CHAMBE/EROKEY

BROKEN
BROKER
BROKEN
HROKEN
HINERAL BOIL CONTALT

BROKEN

BROKER

BIL COMTALT/BROKEN

BROKER/GRADING TO FIRER LENSES AT B
LENGES ARE (I, VEINE 2 M

ERGKER

BROKEW/G0IL COMTRDT, ICE DIFFERS
ERDKER

HROKEN

BROKEN
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03730787
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#
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2
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4.5 PEAT
.6 PEAT

0.4 PEA

1.2 FERT

1.2 PEAT

i.2 FEAT

1.7 PERT

1.7 FEAT

2.7 PEAT

2.3 PEAT

2.3 PEAT

2.8 PEAT

2.8 PERT

2.8 FEAT/BILTY CLAY
3.2 BILTY CLAY
3.2 CLAY/BILT

3.8 BILT

3.8 BILT

3.8 BILY

4.8 BILT

4.8 BILY

§.0 CLAYEY 8ILY
5.3 BILY

S.5 CLAYEY 8I1LT
5.5 CLAYEY 8ILT
6.3 SGHDY BILTY
&£.3 SREDY BILTY
6.% SILT

7.4 BILTY FIHE S8
7.4 CLAYEY 8ILT
7.4 BILTY FIHE 8RN

Horman Wells Permafrost Core data
Bescription by soil and ice

Incl, fee
Type

RE
HE
HE
HE
HF
VR
Lt
NB
NB
¥R

VG
o
HB
¥a
¥
yg
Vg
8
Vg
Va
V&
FEY GRAV ¥8
FEW BRAV V&
g

¥4

ire shape

GRATHG/SROWLIKE
BTUF

LEHS

RANDON

LERBES/GRAING
LENB/VEIR
LERE/VETH
LENB

LENE
LEHE/BRING
LEMB/GRAING
LEHE/GRAINS
LENG/VEIN/GRATHS
LENG/GRATHE
LENG/GRAING
LEHG/GRATHS
LERB/GRAING

BRAINS
LENG/BRAING
LENS

LERE

£
£

BROKEN
BROKEN
EROKEN
BROKER
BROKEN
BROKER

SROKEN
BROKER

neents

FEW LEMSES: ROSTLY SRAING

TR0 BROKEN TO EBTIMATE ICE DIAJTHIC

BROKEN

HROKEN

FREVIUOSLY THAHED

ARD RE-FROZEN
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Core  BOX Depih
# top
%% Borehole Kumber
H 1% 0.3
28 19 0.4
2B 1 0.6
& 1 1.2
38 19 1.2
g 19 1.7
R A
L& 1% L3
&8 1% 2.3
T4 1% i
Fi I
10 1% I
B4 19 3.7
88 1% L7
¢ 17 3.7
28 19 4.3
78 1% 4.5
2L 18 4.3
04 18 82
B 18 5.2
88 18 52
114 18 &%
ite 18 &0
124 18 &
128 18 4é
128 18 b4
134 18 %2
iR 18 %2
§8 18 1.7
148 18 7.7
i54 18 B
i858 1§ 8.4
50 18 &8¢
14 if 8.4
i7h 18 0.0
178 17 i
iBa 17 104
8B 17 10.4
i8¢ 17 6.4
78 17 1.2
i 5 17 1.2
190 17 142
Wa 17 120
0B 17 120
WL 17 i
2R 17 1271
LB 17 147
A NN MR Y A V0
228 17 133

{m} Visual Soil
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12,0 BILTY CLAY
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BILTY CLAY
3 SILTY CLAY
BILTY CLAY
SILTY CLAY
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Horman Weils Permatrost Cors dats

Bescription by soil

Incl.

OREANILE

GRAVEL
BRAVEL
BRAVEL
GRAVEL
GRAVEL
GRAVEL
BRAVEL
BRAVEL
BRAVEL
BRAVEL
BRAVEL
BRAVEL
GRAVEL
CALE,

GRAVEL
GRAVEL
GRAVEL

BRAVEL
GRAVEL
GRAVEL
GRAVEL
BRAVEL
BRAVEL
GRAVEL
BRAVEL
GRAVEL
GRAVEL
GRAVEL
BRAVEL
GRAVEL
BRAVEL
GRAVEL
GRAVEL
BRAVEL
GRAVEL
GRAVEL
BRAVEL
ERAVEL
BRAVEL
GRAVEL
BRAVEL
GRAVEL
BRAVEL

ice lce shape

Type

-
L]

-
0%

VG

Vg
4B
V8
V3
8
g
B
Vg
LB
Vg
va
Y8
V5
g
Vg
KB
Y5
V8
5
N
W
VR
V3
V8
HE
5
iE
V5
Vg
LT
Vg
ya
NB

-
£

VR

wgn e ATt o  ar SRR emn e
HOTH IO iR b bh Do B o

LEHEES
LERS
LENS
LEMEES

LERS
LENG
LENG/VEIN
LEHSES

/2

LENS/VEIN
LENB/VEIH
LENG/VEIN
LERG/VEIR
LERB/VEIN/BRAING
LENE/YETN

LERS

LENB/VEIN/ERAING
LEWGES
LENG/VEIN

LEREES

GRAING

VEIH
LERG/VEIN/BRATNS
LENG/GRAING

LENG/BRAING

LENG/VEIN
LENS

LENGER
LENS/GRAINS

LENS/VEIN
BRAING
LENS
LENG/VEIH

LEHS
LENS/VEIH
LERS
ERAINE
LEMG/VEIN

and ice

Conments

OHE LARGE LENS DMLY
CONDUCTIVITY: PEAT 1.397 BILT 2,171

RETIC. MERGING INTO LARGE BRAINS
EROKEN AT LENG
ICE CORTING VISIRLE IN FRACTURE

GHE LARBE ICE RASE
FRACTURED EORE

LARGE ICE LEMS AT LORE EHD

THO LENSES IN CENTER OF CORE
BROKEN

ONE LARGE STORE-B CH DIAMETER
BROKEN/ ONE LARBE LENG DMLY

BROKEN / EHSES

BROKEN

BROKEN

BROKEN 47 THICK LENS

BROKEX 7 LARGE VEIN, WiITH THIN LENWS
BROKEN

HITH & THICK LERS AT CORE END

HANY LARGE L




Fage He. i

03730487
Norman ¥ells Permafrost Core data
Bescription by soil and ice
Lore  EBOX Depth {m}  Viswal Soil Type Inmcl. Ice Ire shape Lonments
# tog bot. {in Cold Room! Type
22§ 17 13.5 14.7 SILTY L&Y BRAVEL V5  LENG/GRATNG LARBE GRAIM [LURTERS
328 17 13.5 14.3 SILTY DLAY BRAVEL V8 LENB/VEIN/BRAINS BROMER :GRAING IN LENG/VEIN FATTERN
238 17 14,3 15.0 SILTY oLBY GRAVEL VB  LENS/BRAINS BRAINS IW LENS PATTERNS
3B 17 14,3 15.0 BILTY DLAY BRAVEL V8  LENS/ERAIRS CLEAR BRAINS/CLOUDY LENS 30% EXCESS
23 € 17 14,7 [0.0 DEWBE Liay VB GRAING-BOME Sme LENBLIKE STRUCTURE/ICIER AT EXD
LENSLIKE

344 17 15.0 1.5 BILYY CLAY GRAVEL v§ VEIN THICKER LENS AT CORE END
24 B 17 15.0 15.5 SILTY CLAV GRAVEL V8 VEIN/GRAING GRAING IM LEMS PATTERN
2017 15,0 15.5 BILTY DLAY BRAVEL VR DRAINS
258 17 15.5 16,7 GILTY [iAY BRAVEL VR BRAINS
IR 17 15,5 1A.3 BILTY LAY GRAVEL V8  VEIN
ZELO17 15.9 16,3 BILTY (LAY ERAVEL V8 VEIN BROKEN
368 17 14,3 16.% BILTY CLAY HE
26 B 16 14.7 1.9 BILTY CLAY KB
26 € th 1463 16,9 BILTY DLAY V8 YEIH
4 th 16.% 1B.3 SILTY CLAY V5 LENS 2 LENSER DNLY
27 B b 16.% 1B.7 SILTY CLaY Y& YEIN
270 16 14,7 18.3 SILTY DLaY Y5 LEWS ONE LENS DMLY / BROKEW
28 4 1& 1B.T 1B LAVERED SILTY CLay y§  VEIH
28 B 14 18,3 19.2 LAVERED SILTY CLay B BROKEN
L ib 1.3 19.2 LAVERD SILTY CLAY NE BROKEH
Xa 16 19,2 19.2 CLpY ] BROKEN
FE 16 19.2 20.7 CLAY HEB FROKEN
XL 18 19.27 20,37 CLAY ¥s  LEHS OHE LEWE OHLY
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Horman Wells Perpafrost Lore data
description by seil and ice
Core  BOY Depth {s)  Visual Boil Tvpe Incl. Ice Ice shape Lonments
- top bot. {in Cold Room! Tvpe
#% Borchole Hupber 7B
1 it 0.8 1.2 BILTY Ciay GRAVEL V8  LEWSES
21k 1.2 1.7 BILTY CiAY BRAVEL V8 LEHS
38 16 1.7 2,5 SILTY cLay BRAVEL V8  LEWS
IR OIS 1.7 1.3 SILTY CLAY BRAVEL VS  LEWS
44 13 2.5 2.8 BILTY (LAY Y8 LENGES
4B 15 2.8 3.7 GBILTY CLay CALD V§  LERS/VEIR
A 1% 3.2 3.6 SILTY CLAY CAL/GRAY V8 LENB
B 38 15 L& A0
&8 15 4.5 4.8 BILTY [LaY BRAVEL V5 LENS BROKEN
&8 15 4.3 4.5 BILTY CLay BRAVEL V8 LENS
A 15 4B 5.5 SILTY CLaY BRAVEL VB LEWS
7B 13 4.8 5.5 GILTY CLAY GRAVEL V8  LENS/VEIN
€ 43 4,8 5.5 BILTY CLAY GRAVEL ¥5  LENGES
84 13 5.5 &3 GILTY CLAY BRAVEL VE  LEMS/VEIN LAREE STONES B OW DIAM.
88 13 3.3 6.7 GILTY Cigy BRAVEL VB LENG/VEIN BROKER
gL 15 5.3 &3 BILTY CL&Y GRAVEL NB
98 15 &3 7.1 GILTY CLaY ¥R GRAINS
98 1% &3 7.1 GILTY CLAY BRAVEL YR GRAIRS
FEL 14 A3 7.1 CLAYEY SILT GRAVEL ¥3  LENSES
4 1§ 7.1 7.8 BILTY CLaY BRAVEL VS  LENS/GRAINS
108 14 7.1 7.8 BILTY LAY BRAVEL VR GRAING
100 14 7.1 7.8 BILTY [LaY BREVEL. VS  LERG/GRAINS
i1 & 14 7.8 8.5 5ILTY CLAY BRAVEL V8 LEWS
it B 7.8 B.& BILTY CLAY BRAVEL V8  LENHS/BRAING
1L 18 7.8 B.& SILTY CLAY BRAVEL V8  LENB/VEIN/GRAINS BROWEW
124 15 .4 B.b SILTY CLAY GRAVEL V8  LEWGES OKE CLOUDY LERE 204
~ 128 14 8.4 9.4 CLAY GRAVEL VR GRAING
2L 18 8.4 9.4 BILTY CLAY BRAVEL V8 GRAINB/RANDOM  ICE BODIES 30 H¥ DIA.
i34 14 5.4 0.1 LLAY BRAVEL V5  LEWG/BRAING LARGE ICE MASS AT CORE EWD
- iI3E 14 9.4 10.1 BILTY CLAY VR BRAING HIgK ICE COWTENT
130 14 9.4 10,1 LAY FINE BRA VR GRAING
14 &4 18 14,1 10.9 SILTY CLaY BRAVEL YR GRRING HIEH ICE CONTENWT
4B 18 10,1 10,9 SILTY CLaY GRAVEL VB LENG/BRAING BROKEM/ ERAING IN LENS PATTERNS
B 1L 14 10,1 10.9 BILTY CLAY BRAVEL VS  GRAINS
54 13 1.9 117 SELT¥ CLaY BRAVEL V5  LEWS VEIH
138 13 10.9 11,7 CLA BRAVEL W5  LERS/VEIN BROKER
150 13 10.% 117 31L?¥ fLay BRAVEL Y5  LENS/VENY
16 & 13 11,7 12.4 BILTY CLAY BRAVEL NB
& B 13 11,7 12.4 BILTY LAY BRAVEL V5  LENG/VEIN LEHS AT BREAK I¥ CORE
360 13 11,7 12,4 GILTY CLAY GRAVEL ¥B  LENG/VEIN
17 4 13 12.4 13,7 GILTY CLAY V5 LEHS LERS AT EMD
17 B 13 12.8 13.2 BILYY Cigy BRAVEL  WEB
170 13 12.4 13.2 SILTY CLaY HE
184 13 13.% 14.0 BILTY CLay KB BROKEN
B8 13 13.2 14,0 BILTY CLaY GRAVEL VB LENS BROKEW - DHE LENS DHLY
1B L 13 13.2 14,0 SILTY CLpy BRAVEL HB
- 4 13 14.0 14.6 BILTY oLAY BRAVEL VB LENS
198 13 14.0 14,5 BILTY CLAY BRAVEL Y8 LENS/VEIN ORE LENS ORLY
38 13 14,6 15.4 SILTY CLAY BRAVEL® ¥8  LENS/VEIM
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§3/30/87
Norman ¥ellc Persafrast Core data
Jescription by soil and ice
: Dore  BOX Depth imd  Visual Soil Type Incl, ire Ice shape Comments
| § top bot. lin Cald Room Type
i B 13 14.4 15.4 BILTY CLAY GRAVEL VR LEWG/VEIH
f 2L I3 14,5 15.4 BILTY CLAY GRAVEL VB VEIN [HE VEIN QLY
BRAVEL LAVER
| 21 & 12 15.4 16.1 BILTY LLAY GRAVEL V8 VEIH BROKEN
| 2L B 12 1504 {61 BILTY CLAY BRAVEL VB  LENG/VEIH
) 21013 15,8 4.1 BILTY CLAY NB RROEER
, 224 12 %61 16.% CLAVEY SILT BRAVEL NB
) 22 B 12 ih.1 169 BILTY FIME SAHD KB
220 12 1A% 1&.% BILTY CLAY/RILTY GHD V8 LENS/VEIN LENBES IN CLAY: BANDY TOR/CLAY BOT.
23R 12 16,9 17.7 BILTY CLAY L
238 12 16,9 17,7 BILTY FINE GAND HB BROKEN
23018 14,9 17.7 BILTY FINE SAND KB BROKEN
244 12 317.7 1B.4 SILTY CLAV/SILTY SAN GRAVEL B BRAVEL IN CLAY GHLY
2B 12 17.7 1B.4 BILTY FINE 3aND B BROKEH
2L 12 17.7 18,4 SILTY FINE S8HD 4B
23 8 12 18.4 19.2 BILTY SAND NE BROKEN
258 17 188 19.2 silty clay B BROKEN
234 17 18.4 19,2 SILTYCLAY/BILTY S&KD HE
B A 1R 19,2 2000 BILTY FINE SBND HB
260 12 1%.7 20,0 SILTY FINE 3AND R
26 0 17 19,7 20,0 SILTYCLAY/SILTY GAND BRAVEL MR EONTADT ZONE/ GRAVEL IN CLAY ONLY
278 11 .G 20,5 BAND NEB BREKEN
TR 1L Z0.0 20,5 SAND NB BROKEN
o
7]
|
1

—




Fage Ho.

43730787

Core  BOY Depth

4 top
#% Borehole Nucher

ta i1 60

S A

4 1 0.8

28 11 (.8

:L 0.8

i& i L3

3B L LS

SAE S § SR

§8 1 2.3

48 i 2.3

40 11 23

34 it &t

58 i1 3

3L i1 &l

&8 10 3.8

58 it 3.8

&0 10 34

TR O 4%

TE IO 4%

70O 4

g8 W 5.3

g8 i 4.4

8L i 5.4

34 10 b

3E 10 &1

9L 10 &1

- e ¢ &9
118 10 10.8

it i 0.8

- it 9 14.8
124 7 iid

2B 0§ iZ.d

B 20 % 144
1748 % 14.%

138 9 149

3L % 1279

e 8 157

148 9 137

4t 7 157

- 198 % 14
58 7 14.4

150 % 144

58 % 134

a 168 % 154
60 % 154

iT8 9 &l

- 178 8 &
170 8 141

iga 8 149

Horman Hells Permafrost Lore data

e} Visual Smil Tepe Incl,
ot {in Cold Rooml
i
4.8 SILTY CLAY [iR5/GRAY
4.8 BILTY CLAY
1.5 SILTY CLAY
i.3 CLAVEY 8ILT CALE.
1.5 BILTY CLAY LaLL
2.3 BILTY CLAY BRAVEL
2,3 SILTY CLAY BRAVEL
2.5 BILTY CiAy GRAVEL
3.2 SILTY CLay BRAVEL
3.1 BILTY CLAY BRAVEL
3.1 BILTY CLay
3.8 BILTY ELﬁY GRAVEL
3.8 BILTY CLA GRAVEL
3.8 BILTY EL&? BRAVEL
4.6 BILTY CLAY BRAYEL
§.& SILTY CLAY
&6 SILTY LLAY GRAVEL
3.4 BILTY CLAY BRAVEL
5.4 BILTY LLAY BRAVEL
G.4 BILTY CLAY BRAVEL
6.1 GILTY CLAY BRAVEL
4.1 BILTY CLAY GRAVEL
b.1 BILTY LLAY RRAVEL
6.9 BILTY CLAY BRAVEL
£.% BILTY CLAY GRAVEL
6.9 BILTY CLAY RRAVEL
7.4 BILTY CL&Y GRAVEL
11,5 51 LTY CLAY BRAVEL
11.5 SILTY CLAY BRAVEL
1.3 EIL CLAY GRAVEL
12.% SILTY CLay GRAVEL
12.9 DEMSE CLav GRAVEL
13.9 LAYERER SILT/CLAY
13.7 LAYERED SILY/CLAY
13.7 BILTY CLaY
13.7 CLAYEY SILY
14,5 BILTY CLAY
{4.5 LAYERED SILTY CLaY  BRAVEL
t4.6 LAYERED SILTY CLAY
13.4 LAYERED SILTY CLAY
15.4 CLAYEY BILT
5.4 SILTY FINE SaND
16,1 CLAYEY BILY
16.1 BILTY FINE SAND
{6.1 SAND
6.9 ELAY/SILT CONTACT
16.9 BILTY CLAY/FIN SAND
16.9 CLAY/SILTY CLAY CONT
17.4 FINE SARD BRAVEL

ire

Type

Vg
¥
VR
Vg
Vg
Y5
Vg
L]
Vg
v8

i
S 4 ]

< e
EFY gy

3

B o “  an e W S En
5 i AP iS5 B Lh B B P 15 8 of A

VR
Vi
Vg
¥
HEH
Y5
V8
NEN
HEN
¥
R
L&
B
Vi
KB
¥5
V&
g

1
=

5
V5
KB

Ice shape

LEWG/VEIH
LEHG/VEIN
GRAING
LENG/YEIR
LENG
LEHG/VETR
LENB/VEIN
LENS/VEIN
LENG/VEIN
LENB/VEIN
LENG/VEIN
LENG/VEIH
LENG/VETN
LENG/VEIN
LERG/VETH
LENB/VELN

LENB/VEIN
LENG/VEIH
LENG/VEIN

LENS/VEIN
LEHB/VEIN
LENG/VEIN
LENS/VEIR
LENS/VEIN
LEHG/VEIN
LENB/VETN
LENGES/RANDON
LENB/VEIN
LERB/VEIN
GRAINS

LERG/VEIN
LEHR/VEIN

LERS
BRAIHE
LERG/VETH

BRAING

VEIH
VEIN
VEIN
LEHS/VETH
LERS
LEHE

Bescription by scil and ice

[nements

HIGH ICE VOLUKE

EROKEN

BROKEH

BROKENR

BROKEN
EROKEH

20 HR DIA. ICE BOBIEE

BRAYEL LAYER

BROREH
BROKEN
BROKEN
BROKEN
BROKEY
BRIKEN
BROKEN
EROREN
BROKER

HROKEN
BROKEN

COMTACT /BROKEN
BROKER




]
-
Ld

fcnc)

et b s b
SR gy RO
Lo S e R <
[r< =R 2]

BOY Depth {a}  Visual Soil Tvpe Incl,
top bat. {ia Cold Rooml

7.4 FINE GAND
7.4 FINE SAKD
FINE BAND
EAND

Horman Wellis Permafrost Care data
Bescription by soil and ice

fee
Type

B
HE
B
HE
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formar Hells Pergafrost Core data
Bescription by soil and ice
Core  BOX Depth (@}  Visual Soil Type Iacl. ire Ite shape Cogments
] top bat. {in Lold Rooas) Type

#% Borghole Number B8R

1A B 8.2 0.8 GAND ORGANIC HE
PR OB 0.2 0.8 5AND FE4 ORE. B
24 B 0.8 1.G GAND HE MOTE: PHOTO MUMWBER IS INCORRECT €
2B 8§ 0.8 1.5 BAND GREARICE KB
L8 0B 1.5 GAND GREANICE NB
34 08 1.3 Z.2 BAND HB
B B LD RZGAND NB
I8 L& Z2 BAND KB
4 B LG 2.5 540 LT
8F 8 A0 2.6 GAMB Ny BROKEH
0 8 2.0 Z.&GAND yB
&7 L& 3.1 BAR ib
g8 7 2.4 I.1 sAND 5
&8 7 L1 3.9 BAHD HE GOME CLAY LAYERS
B 7 3.1 3.9 SAND/SILTY CLay V8 LEMSES LEMEES I¥ CLRY: SOIL TYPE CONTACT
40 7 Il I.9FINE BAND B
78 7 5% 4.8 FINE SAND KB
TE 7 3% 4.8 FIND S4ND HE BROKEN
7€ 7 3% 4.8 FINE SAND HE
g4 7 A5 5.0 BAND/EILTY £LaY ¥ LENS LEWSES IN CLAY / CONTACT IDME
8B 7 4.8 5.5 BILTY CLAY VS LENS/VEIN BROKEN
8¢ 7 A8 5.5 DENSE LAY VB GRAING
& 7 5.5 6.1 8ILTY OLAY 5 LEHSNEIR HROKEH
98 7 5.5 &1 SILTY CLAY VG LENS/VEIN
3L 7 535 &1 CLAY 5 ‘.Ei‘émf‘fii\é B0 % EXCESS ICE (ICE k=2.202)
& 7 & 7.0 CLAY Y5 VEIR/BRAING
B 7 &t 7.0 LAYERED BILTY CLAY vg  LENS/VEIH TRICK LENS CLOUDY
JBRATHS BROKEN
80 & 6.1 7.0 LAYERED RILTY CLAY Vi LEHS/VEIN/GRAING CLOUDY THICK LENG/ BROKENM
itd & 7.0 7.8 BILTY CLAY V5 LENG/GRAING
ity & 7.0 7.8 CLAY V3 LEKSEG/GRAING  THICK LEMS CLOUDY
BROKEY
#HE & 7.0 7.8 L&Y V8 HABRIVE HOSTLY ICE: CORE END IS GREY ILE
i2& & 7.8 8.6 BILTY CLaY V5 LENG/BRAING
2B & 7.8 B.& BILTY CLAY V5 BRAINS
120 & 7.B B.& BILTY CLAY V5 LERG/GRAING LARGER ICE LAYER AT [CORE EMD/BROKEN
1384 & 8.4 ?,i SILTY LAY V3 LENG/ERAINS GRANULAR LENBES
138 4 B 9.4 DENSE CL&Y VG LEWB/SRAING
130 & 8.6 9.4 SILTY LLAY VG GRRINS BROVER
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§3/39787
fMorman Hells Permafrost Core dats
beseription by soil and ice
Core  BOX Depth (m}  Visual Soil Type Incl. fce Ite shape Comments
4 tog hot. {in Gsld Roonm Type

%% Borghole Humber BC

P& & 0.2 0.9 PEAT B

{5 & 0.2 0.9 RERT E]

P04 0.2 0.9 PEAT LLay B

ZA & 0.9 1.5 PEAT VS RANBDOR 20 % {0 ICE BODIES

28 3 0% 1.5 PEAT YX  BRAINS BROKEH

2L 3 0.9 1.5 PEAY Ui BRAINS BROKEN

386 § 1.3 Z.0 DANDY [lay V8 LENS/VIEN + BROKEN
BRAING

3B 3 1.3 Z.0 GANDY CL&Y Y5 LENB/VEIN + RETICULATE AT DME ERD
BRATING

303 LE 2,0 GANDY CLaY YR GRAINB

44 § 2.0 2.4 BRNDY CLaY V5 BRAINS BROKEN

48 3 Z.0 Z.b SANDY CLAY VR GRAINE

§L0 5§ 2.0 2,6 SANDY CLAY Y5 GRATHG +1 LARBE LENS I SDFT, GRANULAR
LENS

I8 3 2.4 1.7 GANDY DLAY VR BRAINS

R B 5§ 6 1.2 GANDY CLAV/GILTYOLAY ¥R BRAINS 50IL TYPE CONTACT Z0ME

3C 5 A4 I.ZBILTY CLAY/FINE SAMD VS GRAINS BROKEN

#% Borghole Number 9

14 5 9% 0.8 SAHD/PEAT HE

1B 5 0.2 0.8 SAND/PEAT V8 LEWE contact ¢ send conductivity 3,300

Z8 F 0B 1.4 FINE SAND ORG/GRAY NBY EROVEN

28 3 0.8 1.4 CLAVEY 508D CARLT/ERE NBY BROKEN
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Morman Wells Feroatrost

Viswal Soil Type
(i Dold Roomd

{ml

FIHE SakD

0.8 FINE SAND/SILTY SAND
<5 FINE SAND

FINE SAND

FERE BAND

e FENED SAMND

205 BILTY ClAy
SaE BILTY Claey

Sud BILTY LLay
. FEAT/SILTY
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SILT
GILT
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SEAND
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SAMND

Gore data

Toe
Type

Tricl .

ORGANTIRE VG
W
NEN
ME

BN
CALCERDL MBN
AL/ EBRY VE
GReV/OAL VB
CL S GRAY VE
Vi
WE
L
Vi

N

FEW GRAYV

{BREVEL.

WM
MEH
Vi
BB
MEN
MEM
W
VE
VE
Vg
MERN
BN

Tom shaps

e TN
LEMNSB/VETN

LENG

LENS

LN

LEME
LEMBES
LEMNS/VETN
LERME AVETN
LENS AVETH

GERA TR

VE TR

LENS



J Pl e
4k

HE o

oM
™
A

[OPR———

Lo

e

Lo

Mumb e

R
£
oy
W

g
ot

Munbisr

3o
il
1
1l

)

U i et Dad ek

jod
o
&

L
£
H
L
£
B
o
Py
B
i

e n
a8

2,

&
&

&

oy

-
e

£

G

Mo man

(i}
bt .

1.5
LnJ
&

a0

P
ew L
sy

b

oy g
ata 43
oy

atw

Mol lw

Visal
vin Co

PEAT
ZIII FT '.‘“ "("
GANDY LAY

ey

o

SenDY CLAY
SENDY O
SANDY

BONDY DLAY

<
i

Sy

Wy
P
=
-«:‘..,:‘:

i

H’

i

€y 45
.-i;i

SiND s
MIN&

FREAT
SN

LAYERED 1

Y

Ly

¢ LAY /S
JETNE

Fermafrost

Goil
1d

LTY

Twie
Feeaoim?

Ly

ORGE,

Lo

ol

LAY

SEIALY

VR
VF

s,
W

Pk
V&
NEN

L

R

WV
W
L
W
e
l"} [

i}
W

Pot iﬂ

ERS
HEE ]

VE
N
N
NE
Vg

Tome shaps

u§1‘

GROTNG
GRA NG
GRS TMNG

GROTN

£

\__.=

i

it

iL

[T
Il’é



[

[FRT |

e

&

i
i e

o
¥i

. CX

& il w

P e

7
i

83 Sl
& B

BA 8 B
BA BC 4.8
80 ? a5

B4 QB .G
T 90 H.E
1o A
36 10 B bl

#® B Munber
2w 17 B }
T AV W |
T A
BB
sl 1LY
7 oM 1.4
19 B 1704
8y i I
& O i
£y PR & 0.8
£y PO O, &

& R QL B

£ E oA .G
S| R 1.5
Eify L 1.5

£ 40
£ 4
By 4 L

2.l
et

Eals

BMorman Wells

Visual
{im Do

{ma2
ot

SN
SHMND
S5 BN
Ea W GAND/SILTY
BOFTRE SakMD
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Hornan Hells Persatrost Core data
Description of ice

forg  HRL Ice ite Ire shape igas/vein Brain e Conments
& lce {rientstion Hardness thick-  diameters Dolour
Type AESS
#% Borehole Number 10R
1 A NFY BROKEN
i B HBN PEAT/HIRERAL CONTACY/BROKEN
#¢ Horshole Nusber OB
I A VE  RANDDHW HARD BHAINE /10 BROKEN
i B HBR BROKEH
I 0 NEN LOLGUR CHANGE/BROKEN
2 A NBK
2B Y5 HORIZ HARD VETH 1z OROAMIC  BROKEN
20VS  HOBRII/VERT  HARD i JRGARIC  BROKEN
3 AVE HORDZ HARD i ORBARIC BROKEN
I BYE HORIZ HARD LENS 1/2 {RBANIC  BROKEN
3 € NEd HIHERAL SOTL COWTALY
%% Borehole Humbar 1i
1 & Hbd MINERAL SOIL CONTACT
1 3 V5  HIRIZ HARD BRAING 172 (RBANIC  BHROKEH
1 L V8 HORIZ HARD LENB/AVEIR {1 ORBANIC
Z & RBH
2B B
2 0 uBH
38 MBR
IBVE  HORII HARD LENS {171/2/3 EROKEN
IC¥5  HORIZ HARD LENS {1172
§ Y5 HORIZ HERT LENS {1 BROKER
£% Barshole Humber 12R
P A VS HORIZ/RETIC, HARD LENE 37142 5036 CONTACY/BROKEN
i B VS HORIZ HARD LENSES {17142 ORBANIC  BROMEN/GRADING TO FIMER LEWBER AT B
108 HORIZIJVERT  HARD LENG/VEIN {142 LEHSES ARE {1, VEINS 2 #H
2 AVS  HORIZ/VERT HARD LENS/VEIN 172 EROKER
2B Y8 HOR/VERT/DIA HARD LEMBAVETH {4, BROKEN/SOIL CONTRCT, ICE DIFFERS
£ LV¥8  REYIL. HERD LENG/YEIH {1
I A VS HOR/VERT/DIA HARD LENS/VEIR 142 BROKEN
JBYE  HORIZ/JVERT  HARD LENS/VETH 172 BROKER
JLVE  HORIZ/DIRE  HARD LENS/VELH 3 BROKEH
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Morman ¥ells Permafrost Lore date

Bescription of ice

Ice

Ice shape lens/vein Brain
thick-  diamsters Uolour

ness

GRAING 3/1u

LENS 10+

GRAINS/SHOBLIKE BTUF

LENS 1+

RANDON

LENSES/GRATHS 215 %

LENG/VEIN 213

LENS/YEIR IEVIETN

LENS 17275

LEHS 1701

LENG/BRING LUAES LIEE

LENE/GRAING 215750 17275

LENG/BRAING 3,52 4171824

LEWS/VEIN/BRAING 2 LT0 4G

LENS/BRAING {01030 17243

LEYS/GRATHE 273 17213

LENS/BRAINS 16+ 1173745

LENS/GRAINS

GRAING 171010

LEHS/GRAING 11273 11203

LERS {1730

LENS 172

Comsents

SROKEN

BROKEH
BROKEN
EROKEN
BROKEH
BROKEN
BROHEN

BROKEN
BROKEN
HROKEH

EROKEH

HROKER

FER LENSES: HMOGTLY BRAINS

TOC BROKEW 70 ESTIRATE ILE BIA/TH
BROKER

BROKEN
PREVIUOSLY THAWED AND RE-FROZEN

it
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Norman Wells Parmafrost Lore data
Description of ice
Lore  HRC lge Ice Iee shape lens/vein Grain ire Eomments
§# Ice Orientation Hardness thick~  diameters Colour
Tvne ness

%% Borehole Humber 78

i
ft V8 HORIZ HARD LENSES A0HH OHE LARBE LERS DMLY
B VE  HORIZ HARD LENS 3HH COMDUCTIVITY: PERT 1.397 8ILY 2171
A VS HORIZ HARD LERE 1
B Ve HORIL HARD LENSES <1

HE

V3 HORIZ HARD {EHD {141
A ¥E HORIZ HARD LERS 142
B VS HORIZ HERD LEMB/VEIH 142 CLEAR

BORIZ/DIAG  HARD LENBES {12

o= JIEN R « O S = 2 B R SR R * S~ B 1 I RN DY RN S S
el
-
i

B B
L VE RETICULATE  HARD 172
A VS RETICULATE  HARD LENG/VEIN 172
B VS HORIZ HARD LENG/VEIR {14
£ V8 HORIZ HARD LERS/VELN i/2
A Ve RETICULATE  HARD LENS/VEIN 123
B VE RETICULATE  HARD LEMG/VEIN/ERAING 142 RETIC, HERBING INTO LARGE GRAING
E¥  DIRG HARD LENG/VEIN 2{5/10
ipave HIRLZ HARD LENS 2 BROKEN AT LENS
1¢ B HE
0L VS HBRIZ HARD LENG/VELH/GRAING 3 HH il
11 A VS BORIZ/DIAE  HARD LENGES 17245
i1 B VE  HORIZ/VERT  HARD LENS/VEIN 3 i
12 A V5 HOR/VERT/DIA HARD LENSES 3710/30+
12 B HB LE COATING VISIBLE IN FRACTURE
12 C VR RANDOH HARE GRAING RHER OHE LARBE ICE RAS E
13 4 VR HORII/VERT  HARD VEIN ? FRACTURED CORE
i3 B ¥E  HORIZ HARD LEHB/VEIN/GRAING I BH
14 4 V6 HORIZ HARD LENG/GRAING 7
14 B HE
13 4 V8 HORIZ HARD LENG/BRAING ZHH LARGE ICE LENS AT CORE ERD
IS RN
i3 C V8 HORIZ/BIAE  HARD LENG/VEIN 14275110
i6  ¥E HORIZ HARD LENS 3K
17 4 NE
T B V8 HORIZ HARD LENGES 1o W TWD LENSES IM CENTER OF CORE
18 & V& HORIZOHTAL  HARD LEWG/GRATHG 2 HROKEH
BB HB OHE LARGE ETONE-B Cif DIGMETER
iB £ ¥8 RERIZ HARD LENG/VEIN 30 A BROKEN/ ONE LARGE LENG ONLY
19 4 YR RANDOH HARD GRAING
17 B VS HORIZ H/& LENE 10 B
19 L V8 HORIZ/VERT  HARD LENG/VEIN 318/ BROKEN / HANY LARGE LENGES
& HE HROVEN
0 B HE BROKEN
0 LYE HORIZ HARD LENS 2710 BROKEN AT THICK LEWS
21 A VS  RORIZJVERT  HARD LERG/VEIR 2053110 BROKEM / LARBE VEIN, WITH THIN LENB
2 BEYE HORIZ HARD LENS 213030+ BROKEN
21 L VR RANDOH HARD SRAING WITH & THICK LEBE AT CORE ENB
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Noraan Wells Perpafrast Core data
bescription of ice

Ice shape

LEWG/VEIN
LENB/GRAINE
LERS/VELR/GRAING
LENG/BRAIRG
LEHS/ERATHE

GRAINS-GOHE LENGLIKE

VEIH
VEIN/BRAING
BRRING
GRAING

VEIR

VEIN

VEIN
Li—i {¥
VEIN
LENS
VEIN

lens/vein Grain

thick- diagsters lolowr

ness

/10
/10

3a
30+

T0 2 HY
243

2510
10+

3 RH
I
14 M
L1 WM
2 HH

Lomgents

LARBE GRAIN CLUSTERS

BROMEN :BRATNG IN LENG/VEIN PATTERN
BRAING IN LENG PRTTERNS

CLESR ERAINS/CLOUDY LERS 30% EXCESS
Jmm LENGLIKE GTRUCTURE/IDIER AT ENB
THICKER LENS AT CORE END

BRAIME TN LENS PATTERN

BROKEN

-

2 LEWSES OHLY

]

QHE LENS DMLY / BRIKEHW

BROKEN
BROKEN
BROKER
BROKEN
OHE LERS DHLY
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LF2

13 B VR
I3CW
44
14 B V8
14 C¥5
13 AVE
13 B VS
I3CvE
i6 & HB
16 B WS
1hovg
i7 4 ¥8
{7 B R
17 L HE
iBANE
iBEYS
18 L NB
198V8
19 EVE

Hardness

3
ice ice
Orientation

HORIZ HARD
HORIZ HERD
HiRIZ HARD
HORIZ HARD
HORIZ HARD
HORIZFVERT  HARD
HORIZ/VERT  HARD
HORIZ HARD
RORIZ/DIRE  HARD
RAHDOH HARD
RETICULATED HARB
HORIZ/DIAG  HARD
HORIZ/DIAE  HARD
HORIZ/DIRG  HARD
RAKDON HARD
RAHDOK HARD
HORLZ HARD
HORIZ HARD
RANDON HARD
RORIZ HARD
HORIZ HERD
RORIZ HARD
HORIZ/DIAG  HARD
HOR/VERT/DIA RARD
RANDGT HARD
HORIZ HARD
HORIZ/DIAG  HARD
RANDON HARD
RANDON HARD
RAKDOR H&RD
HORIZ HARD
HORIZ HARD
HORIZ/VERT  HARD
HORTZ/VERT  HARD
HORIZ/BI&G  HARD
HORIZ HARD
DiAg HARD
HiRIZ HARD
RORID HARD
RANDOH HARD
DIAGONAL HARD

sorman Wells Permatrost Core data

Ice shape

LENBES
LENG
LENG
LENS
LENSES
LENS/VET
LENS

LEHE

LENSG

LENS
LERG/VEIN
LENBESR
LEMG/VEIN
LENG/VEIN

ERAINSG
GRAING
LENGES
LENG/GRAING
GRAING
LEKS/ERAING
LEHS
LEHS/ERAING
LENB/VEIN/GRAING
LERSES
BRATHG
ERAING/RANDON
LERE/GRAING
GRAING
BRATHG
ERAIRNS
LENB/GRAING
ERAING

LERS VEIR
LENB/VEIN
LEHS/VELH

LENG/VETH
LENE/VEIN
LENS

LENS

LENG
LEWG/VEIN

Descrigtion of ice

lens/vein Grain
thick-

ness

1 W
172
172

L B#
L1 M
i

¢

i-2
1z
{4

{2
23

12

/2

2

i1-3
3-10/204

[
R
£ed

142

341G
273
31

L1273

’?

bz

1.3

{i2

341

diameters Oolour

COLOURLESE

Losments

BROKEN

LARGE STONES B CB DIAN.

BROKER

COLOURLESS EBROKEN
ONE CLOUDY LENS 20+

ICE BORIES 30 RN DIA.
LARGE ICE WAGS AT CORE END

HIGH ICE COWTENT

HIGH ICE COMTENT

BROKEN/ GRAING IN LENS PATTERMS

BROKEN

LENE AT BREAK IN CORE

LENG AT END

BROKEN

BROKEN - OME LENS DHLY

OHE LERS QWY
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e HRC
§  Ice
Type

26 8 Va
B VR
HLous

AEVE
2iBVs
21 L mB
22 & NB

vl Ged 04 B

3 Ted g B3 a3 B3P

g o3 =3
B
o]

b

Ire Ice
Orienptstion Hardness
HORIZ HARD
RANDOH HARD
VERT/DIAE  H&RD
VERT HARD
HOR/VERT/1A HARD
VERT HARD

Ice shape

LEMG/VEIN
LEMS/VEIN
VEIH
YEIN
LENS/VEIN

LENB/VEIH

Horman ¥ells Perpatrast Core data
Description of ice

lens/vein Brain
thick~
ness

3 KR
3 A
i RH

i
12

1

diamsters Lolour

Domments

OHE VEIN OHLY
BRAVEL LAVER
BROKEN

HROKEH

LENSES IN CLAY: SARDY YOP/CLRY BOT.

EROKEN
HRIOKEH
BRAVEL INM CLAY QHLY
PBROKEN

BROKEN
BROKEH

COMTACT IOWE/ BRAVEL IN CLAY MY
BROKEN
BROKEN
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Horman Weils Permafrost Core data
Description of ice
fors  HRE Ice ice fce shape lensivein Grain Ice Conments
& lIce Drientation Hardness thick-  diameters Lolowr
Type ness
%% Barshole Number 7C
i &¥E  RETIC. H&RD LENS/VEIN {171
1 BV RETIL. HARD LENS/VEIN I HH HIGH ICE VOLURE
2 & VR RANDOW HARD BRAING
2B VS HORIZ/VERT  HARD LENG/VEIN {1/1 WM
ZLVE HORIZ HARD LENS 1,1 B BROKEN
3 AVE  FRAKDOR HARD LEHS/VEIN 12
3B VS HORIZ HARD LENS/VETH 12
3LV HORIZ HARD LENS/VEIN {1/1
4 4 V5 HOR/VERT/DIA HARD LENG/VEIN i/
§ B VS HOR/VERT/DIA HARD LENS/VEIN 1/ BRBKER
4§ L VS HORIIJVERT  HARD LENS/VEIN {2
38 VE HORII/VERT  HARD LEKS/VEIH 1i2 BRONER
S RVE  HOR/VERT/UI& HARD LENG/VEIN 12
3L VS ROR/VERT/DIA HARD LENS/VEIR 1/2
& 4 VS HOR/VERT/DIA HARD LEME/VETN {17172
& BVE  HORIZ HARL LENS/VEIR ITms
&L VS HORIZ HAR LEME/VEIR 2758 BHOKEN
78Y8 HORIZ HART LENS/VEIR 1iZ BROKER
7BYE  HORIZ HERD LENS/VEIN {i BREOKER
7 0HB EROKEN
8 A5 HORIZ/DIAG  HA&RD LERS/VEIN P10z
g BEVS RORIZ/DIAG  HAR LENE/VEIH s/ BROKER
8L US HORIZ/DIGE  HA&RD LENB/VEIN 17243 BREKEH
3 AVE HORIZ/GIAS  HARD LENS/VEIN 12313 BROKEN
9B VE HORIZ/VERT  HABRD LENS/VEIH VIRTAY] BRUKEN
""" 9 L V8 HORIZ/DIAG  HARD LENS/VEIN 245
i0 &4 Y5  VERT/DIAG  HARD LENS/VEIN iz
il A VE  KANDOM HARE LERSES/RANDOR 172 20 ¥W DIA. ICE BODIER
. i1 B VS HOR/VER/BIAG HARD LENS/VEIH 245 o
i1 0 Ve VERT/DIAE  HARD LERS/VEIN 142 GRAVEL LAYER
12 A VR RANDDN HARD GRAINS 243110
12 B REH
1 iZ2 0 V8 HORAVY HARD LENG/VETH 11273740 {0LDURLERS
13 A V8 HORIZ/VERT  HERB LENS/VEILN 17245 BROKEK
13 B KEN BROKEN
13 € HER BROKER
14 A V5 HORIZ HARD LENS 11215 BROKEN
18 B YR RAHDOH HERE GRAINS 17213 BROKEN
_ 4 T VS HORIZ/JVERT  HARD LERS/VEIN 245 BROKER
15 A HB : BROKEN
15 B VR OME CLUSTER HARD BRAING {11 BROKEN
i3 HE BROKEN
- i6 A V8 DIABOHAL HARE VEIN i
i6 B VS VERT HARD YEIH it BROKER
16 0 V5 DIAB HARD YEIN i EROKEN
— i7 A VS HORIZ/VERT  HARD LENS/VEIR {1,1,2
17 B VS HORIZ HARD LENS 213 CONTACT /BROKEN
17L0V¥8 Dlag HARD LENS g BROKEX
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fore  HRC Ice ice Ice shape
§ lIce Orientation Hardness
Tvpe
i8 & KB
1B B B
1B C HHE
i% § WE
12 KB

Horman Bells Perpafrost Core data
Description of ice

lens/vein Grain Ire Comaents
thick- diageters Dolour
ness
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fore  HRC lce

$ Ice Orientation Hardness

Type

#% Boraheols Buaber B4
18N8

1 B HB

24N

ZBHE

20 HB

JANE

IBuR

JLHE

i 4 NB

i B NE

4 C B

AN

3B HE

b A NE

&4 B VS HORII/VERT
& T uE

7 8RB

7EHE

7L NE

g 4Y¥5S HORIZ

8 B Y¥E HORII/VERT
BC VR RANDDM

9 &VE HOREI/VERT
7 B VE HORIZJVERT
gL Ve HORII
W AVE VERT
i B VG HORIZ/VERT
10 0 V5 HORIZJVERT
it & VE  HORIZ
i1 BVE  HORDZ
i1 C¥8  HORIZ
1Z 4 ¥5  HORIZ

12 B VS HORIZ
12 N8 HIREZ
134V HORIZ
13 BVE  HORIZ/BIAS
13 V8 HORIZ

ire

HARD

HARD
HERD
HARD
HARD
HARD
abFT
HARD
H/8

W/
HARE
/8

Hig

HARD
HARD
HARD
HARD
HARD
HARD

Morman Welis Permafrost Cors
Jascription of ice

e shape

LENE

LEHS/VEIH

GRAINS

LEMS/VEIH
LENGB/VEIN
LEKE/VEIH
VEIN/BRAING
LEHS/VEIN /GRAINS

LENS/VEIN/ERAING
LENG/GRAING
LENGES/GRATRG

HASSIVE
LENG/GRAING
ERBING
LEKG/GRAING
LENG/BRAING
LEHG/BRATHG
BRAING

lensfvein Grain
diameters Coiour

thick-
ness

250
{070 1D

i1/2
{1

120 RH
L1k
{143450+

{173/50+
3710
320+

SEE BELO
i

iy
15+
3740

3 RE

1i2i3
11375

FEETAt
IRVIETAY]
11273
24531440
17243710
14273710

ice

Comments

HOTE: PHOTD MUMBER IS INCORRELY CIC

BROKEN

BOME CLAY LAYERS

LENSES M CLAY: BOIL TYPE CONTACY

LENSES IM CLAY / COMTACT ZDRE

50 % EYCERE ICE

BROKEN
BROKER
HROKEH
CLEAR
CLEAR

THICK LENS CLOUBY

BROKEN

CLOUDY THICK LENG/ BROKEN

THICK LENS CLOUDY

BROVER

{I0E k=2.202)

BREY/CLEAR ROSTLY ICE: CORE ENB 1B GREY I(E

BROKEN

MD/BROKEN
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Horman Wells Porsafrost Core data
Bescription of ice
Lore  WNRC Ico Ire ice shaps lens/vain Grain Ire Lomrents
# Ice Urientation Hardness thick-  dizmeters Colour
Tyoe nESE
%% Borghale Husber BC
i A HB
i B RE
i CHE
2895 HORIZ SOFT RANDOH 20 # 10 ILE BODIES
2 B VY RANDODH HERD BRAING 1 BROKEK
20 W HARD BRAING i/2 DOLDURLESS BROKEN
JAVE HORIZ/RETIC HARD LENS/VIEN + BRAINS  L/2/10 173/% BROKEH
3B VE  RAND/RETIC  HARD LENS/VEIN + BRRINE  1/2 17273 RETICULATE AT DRE EXD
30 VR RANDOH HARD BRRINS 14203
44 vE  HORIZ HARD GRAING 215710 BROKEN
4 B YR RAKDDH HARD BRAING 14215710
4T Vs HORIZ HIG GRAING +1 LARGE LENS 70 mH 3710 + LENS 15 SOFT, GRANULAR
5 & VR RANDOH RARD BRAINS 11275710
3B VR RANDDH HARD BRAINS 1215710 BUIL TYPE CONTACY I0KE
30 VE  RANDOH HARD BRAINS 14273714 BROKER
¥4 Barshole Number 9
i1 AHB
1 B VS HiRIZ HARD LENS {1 ORBARIL  contart @ sand ronduckivity 3,700
2 A NEN BROKEN
2 B HBN BROKEN
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Merman HWells Pernafrost

Core

cdata

Tharmal Donduchivity Values

kY

Preppy by (mi Visual Soll Twpe

top bot. {inn Dold Room)

Mumbiar 108
GuE 0L PEAT

Q. 0.8 PEAT/ABILTY FINE

NMumber L10E
.8 Gu% PEAT
Q.8 0.9 PEAT
. 009 PEAT
T -

T W
0, %
1.7

Lo 2.8 Ph&T

Mumber 11

Oum T8 FEAT/AFINE SAND
e DB OFINE SaMG

G OL8E FINE S8aMND/ASILTY

SeaE

QLB 1.8 FINE SARND

G.8 1.8 FINE SOND

OuE 1% FINE SaND

1.8 2.3 FINE S&ND

1.8 20E GILTY Clay

L5 2.5 SILTY CLAY

Numbwr ]

2 LFOFESOT/ABILTY DLAY
0, & u"# SILT

. 0. BILT

m"% 1.7 SILY

DL 1.7 S8TLT/ZASILTY SAaRND
L% LW BILTY FINE SAND
1.7 2.5 sILT

L7 2.8 SBILT/8TLTY S5aMD

Incl.

DREANTDE

CAL.CERDU
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FER GBRAV

SR ANVEL.
ERAVEL
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0, 85
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Normarn Wells Permadrost Dores data
Tharmal Concductivity Valuss

oo e Deptih (m) Viswal Soil Type Incl. wWet loe Thermal

i
# Lo bot. (i Dolad Foom) Density Tvpe Donduot -
ivity

@ Borenols NMumber 1

A . Ok
&) .0 O.b
- LT & T o
R &) [

& B 0.

N
NE

MNE

I

2o Db VR
E R 1.2 . 7E VB

A B 1.2 - O, Be NR
4 & Lo 2.3 e FF NE
4 B .7 205 PEAT .95 VR Ura QMY
1 a7 EOE OREAT Ga B VS FLVRTE
= GLEL VO LI I B
EORGB OFEAT 0077 NE
SEATABILTY CLAY 0,98 VE
VE
Vi
ME SRR MY
Vi LR
VE B TEN
LG AL 1O
Ve B
VE
VE BLBER
M 5:55.3
Vi 2 Sdd
N S I Y Cr Q00
7 N Cr, 00
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&H VE B RA0
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Forasdfrost Core data
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Mormarn Wells Permadfeost Dore o
Thermal Conductiviby Valaes

Core Depth (m) Yiswal Boil Type Incl. Wet loe
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Morman Wells FPermatrost Core data

Thermal Conductivity Valuss
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Morman Wells Peraadrost Core data

THarmal Conductbiviity Values

Tl Depth fmi Visual Soil Twps Incl. Wet Toe Tharmal
e top ot (i old Roomd Demwsity Tyvpe Condaeh -
iwvity

Ta4.6 15,04 SILTY LLAY SRAVEL" . VE
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e

I 4.8 15,4 BILTY CLAY GRAVEL el VR

15.4 1601 STILTY QLAY GREVEL. 1. 8% VE
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4 1é.1 BILTY CLAY 2. 00 NB
1&al 9OCLAYEY SILT BRAVEL .94 NE
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Thermal Uonductivity Values
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Page Mo, i
(13130787
Horman Wells Parmafrost Core data
Description by soil
Core  BOY  Depth (@}  Visual Soil Type Incl. Yet lce Comments
§ top bot. {in Lold Roonm! fensity Type

#3% Horehole Husber 108
FEAT 0,78 HFY BROKEM
PERT/BILTY j 13 HBH PEAT/KINFRAL COMTACY/BROKEN

#% Borehole Humber 10B

ia 4 0.2 0.9 PEAT 0.5% YR BROXEH

iB 4 .2 0.9 PEAT §.85 MBN BROKER

te 4 6.8 0.9 PERT 0.84 MBW CDLOUR CHANBE/BROKEN

28 4 0.9 1.7 PEAT (.81 WBR

I8 4 0.9 1.7 PEAT $.77 V5 BROVEH

2L 4 . 1.7 PEAT 0,83 V5 BROKEW

;a4 1.7 2.6 PEAT .79 V8 BROKER

IF 4 1.7 2.4 PEAT 0.73 V8 BROKEM

it 4 1.7 2.4 PEAT 0.85 NBM HMINERAL SDIL CONTALT
£+ Borshols Nusber 1

P8 4 0.2 0.8 PEAT/FINE SAND .B7 WBH HWINERAL SOIL CONTACT

18 3 ¢.2 0.8 FIBE SAND (RGARICS 1.38 ¥8  BROKEH

103 (.2 0.8 FIKE SAND/GILTY SAND 1,57 V3

2R 3 0.8 1.3 FINE 36MD 1.81 HBH

2B 3 4.8 1.3 FINE B&MD 1.82 NB

0 3 7.8 1.3 FINE BAHD i.93 HER

Is 3 1.5 2.3 FIKE B8MD CALLERDU 1,88 HEN

IF 3 1.5 2.3 SILTY CLAY CALC/BRA 1.93 VS BROKEY

3603 §.5 2.3 BILTY CLaY ERAV/CAL 1.58 ¥&

§ 3 2.3 2.6 GILTY CLAY CAL/GRAY 1.97 y8 BROKEN

%% Borehole Number 128

iR 3 0.2 0.9 PEAT/BILTY CLAY 0,92 45 GOIL CONTACT/BROKEN

i3 3 0.2 0.9 §ILY FEW BRAV 1.85 Y5  BROKEN/GRADINE TO FINER LENGES AT B
1L 3 2 0.9 BILT 1.B6 VB LEMBES ARE <1, VEINS I WK

28 3 0.9 L7 8ILY 1.88 ¥&  HROWEN

28 & ¢.% L7 BILT/BILTY GAND GRAVEL 1,92 V5 BROKEN/BOIL CONTRLT, ICE DIFFERS
203 0.9 1.7 BILTY FIHE GAND BRAVEL 1.92 V5

SA 2 1.7 2.5 SILY {.96 V6  BROKEN

IF 2 1.7 2.5 BILT/SILTY GAND 1.94 ¥§  BROKEW

it 2 1.7 2.5 BILTY FINE SAND BRAVEL Z.04 V8 BROKEN



Fage Ho. 3

{3/30/87
Norman Wells Persafrost Core data
Beseription by soil
fore  BOY  Depth (s} Visyal Soil Type Incl. Hst lce Comsents
¥ top bat. {in Cold Room Pensity Type

#% Borehole Hugber 78

A 4 0.3 0.6 PEAT .84 ¥©
248 19 b6 1.2 PEAT/SILTY CLaY {IRGANICS §,93 V5 OWE LARGE LEWNS OHLY
2B 17 G.6 1.7 PEAT/EILTY CLiY 1,01 ¥8  CONDUCTIVITY: PEAT 1,397 BILT 2,171
IA 19 .2 1.7 BILTY ELé% 1,63 V8
53 f.2 1.7 BILTY CLA 1.57 V&
i 19 1.7 2.2 8iLTY CL éY BRAVEL 190 BB
i 19 2.2 2.3 BILTY Ciay SRAVEL 1.91 48
44 19 2.5 3.1 8ILTY CLAY GRAVEL 1.47 V8
&8 19 2,3 3.1 DENSE SILTY Ciay BRAVEL 1.B1 v
ThE 19 3.1 3.7 DEMBE SILTY CLAY GRAVEL 1.4 V5
iR 19 &1 3.7 DERSE SILTY CLay BRAVEL .85 KB
019 L1 57 CLay GRAVEL 1,90 4§
ga 1% 3.7 4.5 cuay BRAVEL 177 46
g5 19 3.7 &3 SILTY CLaY BRAVEL 154 V8
8L 14 3.7 4.5 CLay GRAVEL 1.9% ¥
94 19 4.0 5.2 SILTY CLAY GRAVEL 1.80 V8
§B 19 4.5 5.2 GILTY CLAY BRAVEL 24198 RETIC. HERGING INTD LARGE GRAING
50 1§ 4.3 5.7 GILTY CLAY GRAVEL 1.89 ¥§
I 5.2 6.0 BILTY CLAY LALEL, 1.92 V5 DRO¥EN &7 LERS
0B 18 3.2 4.0 GILTY CLAY GRAVEL 1.9% HE
L i 5.2 4.0 BILTY Liay GRAVEL. i.95 V5
it 4 18 6.0 4.6 BILTY CLAY GRAVEL 172 V8
it s 18 6.0 b.& BILTY CLAY 1.Bt V8
1Z4a 18 6.6 4.4 SILTY CLAY GRAVEL 163 V8
128 18 6.6 7.2 SILTY CLAY GRAVEL 1.70 ¥B  ICE CDATING VIGIELE IN FRADTURE
120 18 6.6 7.2 BILTY CLAY GRAVEL 1.66 YR OHE LARGE ICE HABS
i3a 18 7.2 7.7 BILTY LLAY BRAVEL 1.57 ¥R FRACTURED CGRE
{138 I8 7.2 7.7 GILTY QLAY BRAVEL 2.00 ¥§
144 18 7.7 H.O BILTY CLAY GRAVEL 1.72 V8
4r 18 7.7 B.0 SILTY CLaY ERAVEL 193 HB
54 18 §.0 8.4 BILTY CLAY GRAVEL 2,12 V5 LARGE ICE LEME AT CORE END
155 1 8.0 8.4 BILTY CLAY ERAVEL 1.91 HE
150 18 8.0 8.4 BILTY CLAY GRAVEL  ssxsdxsézs VR
16 18 8.4 8.6 BILTY CLAY BRAVEL  ssxsasex \§
74 14 16,0 10,4 SILTY LLaY GRAVEL L.96.HB
i7E U 10.0 10,4 SILTY CLAY BRAVEL 198 ¥§  TWO LENGES I CENTER oF CORE
iga 17 10.4 11.2 GILTY CLaY GRAVEL 1.B4 V& BROKEN
i3e 17 16.4 11.2 SILTY LLAY ERAVEL 1.78 B ORE LARBE STONE-Q Ci DIAMETER
B i7 1.4 13,2 BILTY CLAY GRAVEL 1.77 ¥ DBROEEN/ DME LARBE LERE DHLY
i94a 17 1.2 12.0 GILTV CL&Y BRAVEL P76 VR
98 7 1.2 12,0 BILTY CLaY BRAVEL {.7% V5
e (1.2 12,0 GILTY CLAY BRAVEL 1.60 V8 BROKEW / BARY LARGE LENSES
A 17 12,0 12,7 BILTY CLAY GRAVEL 2,03 ¥B BROKEM
208 17 {2.0 1.7 §ILTY CLAY GRAVEL 2,01 HB  BROKEX
20 17 12.0 12,7 8ILTY CLaY SRAVEL 1.B0 V&  EROKEW AT THICK LENS
LA 1T 12.7 13,5 GILTY CLAY GREVEL 135 V8 BRONEM / LARBE VEIN, WITH THIN LENS
8 7 12.7 13.3 SILTY CLAY BRAVEL 1,45 ¥5  BROKEN
ac 12,7 13,5 GILTY CL&Y BRAVEL L74 VR WITH A THICK LENS AT CORE END
241 15,5 14,3 SILTY CLAY GRAVEL {95 Vg



et

Horman ¥ells Permafrost Dore data
Bescription by soil

{m} Visual Boil Type Incl.

Page § 3
3430487
Cors  BOY  Depth
4 top bot.
%% Borshole Nusber 75
i i4 4.8 1.2 BILTY CLay
Z 1& 1.2 1.7 SILTY Liay
34 16 1.7 2,3 5ILTY CLay
3B 15 1.7 2.5 BILTY CLAY
44 15 2,5 2.8 BILTY CLAY
§8 13 2.8 3.2 BILTY ClAY
348 13 5.2 3.6 BILTY CLay
3 BF 15 3.8 4.4
&4 i5 4.5 4,8 BILTY CLAY
&5 13 4,5 4,8 SILTY CLaY
74 13 4,8 5.3 BILTY CLAY
78 15 4,8 5.5 SILTY CLAY
78 13 4,8 3.5 BILTY Clay
a8 I 3.9 8.3 BILTY CLaY
g8 18 3.5 6.3 SILTY CLAY
gL i5 3.9 6.3 SILTY CLAY
24 i3 b3 7.1 BILYY CLay
8 13 6.3 F.0 SILTY CLay
7L 14 £,3 7.1 CLAVEY BILT
a8 i4 7.1 7.8 SILTY CLay
108 14 7.1 7.8 SILTY CLAY
e 14 7.1 7.8 SILTY CLAY
it g i4 7.8 B.b BILTY CLaY
i1 e 14 7.8 B.b SILTY CLAY
e i4 7.8 8.6 BILTY CLAY
124 14 B.& 8.4 SILTY CL&Y
iZB 14 8.6 9.4 CLAY
120 14 B.6 9.4 SILTY CLAY
i34 14 %.4 10,1 CLaY
135 12 3.4 10.1 SILTY CiLaY
136 14 7.4 10.1 CLaY
14 &4 14 £0.1 10.9 SILTY OLaY
4B 14 10.1 14,9 SILTY CLaY
e i 10,1 10.9 SILTY CLAY
54 13 10,9 11.7 BILTY LAY
198 i3 10,9 11.7 CLAY
15¢ 13 10,9 11,7 SILTY CLAY
16 & 13 P17 128 SILTY CLaY
16 B 13 13,7 12,4 §ILTY LAY
f& ¢ 13 11.7 12.% QILYY CLAY
174 13 12,4 13.7 3ILTY CLay
ITE 13 12.4 13,2 SiLTY CLAY
i7g€ 13 12,4 13.2 SILTY CLAY
184 13 13,2 18.0 BILTY CLAY
88 i3 13,2 14.0 SILTY CLAY
gL i3 13.2 14.0 SILTY CLAY
178 13 14.0 4,8 5ILTY CLAY
198 i3 14.0 14.4 SILTY CLAY
A 13 14,6 15.4 HILTY {LaY

{in Lold Room!

et Ice
Iensity Tvpe

BRAVEL 1,47 V&
GRAVEL 141 V8
FRAVEL LB ¥
BRAVEL 1.86 V&
.86 V8
CALE 2,02 V5
CAL/GRAY 2,01V
2.20
BRAVEL 2.0% V8
BRAVEL 2.04 V8
GRAVEL 2,19 V5
BRAVEL L3S
GRAVEL {.98 Vo
BRAVEL L7V
BRAVEL 1.99 ¥§
BRAVEL 2.16 WB
199 VR
BRAVEL 1.56 VR
BRAVEL 2.0% ¥8
ERAVEL 187 V8
GRAVEL 1.95 VR
BRAVEL 2,20 V5
GRAVEL 1.%9 ¥§
GRAVEL 1.95 V5
GRAVEL 1.B7 V&
GRAVEL 1.9 v8
GRAVEL 243 4R
BRAVEL 1.9% V§
GRAVEL 1467 ¥R
L.26 VR
FINE GRA 1.4 VR
BRAVEL t.71 VR
GRAVEL 1.5 ¥8
BRAVEL 1.98 45
GRAVEL 1.5% V&
BRAVEL 1.92 45
ERAVEL 1,53 V6
GRAVEL 2.12 W8
ERAVEL 2.07 VR
GRAVEL 2,13 V8
2.16 V8
BRAVEL .97 B
2.04 N8
[.BY HE
GRAVEL [.9¢ V8
ERAVEL Z.16 HB
BRAVEL 1.98 V&
BRAVEL 2038
BRAVEL" g s

Lomments

BROKEN

LARGE STONES 8 CH DIAR.
BROKEN

BROKEN
HE CLOUDY LENS 20+

ICE BODIES 30 HH B4,

LARGE ICE MABS AT CORE ERD

RIGH ICE COWTERT

HIGH ICE COWTENT

BROKEN/ GRAING IN LENS PATTERNS

BROKEH

LENE AT BREAK IK CDRE

LEHE AT EMD

BROKEH
BROKEN - ONE LENS ONLY

{HE LERS OHLY
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Horsan Hells Perpatrost Dore data
Bescription by soil

{nl Yigual Soil Type Incl.
bot. {in Cold Room}

#% Borehole Hugher 7C
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14,
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Hat Ice
Bensity Type

0.8 SILTY CLAY {(RG/GRRYV [.86 8§
0.8 SILTY oLy (.33 V8
1.3 BILTY CLay FEEREEEE VR
1.3 CLAYEY BILT £aLt. 1,87 V8
1.3 SILTY [LAY gaig 1,75 VB
2.3 SILTY CLAY BRAVEL 1.87 V5
2.3 SILTY CLay GRAVEL 1.9% V5
2.3 BILTY CiAY BRAVEL 1,98 V8
3.2 SILTY CLay BRAVEL 2.0% V8
3.1 SILTY LLaY BRAVEL 1,98 ¥8
3.1 BILTY CLAY 1.94 V5
3.8 SILTY LAY BRAVEL 1.9 ¥8
3.8 SILTY CLaY BRAVEL Z.10 V5
3.8 SILTY CLaY BRAVEL 2.02 ¥§
§.4 SILTY CLAY GRAVEL 1,99 ¥§
4.6 SILTY CLAY £.94 V8
£.5 GILTY CLaY BRAVEL 203 ¥§
3.4 SILTY CLAY BRAVEL 1.B6 V5
5.4 SILTY CLAY GRAVEL 1.94 V5
3.4 BILTY CLAY GRAVEL 1.82 HB
4.1 BILTY CLAY GRAVEL 2.01 V8
&.1 BILTY CLAY GRAVEL 2,10 98
&.1 BILTY LAY BRAVEL 2.04 V8
6.9 SILTY CLAY BRAVEL 2.01 V8
5.9 GILTY CLAY GRAVEL 203 V8
&.9 BILTY CLAY BRAVEL 2.06 VS
7.4 BILTY CLAY BRAVEL 2.0% V&
i1.5 BILTY CLAY BRAVEL 2.21 ¥R
11,5 BILTY CLaY GRAVEL 1.96 VB
11.5 BILTY CLaY BRAVEL 2.08 ¥8
12.9 SILTY CLAY BRAVEL 1.52 VR
12,9 DENSE CLaY GRAVEL 2,10 BN
12,9 LAYERED SILT/CLAY 1.99 U8
13.7 LAYERED SILT/CLAY i.86 V8§
13.7 GILTY LAY 1.97 uBY
13.7 CLAYEY 81 .98 ey
14,6 SILTY CLAY 1.9% ¥8
14.& LAYERED SILTY CLAY  BRAVEL 1.79 ¥R
i4.& LAYERED SILTY CLay 1.90 V8
15.4 LAYERED SILTY CLAY 1.5 4B
15.4 CLAYEY SILT 1.93 VR
19.4 BILTY FIHE SAND [.8% NB
1&.1 LLAYEY SILT 2,03 V8
16.1 SILTY FINE BaHD 2,08 V8
1h.1 SAKD 1.88 V8
16.9 CLAY/BILT CONTACT 2,03 8
16.9 SILTY CLAY/FIN SAND 1.91 V5
16.% CLAY/SILTY CLAY COHT 1.93 v8
17.4 FINE GAND BRAVEL 1.98 KB

Lomgents

HIGH ICE VOLUME

BRIKEN

BROKEN

BROKEN

BRIOKEN
BROVEN
BROKEH
BROKEN

BROKEN
BROKEN
HROKEN
BROKEN

20t BIA. ICE BODIES

GRAVEL LAYER

BROKEN
BROKEN
BROKEH

- BRIKEN

BROKEN
BROKEH
BROKER
BROKEN
BROKER

BROKEN
BREKEN

CONTACT /BROKEN
BROKEN
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Morman Hells Permatrost Core data

Bagth  {m} Visual 8oil Type Incl.
top hot, {in [old Roem}

& FIRE GAND
4 FIRE SAND
{F
1

1691
16.%
17.4
i7.4

IHE GAND

7.
7.
18,
8.1 SaKD

Pescription by soil

Het Ice
Bensity Type

Lomments
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fore  BOY
$

%% Borshole

P& &
i85 4
10 &
248 4
2B 3
205
I& 3
IR 3
30§
44 3
48 5
§0 5
54 3
3% 3
30 3§
#% Borshols
i 5
{3 3
& 3
2B 5

11
Morman Hells Pergatrost Core data
Desceiption by soil
Bepth g Vigual 8oil Type Incl. ket Ice Lomments
top bot. {irn Cold Room bensity Type
Nugber BC
G.3 0.9 PEAT 0.93 4B
0.2 0.9 PEAT (.9 HE
0.2 0.9 PEAT oLay $.97 HB
0.9 1.5 PEAT 0.83 ¥8 20 # 10 ICE BOBIES
0.9 1.5 PEAT .63 VX BROKEN
4.3 1.5 PEAT (.88 Vi EBRONEN
1.5 2.0 SANDY CLRY 1,10 V5 BROKEN
1.5 2.0 SANDY CLay 1.43 V8 RETICULATE AT OHE END
1.5 2.0 GANDY [LAY 1.55 ¥R
2.0 2.5 SAHDY CLaY 1,93 V8 BROKEW
2,0 2.5 SARDY CLaY {.40 VR
2.0 2,5 GRRDY CLAY 1.18 V8 LENE 1§ SOFT, GRAMULAR
.6 3.2 SENDY CLAY 1,85 VR
2.6 3.7 SANDY ELAY!EILEYL§Q¥ 1.35 V& SOIL TYPE COWTADT ZOME
206 3.7 BILTY CLAY/FINE GAND 1,16 V5 BROKEM
Humber §
0.2 0.8 SARD/REAT 1,31 NB
0.3 0.8 SQNE!Ptﬁ* 1.5 V8 contact ;o sand condactivity 3.30€
0.8 1.4 FINE SAND {(REG/BRAV 1.9& NBN DBROKEM
e L&l QYEY Gaup [BLC/BRA 2,03 HEM BROKER




Appendix V
Samples Cut/obtained for Electrical Properties Work
and
Samples Examined via TDR

Samples Cut/Obtained for Electrical Properties Work

Core Sample
7A 3a 5 6b 7b 8¢c 9a 11a 19a
7B | 4b 10a 14b
8A l2c
8C 2c 3b 5a
10B 2a 3b
11 2b 3b
12A lc 3b
iZB 3a 3b 5b 8b 9a 9b 1lla
TDR Determinations
Core Sample
TA lb 2a 3b 4a 5 6a 6b 7a 7b 8a 8b 8c 9a 9b 10a lla l2a

13b l4a 15a 15b 17a 18a 19b 20a 20c 21b 21lc 22a 22b 23a
24a 25a 26a 27a 28a 29a

7B 9¢ l6a 1l8a
8A la 2a 2b 3a 4a 5a 6a 7a 8a %9a 9b 10a 10c 1lla 1l2a 1l3a

12B 10b 1la 11b 1lic




